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Request for Information - Section 21 Notice - No 18 (Ventilation Systems) 

1. Physical changes to the ventilation system operation: From handover on 26 January
2015 to date, please provide: - 

a) A list of all physical changes made by the Board to the operation of ventilation system
which were made as a result of concerns about its safety or as a result of a
hypothesis/risk but not a known safety concern. For the avoidance of doubt, this
request includes permanent and interim steps taken to rectify, remediate, or upgrade
the ventilation system.

b) A succinct explanation of the reason why each of the steps identified was taken.
c) A description of any steps that the Board took to install HEPA filtration. The Inquiry

would like to understand the position at handover and the current position in the
Hospital. For the avoidance of doubt, this request includes permanent and interim
steps taken to rectify, remediate or upgrade the HEPA filtration. This should include
any steps that were taken to use mobile HEPA filtration units.

Wards 4C, 5C, 5D, 7B, 7C and 7D 

This response seeks to address the information requested about physical changes to the 
ventilation system operation for 4C, 5C, 5D, 7B, 7C and 7D ward areas. This response should 
be read in conjunction with RFI S21 No 10 submitted on 9th December 2022. 

In this response we have include the description of works undertaken on the ventilation 
systems to adjust pressure cascades and direction of air flows which are standard mechanisms 
for balancing and adjustment but not strictly physical changes to the ventilation system. 

In November 2018, the Lead Infection Control Doctor (LICD) and a colleague undertook a 
limited survey on 4 rooms in each of wards 4C, 5C and 5D. The purpose was to confirm positive 
protection of patients in ward 4C from room to corridor and negative protection of others 
from the patient room to the corridors in wards 5C and 5D. 

Following this review the LICD indicated they had specific concern around wards 5C and 5D 
that housed patients with infectious diseases. The concern was around the potential risk of 
infection being spread by this patient group to staff and members of the public in the ward 
area if the rooms were not negatively pressured. Estates were asked to undertake a complete 
survey of all patient rooms in 5C, 5D and 4C and also to include Wards 7A and 7D. Estates 
undertook initial surveys to record the room pressure differentials from patient room to 
corridor and reported the findings to the LICD.  Estates then engaged an external ventilation 
company to make adjustments to the fan speeds and damper positions. On completion of this 
work, reports were issued to Estates and then forwarded to the LICD. 

A summary of what was instructed for each of the wards, how each ward is served from the 
plantrooms and the outcome of the adjustments as recorded in the reports is noted below. 

Page 9

A48946859



Ward 4C houses renal and renal oncology patients.  The area is served by 3 Air Handling Units 
(AHUs) located in plantroom 124 on level 12 identified as 124 AHU 04, 124 AHU 05 and 124 
AHU 06 and there have been no physical changes to the 3 ventilation units serving Ward 4C
since handover on 26 January 2015.  Due to the patient group housed in 4C, there was a need 
for the rooms to be positive to the corridor, that is, air flow from room to the corridor, with a 
target pressure differential of 1Pa of more. The report issued on 3rd December 2018 for Ward 
4C provided pressure cascade readings which indicated that by increasing extraction fan 
speed in units 04 and 05 and adjustment of dampers within the ductwork this had been 
achieved.  

In March 2019, the F7 secondary filters within the AHUs serving levels 4 to 7 in plantroom 124 
were replaced with a higher grade F9 filter to improve the source air quality delivered to these 
spaces. 

There is no HEPA filtration within the plant room AHUs or within the ductwork serving Ward 
4C. The ward has 18 rooms allocated for renal patients and 10 rooms for renal oncology 
patients. January 2019, the ventilation system to the 10 oncology rooms was supplemented 
by floor standing HEPA filter air scrubbers. These scrubbers filter and recirculate air within the 
space improving the air quality within the patient bedroom. In January 2019 the Ceiling 
Ventilation Grilles were removed and replaced with a standard ceiling tile to reduce the risk 
of particulate moving from the corridor ceiling void into the corridor transfer area and rooms. 

In the period between October and December 2020, a programme of works was undertaken 
to fit HEPA filtered air scrubbers within the ceiling voids of the en-suites in all 28 patient rooms 
of the ward. These units are not integrated within the existing ductwork system. These units 
recirculate air within the en-suite space through HEPA filtration improving the air quality 
within the space. Ward 5C is served by 3 Air Handling Units (AHUs) located in plantroom 124 
on level 12 identified as 124 AHU 04, 124 AHU 05 and 124 AHU 06 and there have been no 
physical changes to the 3 ventilation units serving Ward 5C since handover on 26 January 
2015. 

The desired outcome of adjustments was for patient rooms to be negative pressure to the 
corridor, that is, air flow from corridor to room, with a target pressure differential of 1Pa or 
more. The report issued on 3rd December 2018 for Ward 5C provides pressure cascade 
readings which indicated this had been achieved. 

In March 2019, the F7 secondary filters within the AHUs serving levels 4 to 7 in plantroom 124 

were replaced with a higher grade F9 filter to improve the source air quality delivered to these 

spaces. 

There has been no HEPA filtration, portable or fixed, added to any areas within the rooms or 

en-suites within Ward 5C. There is no HEPA filtration within the plant room AHUs or within 

the ductwork serving Ward 5C. 

I 
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Ward 5D is served by 3 Air Handling Units (AHUs) located in plantroom 123 on level 12 
identified as 123 AHU 04, 123 AHU 05 and 123 AHU 06 and there have been no physical 
changes to the 3 ventilation units serving Ward 5D since handover on 26 January 2015. 

The desired outcome of adjustments was for patient rooms to be negative pressure to the 
corridor, that is, air flow from corridor to room, with a target pressure differential of 1Pa or 
more. The report issued on 23rd December 2018 for Ward 5D provides pressure cascade 
readings which indicated this had been achieved. 

There has been no HEPA filtration, portable or fixed, added to any areas within the rooms or 
en-suites within Ward 5D. There is no HEPA filtration within the plant room AHUs or within 
the ductwork serving Ward 5D. 

Wards 7B, 7C and 7D 

Ward 7B is served by 3 AHUs in plantroom 121, located on level 12. There are 3 AHUs serving 
ward 7B which are identified as 121 AHU 04, 121 AHU 05 and 121 AHU 06. There have been 
no physical changes to the ventilation system serving ward 7B since handover on 26 January 
2015. There have been no alterations to the fan speeds.  There has been no HEPA filtration, 
portable or fixed, added to any areas within the rooms or en-suites within Ward 7B. There is 
no HEPA filtration within the plant room AHUs or within the ductwork serving Ward 7B. 

Ward 7C is served by 3 Air Handling Units (AHUs) located in plantroom 124 on level 12 
identified as 124 AHU 04, 124 AHU 05 and 124 AHU 06 and there have been no physical 
changes to the 3 ventilation units serving Ward 7C since handover on 26 January 2015. There 
have been alterations to the fan speeds serving Ward 7C. These alterations were a 
consequence of the required pressure changes on Wards 4C and 5C as 7C is served by the 
same group of AHU’s.  On completion of the works to these wards the air flows to Ward 7C 
were rebalanced to their original state. 

There has been no HEPA filtration, portable or fixed, added to any areas within the rooms or 
en-suites within Ward 7C. There is no HEPA filtration within the plant room AHUs or within 
the ductwork serving Ward 7C. 

In March 2019, the F7 secondary filters within the AHUs serving levels 4 to 7 in plantroom 124 
were replaced with a higher grade F9 filter to improve the source air quality delivered to these 
spaces. 

Ward 7D is served by 3 Air Handling Units (AHUs) located in plantroom 123 on level 12 
identified as 123 AHU 04, 123 AHU 05 and 123 AHU 06 and there has been no physical changes 
to the 3 ventilation units serving Ward 7D since handover on 26 January 2015. 
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The desired outcome of adjustments was for patient rooms to be negative pressure to the 
corridor, that is, air flow from corridor to room, with a target pressure differential of 1Pa or 
more. The report issued on 23rd December 2018 for Ward 7D provides pressure cascade 
readings which indicated this had been achieved. 

There has been no HEPA filtration, portable or fixed, added to any areas within the rooms or 
en-suites within Ward 7D. There is no HEPA filtration within the plant room AHUs or within 
the ductwork serving Ward 7D. 
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Original Specification 

The original clinical output specification from 2009 for the Heamato-oncology area at 
the New SGUH clearly specified that this patient group is vulnerable to infection and 
therefore require the provision of a protected environment. The ventilation section of 
this document details the following requirements in relation to this:  

Please note that the haemato-oncology ward has a very specific function. There 
should be no opening windows The space should be sealed and ventilated . Positive 
pressure to the rest of the document and all highly filtered air >90%, probably best 
HEPA with adequate number of positive pressure sealed HEPA filtered side rooms for 
neutropaenic patients as in the Beatson West of Scotland Cancer Centre.  

An appendix to the specification details that the HEPA filters  meet EU12 standard 
(99.99% @ 0.3m) 

Advice for this was sought from Dr John Hood Consultant Microbiologist 

Specification for rooms at WoS Cancer Centre 

In the absence of definitive UK guidance on builds for severely immunocompromised 
patients the positive pressure side rooms are built to the CDC specification that is 12 
air changes per hour and the rooms at a positive pressure to the corridor of 5-10 kPa. 

Build process 

Confirmation that the build was  progressing as expected was sent to the clinical team 
on 9th December 2013 from Heather Griffin: 

Thank you for your e‐mail and also for your time in meeting with us the other day.  
With regard to your query ‐  

1. The spec for the Haemato‐oncology area is as requested by John , in other words ‐
hepa filtration positive to the rest of the hospital and all highly filtered air to H13 ie
99.95%. (Myra , refer to the plan I gave you).

2. The pentamidine treatment room is negatively pressured.

John is John Hood as described in the original specification above. 

The expectation therefore was that the Heam-onc unit at SGUH was being built to the 
same standard as WoS Cancer centre. 

Commissioning 

The Infection control team was assured that all areas of the SGUH had been fully 
commissioned and validated from a Mechanical and Ventilation point of view. The 
details of the validation were not provided but that is not unusual as this is an 
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engineering specialism and ICPT’s would only normally be involved in the event of 
significant failure. It is now apparent that Brookfield had not been required to 
undertake particle count test as part of their commissioning process.  

Current deficiencies identified 

1.HEPA Filtration for high risk patients

2. Positive Pressure in each room 5-10 Pa  in
relation to corridor

3. Air exchanges  required to be >12ph

4. Sealed room (0.5-sq ft leakage)

5) Particle counts 29th June 960-579197

6) negative pressure in the pentamadine room.

HEPA filtration in each room , 2 rooms 
verbally reported  NOT to be HEPA 
filtered  

No method of measuring pressure gradient 
is currently installed in any of the 4B 
rooms 

Verbally reported as 10 

Rooms not sealed 

Not a solid ceiling, movement of ceiling 
tiles 

Not yet achieved 

? Validation for leak testing 

Current standard at WoS Cancer Centre 
<1000 

Not achieved 

Conclusions 

1) The original specification provided to Brookfield if delivered would have
provided a safe environment for this vulnerable group of patients

2) Filter integrity/Particle counting would normally be required to validate
areas provided with HEPA filtered air to ensure both the function of the
HEPA filter and ensure the room seal. Expert Engineering advice should
be sought to advise whether the commissioning process in this case was
adequate. No validation data has to date been made available to the IPCT

3) In the light of the current provision of isolation facilities available to the
Haem-Onc patients the IPCT support the return of these patients to WoS
Cancer centre until the unit at the QEUH  is provided to the required
specification and appropriately validated
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STATUS IN NHSSCOTLAND 

BEST PRACTICE GUIDANCE 

Health Building Note 00-07 

Planning for a resilient healthcare estate 

For queries on the status of this document contact 
nss.hfsenquiries@nhs.net  or  telephone 0141207 1600 

Status Note amended 14th October 2014 

~ Health Facilities Scotland 
NHS 
'--'~ 

National 
Services 
Scotland 
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DOH Document Code Part - DOH Document Title and Name 
This document must be read in conjunction with current Scottish Government Policy and 
NHSScotland Guidance, which take precedence. These include publications in both: 
www.sehd.scot.nhs.uk/ and  www.hfs.scot.nhs.uk/publications-/ . 

Specific updates for NHSScotand use: 

Chapter 1 
The legal, regulatory and policy framework in Scotland can differ significantly from those in 
England referred to in this chapter, and must take precedence. However, best practice may 
be similar, given that the considerations and technical standards, European and British, are 
the same.. 

~ Health Facilities Scotland 
NHS 

'---..~ 
National 
Services 
Scotland 
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Health Building Note 00-07
�
Planning for a resilient 
healthcare estate 

2014 edition 

April 2014 

Department 
of Health 
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Health Building Note 00-07
�
Planning for a resilient 
healthcare estate 
2014 edition 
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Health Building Note 00-07: Planning for a resilient healthcare estate 

© Crown copyright 2014 

You may re-use this information (not including logos) free of charge in any format or 
medium, under the terms of the Open Government Licence. To view this licence, visit www. 
nationalarchives. gov.uk/doc/open-government-licence/ or write to the Information Policy 
Team, The National Archives, Kew, London TW9 4DU, or email: psi@nationalarchives.gsi.gov. 
uk. 

This document is available from our website at www.gov.uk/government/collections/health-
building-notes-core-elements 

Front cover: The Long-term Initiatives for flood-risk Environments (LifE) project. 
©Baca Architects Ltd (www.baca.uk.com) 

ii 
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Preface
�

About Health Building Notes 
Health Building Notes give best practice 
guidance on the design and planning of new 
healthcare buildings and on the adaptation/ 
extension of existing facilities. 

They provide information to support the briefing 
and design processes for individual projects in 
the NHS building programme. 

The Health Building Note suite 
Healthcare delivery is constantly changing, and 
so too are the boundaries between primary, 
secondary and tertiary care. The focus now is 
on delivering healthcare closer to people’s 
homes. 

The Health Building Note framework (see next 
page) is based on the patient’s experience 
across the spectrum of care from home to 
healthcare setting and back. 

Health Building Note structure 
The Health Building Notes have been organised 
into a suite of 17 core subjects. 

Care-group-based Health Building Notes 
provide information about a specific care group 

or pathway but cross-refer to Health Building 
Notes on generic (clinical) activities or support 
systems as appropriate. 

Core subjects are subdivided into specific 
topics and classified by a two-digit suffix (-01, 
-02 etc), and may be further subdivided into
Supplements A, B etc.

All Health Building Notes are supported by the 
overarching Health Building Note 00-01 in 
which the key areas of design and building are 
dealt with. 

Example 

The Health Building Note on accommodation 
for adult in-patients is represented as follows: 

“Health Building Note 04-01: 
Adult in-patient facilities” 

The supplement to Health Building Note 
04-01 on isolation facilities is represented as
follows:

“Health Building Note 04-01: 
Supplement 1 – Isolation facilities for 
infectious patients in acute settings” 

iii 

Page 20

A48946859



Health Building Note 00-07: Planning for a resilient healthcare estate 

Health Building Note number and series title Type of Health Building Note 

Health Building Note 00 – Core elements Support-system-based 

Health Building Note 01 – Cardiac care Care-group-based 

Health Building Note 02 – Cancer care Care-group-based 

Health Building Note 03 – Mental health Care-group-based 

Health Building Note 04 – In-patient care Generic-activity-based 

Health Building Note 05 – Older people Care-group-based 

Health Building Note 06 – Diagnostics Generic-activity-based 

Health Building Note 07 – Renal care Care-group-based 

Health Building Note 08 – Long-term conditions/long-stay care Care-group-based 

Health Building Note 09 – Children, young people and maternity services Care-group-based 

Health Building Note 10 – Surgery Generic-activity-based 

Health Building Note 11 – Community care Generic-activity-based 

Health Building Note 12 – Out-patient care Generic-activity-based 

Health Building Note 13 – Decontamination Support-system-based 

Health Building Note 14 – Medicines management Support-system-based 

Health Building Note 15 – Emergency care Care-group-based 

Health Building Note 16 – Pathology Support-system-based 

Other resources in the DH Estates 
and Facilities knowledge series 

Health Technical Memoranda 

Health Technical Memoranda give 
comprehensive advice and guidance on the 
design, installation and operation of specialised 
building and engineering technology used in the 
delivery of healthcare (for example medical gas 
pipeline systems, and ventilation systems). 

They are applicable to new and existing sites, 
and are for use at various stages during the 
inception, design, construction, refurbishment 
and maintenance of a building. 

All Health Building Notes should be read in 
conjunction with the relevant parts of the Health 
Technical Memorandum series. 

Activity DataBase (ADB) 

The Activity DataBase (ADB) data and software 
assists project teams with the briefing and 
design of the healthcare environment. Data is 
based on guidance given in the Health Building 
Notes and Health Technical Memoranda. 

For ADB technical queries only, contact the 
ADB Helpdesk. Telephone number: 01939 
291684; email: support@talonsolutions.co.uk 

For new ADB customers and licence renewals 
only, email: adblicencerenewals@dh.gsi.gov.uk 

How to obtain publications 
Health Building Notes are available from the 
UK Goverment’s website at: 
https://www.gov.uk/government/collections/ 
health-building-notes-core-elements 

Health Technical Memoranda are available 
from the same site at: 
https://www.gov.uk/government/collections/ 
health-technical-memorandum-disinfection-
and-sterilization 
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Executive summary
�

Health Building Note (HBN) 00-07 provides 
guidance for NHS-funded providers on 
designing and planning for a resilient healthcare 
estate. It aims to help NHS-funded providers to 
determine appropriate levels of resilience for 
sites, buildings and installations against a wide 
range of emergencies, hazards and threats and 
their impacts and consequences including 
resilience to the impacts of climate change. This 
document focuses on: 

• the strategic approach to resilience
planning for healthcare estates;

• procuring resilient healthcare estates;

• design and planning considerations for a
resilient healthcare estate;

• resilience of building services engineering.

It also embraces the move towards a whole-
system approach to healthcare. The isolated 
approach of concentrating on the resilience of a 
single facility or organisation is no longer 
considered best practice. It is clear that this 
approach will affect building and services 
infrastructure requirements for the future and 
should be taken into account at the strategic 
planning stage for all new healthcare estates 
and facilities, and also when refurbishing or 
decommissioning the existing estate. 

Relevance and audience 
The guidance is relevant to the whole 
healthcare estate including private sector 
premises providing services to the NHS 

(hereinafter referred to as “NHS-funded 
providers”); to those who advise and support 
them; and to associated supply chains. 

It is applicable to new schemes, refurbishments, 
decommissioning and existing facilities. It takes 
into account the importance of resilience to 
ensure business continuity management (BCM) 
and aligns with the Integrated Emergency 
Management (IEM) model. 

The HBN will be useful for a wide range of 
specialists, including (but not limited to): 

• capital project teams;

• estates and facilities managers;

• healthcare engineers;

• architects and designers;

• healthcare planners;

• sustainability managers;

• IT and communication teams;

• local security management specialists
(LSMS);

• accountable emergency officers (AEOs)/
head of resilience;

• emergency planning liaison officers and
teams;

• clinician/medical teams involved with
emergency planning;
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• managers and directors including those
executives with security and/or
emergency planning portfolios.

It is essential that throughout the whole process 
of procuring and maintaining healthcare, the 
estates/facilities manager should communicate 
and work in close cooperation with the AEO 
(note: in some organisations this role may be 
carried out by the head of resilience). This will 
ensure that the resilience of the healthcare 
estate including climate change is integrated 
into the organisation’s board-approved 
strategies, systems, training, policies and 
procedures. 

Additional guidance for primary care and 
community care facilities is given in HBN 11-01 
– ‘Supplement A: resilience and emergency
planning in primary and community care’. 

The need for this guidance 
This HBN has been revised to reflect the 
increasing long-term risks associated with 
climate change. HM Government’s (2012) ‘UK 
climate change risk assessment’ (CCRA) shows 
that flooding is one of the largest risks for the 
UK. Therefore, this document has been 
updated to provide more guidance on 
adaptation measures to reflect this and other 
climate change impacts such as floods and 
heatwaves. 

To assist in assuring compliance with relevant 
legislation and government policy, this HBN 
provides advice on the planning, design, 
construction, commissioning and operation of 
NHS-funded healthcare facilities. In particular, it 
has been developed to respond to the following 
key drivers: 

• The CCRA identifies the key risks to the
UK from climate change as being the first
step towards development of the National
Adaptation Programme (NAP) (HM
Government, 2013). It acknowledges that
building climate resilience is an ongoing
investment and that a start needs to be
made now, particularly for risks where

decisions have long-term consequences 
(for example, planning for a climate-
resilient healthcare estate). 

• The top risks for the UK identified in the
CCRA are addressed in the 2013 NAP.
This includes a health chapter for healthy
and resilient communities, with this
updated guidance specifically addressing
health objective 12: “to promote climate
resilience within the NHS, public health
and care system to ensure continuity of
services and resilient assets/estates,
including the ability to deal with the
increased demand for services
associated with severe weather-related
events”.

Changes since the last edition 
• This revision updates the HBN in line with

new government policy, legislation and
regulations and the reform of England’s
healthcare system including partnership
working with Public Health England
(PHE), NHS England and others.

• More guidance has been provided on the
risks associated with climate change, and
this is reflected in the specific advice
given in the planning and design chapter.

• The resilience of engineering
infrastructure has been expanded upon
to reflect the critical nature of maintaining
continuity of these services for healthcare
delivery.

• The document still reflects the benefits of
the IEM model, but the detail has been
reduced and the reader has been
signposted to other more relevant
sources of information.

• It has revised, updated and incorporated
the emergency planning and contingency
sections that were in earlier editions of
Health Technical Memorandum (HTM) 00
– ‘Policies and principles of healthcare
engineering’.
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Definitions 

For the purposes of this guidance the following 
definitions apply: 

Adaptation – relates to changes made in 
readiness for, or in response to, the impacts of 
climate change. 

Business continuity management – all 
activities undertaken to give NHS facilities the 
capacity to anticipate, prevent, prepare for, 
respond to and recover from disruptive 
challenges that would otherwise prevent the 
organisation from meeting its primary duties. 
The term subsumes resilience and resilience 
management. 

Emergency – with regard to estates and 
facilities, this includes: 

• a major incident;

• an unexpected event that gives rise to
loss of, or damage to, facilities or services
that may impact on the delivery of
healthcare;

• an event or situation that threatens
serious damage to the environment of a
place in the UK, or war or terrorism which
threatens serious damage to the security
of the UK.

Hazards – non-malicious events including 
natural events, industrial accidents and 
industrial action. 

Healthcare facility – all buildings, 
infrastructure, equipment, plant, embedded 

systems and related items that support the 
delivery of healthcare and services of all types, 
irrespective of their ownership or operation by 
third parties. 

Lockdown – lockdown refers to controlling the 
movement and access of people around a trust 
site or area in response to an identified risk, 
threat or hazard that might impact on the 
security of patients or assets. 

Mitigation – relates to actions to limit the 
magnitude and/or rate of long-term climate 
change. Mitigation generally involves reductions 
in human-related emissions of greenhouse 
gases. Mitigation may be achieved by switching 
to low carbon energy sources such as 
renewable energy. 

Recovery – the process of rebuilding, restoring 
or refurbishing a healthcare facility following an 
emergency, hazard or threat. 

Resilience – the ability of an organisation to 
adapt and respond to disruptions, whether 
internal or external, to deliver organisationally 
agreed critical activities. 

Surge capacity – the ability of a health service 
to expand beyond normal capacity to meet 
increased demand for clinical care. This is an 
important factor of resilience and emergency 
preparedness and should be addressed early in 
the planning process. 

Threats – malicious attacks. 
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Definitions 

Whole system approach – any resilience 
planning should be integrated and take into 
account the whole healthcare system, including 
acute, community, primary and voluntary 
sectors. For example, not only do hospitals 
have to deal with the usual intake of patients 
during a severe event, but also with disaster-
related patients and patients with chronic 
illnesses who are usually cared for at home, but 
who suddenly do not have access to the 
medical technologies they need. 
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1. Introduction
�

Whole­system 
approach to health­

care estates resilience 

Purpose and scope 

Relevant legislation 
impacting on the 
resilience of the 
healthcare estate 

Chapter 1 

Key drivers 
Assurance of the 
healthcare estate 

For the purpose of this document, resilience is defined as “the ability of an organisation to adapt 
and respond to disruptions, whether internal or external, to deliver organisationally agreed critical 
activities”. This builds on the definition of “resilience” in BS ISO 22301 and includes resilience to 
the impacts of climate change such as the increased extreme weather events of heatwaves and 
flooding. 

Resilient facilities are those that have the following features: 

• � robustness – the system or facility should be able to absorb the effects of an event and
continue to operate at the required level;

• � redundancy – where robustness cannot be absolutely guaranteed, it is essential to provide
more than one key facility or subsystem;

• � reconfigurability – the unanticipated risk is often the most devastating. To be truly resilient, a
system or facility should be adaptable to cope with the effects of an unexpected event,
where practicable. 
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1. Introduction

1.1 The resilience process aims to identify 
emergencies, hazards and threats, assess the 
associated risks, develop measures to mitigate 
those risks, and prepare plans for response to 
an emergency should it occur. 

1.2 This document focuses on improving the 
resilience of the existing estate and its facilities 
management (FM) as well as new builds and 
refurbishments: 

• For the existing estate and FM, resilience
requires that plans are put in place to
ensure that business continuity of
healthcare is maintained no matter what
the circumstances.

• Resilience should be considered early in
the procurement/planning and design
process/stages. Particular attention
should be paid to flexibility in facility
design in order to accommodate surge
capacity and peaks in demand.

The whole system approach to 
healthcare estates resilience 
1.3 Existing operational capability and resilience 
planning should take into account the whole 
healthcare system, including acute, community, 
primary and voluntary sectors. For example, 
hospitals have to deal not only with the usual 
intake of patients during a severe event, but 
also with the casualties caused by the disaster 
and those patients with chronic illnesses who 
are usually cared for at home but who suddenly 
do not have access to the medical technologies 
they need. 

Purpose and scope 
1.4 This document provides guidance on 
planning for a resilient healthcare estate. It aims 
to help NHS-funded providers to determine 
appropriate levels of resilience for sites, 
buildings and installations against a wide range 
of emergencies, hazards and threats and their 
impacts and consequences. The document 
provides guidance on: 

• the strategic approach to resilience
planning for healthcare estates;

• procuring resilient healthcare estates;

• design and planning considerations for a
resilient healthcare estate;

• resilience of building services engineering.

1.5 This Health Building Note (HBN) is 
consistent with Department of Health (DH) 
policy and arrangements for planning for health 
emergencies. It complies with wider 
government plans for national and local 
emergencies as set out in the Cabinet Office’s 
(2012) ‘Emergency preparedness’ and HM 
Government’s ‘Emergency response and 
recovery’ guidance documents. It also 
embraces Public Health England (PHE) and 
NHS England’s requirements for safeguarding 
healthcare services in England. 

Relevant legislation that impacts 
on the resilience of the healthcare 
estate 
1.6 The following main Acts and regulations are 
relevant to the resilience of the healthcare 
estate: 

• The Civil Contingencies Act 2004
requires NHS organisations, its
subcontractors and providers of NHS-
funded care to show that they can deal
with such incidents and emergencies
while maintaining services to patients.

• The Climate Change Act 2008
established the target of reducing UK
greenhouse gas emissions by at least
80% (from the 1990 baseline) by 2050.
Reducing demand for energy, buildings
and infrastructure will be more efficient
and will reduce energy bills, but will also
make organisations, and the country as a
whole, more resilient through climate
adaptation measures.

• The Health and Social Care Act 2012
strengthens arrangements for emergency
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response. It sets specific emergency 
duties for the Secretary of State for 
Health, NHS England and clinical 
commissioning groups. 

Key drivers 
1.7 To assist in assuring compliance with 
relevant legislation and government policy, this 
HBN is driven by: 

• the National Adaptation Programme
(NAP) health objective 12: “to promote
climate resilience within the NHS, public
health and care system to ensure
continuity of services and resilient assets/
estates, including the ability to deal with
severe weather-related events”;

• the UK climate change risk assessment
(CCRA) (HM Government, 2012). This
acknowledges that building resilience is
an ongoing investment and that a start
needs to be made now, particularly for
those risks where decisions have long-
term consequences (for example,
planning for a resilient healthcare estate).
The CCRA is the first step towards
development of the NAP.

Assurance of the healthcare estate 
1.8 Quality and fitness for purpose of the estate 
are assessed against a set of legal 
requirements and standards. 

Regulatory requirements: essential 
standards of quality and safety for 
healthcare estates 

1.9 The Care Quality Commission (CQC) 
regulates all providers of regulated health and 
adult social care activities in England. The 
CQC’s role is to make sure health and social 
care services provide people with safe, 
effective, compassionate, high-quality care that 
puts patients first, and to encourage care 
services to improve. The registration 
requirements are set out in the Care Quality 
Commission (Registration) Regulations 2009 

(CQC Regulations) and include requirements 
relating to: 

• safety and suitability of premises;

• safety, availability and suitability of
equipment;
�

• cleanliness and infection control.

1.10 The CQC is responsible for assessing 
whether providers are meeting the registration 
requirements. Failure to comply with the CQC 
regulations is an offence and under the Health 
and Social Care Act 2008 (Regulated activities) 
Regulations 2010, CQC has a wide range of 
enforcement powers that it can use if the 
provider is not compliant. These include the 
issue of a warning notice that requires 
improvement within a specified time, 
prosecution and the power to cancel a 
provider’s registration, removing its ability to 
provide its regulated activities. The regulations 
stipulate that all premises and equipment used 
must be safe, clean, secure, suitable for the 
purpose for which they are being used, and 
properly used and maintained. 

Note on amendment to the CQC 
Regulations 

New regulations are due to come into effect 
during 2014 and will apply to all providers of 
health and social care that are required to 

register with the CQC.
�

The NHS Constitution 

1.11 The NHS Constitution sets out the rights of 
patients, public and staff. It also outlines the 
pledges that the NHS is committed to achieve, 
together with responsibilities that the public, 
patients and staff owe to one another to ensure 
that the NHS operates fairly and effectively. All 
healthcare organisations are required by law to 
take account of the NHS Constitution in their 
decisions and actions. Healthcare organisations 
should “ensure that services are provided in a 
clean and safe environment that is fit for 
purpose, based on national best practice”. 
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In order to deliver this pledge, the NHS 
Constitution specifically advises NHS 
organisations to take account of: 

• national best-practice guidance for the 
design and operation of healthcare 
facilities; 

• the NHS Premises Assurance Model 
(NHS PAM). 

1.12 The underlying principles of the NHS 
Constitution link to requirements for resilience in 
respect of the need to deliver a “positive 
experience of care and ensure that people are 
treated and cared for in a safe environment, 
protected from avoidable harm”. 

The NHS Premises Assurance Model (NHS 
PAM) 

1.13 With the support of DH, the NHS has 
developed the NHS Premises Assurance Model 
(NHS PAM). Its remit is to provide assurance for 
the healthcare environment and to ensure that 

patients, staff and visitors are protected against 
risks associated with hazards such as unsafe 
premises. 

1.14 Aimed at providing governance and 
assurance to boards of organisations, it allows 
organisations that provide NHS-funded care 
and services to better understand the 
effectiveness, quality and safety with which they 
manage their estate and facilities services and 
how that links to patient experience and patient 
safety. 

1.15 Key questions are underpinned by prompt 
questions that require the gathering of 
evidence. Healthcare organisations should 
prepare and access this evidence to support 
their assessment of the NHS PAM. 

1.16 The model also includes reference to 
evidence and guidance as a helpful aide-
memoire to assist in deciding the level of NHS 
PAM assurance applicable to a particular 
healthcare organisation. 
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2. The strategic approach to resilience planning
for healthcare estates

Strategic planning 
tools and models 

supporting a resilient 
healthcare estate 

Risk assessment 

Chapter 2
 

2.1 The healthcare sector’s built environment 
and support services are the core element in an 
organisation’s ability to maintain its business-
prioritised activities. 

2.2 Estates and facilities managers will need to 
consider a business continuity approach for 
buildings, infrastructure and services resilience, 
which needs to form part of the wider 
organisational approach to resilience. This is 
essential to maintain clinical services and 
should also take into account the need for 
surge capacity (that is, the ability of the health 
service to meet increased demand for clinical 
care). 

2.3 Robust procedures should be prepared and 
tested for the following priority incidents as a 
minimum: 

• unavailability of premises due to fire,
flood, fuel shortages or other incidents;

• major problems relating to the transport
infrastructure that affect access and

egress for healthcare professionals, 
patients and visitors; 

• major electronic attacks or severe
disruption to the IT network, systems and
mobile telephony;

• loss of access to key resources, assets,
utilities and fuel supply;

• theft or criminal damage that severely
compromises the organisation’s physical
assets;

• significant chemical contamination of the
working environment;

• loss of critical support services or the
supply chain.

2.4 This support to business continuity is a key 
component towards compliance with the 
CQC’s fundamental standards on cleanliness, 
safety and suitability of premises and 
equipment and good governance. 
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2.5 NHS-funded organisations will need to 
undertake regular risk assessment exercises 
appropriate to their facilities and services. For 
further guidance on business continuity 
management (BCM) and business continuity 
plans (BCPs), readers should refer to: 

• chapter 6 of the Cabinet Office’s (2012) 
‘Emergency preparedness’; 

• NHS England’s: 

–	 ‘Business continuity policy’ (2013); 

–	 ‘Business continuity management 
strategy’ (2013); and 

–	 ‘Business continuity management 
strategy toolkit’ (2014). 

2.6 BS ISO 22301 on BCM provides a generic 
framework that covers strategies in all phases 
before, during and after an incident. 

Strategic planning tools and models 
supporting a resilient healthcare 
estate 
2.7 Described below are a number of available 
tools and resources for use by NHS-funded 
providers as appropriate to their local needs 
and circumstances. 

World Health Organization (WHO) tools and 
resources 

Hospital emergency response checklist 

2.8 WHO’s (2011) ‘Hospital emergency 
response checklist’ is a tool for hospital 
administrators and emergency managers. 
The guidance and its checklists assist hospital-
based emergency managers to respond 
effectively. The best practice guidance 
integrates priority actions required for rapid 
effective response to critical event-based all-
hazard approaches. 

2.9 It is structured according to a number of 
key components, each with a list of priority 
actions to support healthcare managers and 

emergency planners in achieving the essentials 
for healthcare estates resilience: 

• continuity of essential services; 

• well-coordinated implementation of 
operations at every level; 

• clear and accurate internal and external 
communication; 

• swift adaptation to increased demands; 

• the effective use of scarce resources; 

• a safe environment for healthcare 

workers.
�

Hospital safety index 

2.10 WHO’s ‘Hospital safety index’ provides a 
rapid diagnosis of the safety, vulnerability and 
preparedness of hospitals. The results of the 
assessments inform decision makers about 
which hospitals could withstand the impact of 
hazards and deliver health services in 
emergency situations, and those which require 
remedial action to make them safe and 
operational in times of emergency. 

The Strategic Health Asset Planning and 
Evaluation (SHAPE) tool 

2.11 Produced by PHE, SHAPE is a web-
enabled, evidence-based application that 
informs and supports the strategic planning of 
services and physical assets across a whole 
health economy. It links national datasets for 
clinical analysis, public health, primary care and 
demographic data with estate performance and 
facilities location and has a flood-mapping 
capability. 

2.12 SHAPE enables interactive investigations 
by local area teams, clinical commissioning 
groups, GP practices and local authorities, and 
supports key policy initiatives such as the joint 
strategic needs assessment (JSNA). 

2.13 Alongside SHAPE and in engagement with 
the Environment Agency (EA) locally, 
consideration should be given to using 
SMARTeST (Smart Resilient Technologies, 
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Systems and Tools) (www.floodresilience.eu). 
One of the key objectives of this is “climate 
proofing”, particularly of infrastructure. 

The NHS Premises Assurance Model (PAM) 

2.14 See paragraphs 1.13–1.16. 

The Integrated Emergency Management 
(IEM) model 

2.15 The IEM model is a holistic approach to 
preventing and managing emergencies that 
entails six key steps (see paragraph 2.16). 
Although there are other approaches to 
emergency management, the IEM model is 
adopted by this HBN not least because it: 

• implements the common and consistent 
UK national model for the anticipation, 
assessment, mitigation and management 
of physical risks into the healthcare 
environment; 

• defines a common set of words and 
processes, thereby minimising the risk of 
misunderstandings; 

• facilitates the integration of site- and 
event-specific risk assessments and 
plans into the wider risk and emergency 
arrangements of other involved agencies; 

• provides common ground for effective 
discourse between the organisations 
directly involved, the emergency services, 
and the many external agencies that may 
become engaged at different stages of 
any event or emergency and with varying 
degrees of intensity. 

2.16 The IEM model describes a series of 
cyclical processes. It is essential to view the 
elements of the IEM as mutually-supporting 
processes and not as sequential steps, as the 
first four of the six are continuous, connected 
activities: 

a. anticipation; 

b. assessment; 

c. prevention; 

d. preparation; 

e. response; 

f. recovery. 

2.17 For further details on the IEM model and 
these six steps, see the Cabinet Office’s (2012) 
‘Emergency preparedness’ and HM 
Government’s ‘Emergency response and 
recovery’ guidance documents. 

Risk assessment 
2.18 For the estates and facilities manager, one 
of the main objectives of resilience is to 
undertake a risk assessment and to identify 
gaps in the overall capacity for managing the 
healthcare estate and to ensure the continued 
operation of its facilities, services and functions 
to maintain healthcare services during a crisis. 
The aim is to develop a plan of action to 
address those gaps and strengthen capacity. 
Follow-up assessments should be conducted 
at least every two years. 

2.19 Every local situation will differ, but 
consideration should be given to how the 
building’s location, form and design could help 
in anticipating, preparing for, preventing, 
responding to, and recovering from disruptions 
whatever their source and whatever part of the 
business they affect. 

2.20 Risk assessment plans should include a 
hazard-and-threat analysis as part of the 
decision-making process to take account of the 
issues addressed in Table 1. 

2.21 Users will need to reference (among 
others): 

• National Risk Register 
(https://www.gov.uk/risk-assessment-
how-the-risk-of-emergencies-in-the-uk-is-
assessed) 

• Community Risk Register 
(https://www.gov.uk/risk-assessment-
how-the-risk-of-emergencies-in-the-uk-is-
assessed) 
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• UK Climate Impacts Programme
�
(http://www.ukcip.org.uk).
�

See also the Cabinet Office’s (2012) 
‘Emergency preparedness’. 

2.22 The risk assessment should be 
periodically reviewed across the whole range of 

risks/threats to allow for any changes that may 
take place (for example, over time, a low risk 
may become a high-risk event). The review 
frequency should be linked to an automated 
email system, calendar or other bespoke 
software. 

Utility supplies, that is, electricity, gas, water – how would healthcare be delivered without heating, cooling, gas and air handling, 
washing linen and dishes, cooking, powering blood banks, maintaining radiology services etc? 

Water, drainage – loss of pumping mechanisms to provide clean water for drinking/hydration; water for cleanliness and control of 
infection. 

Sewage treatment failure could lead to untreated/undertreated sewage potentially contaminating local waterways leading to 
public health concerns and clean-up costs at a later date. 

Accessibility/transport – what would happen without transport to the facility (for example contractors maintaining essential 
services; equipment/supplies that could not be delivered)? Engage with transport coordinators. 

Flood plans – engage with the local environment agency and local planners to continually review the local flood model and ensure 
plans take account of adjacent or neighbouring developments that may affect surface water drainage. 

Extreme weather events – for example heavy snowfall and ice or windstorms can be very disruptive – how can this be mitigated? 

Heatwave plan – ensure the design and layout allows for shading, temperature control and cool rooms for heat-distressed 
patients. 

Cold weather plan – to support improved building design and increased energy efficiency, which can reduce carbon emissions, 
and improve and protect health (thereby potentially reducing pressure on health provision). 

Winter pressures – can place more pressure on clinical services such as A&E services and acute care. 

Infection prevention and control – can room availability and layouts contain the spread of airborne and waterborne viruses? Is 
there sufficient storage for necessary supplies and disposal of increased clinical/hazardous waste? 

Extreme medical conditions – could the building facilitate lockdown of sections or rooms for containment? 

Resilience for essential services – telecommunications, IT systems, utility services, medical gases and heating. 

Supplies and procurement – how long can the organisation cope if supplies of drugs, food, medical equipment etc could not be 
delivered? What are the contingency plans for partner organisations to respond in times of emergency? 

Fire/bomb threat – can the building be evacuated while maintaining care of the most critical patients? 

Fuel shortages – how long would the facility function if fuel were in short supply? 

Arson attacks 

Civil aviation issues –
�
Is the building located in a flight path: what would this mean for major incident planning if a major air accident occurred?
�
Does the building require an air ambulance facility?
�

Theft and vandalism 

Location – is the facility sited near to a chemical plant or other facility at risk of explosion etc? 

Table 1 Issues to consider in a risk assessment plan (in no order of priority) 
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3. Procuring resilient healthcare estates
�

Incorporate the 
resilience require­

ments into the 
project brief 

The design brief 

Review the design 
proposal to ensure 

that the requirements 
have been met 

Chapter 3 

Controlling delivery of 
resilience 

Introduction 

3.1 If the strategic planning phase reveals 
that the facility needs to be redeveloped or 
relocated, the options for procuring this 
development should be appraised before a 
specific scheme is identified. These options will 
usually involve: 

• no building work at all (including the 
decommissioning and the potential lease/ 
sale or demolition of existing buildings); 

• relocating or reassigning functions within 
the existing fabric of the building; 

• refurbishing existing buildings; 

• new developments. 

3.2 This chapter explains how emergencies, 
hazards and threats can be dealt with 
throughout the procurement process to ensure 
that resilience is achieved. 

3.3 In procuring a regulated healthcare facility 
and the services/equipment that are required 
within it, designers, planners and clients will 
need to be assured of meeting the CQC’s 
standards of care, which stipulate that all 
premises and equipment used must be safe, 
clean, secure, suitable for the purpose for which 
they are being used, and properly used and 
maintained. 
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3.4 Estates and facilities resilience should not 
be planned in isolation. For large projects 
(particularly new builds), the threat part of the 
assessment may be produced at regional or 
national level, and may include input from other 
sources. At a local level, advice should be 
sought from the local resilience forum (LRF), 
police architectural liaison officer or crime 
prevention design adviser, and local police 
counter-terrorist security advisers. 

Incorporating resilience 
requirements into the project brief 
3.5 The project brief should communicate 
the client’s requirement for resilience to 
emergencies, hazards and threats to the design 
team. This is equally important when occupying 
and/or leasing premises that are not owned by 
the healthcare organisation. This is the start of 
the continuous process of assessment that 
should be undertaken as part of the facility’s 
lifecycle. 

3.6 Resilience measures should not be 
discounted or compromised on the basis of 
costs, as the NHS-funded provider is the 
ultimate bearer of any risk to service provision. 
Therefore, the delivery mechanisms proposed 
for resilience should be scrutinised very closely 
and gauged against the overall benefits in the 
longer term. 

3.7 To ensure that resilience is considered as a 
factor in the estates strategy, the following 
questions should be posed: 

• How resilient is our estate? (What risks 
exist in our assessment that need to be 
addressed in the design?) 

• How resilient should it be? (What risks are 
unacceptably high?) 

• How can we improve our resilience? 
(What building or engineering measures 
can we apply to mitigate risks?) 

The design brief 
3.8 The design for resilience in any facility will 
depend on the assessed risk for that scheme at 
the time. Applying the guidance in this HBN to a 
particular scheme for a particular locality will 
require skilful risk assessment due to the 
variability and likelihood of emergencies, 
hazards and threats in different parts of the 
country. A risk assessment will be required for 
each business case, and this will need to 
address the design brief, geographical location 
and any other mitigating local factors. 

3.9 The design brief should take account of 
future-proofing, adaptability and flexibility of the 
building. Further advice on future-proofing of 
healthcare facilities is provided in chapter 8 of 
HTM 07-07 – ‘Sustainable health and social 
care buildings’. 

Review the design proposal 
3.10 Design proposals should be reviewed to 
assess whether the level of resilience meets the 
requirements set out in the project brief. In a 
simple facility purchase, this can be a 
straightforward review of the physical design, 
but where some form of leasing arrangement is 
proposed, the review should also include an 
operational assessment. 

3.11 In terms of the current requirements, BCM 
and the IEM model described in Chapter 2 
should be used to enhance the project proposal 
as this is the point at which emergencies, 
hazards and threats can be prevented or 
prepared for. 

Controlling delivery of resilience 
3.12 Measuring resilience need not be 
complicated. In fact, the system should be as 
simple and unequivocal as possible. In common 
with other requirements stated in the project 
brief, the requirements should be tested and 
measured in the delivered project against the 
original output specification. 
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3.13 In a facility where service provision has 
been outsourced, responsibilities need to be 
clear. A useful mechanism to control and 
monitor the delivery of resilience requirements 
is to incentivise the contract with the use of 
performance monitoring tools such as key 
performance indicators (KPIs). This mechanism 
is of particular value to identify the 
requirements, since they are not products that 
are delivered but capabilities that are expected 
to be available. When considering contracts, 

see NHS England’s ‘NHS standard contracts’ 
(updated each year to reflect the requirements 
of the NHS operating framework). 

Measuring resilience – an example 

3.14 The following is an example of one type of 
risk that could be considered as part of a local 
risk management process when service 
provision has been outsourced. 

The requirement 

“Provision is to be made for an electricity 
supply system that is capable, in the absence 
of mains electricity, of sustaining the essential 
load of the facility for a period of X hours.” 

Assessing whether the proposal satisfies 
the requirement 

The measure is not just in the physical 
presence of a suitably-sized generator (or 
alternative), but also in the presence of: 

•	� sufficient fuel for X hours’ running; 

•	� the necessary breakdown/maintenance 
cover; 

•	� trained personnel to operate the generator 
system; 

•	� proof that the system works in its design 
condition (that is, under continuous full 
load, not just that it starts). 

Clarifying responsibilities 

If the organisation owns the generator and the 
contractor is responsible for maintaining and 
operating it, where does responsibility lie for 
ensuring business continuity if it fails to start? 

(Note: ultimately, no matter how the contract is 
written, the risk of loss of power lies with the 
NHS-funded provider; therefore, ownership of 
the risk has not been transferred.) 

Where the entire supply mechanism 
(generator, maintenance, operation) is 
outsourced, responsibilities are easier to define 
and less likely to produce gaps from which 
failures tend to arise, although there is a need 
to clarify and be confident of contingency 
plans and arrangements with suppliers. 

Using key performance indicators 

Negative KPIs (penalty or reduced payments): 

•	� number of days when the standby 
generator was unavailable due to 
maintenance failure; 

•	� number of days when trained personnel 
were unavailable. 

Positive KPIs (bonus payments): 

•	� a successful periodic test run of the 
generator under load; 

•	� successful completion of a periodic test 
exercise. 
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4. Design and planning considerations for a 
resilient healthcare estate 

Site­wide design 
considerations for 

resilience 

Designing for 
resilience to the 

impacts of climate 
change 

Blast­resistant 
building design 
considerations 

Chapter 4
 

Introduction 
4.1 Planning and designing for resilience 
whenever the opportunity arises – that is, when 
new sites/buildings or departments are being 
considered and when major refurbishments are 
taking place – is a key responsibility of the 
organisation or board of directors. 

4.2 Clear requirements should be provided by 
the healthcare organisation at the planning and 
design stage to enable an appropriate level 
of resilience to be built in. For this purpose, 
close liaison should take place between the 
organisation’s AEO and the estates and facilities 
professionals, local planning authorities, and 
police architectural liaison officers/crime 
prevention design advisers. LRFs and 
emergency preparedness, resilience and 
response (EPRR) teams may also be able to 
advise on specific cases. 

4.3 Local plans should take account of climate 
change over the longer term, including factors 
such as flood risk, coastal change, water supply 
and changes to biodiversity and landscape. 
New developments should be planned to avoid 
increased vulnerability to the range of impacts 

arising from climate change. When a new 
development is brought forward in vulnerable 
areas, care should be taken to ensure that risks 
can be managed through suitable adaptation 
measures, including the planning of green 
infrastructure. 

Note on Building Information Modelling 
(BIM) 

The government’s mandate is that the public 
sector will deliver centrally procured projects 
using BIM by 2016. BIM can be used for 
effective management of information 
throughout a project’s lifecycle – from earliest 
concept, design, build, operation and through 
to ultimate demolition. BIM also has the 
capability to accurately model the building 
and its energy performance. In addition, it 
can be applied in the design and analysis of 
a building in terms of resilience to climate 
change as different design parameters can 
be modelled and tested. It may be extremely 
valuable in the creation, storage and retrieval 
of data essential for resilience. 
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Site-wide design considerations for 
resilience 

Site selection 

4.4 Resilient design starts with the site option 
appraisal process as a means of selecting the 
most appropriate site. Adjacency to other 
buildings/types should also be considered as 
part of this process. 

4.5 Site location, orientation and accessibility 
issues are also paramount. Project teams will 
need to engage with the EA, local authority and 
local highway authority to assess local 
conditions, for example: 

• the likelihood of flood risk in the area 
whether due to the proximity of a 
floodplain or increased impact from 
neighbouring developments; 

• proximity and potential for impact from 
COMAH (Control of Major Accident 
Hazards) sites. 

Engagement through the wider community LRF 
will also be key. 

4.6 Although hospitals and medical facilities are 
not often targets for terrorist attacks, other 
neighbouring facilities may be. Therefore, siting 
a prospective new-build near to a potential 
terrorist target (government, commercial or 
domestic building) may increase the risk of 
becoming involved in an incident. (Note that city 
centres themselves, because of their symbolic 
nature or the potentially large number of people, 
have also been attacked.) 

4.7 It may also be beneficial to consider the 
resilience of key utilities where an adjacent 
incident may impact on the proposed site. 
Designers should look at the wider national 
infrastructure from which a proposed 
development will draw services to evaluate any 
additional need for on-site resilience. SHAPE 
may be useful here (see paragraphs 2.11–2.13). 

Grounds and site layout 

4.8 Having selected a site, the nature of the 
grounds and the layout of the facility should 
be considered to take advantage of natural 
geographical features or to determine how best 
to enhance them to withstand natural hazards 
(for example, by providing better drainage, such 
as sustainable drainage systems (SuDS), to 
avoid disruption caused by floods etc). 
Boundary fencing to control the flow of foot and 
vehicle traffic should also be considered. 

Radon controls 

4.9 Designers need to consider the implications 
of radon contamination within buildings. This is 
determined by various factors including the 
geology of the ground, construction details and 
factors such as the methods of heating and 
ventilation. 

4.10 In outline, basic radon protective measures 
involve the fitting of a gas-tight ground barrier to 
protect against radon ingress. This, which also 
acts as a damp-proof membrane, should cover 
the whole building footprint and be lapped to 
the damp-proof course in the walls and sealed 
around service penetrations. Full radon 
protective measures require the radon-proof 
ground barrier, together with a sump in the 
foundation, to be designed and constructed 
such that a suitable extraction system can be 
installed if high levels of radon are detected 
after occupancy. See also the Department for 
Communities and Local Government’s (DCLG) 
(2013) ‘Revision of building regulation policy on 
radon: impact assessment’. 

Road and vehicular accessibility 

4.11 For resilience and to maintain business 
continuity, it is essential to ensure adequate 
access and egress routes to healthcare facilities 
are kept open and functional. 

4.12 Depending on location and likelihood of 
emergencies, hazards and threats, the following 
will need to be taken into consideration: 
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• Roads: balance the need for easy 
access for emergency vehicles against 
the perceived need for access. Limit the 
maximum possible approach speeds of 
vehicles by implementing traffic calming 
measures such as bends, humps and 
chicanes and consider the use of barriers 
as a final line of defence. 

• Accessibility in adverse weather: 
consider the cost benefits of having 
access to a snow plough, de-icing 
vehicles or vehicles capable of 
transporting key personnel in a 
snowstorm to maintain business 
continuity at a time when there is 
increased need for healthcare facilities 
due to slips, trips, falls, accidents and 
injury. 

• Car parking: careful management of the 
car park will be required to reduce any 
risk. Siting car parks in basements 
beneath tall buildings, where the effects 
of a flood, fire or a confined explosion 
would be much greater, will require 
significant additional structural 
engineering effort (and hence expense) 
to ensure that the building would safely 
withstand the impacts. 

• Vehicle bomb: the best defence against 
such devices is distance; therefore, where 
such a threat is considered credible, 
precautions should be designed to 
maintain a stand-off distance by 
controlling vehicular approaches. 

• Loading bays: these present a particular 
vulnerability to the structure since trucks 
need to approach right up to the building 
to deliver supplies. The risk can be 
minimised by siting them away from 
high-occupancy areas such as wards, 
canteens or sensitive areas such as 
laboratories. Access to the loading bays 
should be controlled; where the threat is 
deemed high enough, barriers covered 
by a CCTV and intercom arrangement 
should be considered, to deny entry until 
the validity of the delivery is assured. 

4.13 Unexpected changes in risk and threat 
may mean that additional measures will need to 
be imposed to control vehicular access. Having 
a flexible management strategy in place will help 
to deal with new risks and threats as they 
become known. 

4.14 The design team should consider provision 
of space for eventual introduction of further 
restrictions on vehicular access, denial of 
access to certain areas altogether and the 
introduction of enhanced parking restrictions. 

Space for additional facilities 

4.15 Space may need to be allocated on the 
proposed site for additional emergency facilities 
to deal with specific eventualities. Facilities such 
as chemical, biological, radiological and nuclear 
(CBRN) decontamination units, temporary water 
and/or fuel tanks and logistic stockpiles may be 
included in the project brief, and need space to 
be allocated to them. If the public parking area 
is designated for this, an alternative plan will be 
needed to allow visitors access to the site, and 
perhaps a shuttle bus-service could be 
considered. 

4.16 If an emergency occurs, it may not be 
possible for waste disposal vehicles to come 
to site to remove healthcare waste. Most 
healthcare sites do not have the space to store 
waste for more than 24 hours. If this happens, 
for example, at a time of pandemic influenza, 
clinical/hazardous waste will build up more 
rapidly. Steps will need to be taken in 
discussion with the EA and infection prevention 
and control teams to avoid problems that could 
result. Consideration should also be given to the 
build-up of combustible materials which create 
a fire hazard. See HTM 07-01 – ‘Safe 
management of healthcare waste’. See also 
paragraphs 5.64–5.67. 

Control of pedestrians 

4.17 Within the grounds, hard landscaping 
features such as footpaths and planted areas 
can be used to mark areas that are part of the 
design requirements for resilience. Smooth 
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building lines and well-designed, well-
maintained footpaths/grounds will improve 
pedestrian flow while minimising the effects of 
weather events. 

Pedestrian entrances 

4.18 Designers should consider: 

• limiting the number of entrances into a 
building or facility to the smallest number 
commensurate with the anticipated (and 
desired) flow of patients, staff and visitors; 

• including space at the entrance to 
incorporate an influx of patients/personnel 
seeking aid or a personnel search facility 
if required; 

• ensuring that access can be further 
restricted as necessary without excess 
impact on operational efficiency; 

• access control (for example, swipe-card 
access and other controls), separating 
staff and visitor entrances and 
incorporating positive access control on 
using keys or electronic pass systems; 

• allowing space for a decontamination 
area to be set up to receive contaminated 
casualties. External or adjacent land – 
car parks, playing fields, open areas etc 
– should be considered as potential 
decontamination locations using tents 
for cover. The draught lobby space or 
commercial areas could also be used 
for this; 

• making the entrance robust against 
potential civil disturbances, if required, 
by selecting suitable street furniture and 
landscaping materials to ensure that the 
opportunity for aggravated disturbance is 
minimised. 

Separation of patient access areas from 
other parts of healthcare premises 

4.19 HTM 05-02 (Firecode) – ‘Guidance in 
support of functional provisions for healthcare 
premises’ provides guidance on the separation 
of patient access areas from areas considered 

to be a fire hazard or risk and the development 
of appropriate evacuation strategies. In most 
healthcare buildings that provide in-patient 
accommodation, the fire evacuation strategy is 
based on progressive horizontal evacuation, 
where people are moved progressively away 
from a fire through fire-resisting walls. This 
approach may not be appropriate for non-fire 
emergencies. Therefore, alternative strategies 
may need to be developed through the normal 
user group consultation. 

4.20 The ‘Heatwave plan for England’ (PHE, 
2013) includes the requirement for internal room 
temperatures to be monitored and to ensure 
sufficient flexibility of room design and function 
such that vulnerable patients/people can be 
relocated to cool areas or zones within facilities 
when necessary. 

High-density sites 

4.21 In city-centre or other high-density sites, 
where pressure for space will always be high, 
designers should consider potentially radical 
options for reusing space to ensure that 
the impact of an event is reduced to an 
acceptable level (for example, adapting office 
accommodation or non-clinical areas for use 
as treatment areas). This should be done in 
consultation with key advisers such as local fire 
officers and AEOs. 

Redundancy 

4.22 Depending on the risk or threat level, 
organisations should consider whether any of 
the site-wide design considerations listed above 
should exist in duplicate or have an alternative. 
For example, access roads and entrances from 
the public highway may need an additional 
temporary route. 

Protective security 

4.23 Security covers many areas, most of 
which are described as robustness measures 
throughout this document. Additionally, the 
hazard and threat assessment may indicate 
that the areas described below are also 
examined. 
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4.24 Perimeter controls, such as fencing, 
while not popular, do offer the ability to control 
foot and vehicle traffic and enable accurate 
surveillance by channelling visitors into areas 
covered by CCTV and making a suspicious 
intent more obvious earlier. This can improve 
the general security of the facility as well as 
improving resilience by reducing the likelihood 
of a threat materialising. 

4.25 When considering general security and 
crime prevention, see also the Association of 
Chief Police Officers’ (2005) ‘Secured by 
design’ for additional guidance. 

Lockdown 

4.26 The need to seal off a facility from the 
outside or to isolate it internally may arise as a 
result of an intrusion, civil disturbance, terrorist 
attack or outbreak of an infectious disease. 
Selection of appropriate doors, barriers and 
locks as well as the use of electronic locks and 
identity/authority verification systems such as 
card readers, PIN codes and biometrics can 
then be used to enforce a policy. Appropriate 
signage and wayfinding strategies may also be 
used to support the enforcement of lockdown 
(see NHS Protect’s (2009) ‘Lockdown 
guidance’). 

4.27 Lockdown may be imposed from either an 
internal or an external authority, and may have 
as its role either the prevention of entry or the 
prevention of exit. The precise form the 
lockdown takes will depend on a number of 
variables, including: 

• duration; 

• reason; 

• direction of movement to be controlled; 

• local circumstances; 

• availability of personnel to administer; 

• suitability of facility to be locked down; 

• physical environment and orientation of 
the site; 

• lockdown zoning. 

4.28 Design teams should consider the 
necessary architectural elements which make 
the implementation of lockdown easier to 
perform – in essence, those elements which 
define discrete zones within a facility and which 
limit access to those zones, with particular 
reference to external interfaces and interfaces 
to areas of high sensitivity or threat potential. 
This should be carried out in consultation with 
the local security management specialist 
(LSMS). 

4.29 With regard to the measures for managing 
threats, project teams should read the Cabinet 
Office’s (2013) ‘HMG security policy framework’ 
and bear in mind the advice in the Association 
of Chief Police Officers’ (2005) ‘Secured by 
design’, which defines a series of baseline 
measures for security-conscious design. 

Detection systems 

4.30 There are a number of electronic options 
to assist security staff in detecting intruders and 
managing incidents. These may include: 

• intruder detection systems (burglar 
alarms), which provide an excellent 
method of backing up an access control 
system by guarding entrances that are 
not normally in use (fire escape doors, 
windows etc); and 

• CCTV, which allows more efficient 
deployment of security manpower and 
allows verification of alarm incidents 
remotely. CCTV may prove particularly 
useful in isolation units as it will allow staff 
to maintain protection around an area 
without needing to enter it. CCTV would 
also assist where buildings have a period 
of low occupancy or use. 

4.31 In a new project, access control, intruder 
detection, CCTV (high definition and low light) 
and audio capability could be integrated into a 
security management system. 
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Note 

See also the Centre for the Protection of 

National Infrastructure’s website (www.cpni.
�
gov.uk).
�

Screening 

4.32 Where there is a particularly high risk to 
a facility, permanent installation of screening 
equipment to examine incoming goods and 
mail may be indicated. Even where it is not, it 
may be prudent to allow space and services for 
its installation in the future. 

Mail rooms 

4.33 Mail rooms should be sited to minimise 
the distance that unchecked mail has to travel 
through a building. Rooms should have at least 
one outside wall to allow a blast to vent, and 
should be robust enough not to pose a threat to 
the remainder of the structure. 

Personnel screening 

4.34 The precise screening measures required 
will depend on the risk assessment and may 
include the provision of security staff at entry 
and exit points on a part- or full-time basis. 

4.35 Additional detection/search facilities 
may be required in high-risk areas at times 
of heightened alert. Where required, these 
should take place outside of a protected space. 
Consideration should be given to the space 
required not only to carry out the searches but 
also for queues of waiting people. If the threat is 
one of explosives, physical protection of the rest 
of the facility from the screening area should be 
addressed. Thought should also be given to 
how persons screened but found unsuitable for 
access should be directed away from site in a 
secure manner. 

4.36 It should be noted that any imposition of 
an airport-style regime would severely impact 
on the functionality of the building and how this 
eases or impedes the flow of people in and out 
of any facility. Each line would require at least 

three persons to administer it – one screening, 
one searching and one keeping oversight of all 
activity. 

Designing for resilience to the 
impacts of climate change 

Introduction 

4.37 The built environment’s response to 
climate change is organised around two main 
types of intervention: 

• adaptation – the need for climate 
resilience in building type, form and layout 
needs to be planned and designed 
appropriately to meet projected 
healthcare demands and to protect the 
health of the patients, staff and visitors 
within these buildings (paragraphs 4.38– 
4.63 focus on this type of intervention); 

• mitigation – the amount of energy 
generated (carbon footprint) which 
contributes to climate change, requiring 
buildings to be energy-efficient in design, 
location and service function (see HTM 
07-02 – ‘Encode’). 

4.38 The impact of climate change on a 
building will depend on how early and well 
organisations have planned for, and adapted 
their facilities to cope with, the impacts of 
climate change. For example, health impacts 
during heatwaves can be reduced by the 
effective planning and provision of appropriate 
temperature controls such as using green roofs 
and planting trees and zoning of healthcare 
buildings. The earlier adaptation measures are 
introduced, the lower the overall financial impact 
is likely to be on an organisation in the longer 
term and the better equipped they will be to 
deal with the predicted changes in climatic 
conditions. 

4.39 Generic adaptation measures appropriate 
for healthcare infrastructure could include the 
following: 

• The increased use of SuDS to provide a 
more sustainable approach to draining 
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Summary of specific responsibilities related to climate change 

•	� The Climate Change Act 2008 requires a quinquennial CCRA – first published in 2012 – to 
identify the risks and opportunities related to climate change (HM Government, 2102). The 
Act also sets a framework for dealing with the top risks identified in the CCRA through the 
UK NAP (HM Government, 2013). 

•	� The UK NAP (also a requirement of the Climate Change Act 2008) provides a framework 
for action. Adaptation planning is an opportunity to ensure a cohesive approach to current 
and future planning. The process of developing these plans should integrate with the 
development and refinement of emergency preparedness and BCPs to prepare for the 
current and future impacts of climate change. 

•	� The EA’s “climate ready service” provides tools and information to help businesses and other 
organisations live with the changing climate, now and in the future. 

•	� The ‘National flood emergency framework for England’ (Department for Environment, Food 
& Rural Affairs, 2013) sets out the Government’s strategic approach against flooding and is 
intended for use by all those involved in planning for and responding to flooding from the sea, 
rivers, surface water, groundwater and reservoirs. 

•	� The Natural Hazards Partnership (NHP) (https://www.gov.uk/government/policies/improving-
the-uks-ability-to-absorb-respond-to-and-recover-from-emergencies) brings together 
expertise from across the UK’s leading public sector agencies with the aim of drawing on 
scientific advice in the preparation, response and review of natural hazards. Partners include 
the EA and PHE. Among its activities, the NHP publishes a daily hazard summary 
assessment, which is issued to stakeholders and currently covers some of the following 
hazards: 

–	 flooding; 

–	 geological hazards, such as landslides; 

–	 weather; 

–	 wildfires; 

–	 windstorms. 

surface water (for example, a forecourt 
made from permeable material will allow 
water to drain away easily). Drainage 
systems need to be able to cope with the 
predicted increased frequency of heavy 
bursts of rainfall. 

• Raising flooring in new-build properties to 
guard against flooding due to increased 
heavy downpours. Repositioning of 
power points further up the wall to guard 
against flood damage. 

• Well-designed green spaces to help 
reduce the urban heat island effect, 
protect against flooding, promote healthy 
lifestyles and provide health co-benefits. 
Plants can be selected for resistance to 
drought. Trees can provide natural 
shading and their transpiration helps to 
mitigate the urban heat island effect. 

• Double-glazed windows provide both 
insulation and natural ventilation, while 
screens protect against biting insects and 
vector-borne diseases. 
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• Roofs could be “green” (to help with the 
urban heat island effect, reduce water 
run-off and help biodiversity) or “white” (to 
reflect heat from the sun) or fitted with 
solar panels or micro wind turbines to 
generate electricity. 

Note 

Load-bearing properties of the roof will 

need to be carefully calculated to safeguard 

against potential overloading at times of 

heavy or prolonged rainfall when the green 

roof will absorb and retain moisture.
�

• Innovative building designs will be needed 
to ensure buildings remain resilient and fit 
for purpose over time. 

• Heat pumps are able to extract heat from 
the air, ground or water sources (such as 
rivers or lakes) within the curtilage of a 
healthcare building and are an energy-
efficient way to replace or supplement 
heating provided by fossil fuels or 
conventional electric heating methods. 
They can also be reversed to extract heat 
from the building when internal cooling is 
required. 

• Road surfaces can be made from 
materials that are able to cope with hotter 
temperatures and more intense rainfall. 

Floods 

4.40 This document incorporates an increased 
focus on flood risk because the CCRA shows 
this is one of the largest increasing risks for the 
UK. ‘Report on the lessons learned from the 
summer 2007 flooding experiences from an 
estates and facilities perspective’ (DH, 2007) 
demonstrates the importance of being resilient 
to floods and the consequences of not being 
resilient. 

4.41 Developments should be located outside 
areas of flood risk. Where this is not feasible, 
DCLG’s ‘National planning policy framework for 
England and planning practice guidance’ 

website contains useful guidance (http:// 
planningguidance.planningportal.gov.uk). 
Important flood risk factors to consider which 
will influence the design include: 

• flood mechanisms (how the site would 
flood); 

• predicted flood level; 

• duration; 

• frequency; 

• velocity of flood water; 

• depth; and 

• amount of warning time before flooding. 

4.42 Where assessment shows that there are 
no suitable alternative sites available in lower 
flood-risk areas and development is required, 
a detailed site-specific flood risk assessment 
(FRA) should be carried out. 

4.43 A range of construction measures can be 
used to reduce the flooding risk at a site: 

• Flood avoidance: where it is not 
possible to locate a building in an area of 
lower flood risk, constructing a building 
and its surrounds (at site level) to avoid it 
being flooded (for example, by raising it 
above flood level). 

• Flood resistance: constructing a 
building to prevent floodwater entering 
the building and damaging its fabric. 

• Flood resilience: constructing a building 
to reduce the impact of floodwater 
entering the building (so that no 
permanent damage is caused, structural 
integrity is maintained and drying and 
cleaning are facilitated). 

• Flood repairable: constructing a 
building so that elements that are 
damaged by floodwater can be easily 
repaired or replaced. 

4.44 Residential areas may contain a variety of 
land uses, including dwellings, vehicle and 
pedestrian access, parking areas, shops, 
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schools, healthcare and other community 
facilities. Layout should be designed so that the 
most vulnerable uses are restricted to higher 
ground at lower risk of flooding, with more 
flood-compatible development (parking, open 
space etc) in the highest-risk areas. 

4.45 In designing site layout, the use of low-
lying ground in waterside areas for recreation, 
amenity and environmental purposes can 
provide important flood conveyance and 
storage as well as providing connected 
green spaces with consequent social and 
environmental benefits. This green infrastructure 
has the potential to raise the profile and 
profitability of a development and contribute to 
other sustainability objectives. 

4.46 Landscaping of public access areas 
subject to flooding should allow for easy access 
to higher land as flood waters rise and should 
avoid local features that could become isolated 
islands. Fences, hedges and walls should be 
designed and implemented so that they do not 
cause obstructions to escape routes. 

4.47 Any essential structures, such as shelters 
and seats, should be designed to be flood 
resilient and firmly attached to the ground. The 
planning permission should make provision for 
future management of such areas through 
planning conditions or Section 106 agreements, 
with particular regard to safety signing, 
permitted and prohibited structures and the 
management of vegetation. 

4.48 Buildings should be designed to withstand 
the effects of flooding. In areas of high velocity 
water, buildings should be structurally designed 
to withstand the expected water pressures, 
potential debris impacts, erosion and 
undercutting that may occur during a flood 
event. Particular care should be taken in the 
design of any building located in a rapid 
inundation zone. This should also apply to any 
architectural features within the grounds. 

4.49 The final step in the flood risk 
management hierarchy is to mitigate through 
building design. This represents the least-

preferred option for new development as 
although buildings can be designed for 
reducing the impacts of flooding, hazards still 
remain, particularly for access and utility supply 
(see also DCLG’s (2007) ‘Improving the flood 
performance of new buildings: flood resilient 
construction’). 

Flood risk assessment (FRA) and consequence 
reports 

4.50 FRA and consequence reports should 
be commissioned to address local authority 
planning requirements and the need to 
understand the nature of potential flood risks. 
Reports should include consideration of the 
likely effects of climate change (such as 
increased rainfall). For new developments, 
areas of permeable and impermeable ground 
cover should be pre-calculated. All possible 
relevant flood sources should be covered, 
including rivers, coastal inundation, surface 
water, groundwater, sewers and reservoir 
failure. 

4.51 Consultation should be undertaken with 
regulators, including local authority drainage 
engineers where appropriate. Risk assessment 
and consequence reports can be used to meet 
the requirements of the following guidance by 
DCLG: 

• ‘National planning policy framework for 
England and planning practice guidance’ 
(http://planningguidance.planningportal. 
gov.uk), when considering a planning 
application or for a healthcare provider to 
influence an emerging local plan; 

• ‘Code for sustainable homes’ (particularly 
the environmental issues “Sur 1: 
management of surface water run-off 
from developments” and “Sur 2: Flood 
risk”). 

4.52 For properties located close to, or within, 
an EA fluvial or tidal flood risk zone, it is 
recommended that reports include EA data 
on flood levels; a data request will provide 
modelled flood elevations. The SHAPE tool also 
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has flood-mapping capability (see paragraphs 
2.11–2.13). 

4.53 Reports should clearly identify who or 
what is at risk and may include solutions to 
limit such risk. They are based on factual 
interpretation, addressing areas of concern and 
assessing flood risks to the site from rivers, 
run-off and groundwater, and also consider 
potential issues from the regulatory perspective. 
They can include traffic-light risk ratings and 
preliminary risk assessment in line with best 
practice and regulatory guidance such as 
DCLG’s ‘National planning policy framework for 
England and planning practice guidance’ 
(http://planningguidance.planningportal.gov.uk). 

4.54 Reports should be obtained: 

• for the clarification of risk for insurance 
purposes; 

• when validating planning requirements 
when submitting a planning application; 

• to meet planning conditions; 

• for land and property purchase; 

• for the sale or divestment of a site; 

• for due diligence purposes; 

• as required for external organisations 
when new facilities are procured from 
non-NHS organisations (for example, the 
requirement of a bank or other funding 
institution financing the project); 

• as part of the business risk assessment. 

4.55 Reports should reference: 

• customer-supplied information (for 
example, site location plans, proposed 
development plans, walkover surveys and 
recent site photographs); 

• the local strategic FRA; 

• preliminary risk assessment of flood to 
the site from all potential sources; 

• assessment of flood risks off-site due to 
new developments and the latest UK 
environmental datasets: 

–	 flood risks from rivers, surface water 
run-off and groundwater; 

–	 sewer flood risk if the site is in a 
built-in area; 

–	 historic flood maps; 

–	 solid and drift geology; 

–	 rainfall assessment. 

4.56 When commissioning FRA and 
consequence reports from specialists, it is 
prudent and cost-effective to consider obtaining 
additional reports to assess other environmental 
matters such as SuDS (identifying site 
constraints and potential sustainable drainage 
solutions including run-off and storage 
volumes), geo-hazards and contaminated land 
(which may include landfill sites and burial 
grounds). 

Note 

The Floods and Water Management Act 2010 
establishes a Sustainable Drainage Systems 
Approving Body in unitary or county councils. 
This body must approve drainage systems in 
new developments and redevelopments 
before construction begins. 

Heatwave risks/drought: specific adaptation 
measures 

4.57 Extended periods of dry weather leading 
to drought could: 

• cause increased levels of dust, haze and 
fog; 

• lead to land instability; and 

• cause wildfires, which can culminate in 
one or more of the following: 

–	 loss or significant reduction in water 
supplies; 
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–	 slowed rate of sewage flow through 
the system, leading to public health 
concerns; 

–	 increased risk of vermin above 
ground; 

–	 reduction in water quality; 

–	 loss or reduction of capacity in the 
electrical supply network; 

–	 potential impact/closure of primary 
transport routes; 

–	 possible closure of some businesses; 

–	 increased demand for water supplies 
from all infrastructure sectors including 
health, agriculture, energy and 
emergency services; 

–	 increased demand for emergency 
power; 

–	 increased demand for health and 
emergency services. 

The dynamics and implications on the built 
environment and its resilience are illustrated 
in research by Short et al (2012). The 
challenge of reducing carbon emissions and 
energy demand is amplified by the health 
implications of a changing climate. 

The 2003 heatwave led to 15,000 excess 
deaths in Northern France. The UK heatwave 
of June/July 2006 is thought to have led to 
an increase in deaths over baseline mortality 
of 4%, and there were approximately 300 
excess summer deaths after the 2009 
heatwave between 30 June and 2 July. 

Individuals sensitive to high temperatures are 
likely to be present at all times in hospitals, 
including those with compromised 
thermoregulatory systems (older people, the 
chronically and severely ill and those on 
certain medications that impair perspiration) 
as well as those who cannot take action in 
the face of high temperatures (small children, 
those patients who are confined to bed and 

patients with mental health problems). 

However, very few existing buildings within 

the NHS estate were designed to be air-

conditioned; indeed, many are poorly 

insulated and often over-glazed, leading to 

increased risk of summertime overheating, 

even in recently completed buildings.
�

The paper concludes that refurbishment, 
in particular to curb the heat lost through 
uncontrolled leakage of ventilation air from 
the building, could reduce energy demands 
and maintain or even improve the internal 
environment in the current climate. The five 
refurbishment options researched also offer 
the opportunity to increase the resilience of 
the building in a warming climate while saving 
energy. It concludes that relatively modest 
interventions could achieve substantial 
savings while achieving future resilience. 

Excessive cold – snow and ice 

4.58 PHE’s ‘Cold weather plan for England’ 
builds on existing measures taken by DH, the 
NHS and local authorities to protect individuals 
and communities from the effects of cold 
weather and to encourage community 
resilience. 

4.59 Coordinated multi-agency long-term 
planning and commissioning for cold weather is 
essential to: 

• protect people and infrastructure from the 
effects of cold weather and thus reduce 
excess winter illness and death and the 
burden on health and social care sectors; 

• support improved building design and 
increased energy efficiency which can 
improve and protect health (thereby 
potentially reducing pressure on health 
provision) and reduce carbon emissions; 

• improve insulation properties of buildings 
in order to retain heat and minimise 
energy usage (note: insulation values 
need to be evaluated along with 
temperature controls). 
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Case study: Winter freeze/thaw, December 2010 

This case study details a review undertaken by the Sustainable Development and Engineering 
Branch of the Health Estates Investment Group (Northern Ireland) into the resilience of the 
Health and Social Care estate in Northern Ireland subsequent to the extreme cold weather 
events of December 2010 and thaw of January 2011. 

The main problems encountered by the trusts during the extreme cold weather event of 
December 2010 and January 2011 included: 

•	� Buildings were designed to a standard and performed to that standard, but were unable to 
cope with prolonged temperatures of –10°C. 

•	� Failure of frost coils in air handling units (AHUs). The short-term solution was to divert warm 
plantroom air into the AHU inlets. The reduction of air flow, where possible, also helped. 

•	� An excess of natural ventilation in newer buildings gave problems in lifting air temperatures. 

•	� In fully air-conditioned buildings, the AHUs were the only source of heating. This gave rise to 
a single point of failure. 

•	� Pipes that were stressed by being frozen burst under pressure. 

•	� Reverse osmosis plant in some instances could not operate due to being in an unheated 
space. 

•	� In multi-storey facilities, loss of water pressure caused problems. 

•	� Contingency plans did not cover a complete loss of both electricity and water supply. 

•	� Lack of a dedicated point of contact within Northern Ireland Water (the water supplier). 

•	� Lack of a formal structure for emergency contacts with Northern Ireland Water. 

The full report of the investigations into the freeze/thaw incident can be found on the Northern 
Ireland Executive website (http://www.northernireland.gov.uk/consolidated_report_-_ 
freezethaw_2010-11_incident.pdf). 

Wildfires 

4.60 The CCRA (HM Government, 2012) 
identified an increase in the incidence of 
wildfires as an emerging risk associated with 
climate change. Severe wildfire is included in 
the ‘National risk register of civil emergencies’ 
(Cabinet Office, 2013). It is anticipated that 
LRFs will review and consider the severe wildfire 
risks, as will the fire and rescue service, through 
their integrated risk management plan process. 
The Forestry Commission and the UK Forestry 
Standard should be consulted as part of the 

contingency planning for any development 
whose location may be prone to such risks. 

Windstorms (storms and gales) 

4.61 Severe windstorms around the UK 
have become more frequent in the past 
few decades. The vulnerability of healthcare 
buildings in windstorms is a function of the 
strength of the building envelope components 
and their connections. Designers should use 
wind damage and impact prediction models to 
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take account of the increase in the frequency of 
windstorms and in average wind speeds. 

Case study 

In 2013 a storm brought disruption to the 
whole of South Yorkshire, and gale-force 
conditions cut off the power supply to 
Barnsley District General Hospital, which was 
obliged to cancel out-patient appointments 
while operating on emergency standby 
generators. The hospital issued a statement 
to reassure people that patients in the 
hospital were safe. Power was recovered and 
normal service resumed later that same day. 
The incident demonstrates the need to 
maintain business continuity through 
implementation of contingency plans and 
concomitantly the importance of good 
strategic communications – reassuring the 
public and mitigating risk. 

Water resources 

4.62 Increasing pressure on water resources is 
a growing risk. Buildings will need to become 
more water-efficient due to the predicted 
changes in water availability. Climate change 
and population growth may ultimately lead to 
less reliable supply conditions or restrictions 
on abstraction licences for those healthcare 
organisations with their own borehole supplies. 

4.63 Adaptation and mitigation measures would 
include: 

• close cooperation and communication 
with local water companies to conserve 
water; 

• water conservation measures to collect 
and store water for non-patient use; 

• installing water monitoring systems and 
water management plans for early 
detection and repair of leaks; 

• checking and regular monitoring of water-
pipe capacity and capability at planning/ 
design stage and regularly thereafter. 

See also HTM 07-04 – ‘Water management and 
water efficiency’. 

Blast-resistant building design 
considerations 
4.64 If a risk assessment (see paragraphs 
2.18–2-22) identifies a high likelihood of threat 
from terrorism or a bomb, the following will 
need to be considered to maintain the structural 
design of buildings to resist blast effects caused 
by explosions: 

• Use a framed construction in either 
structural steel or reinforced concrete that 
has the “degree of robustness” required 
by the relevant British Standards, 
whatever the number of storeys (that is, 
all buildings less than five storeys high 
should be designed as a five-storey 
building for robustness only). 

• Provide “protected spaces” (previously 
known as bomb-shelter areas). This 
may be achieved by careful planning 
of the internal building (not necessarily 
reinforced concrete) or by the provision 
of a robust basement construction. In a 
healthcare environment these areas may 
need to be extended to wards if patients 
cannot be evacuated. 

• Have ground- and first-floor slabs 
constructed of in-situ reinforced concrete, 
with slabs designed as suspended so 
that they can withstand the removal of 
one or more structural columns beneath 
them. 

• Have floor slabs tied down to their 
structural supports to allow for the load 
reversal that occurs in an upward blast. 

• Have a roof slab that is of similar 
construction to that of a typical floor. 

• Have a cladding system that will not 
become an additional shrapnel hazard if 
separated from its supports and that can 
be repaired without removing undamaged 
panels. 
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Access to documentation 
4.65 During an extreme event, the emergency 
services may request to see up-to-date 
electronic and paper copies of site plans, 
engineering services diagrams and other 
relevant documents. Senior managers should 
ensure that these are readily available and 
accessible. 
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5. Resilience of building services engineering
�

Resilient infrastructure 
and supply 

Emergency plans for 
engineering services 

Chapter 5
 

Resilient infrastructure and supply 
5.1 Many medical technologies and modern 
communications are reliant on a reliable energy 
source. Therefore, in planning and designing 
any healthcare facility, the energy supply not 
only has to be adequate, but also robust and 
resilient. Single points of failure should be 
eliminated. 

5.2 The location of hospitals requires careful 
consideration to ensure that they are built 
within low-risk areas so that disruption of 
infrastructure, including energy supplies, 
is minimised or prevented (see Chapter 4). 
Once operational, the systems and equipment 
providing the source of energy require regular 
maintenance with the prioritisation of the 
replacement of old equipment and the use of 
new and emerging technologies to mitigate the 
effects of age-related failure of systems and 
equipment (Klinger et al, 2014). 

Electricity 

5.3 Electricity is probably the most vital of all 
infrastructure services; without it, most of the 
other services will not function. The entire 
electricity distribution system, both within the 
facility and the external provision from the 
supply network, should therefore be designed 
to be as resilient as possible. This can be 
achieved by applying the principles of 
robustness, redundancy and reconfigurability 
to the system as the design progresses in 
accordance with HTM 06-01 – ‘Electrical 
services: supply and distribution’. See also 
‘Report on the lessons learned from the 
summer 2007 flooding experiences from an 
estates and facilities perspective’ (DH, 2007). 

Mains electricity supplies 

5.4 Designers should consider how a secure 
electricity supply can be ensured. Priority 
allocation of the site should be carried out with 
the network supplier for the site. Where 
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practical, consideration should be given to 
having two or more sources of supply from the 
supplier. A supply at high voltage (HV) from one 
or more primary network substations may have 
a higher initial cost, but will be more resilient 
against load-shedding in times of high demand 
or extreme events. 

5.5 It is important that NHS-funded providers 
establish a formal working relationship with the 
electricity supplier. This may mean registering 
as a priority user. Normally this will be with a 
nominated client manager. 

Robustness 

5.6 The distribution system, including all of the 
non-electrical components such as substation 
buildings, emergency fuel supplies, cable ducts 
and other containment, should be robust 
enough to survive design hazards and threats. 
Where facilities are not duplicated, or where 
potential for a single point of failure exists (for 
example, where the standby generator is in 
the same building as the intake substation), 
robustness is doubly vital as the last line of 
defence. Consideration should be given to 
designing such facilities as protected spaces. 
Action should also be taken to eliminate the 
single point of failure as a matter of good 
practice and to ensure maximum robustness. 

Redundancy 

5.7 The electricity distribution system within 
the facility is best protected by having multiple 
sources of supply at all levels. Normal electrical 
system design, including the requirements and 
recommendations made in HTM 06-01 – 
‘Electrical services: supply and distribution’, 
recommends the degree of redundancy in 
an electrical system which may need to be 
enhanced once credible threats are included in 
the risk management process. 

Control 

5.8 Building management (or other control) 
systems need to give an indication as to the 
state of the electricity supply. When the mains 

supply fails or is subjected to cyber attack, 
actions need to be triggered such as: 

• the preparation of maintenance 

responses;
�

• automated responses such as the 
shutting down of a computer server on 
activation of a UPS; 

• isolation of non-essential loads; 

• the ability to initiate manual overrides. 

Reconfigurability 

5.9 The ability to reconfigure a faulty or failed 
electricity supply system, or to reconfigure it 
should demand increase, can be designed into 
a system at the outset: 

• Ring circuits rather than radial feeders 
provide two possible sources of supply 
and therefore provide a degree of 
resilience against damage and failure. 
Critical ring mains in HV networks can be 
made “closed” rather than “open” for 
maximum security of supply, albeit at 
greater expense, provided that adequate 
protection arrangements are installed. 

• Interconnectors between node points 
on the network can be positioned to 
increase options for supply and to allow 
for bypass of damaged areas or failed 
components. 

• Spare capacity in switchrooms and 
substations is essential to allow on-site 
engineering staff options to re-establish 
supplies after a failure. If access to the 
busbar is available (for example, by 
installing sockets and suitable interlock 
systems), a portable generator can be 
coupled to the system to replace a failed 
mains supply, or a new cable can be 
run out to a temporary facility. When 
refurbishment projects are being 
designed in existing facilities, it is good 
engineering practice to ensure spare 
capacity remains and, if necessary, install 
new switchgear. 
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• Sensing and control: developments in 
building management and automatic 
control systems are making it increasingly 
possible to design-in the ability to 
automatically sense failures and 
reconfigure the network accordingly. 
Business-critical facilities should consider 
using this technology. 

Standby generation 

5.10 Generators will provide an additional level 
of redundancy for essential loads. HTM 06-01 
– ‘Electrical services: supply and distribution’ 
gives guidance on the number of generators 
that may be appropriate; the hazards and 
threats identified in the design brief will indicate 
whether it is appropriate to site standby 
generation in the same physical location as the 
power supply it replaces. 

5.11 Standby generators should not be sited in 
basement areas or low-lying areas that are at 
risk of flooding. 

5.12 Standby generators should be subjected 
to regular full-load testing. This will also ensure 
that the automated changeover from the mains 
supply to the standby generator functions 
correctly. Full-load testing can be achieved 
using load banks if required, but this on its own 
will not replicate the correct operation at a time 
of full mains failure. 

Combined heat and power (CHP) 

5.13 Where a CHP system is being considered, 
there is scope to consider this as a secondary 
form of standby generation provided that its 
other operating capabilities will be met. If 
the CHP system is provided on a leased 
arrangement, the maintenance and emergency 
repair response times should be considered 
and stated as contractual requirements, as 
should regular testing and availability criteria. 

Uninterruptible power supplies (UPS) 

5.14 Critical loads may require a UPS (static 
or rotary) to be installed. Currently, battery 
technology and space requirements generally 

limit these devices to providing power for a 
short period or to a controlled closedown rather 
than to continue operating indefinitely. An 
exception to this is where a UPS is used to 
cover the break in supply while a standby 
generator starts or to support critical care and 
essential supplies while alternative supplies are 
made available. 

5.15 For more information regarding 
management and operation of electrical 
systems, see the HTM 06 series of guidance, 
in particular HTM 06-02 – ‘Electrical safety 
guidance for low voltage systems’ and HTM 
06-03 – ‘Electrical safety guidance for high 
voltage systems’. 

Lighting 

5.16 Consideration should be given to robust 
exterior lighting systems for all public access. 
These systems need to be suitable for extreme 
weather events (for example, high winds and 
flooding). External lighting may need to be fixed 
to the building structure in key locations. 

5.17 LED lighting technology is increasingly 
being used in healthcare settings, principally 
because of their efficiency and low power 
consumption. It is possible to supply LED 
lighting via a dc power source so in an extreme 
power loss situation it is possible to supply LED 
lighting systems via battery banks. 

Water 

5.18 The continued availability of clean and safe 
hot and cold water supply is vital for healthcare 
premises, which are dependent on water to 
maintain hygiene, hydration and a comfortable 
environment for patients and staff. 

5.19 Interruptions in mains water supply – 
whether planned or unplanned (such as a burst 
water main, low mains pressure, electrical 
supply failure, pump failure or concerns relating 
to water quality) – can disrupt healthcare 
activities. The design of systems must ensure 
that sufficient reserve water storage is available 
to minimise the consequence of disruption, 
while at the same time ensuring an adequate 
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turnover of water to prevent stagnation in 
storage vessels and distribution systems. 

5.20 Mitigating the risk of having a single source 
of supply should be considered, and the 
possibility of acquiring a second source should 
be investigated. This could take the form of a 
second mains water supply, fed from a separate 
network to reduce reliance on a single network, 
or alternatively the utilisation of a private 
borehole or other alternative source. Should 
the private borehole be identified as being 
specifically for emergencies, obtaining or 
retaining an abstraction licence may be easier. 

Note 

It is important that NHS-funded providers 
establish a formal working relationship with 
the water supplier. This may mean registering 
as a priority user. Normally this will be with a 
nominated client manager. The two parties 
should work together to establish, as a 
minimum: 

•	� potential mains water supply risks and 

how these risks can be mitigated;
�

•	� provision of water supply in the event of 
mains water failure (for example, provision 
of water tankers/bowsers, bulk bottled 
water); 

•	� leakage prevention strategies to prevent 

contamination of the water distribution 

system within the healthcare provider’s 

estate from lack of integrity of the on-site 

potable water distribution system.
�

5.21 Designers should consider not only how 
a secure supply can be guaranteed but also 
how its potable quality can be assured. Client 
organisations should advise the designer on 
whether the risk of using non-potable supplies 
for certain tasks (such as laundry services and 
cleaning) is acceptable. 

5.22 Where potable water is required from 
secondary or alternative sources, on-site water 
treatment options (see paragraphs 5.26–5.31) 

can help mitigate the loss of mains potable 
water. 

5.23 The designer should consider the 
integration of bowser/tanker connections so 
that tankered water supplies can be efficiently 
discharged into the healthcare building’s water 
storage system. The local water supplier should 
be able to assist in the provision of tankered 
water supplies and this will help ensure that the 
quality of the water delivered in this manner is 
through an appropriate quality control system. 

5.24 HTM 04-01 – ‘The control of Legionella, 
hygiene, “safe” hot water, cold water and 
drinking water systems’ and its addendum give 
comprehensive advice and guidance to 
healthcare management, design engineers, 
estate managers and operations managers on 
the legal requirements, design applications, 
maintenance and operation of hot and cold 
water supply, storage and distribution systems 
in all types of healthcare premises. It is equally 
applicable to both new and existing sites. 

5.25 With respect to risks associated with flood 
and fire, designers should also refer to: 

• Chapter 8 on flood risk in HTM 07-04 
– ‘Water management and water 
efficiency’; 

• ‘Report on the lessons learned from the 
summer 2007 flooding experiences from 
an estates and facilities perspective’ (DH, 
2007); 

• HTM 05-02 (Firecode) – ‘Guidance in 
support of functional provisions for 
healthcare premises’ (so that 
requirements for fire-fighting are 
also met). 

Water treatment 

5.26 Where a need for on-site water treatment 
is identified, the required final water quality will 
determine the treatment required. 

5.27 Where the healthcare provider has its own 
on-site borehole, if this is already being used for 
the provision of potable water, it should already 
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be registered with the local authority and 
compliant with the Private Water Supplies 
Regulations 2009. Depending on the borehole’s 
characteristics, filtration and disinfection may be 
required, but in most cases the borehole supply 
is solely subjected to disinfection. 

5.28 Where the on-site borehole is suspected 
of being contaminated by floodwater or other 
contaminants, the borehole should be removed 
from service and expert advice sought before it 
is returned to service. 

5.29 Where it is identified that treatment of 
alternative water sources is required, packaged 
potable water treatment plants are available. 
These are likely to be either reverse osmosis 
plants or filtration plants. Both require a 
disinfection process before the water enters the 
healthcare building’s water distribution system 
and will need to be compliant with the Private 
Water Supplies Regulations 2009. 

5.30 Disinfection may take the form of chorine-
based chemical disinfection, ozone disinfection 
(via an ozone generator) or ultraviolet 
disinfection using specialist lamps. As properly 
controlled chemical dosing with chlorine-based 
compounds can maintain a residual disinfectant 
level in the treated water, it is the preferred 
solution. 

Note 

There may be the need to consider 
remineralisation following treatment. 

All chemicals used in the disinfection process 
should be BS/EN accredited. 

5.31 For further guidance on water treatment, 
see HTM 04-01 – ‘The control of Legionella, 
hygiene, “safe” hot water, cold water and 
drinking water systems’. 

Bulk stocks 

5.32 The quantity of water that is held in 
storage on-site should be decided. The key 
factor affecting the decision will be the 

anticipated length of time that the mains water 
supply may fail and the time that would be 
required to establish an alternative (for example 
bowser/tanker delivery) supply route. This 
should also be balanced against the costs 
associated with maintaining the stock in a 
potable condition. 

5.33 When bulk supply of bottled water 
is carried out, the pallets of bottled water 
should be suitably stored to prevent external 
contamination of the bottles. They should also 
be stored at room temperature and away from 
direct sunlight. 

5.34 A suitable arrangement for the supply 
of bottled water should be in place with the 
healthcare provider’s water supplier or other 
suitable organisation that is able to respond 
accordingly. 

Sewage 

5.35 Although certain healthcare premises may 
have their own sewage treatment facilities, most 
will dispose of their sewage and trade effluent 
through the municipal sewerage network. 
However there are instances where this 
normally reliable disposal route may break 
down. A combination of aging sewer networks 
and the restriction of sewers due to the build-up 
of fat deposits and other media can lead to 
capacity problems within the network. In certain 
instances this will manifest itself as a complete 
blockage of the network. 

5.36 Owing to the increased use of macerators 
to dispose of bedpan waste and food waste, 
this effect can also occur within a healthcare 
organisation’s own sewage disposal network 
if care is not exercised in the correct risk 
assessment, selection and monitoring of 
macerators and the on-site sewage disposal 
network. 

5.37 The lack of capacity within the sewer 
network can be exacerbated during times of 
heavy or prolonged rainfall, a particular concern 
during extreme weather events, leading to the 
backing up of the sewage within the network 
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and/or surface water flooding. Both can result 
in flooding of premises or land with water 
contaminated to a greater or lesser degree with 
sewage effluent. 

5.38 Consideration of the age and condition of 
the local sewage and surface water disposal 
networks should form part of the decision-
making process when: 

• selecting a site for a new facility; 

• planning construction of additional 
buildings on an existing site. 

5.39 This is particularly pertinent for facilities 
built in flood-prone areas, where the risk of 
sewage inundation as well as flooding should 
be assessed. 

Note 

As with water, it is important that NHS-
funded providers establish a formal working 
relationship with the water company that 
provides their sewage and trade effluent 
services. This will normally be with a 
nominated client manager and may be the 
same person/team providing the point of 
contact for water services. The two parties 
should work together to establish, as a 
minimum: 

•	� potential sewage and trade effluent 
disposal risks and how these risks can be 
mitigated or removed; 

•	� provision of waste water tankering 

services or temporary sewage treatment 

facilities in the event of sewer collapse, 

sewerage system failure etc;
�

•	� remediation services to assist with 
promptly returning services to normal 
following contamination due to sewage or 
sewage-contaminated flood water. 

5.40 The loss of the ability to dispose of 
sewage and trade effluent is a critical 
infrastructure vulnerability, and due attention 

should be paid to close liaison with local 
providers at the design stage to ensure that the 
relevant local sewerage infrastructure is fully 
understood in terms of its resilience and 
reliability. As part of risk mitigation, NHS-funded 
providers may need to consider provision of 
alternative disposal facilities, perhaps at a far 
lower flow rate, to allow continued operation of 
at least part of the facility under condition of 
failed sewerage arrangements. 

5.41 Healthcare organisations that have their 
own on-site sewage treatment facilities should 
ensure they have robust plans in place that 
outline how they will continue to ensure the safe 
treatment and disposal of sewage during 
adverse conditions, including returning the 
treatment facility to correct operation after 
inundation during flooding events. 

5.42 Water UK’s (2011) ‘National guidance for 
healthcare waste water discharges’ strongly 
recommends that NHS-funded providers 
prepare an emergency plan that includes: 

• spillages; 

• loss of water supply; and 

• drainage plans on which drains are 
suitably marked (for example, “red for foul 
water sewer” and “blue for surface water 
sewer”). 

Fuel 

5.43 Fuels should be selected to ensure 
continuity of supply as well as to satisfy 
economic and environmental concerns. Primary 
and secondary fuel arrangements (for example 
natural gas/diesel dual-fuel options for boilers) 
are necessary to reduce reliance on sole 
suppliers and to improve resilience of the 
supply chain in the event of disruption. Prior 
engagement and communication with the 
supplier will: 

• better ensure supply in case of 

emergency; and
�
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• reduce the need for high volume local 
storage (which mitigates possible theft, 
contamination and degradation). 

5.44 Bulk stocks of fuel should be held to span 
gaps in supply, but these bulk stocks may also 
present an attractive target to potential thieves 
or attackers and should be physically protected. 
Redundancy can be achieved by ensuring that 
a number of smaller tanks are held in more than 
one location, but the fuel, generator and mains 
transformer should not be aggregated into the 
same space. Security is important, including the 
use of lock and key. 

5.45 Piped supplies of gas should be discussed 
with the regional gas transporter to ensure that 
they are noted as “priority user” and will be 
maintained/restored as priorities in the event of 
network difficulties. 

5.46 Where off-site fuel storage is considered 
(oil, solid fuel etc), plans should be made for 
alternative routes of access in case of blocked 
roads. 

Critical cooling 

5.47 Cooling is a particular concern during 
periods of high temperature. A number of areas 
and equipment within healthcare facilities have 
a critical requirement for cooling. These include 
drug and blood banks, mortuaries, food and 
prepared meal stores, critical care areas, 
theatres and diagnostic imaging equipment. 
Related facilities include business-critical server 
data centres and high-powered diagnostic 
equipment. 

5.48 In addition to ensuring that the cooling 
systems have adequate arrangements to power 
them, adequate redundancy within the system 
should be provided. This could be achieved by 
installing a common type of plant across a site 
to enable cannibalisation of equipment if 
required. 

5.49 Monitoring systems to provide warning of 
cooling or power failures should be provided, 
and arrangements or plans made such as: 

• data centres being able to hand over to a 
third party’s backup facility; 

• high-priority items such as drugs and 
blood stocks being moved to other 
temperature-controlled stores; 

• letting enabling contracts for the provision 
of temporary facilities such as refrigerated 
ISO containers (that is, shipping 
containers compliant with ISO standards); 

• provision of temporary refrigeration units 
(if refrigerated mortuary facilities are 
required). 

Piped medical gases 

5.50 Healthcare facilities that have a significant 
requirement for medical gases may consider 
the benefits of providing a vacuum-insulated 
evaporator (VIE) and a piped distribution system 
rather than individual bottles an economically 
attractive option. In such circumstances, the 
following factors should also be considered 
alongside the guidance given in HTM 02-01 – 
‘Medical gas pipeline systems’: 

• A single VIE for each nature of gas 
presents a vulnerability to interruption 
of supply. Provision of two smaller (and 
physically separated) tanks may not be as 
economic but will improve resilience with 
respect to supply chain and deliveries. 
Monitoring of stock levels within the 
storage vessels via telemetry to the 
supplier will also provide additional 
resilience in supply chain management. 

• Regardless of the storage method 
selected, cylinder storage facilities should 
be available as a last resort, since the 
supply of these can be assured from a 
number of sources (see paragraphs 
5.53–5.54). 

• The location of storage tanks should 
be very carefully considered as they 
represent a significant hazard in their own 
right, regardless of any additional threats. 
The tanks should have good physical 
protection from unauthorised access and 
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be sited away from high-occupancy 
areas. Where space considerations 
prevent a reasonable separation, a 
protective wall or bund should be 
considered. 

• The engineering infrastructure to generate 
medical air and vacuum should be as 
resilient as the supply of other gases. 
Compressors and vacuum pumps require 
a source of electrical power to operate, 
and standby vacuum devices that operate 
on the venturi principle need a working 
supply of medical air. 

5.51 Additionally, the piped medical gas 
distribution systems should include features to 
prevent gases such as oxygen contributing to a 
fire or explosion in the event that they become 
damaged (for example, numerous and easily 
accessible isolation valves should be provided). 

5.52 NHS-funded providers should ensure that 
continuous access to reliable oxygen supplies 
(be they via bulk storage systems or individual 
cylinder provision) is available at all times. This 
is particularly pertinent during the winter period 
when pressures on the healthcare system may 
coincide with extreme wintry weather and 
associated logistics issues. 

Cylinder gases 

5.53 Healthcare facilities will need to ensure 
safe and secure storage for bottled and cylinder 
gases. In the event of a fire, this can lead to an 
exclusion zone being set up around the site by 
the fire and rescue service. This can seriously 
disrupt services and access, and should be 
taken on board when choosing a site. 

5.54 For both piped and cylinder gases, 
ensuring priority user status with the supplier 
will: 

• better ensure supply in case of 

emergency; and
�

• reduce problems of storage and fire 
safety. 

Ventilation systems 

5.55 Ventilation systems are installed 
throughout healthcare premises to fulfil a 
number of purposes, some of which have 
resilience implications. Factors such as smoke 
clearance for fire protection are already well 
understood and documented. 

5.56 Hazards and threats that may be 
considered credible in a healthcare facility 
might include the spread of: 

• airborne infections; 

• waterborne infections; 

• chemical or biological contaminants 
brought in on casualties; 

• a contaminant deliberately released in a 
healthcare facility. Such a contaminant 
need not be in itself dangerous – but the 
impact of a cloud of coloured vapour in a 
crowded reception may be significant. 

5.57 Designers should be briefed that as well 
as the guidance in HTM 03-01 – ‘Specialised 
ventilation for healthcare premises’, they should 
consider ventilation schemes across the entire 
facility and make an assessment of the flow of 
air based on developed pressure differentials. 
This is already commonplace in smaller areas of 
hospitals such as operating suites, but holistic 
consideration of the ventilation profile will enable 
better assessment of likely contamination routes 
and – if properly designed and commissioned 
– will provide an additional obstacle to the 
spread of contamination. 

5.58 Good practice dictates the positioning of 
air intakes out of easy reach and the provision 
of facilities for immediate shut-down and 
isolation of discrete zones within the healthcare 
facility from a central location. 

5.59 HTM 03-01 stresses the importance of 
ensuring that systems are correctly designed, 
installed, commissioned and maintained. 
Resilience requirements do not detract from 
these, but do reinforce the need for stringent 
maintenance including regular testing, 
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inspection and cleaning to ensure that systems 
are operating as designed and will deliver the 
required function in the event of an incident. 

5.60 Owing to the higher running costs 
associated with generating the pressure 
differentials, it may be felt appropriate that 
systems have a “normal” (low-pressure) mode 
and an “isolation” (high-pressure) mode. If such 
a method is chosen, the control of how the 
modes are changed should be carefully 
designed – both in engineering and 
management terms – to ensure that it is 
activated at the appropriate times and remains 
active until no longer required. Both engineering 
and clinical staff need to be aware of the modes 
and the consequences of operation. 

5.61 Risk assessment may indicate the filtration 
of supply air either full-time or temporarily in 
times of heightened threat. Consideration 
should be given to the development of safe 
changing routines in the event that 
contamination has occurred. 

5.62 The three resilience principles (robustness, 
redundancy and reconfigurability) should be 
applied to designs to ensure that the ventilation 
system is: 

• robust enough to withstand hazards and 
threats; 

• redundant in order to allow continued 
operation in the event of component 
failure; and 

• reconfigurable in the event of damage 
– although in such a case, this may be 
limited to the provision of dampers to 
ensure that damaged areas are isolated 
and that pressure gradients can be 
maintained. 

5.63 Due consideration should be given to 
whether ventilation systems should be kept on 
or turned off during incidents (see also HTM 
03-01 – ‘Specialised ventilation for healthcare 
premises’ and HTM 05-02 (Firecode) – 
‘Guidance in support of functional provisions for 
healthcare premises’). 

Note 

Sealing buildings to increase energy 
efficiency may lead to a decrease in indoor 
air quality and/or overheating (unless suitable 
ventilation is maintained). 

Waste disposal 

5.64 The ability to remove waste from a facility 
is a critical logistical concern. Site restrictions 
and hygiene requirements will preclude the 
storage of waste for any significant length of 
time. Healthcare facilities typically require a 
means to dispose of three separate types of 
waste (see paragraph 5.65). The area where 
waste is stored should be secure and well-lit. 
It should also be sited away from flood risk and 
contamination sources. 

Infectious/clinical/hazardous waste 

5.65 When deciding how infectious/clinical 
waste will be disposed of, consideration should 
be given to emergency arrangements. Where it 
is proposed that disposal be outsourced, the 
issue becomes one of supply chain resilience, 
but the consequences of this failure may be 
such that contingency arrangements over the 
normal contractual arrangements will be 
required (for example, the provision of a 
temporary refrigerated store (including body 
store) or facility). Note that any such temporary 
arrangements should only be undertaken in full 
consultation with the EA. See also HTM 07-01 
– ‘Safe management of healthcare waste’. 

Refuse/recyclables 

5.66 Refuse removal is traditionally outsourced 
to a municipal or other contractor, thus requiring 
an assessment of supply chain resilience that 
may indicate that an area for refuse storage 
needs to be set aside or an alternative standby 
arrangement made, which may include an 
alternative supply chain. 

5.67 For further guidance on waste disposal, 
see HTM 07-01 – ‘Safe management of 
healthcare waste’. 
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IT and communication systems 

5.68 Particular care needs to be considered 
for the electricity supply and cooling systems 
needed to support IT systems and 
communication systems/networks (including 
wireless systems) as these may be critical 
during an emergency. For example, if the 
electricity supply should fail, what impact would 
this have on: 

• access to patients’ records, patient data 
and telemedicine; 

• electronically held policy and procedure 
manuals; 

• telephones (including voice over internet 
protocol (VOIP) systems); 

• pagers/cardiac pagers; 

• printing; 

• building management systems (BMS)/site 
alarms; 

• pneumatic tube systems; 

• internal communications (for example, 
email); 

• or other essential systems (that is, those 
used for the ordering of supplies and 
medications)? 

IT systems 

5.69 IT resilience should ensure that suppliers 
plan, deliver and have the capacity to 
continually improve IT services aligned to 
business requirements and industry-standard 
best practice. Suppliers need to have a 
monitoring procedure to reduce risks of adverse 
impact on the business through system failures 
(for example, cyber attacks). Back-up systems 
and procedures need to be planned and 
periodically tested to ensure that essential 
records (such as patient care records) and data 
are not lost and to ensure that the building 
management system (or other systems) are not 
compromised. 

IT service continuity management 

5.70 Suppliers should communicate their own 
resilience plans to NHS-funded providers to 
enable integration into BCPs and to ensure 
system resilience is able to meet the level of 
service availability and business requirements. 
This should include mitigating any risks 
accordingly and supporting service 
improvements. NHS-funded providers should 
ensure appropriate monitoring of service 
availability is deployed by suppliers. 

Telecommunications 

5.71 In designing new, or proposing changes to 
existing, systems, designers should ensure that 
consideration is given to the requirements of 
emergency plans and communication-service 
resilience before decisions are taken. 

5.72 Telecommunications systems should be 
considered from two perspectives: 

• the systems themselves may be 
business-critical (for example in an IT 
data centre); or 

• they may provide a vital function in 
managing an emergency (for example 
public address, telephone and paging 
systems, the Airwave mobile 
telecommunication system). 

5.73 Where the system is business-critical, the 
resilience principles should be applied to it and 
any supporting subsystems. 

5.74 For both business-critical and emergency 
situations, designers of telecommunications 
systems should consider: 

• emergency switching of telephones: 
fall-back telephones should be sited 
to guarantee the availability of internal 
communications to all planned refuges 
and control centres. The public mobile 
telephone networks should not be relied 
on in any emergency communications 
plan, since extreme external events may 
overload them or force them to be shut 
down. Unless specific provision has been 
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made for availability of a reduced mobile 
telephone service for specific individuals 
and handsets, this service should not be 
solely relied upon in emergency planning; 

• public address (PA) and alarm systems: 
PA and alarm systems provide the 
primary means to communicate with 
service users. In addition to providing 
systems throughout a facility, consider 
extending the system (or making 
provision for extension) into the car park 
or other waiting areas. PA systems should 
be on the essential services power supply 
and should also allow input into the 
system from multiple locations; 

• use of dedicated two-way radios as 
back-up system (as networks are not 
always reliable during some incidents (for 
example, suspected terrorism) when 
networks may be switched off or lost); 

• use of corporate screensavers for post-
incident bulletin updates; 

• paging and wireless data systems: 
similarly, these systems may need to be 
receivable in spaces adjacent to the site 
that are designated for emergency use; 

• in an emergency, the media will be 
extremely keen to gather information. 
The security of data links, including audio, 
should be considered. Some form of 
encryption may be prudent to enable 
positive control of information release and 
protect personal or sensitive information; 

• automated meter reading of bulk oxygen 
or fuel supplies via telemetry systems to 
the supplier (failure in the system will 
require manual intervention). 

5.75 Digital communication and information is 
vital to business continuity, and specific plans 
need to be in place to mitigate any loss of 
service (see the Cabinet Office’s (2011) ‘UK 
cyber security strategy – protecting and 
promoting the UK in a digital world’). Where 
the system is business-critical, the resilience 

principles should be applied to it and any 
supporting subsystems. 

5.76 Home/mobile communication systems will 
be needed for key staff with whom contact will 
be required in the event of an emergency or 
adverse incident. 

5.77 Special note should be taken of the 
need to ensure that batteries of all essential 
communications equipment are serviceable and 
fully charged to meet the needs of a prolonged 
power failure. 

Emergency plans for engineering 
services 
5.78 To be resilient, healthcare organisations 
should be able to restore engineering systems 
to normal as soon as practicable after an 
emergency. This will take the form of an 
emergency plan that will need to be regularly 
tested and updated, internally as well as with 
suppliers, to meet changing circumstances. 

Note 

In all aspects of emergency and resilience 
planning, NHS-funded providers should 
ensure engagement with the AEO, LSMS and 
emergency planning liaison officer (EPLO). 

5.79 Healthcare organisations may encounter 
such scenarios as: 

• unplanned interruption to a utility 

supply (gas, water, electricity, 

telecommunications etc);
�

• unexpected equipment and service 
distribution failures (telephones, water 
pipework, medical gases etc); 

• a civil incident (act of terrorism, civil 
disturbance etc); 

• an environmental incident (floods, storm 
damage, overheating or other extreme 
weather event); 
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• failure of transport infrastructure leading 
to the loss of external supplies or facilities 
that support the healthcare organisation. 

5.80 Emergency and resilience planning cannot 
be carried out in isolation; all arrangements 
should be agreed through consultation and 
dialogue (internally and externally). 

5.81 Individual services or departments should 
be encouraged to accept responsibility for 
contingency arrangements. This is particularly 
important for services provided through 
associated contracts (via PFI partners, 
commercial businesses, service level 
agreements etc). 

Creating an emergency plan supported by 
resilience capability 

5.82 It is important to define the area to which 
the plan will apply. This may be by site rather 
than individual buildings to avoid repetition and 
to embrace the wider service issues. All the 
estates services and facilities that exist in the 
range of buildings on-site should be considered. 
This plan should be considered in conjunction 
with the risk assessment described in 
paragraphs 2.18–2.22. 

5.83 Table 2 gives a broad list of suggested 
topics for consideration. It is not a 
comprehensive list and may not be applicable 
to all sites, but it should act as a prompt to 
establish the “services list” for a particular 
healthcare organisation. 

5.84 All plans should be documented and 
supported by relevant information. This should 
be kept up-to-date and under constant review. 
See NHS PAM for further assistance 
(paragraphs 1.13–1.16). 

Testing the plan 

5.85 Plans should be exercised in order to 
familiarise staff and to test procedures. Duty 
to exercise plans is contained in ‘NHS 
Commissioning Board core standards for 
emergency preparedness, resilience and 
response (EPRR)’ from NHS England (2013). 

5.86 Larger and more wide-ranging exercises 
should be carefully planned and coordinated 
through the AEO or the EPLO. 

5.87 These approaches should engage all staff 
involved in resilience planning for the healthcare 
organisation so that all lessons learned can be 
shared across all services and used to update 
the plans. 

5.88 Maintaining services is an essential 
function of the emergency plan. Alternative 
sources of catering, laundry, waste disposal, 
transport, energy etc need to be confirmed, 
and all lines of communication and supply 
chains regularly tested and reviewed. 

5.89 It is also necessary to discuss and 
establish the priorities of clinical services within 
the plan. These will include life-critical functions 
(operating theatres, critical and special care 
areas, neonatal intensive care units, emergency 
care etc); diagnostic services (imaging, 
laboratories etc); and clinical support functions 
(blood, sterile services, pharmaceutical 
supplies, medical gases, transport etc). 

5.90 Particular consideration needs to be given 
to the services supporting critical and special 
patient requirements. This could include, for 
example, positive/negative ventilation for 
immuno-suppressed/infectious patients, 
intensive care, patient mobility and community 
care. These examples are not exhaustive, and a 
comprehensive assessment undertaken by a 
multidisciplinary group should take place and 
be maintained, to inform the emergency plan. 

5.91 Prioritised but flexible, estate and facilities 
services which underpin clinical priorities will 
provide a good platform for the organisation to 
cope with the impact of emergencies, hazards 
and threats and speed up recovery to provide 
normal business continuity. 

External impact 

5.92 External influences are perhaps the most 
difficult element to incorporate into emergency 
plans due to the wide range of scenarios that 
could be presented. Consequently, scenario 
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System 

Mains electricity supply 
Standby generators 
CHPs 
UPS + other batteries 
Emergency lighting 
Mains water 
Hot water 
Treated water (renal etc) 
Heating, ventilation and air-conditioning 
Steam 
Pneumatic air tube systems 
Building management system 
Drainage 
Surface/foul/waste 
Fuel supplies 
Gas/oil/other fuels 
Communications, including wireless 
  systems:
 • telephones (fixed)
 • mobile
 • paging 

CCTV 
Burglar alarms 
Door interlocks (access and ingress) 
IT and patient information systems 
Nurse call systems 
Lifts 
Sterilization and decontamination 
Piped and cylinder medical gases 
Fire alarms 
Refrigeration (food, mortuary, blood
  supplies, pharmacy equipment etc) 
Medical equipment 
Building structure 
Architectural design features 

Services External influence 

Catering – patients and staff 
Key clinical departments (A&E, theatres, 
  critical care etc) 
Clinical support (pathology/radiology etc) 
Estates & facilities management (including 
  engineering staff such as Authorised 
  Persons and Competent Persons) 
Transport 
Portering 
Administration support 
Patient information 
Cleaning 
Waste disposal 
Laundry 
Medical supplies 
Fuel supplies 
Water drainage 
Security 
Parking 

Mains water contamination 
Air pollution/quality 
Flooding 
Mains sewage treatment failure 
Transport routes and infrastructure 
Infestation 
Civil disturbance 
Explosion 
Excavation 
Terrorism incidents 
Communications 
Other severe/extreme weather conditions:
 • high temperatures/heatwaves
 • extreme cold weather/ice and snow
 • high winds (windstorms) 

Fires from adjacent properties 
Fauna and flora damage 

Table 2  Suggested systems and services and building for consideration when creating an emergency plan 

planning for every eventuality is very unlikely 
and unnecessary; a generic response 
framework can address most scenarios. 

5.93 However, some of the most likely 
scenarios and the key issues arising should be 
examined, evaluated and tested to ensure that 
some form of response is in place for that 
eventuality (for example, loss of a major utility or 
external communication links). 

Staff functions 

5.94 The structure of different organisations will 
mean that staff with varying levels of experience 
and expertise could be called on to deal with 
estates and facilities emergencies; hence, there 
is a need to ensure that regular training and 
exercises take place involving all staff groups 
that may be called upon. 

5.95 Written emergency operational procedures 
should be easily understood by those people 
expected to use them. For example, 
emergencies associated with engineering 
services should always be handled by qualified, 
competent and experienced engineers, as the 
emergency operational procedure may be 
highly technical. 

5.96 In many cases, however, standby staff 
who may be the first to attend an emergency 
will not have the technical knowledge to make 
appropriate decisions. If this is the case, 
emergency operational procedures should be 
detailed and specific, and should include 
instruction on where and how to seek 
assistance from a more experienced colleague 
at any stage. This instruction should normally 
include more than one route and more than one 
level of management (that is, it should have 
some communication resilience). 
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Appendix 1: Design proposal review 


Impacts of loss of power, water, 
drainage, sewage and transport 
– giving example questions to 
mitigate the impacts on healthcare 
organisations 
This appendix gives examples of the questions 
that should be asked by the reviewers of a 
design proposal. 

The list of questions given should not be taken 
as exhaustive; it is intended as a guide to show 
how to gauge the level of resilience in a 
proposal. 

Understanding the impacts outlined in Table A1 
on the ability to deliver healthcare will inform the 
design team and direct the questions to ask 
during the planning process. 

Scenario 1 – Mains water supply 
fails for three days 
When considering safe water supplies, 
consideration needs to be given to: 

•	� the Health and Safety Executive’s 
‘Legionnaires’ disease: the control of 
legionella bacteria in water systems – 
Approved Code of Practice and guidance on 
regulations’ (commonly known as L8); and 

•	� HTM 04-01 – ‘The control of Legionella, 
hygiene, “safe” hot water, cold water and 
drinking water systems’. 

1 What arrangements exist in the design for 
supplying water? 

2 How will a failure in the supply be 
detected? 

3 Are emergency stocks held in tanks? 

3a How much stock? 

3b How was this figure arrived at? 

3c Is this based on normal rates of 
consumption or rationed? 

3d How will the water in these tanks be kept 
potable so that it is ready for use 
immediately? 

3e What arrangements exist for turning over 
the stock? 

4 Is there space in the grounds for 
collapsible temporary tanks? 

4a How long will it take to provide this 
capability (that is, how much notice is 
required)? 

4b Does the volume of tank stock allow 
sufficient time to construct these 
temporary tanks? 

4c Will they require pumping arrangements to 
feed into the existing distribution system? 

42 

Page 69

A48946859



Appendix 1: Design proposal review 

Power outage 

Water, drainage, sewage 

Transport 

Community health effects 

Results in reduced ability or inability to maintain critical care which may result in patients being either 
transferred to unaffected areas or evacuated to other designated facilities. 

Lifts, hoists and pneumatic air tube systems not working – severely restricting access to full healthcare 
facilities. 

Fire safety alarms, CCTV, burglar alarms and associated equipment not working – extreme risk of patient 
safety and safeguarding the infrastructure. 

IT, internet and computers going down, therefore limiting access to medical records – can have severe 
repercussions on patient care. 

Refrigeration – some medication needs temperature-controlled storage in a medical refrigerator. Impact 
on continuing patient treatment. Also, if food refrigeration is not available, food will be spoiled; this may 
affect patients’ dietary requirements. 

Communication systems – patients unable to contact emergency services; impact on mobile phone 
networks; inability to recharge mobile phones or portable/cordless phones and two-way radios. 

No electricity to recharge essential equipment. 

Lighting inadequate or in some instances not provided – inability to deliver patient care (for example 
operating theatre lists); safety and security issues; impact on patients with visual impairment; impact on 
people with mental health problems or those with dementia. The ability to maintain essential equipment 
in limited lighting. 

Emergency lighting – (as above). 

Heating, cooling and ventilation – loss of any of these systems creates a poor care environment with 
patients too cold in winter or suffering heat exhaustion in summer or respiratory conditions through poor 
ventilation. 

Washing machines, dishwashers and catering equipment cannot be used – adequacy of linen supplies 
and availability of disposable paper plates/plastic utensils etc. Impact on increased waste, storage and 
cost of disposal. 

Pumping stations, booster pumps and monitoring mechanisms may not work at their optimum level, 
causing disruption to water, drainage and sewage – hydration, cleanliness, hygiene, contamination issues 
(see below). 

Power is necessary for pumping and booster pumps and monitoring mechanisms – loss of clean drinking 
water, hot water for bathing, washing, cleaning and hygiene. 

Poor drainage leads to back-up water in the pipes – contamination and potential public health issues. 

Sewage treatment failure – could lead to untreated/undertreated sewage being added directly to streams 
and water courses, leading to contamination, public health issues and clean-up measures and costs in 
the future. 

Transport is dependent on fuel and reliant on electricity – that is, fuel pumps. 

If transport cannot get to and from the site, it is likely to result in issues around:
 • patients’ inability to get to hospital for healthcare
 • patients calling emergency services for help
 • staff accessing patients in the community
 • staff ability to get to hospital to provide an adequate care service
 • staff on duty not able to go home, leading to stress and exhaustion. 

Loss of home care, that is, oxygen or dialysis units. 

Lack of home care because staff not able to deliver community service. 

Loss of power in the community impacts on loss of lighting and therefore increase in accidents; loss of 
cooking and refrigeration affecting ability to have wholesome nutritional meals, hot drinks etc. 

Adverse mental health reactions to loss of services, that is, trauma, anxiety, depression. 

The impact means a greater demand on hospital healthcare services. 

Table A1  Impacts of power outages and their implications on water, drainage, sewage, IT and transport and the ability of NHS-funded 
providers to maintain healthcare 
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5 Could a borehole and private supply be 
provided (that is, one procured outwith 
that supplied by the local water vendor)? 

5a Will this be for emergency use only (may 
be easier to get an abstraction licence)? 

6 What engineering controls will be in place 
if water rationing is part of the response 
plan? 

7 Will non-essential supplies be shut off? 
Manually or automatically (by the BMS)? 

8 What impact will the loss of water or 
imposition of rationing have on other 
services? 

• steam boiler/generator plant; 

• centralised sterile services department, 
operating theatre air-conditioning plant 
and other medical users; 

• catering, cleaning and other support 
users. 

9 What will be the effect of reduced flow on 
the sewerage system? 

• simple trap-water seals may evaporate 
and allow gases/airborne bacteria to 
backflow; 

• reduced effectiveness in clearing 
pipework, build-up of sludge, 
blockages. 

10 What is the possibility of using non-
potable water from borehole or other 
source to flush systems? 

Scenario 2 – Mains electricity fails 
for 24 hours 
When considering this scenario, consideration 
will need to be given to prioritisation strategies 
with suppliers. 

Is the normal supply at HV or LV? 

2	� What external services require mains 
electricity for delivery? 

3	� Will the local water undertaking be able to 
deliver water (pump failure?) 

4	� Outsourced suppliers, for example sterile 
supplies: is there sufficient space 
allocated within the facility to hold stocks 
for the anticipated duration of the failure? 
Will the provider be prepared to invest 
sufficient capital to hold these stocks? 

5	� What arrangements exist for emergency 
supply of electricity (that is, temporary 
generators, quick connections)? 

Standby generator 

6	� Is the engine rated for continuous 
running? (Certain generators are only 
rated for non-continuous operation, for 
example 8 hours in a 24-hour period.) 

7	� How much fuel is held? Is there a need 
for a fuel bowser? 

8	� Is there adequate cooling for the 
generator to operate for extended periods 
in midsummer? 

9	� What if the generator is down for servicing 
on the day? 

10	� Has provision been made in the design 
for connection of another generator 
during maintenance? 

11	� Who will provide this additional generator 
and where will it be sourced from? 

11a	� Is there an additional competent person 
available to supervise the running of the 
generator while under load? 

12	� Who owns the standby generator: the 
provider or a subcontractor? 

12a	� If it is a subcontractor, how quickly are 
emergency repairs carried out? 
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12b	� Consider the implications of a wide-scale 
incident on this subcontractor’s ability to 
deliver. 

Combined heat and power (CHP) plant used 
as a standby generator 

When considering this aspect, refer to HTM 
06-01 – ‘Electrical services: supply and 
distribution’. 

13 What arrangements exist for dumping 
excess heat in case of low demand? 
(If this needs water, consider a cascade 
failure.) 

14 Does the design use the hospital heating 
system? (Consider the effect of possibly 
having to turn on the heating in 
midsummer to allow the generator to 
operate.) 

15 What is the impact of internal failure, for 
example if a substation or distribution 
board fails? 

15a	� Can supply be re-routed from somewhere 
else? 

15b	� Is it possible to attach a portable 
generator? 

15c	� Who will provide the generator, service it 
etc? 

16	� What impact will the loss of the non-
essential supply have on facility 
operations? 

17	� How long will it take to recover and clear 
any backlog of non-essential work? 

Scenario 3 – Loss of telephone 
communications for up to five days 
1 Which systems use the telephone network? 

Internet connection and data centres 

When considering this aspect, undertaking a 
cost/benefit analysis would be necessary to 

determine the best options to realistically 
pursue. 

2	� Can supplier orders and deliveries still be 
tracked? 

3	� Are stock levels of critical supplies 
sufficient to last for the loss of service, or 
will manual monitoring of stock levels be 
required? 

4	� Where will the manpower for manual 
monitoring come from? 

Building management system 

5	� Are satellite sites controlled and monitored 
from a remote location? 

6	� Could loss of the telephone network and 
data centres make remote operation 
impossible? 

6a	� Will systems have to be manually operated 
(manpower provision, costs)? 

6b	� Will systems/plant and equipment operate 
in less economical modes (increased 
running costs)? 

Plant monitoring systems 

7	� Leased/hired generators and CHP plant 
often have a telephone connection to the 
manufacturer to report faults, allow for 
remote fault-finding, and identify routine 
maintenance requirements. 

7a	� How will a fault be reported if found? 

7b	� Will the estates department be aware? 

CCTV and security systems 

8	� Remote monitoring of CCTV at an off-site 
security centre may be a financially viable 
option for a provider to consider. 

8a	� Will this system continue to operate if the 
telephone network and data centres fail? 

8b	� What vulnerabilities would be exposed by 
this failure? 
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Appendix 2: Case study. Ysbyty Ystrad Fawr 

local general hospital 


The site for the new 276-bed Ysbyty Ystrad 
Fawr local general hospital is located on a 
floodplain. During the various stages of design, 
proposals were developed to ensure that the 
hospital remains in operation during any 
extreme flood event. Thus, the main hospital 
concourse is located one floor above the 
floodplain with parking arranged at the lower 
ground level. Patient and staff areas are sited 
around a series of enclosed and semi-enclosed 

courtyards at both the lower ground and upper 
ground levels. 

Extensive flood modelling was undertaken to 
understand the impact of a flood with regard to 
the hospital site. In addition, the flood-modelling 
exercise determined the broader impacts of 
flooding and displacement on the wider 
community. 

Aerial view of Ysbyty Ystrad Fawr. ©Bam Construction Limited 
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View showing the car park below the elevated building. ©Philip Handforth Professional Photos 

Further view showing elevated building ©Philip Handforth Professional Photos 
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3 

 Ventilation is used extensively in healthcare premises to closely control the 
environment and air movement of the space that it serves. This is for both the 
comfort of occupants in buildings and to contain, control and reduce hazards 
to patients, staff and visitors from airborne contaminants including, dust and 
harmful micro-organisms.  
 

 This Policy sets out the detailed requirements for the maintenance and safe 
operation of all air conditioning and ventilation plant as stated in SHTM 03-01 
Parts A & B. These will be maintained so that they do not present a risk to 
persons either in the vicinity of the plant, in areas served by the plant, or a 
statutory compliance risk to NHS Greater Glasgow & Clyde. 
 

 This Policy requires that all ventilation and air conditioning equipment is 
installed, inspected, serviced and maintained in accordance with all Statutory 
Instruments, NHS Guidelines and Scottish Health Technical Memorandums 
(SHTM’s) to ensure that such equipment does not pose a health or operational 
risk to either, staff, patients or visitors 

 
 
2.0     Scope 
 

 This Policy applies to all staff, service users and contractors associated with 
the NHS Greater Glasgow & Clyde. Those persons with defined 
responsibilities should read this policy, and where applicable, read and 
understand the ventilation procedures manual.  

 
 This Policy covers all maintenance activities on ventilation and air conditioning 

plant within NHS Greater Glasgow & Clyde, and any sites which NHS Greater 
Glasgow & Clyde is responsible for the maintenance of ventilation equipment. 
This will include, but not limited to, local room extraction plants up to full air 
handling and conditioning systems. 

 
 The Ventilation policy makes reference to SHTM 00 Best Practice Guidance 

for HealthCare Engineering with regards to dealing with emergencies e.g. 
Loss of utilities, failure of a main component and storm damage (relevant if 
AHU’s and chillers are located on roofs). 

 
 This policy will need to be reviewed annually or subject to and industry or 

government guidance, SHTM `s and best practice updates. 
 
 
 
 
 

  

  

1.0     Introduction 
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3.0     Duties and responsibilities 
 
3.1  Clear lines of managerial responsibility should be in place so that no doubt 

exists as to who is responsible for the safe operation and maintenance of the 
equipment. 

3.2  A periodic review of management systems should take place in order to 
ensure that the agreed standards are being maintained.  

3.3  Persons required for inspecting, verifying or maintaining ventilation equipment 
will need to show that they are competent to do so. As a minimum they should 
have sufficient knowledge of its correct operation to be able to recognise faults. 
They should have attended CP (V) training. 

 
3.4     Designated staff functions  
 A person intending to fulfil any of the staff functions specified below should be 

able to prove that they possess sufficient skills, knowledge and experience to 
be able to perform safely the designated tasks.  

3.5     Management  
 Management is defined as the owner, occupier, employer, chief executive, 

general manager or other person who is ultimately accountable for the safe 
operation of premises.  

3.6     Chief Executive 
 

The Chief Executive has the overall authority and responsibility for ensuring 
ventilation services and systems are properly operated, maintained and 
repaired throughout NHS GG&C in line with SHTM 03-01.The Chief 
Executive’s specific responsibilities are to ensure that NHS GG&C appoint the 
Designated Person in writing. 

 
3.7     Designated Person (DP) 

This person provides the essential senior management link between the 
organisation and professional support. The Designated Person should also 
provide an informed position at board level. They are also responsible for 
ensuring that there are sufficient and suitable resources available to enable all 
systems associated with ventilation systems are operated, maintained and 
repaired safely and effectively.  
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3.8     Authorising Engineer (Ventilation), AE(V)  

 
The AE (V) is defined as a person designated by Management to provide 
independent auditing and advice on ventilation systems and to review and 
witness documentation on validation. 
The AE will act as an independent, professional advisor to the healthcare 
organisation. The AE should be appointed by the organisation with a brief to 
provide services in accordance with the SHTM guidance. 
The AE will act as an assessor and make recommendations for the 
appointment of AP`s, monitor the performance of the service and provide an 
annual audit to the DP. To carry out this effectively, particularly with regard to 
audit, it is preferable that the AE remains independent of the operational 
structure of the NHS board. 

 
3.9     The Compliance Manager  

 
Has an administrative role in ensuring compliance for Ventilation systems 
across NHS GG&C is managed effectively. 

 
3.10     Authorised Person – Lead (Ventilation), AP (V/L) 

 The Lead Authorised Person is a site specific role, they will direct all other     
AP`s in their daily duties and control and manage the Ventilation systems on   
the site. They will be responsible for the practical implementation and 
operation of Management’s safety policy and procedures relating to the 
engineering aspects of ventilation systems. 

3.11     Authorised Person (Ventilation) AP (V) 
 

The AP(V) will be an individual possessing adequate technical knowledge and 
having received appropriate training, appointed in writing by the Designated 
Person (in conjunction with the advice provided by the AE(V)), who is 
responsible for the practical implementation and operation of Management’s 
safety policy and procedures relating to the engineering aspects of ventilation 
systems. There is currently no requirement for AP refresher training however 
there is a requirement for an AE (V) to interview AP (V) every 3 years. 

3.12     Competent Person (Ventilation) CP (V)  
 

The CP (V) is defined as a person designated by Management to carry out 
maintenance, validation and periodic testing of ventilation systems. 
Who, further to CP Ventilation training and assessment by their AP (V) , should 
be appointment as a CP (V) in writing. 
  

3.13     Competent Person with limitations (Ventilation) CP (V*) 
 

All persons carrying out work on ventilation systems are to be appointed as a 
CP (V) in writing by the AP (V) for the level and complexity of work undertaken. 
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3.14  Infection Control Officer  
 

The Infection Control Officer (or consultant microbiologist if not the same 
person) is the person nominated by management to advise on monitoring the 
infection control policy and microbiological performance of the systems.  

Major policy decisions should be made through an infection control committee. 
The infection control committee should include representatives of the user 
department and estates and facilities or their nominated representative (that 
is, the AP (V). 

 
4.0     Records  

A record should be kept of those appointed to carry out the functions listed 
above. The record should clearly state the extent of the post holder’s duties 
and responsibilities, and to who they are to report. 

5.0     Training  
 

Routine inspection and maintenance procedures can cause risks to the health 
of staff carrying out the work and those receiving air from the plant. All those 
involved should be made aware of the risks, and safe systems of work should 
be agreed. Suitable safety equipment should be provided as necessary, and 
training in its use should be given.  

Any training given should be recorded, together with the date of delivery and 
topics covered.  

Training in the use of safety equipment and a safe system of work will need to 
be repeated periodically in order to cater for changes in staff 

6.0     Ventilation Systems  
 
6.1  All ventilation systems should be subject to but not limited to one visual 

inspection annually. 

6.2  The purpose of the inspection is to establish that:  

 The system is still required; the AHU conforms to the minimum standard set 
out in (SHTM 03-01 part B Section 3);  

 The fire containment has not been breached;  

 The general condition of the system is adequate for purpose;  

 The system overall is operating in a satisfactory manner. 

6.3  The 40 point check sheet (Appendix B) should be used to record the result of 
the inspection.  
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6.4  All critical ventilation systems should be inspected quarterly and verified at 
least annually. In some circumstances the verification may need to be carried 
out more frequently.  

6.5  The quarterly inspection should be as detailed in paragraphs 6.1 – 6.3.  

6.6  The purpose of the annual verification will be to ensure additionally that the 
system:  

 Unless otherwise specified below, the ventilation system should achieve not 
less than 75% of the design air-change rate given in SHTM03-01 Part A 
Appendix 1, or its original design parameters.  

 The pressure regime should achieve not less than 75% of the design value 
given in in SHTM03-01 Part A Appendix 1, or its original design parameters; 
and the pressure gradient relationships with regards to surrounding areas 
must be maintained.; 

 Is operating to an acceptable performance level;  

 Remains fit for purpose.  

Definition of a critical system  

6.7  Ventilation systems serving the following are considered critical:  

 Operating theatres of any type, including rooms used for investigations (for 
example catheter laboratories);  

 Patient isolation facility of any type;  

 Critical care, intensive treatment or high-dependency unit;  

 Neonatal unit; SHTM 03-01: Part B: Operational management and 
performance verification Version 1: October 2011 Page 26  Health Facilities 
Scotland, a Division of NHS National Services Scotland  

 Category 3 or 4 laboratory or room;  

 Pharmacy aseptic suite; 

 Inspection and packing room in a sterile services department;  

 MRI, CAT and other types of emerging imaging technologies that require 
particularly stable environmental conditions to remain within calibration;  

 Any system classified as an LEV system under the COSHH Regulations;  

 Any other system that clearly meets the definition. 
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7.0     Estates alerts and operational restrictions 
 

Estates alerts and operational restrictions related to ventilation systems on 
site(s) may be issued by various means, such as 

 Health and Safety Alerts 

 NHS Estates 

 Health Facilities Scotland (HFS) 

 Competent Persons reports 

 Safety InformationBulletins issued by NHS 

 Manufactureres of ventilation installation equipment and components 

 Asbestos Register (Shine).The Board has ducting with asbestos mastic and 
rope seals throughout its estate. 

 

8.0      Equipment Release Certificate 
8.1 This is a safety document, for use in Critical Ventilation plant, which is a form 

signed by the user, countersigned signed and issued by an AP (V) to the CP 
(V) in charge of work to be carried out. It defines the scope of the work to be 
undertaken and makes known exactly what areas are affected.  

8.2 The AP (V) will ensure all CP(V)`s and Test Specialists working on ventilation 
systems carry out their duties in a safe and efficient manner in accordance 
with SHTM 03-01 and best practice. All work will be conducted in accordance 
with written instructions. 

9.0     Emergency Procedures  
In the event of System failure the AP (V) will notify the User (Critical System) 
and the site infection control team, who shall collectively consider the 
implications of the failure and the continued use of the Area served by the 
Critical System, to decide whether or not to recommend closure of the facility 
to the respective Management Team. All decisions should be formally 
recorded and issued to the General Managers for their records. 

10.0     Business Continuity Plans  
Departments and users should develop business continuity plans for loss of 
critical ventilation services in the event of system failure or conditions outside 
of the systems operating envelope. 
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11.0     Monitor & Review  
The ventilation services policy shall be reviewed annually with regards to 
procedures, incidents and the competence of staff for their assigned duties by 
the DP. An agreed minute of the review meeting shall be presented by the DP 
to the Chief executive for their consideration before being passed to the 
relevant persons and line managers for action, thereafter the document is to 
be placed in the operational procedures manual / file.  

12.0     References 
 

H&S at Work 1974. 
Provision And Use of Work Equipment regulations 1998. 
Management of H & S at Work Regulations. 

      SHTM 00 - Best Practice Guidance for Healthcare Engineering. 
      SHTM 03-01 - Ventilation Services. 
      SHTM 04-01 - The control of Legionella in healthcare premises  
      – a code of practice. 
      HSE ACOP L8 (Control of Legionella in healthcare water systems). 

The Pressure Systems Safety Regulations 2000 
SHTM 08-08 Pressure systems: policies and guidance  
NHS GG&C Pressure System Policy. 
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APPENDIX A – SCHEDULE OF VENTILATION SYSTEMS  
Ventilation systems include (but are not restricted to) the following summary:  

System / Type Typical Area of Use 

General (Extract) Operating theatres 

Hospital wards and departments 

Toilets 

Bathrooms 

Kitchens 

Mortuary 

General (Supply) Operating theatres 

Hospital wards and departments 

Ultra Clean Ventilation Systems Operating theatres 

Local Cooling / Refrigeration Units Laboratories 

Clinical areas 

Specialist areas 

Local Exhaust Ventilation (LEV) Operating theatres (exhaled gas) 

Laboratories 

Dental 

Mortuary 

Workshops 

Specialist areas 

Fume Cupboards Pharmacy 

Laboratories 

Microbiological Safety Cabinets Pharmacy 

Laboratories 
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APPENDIX B – 40 Point Check Sheet 
 

Competent Person (Ventilation) Air Handling Unit (AHU) Routine Inspection 
 
Note:  Critical ventilation systems should be inspected quarterly.  Non-critical 
ventilation systems should be inspected annually. 
 
GENERAL CONDITION 
 
End of useful life.  This should be clear from the condition of the AHU and its 
associated services and plant.  Action: Urgent replacement indicated.  The main 
indicators will be: 
 

1. Extensive internal and/or external corrosion of the AHU casing. 
2. Failure of filter housings to prevent air bypass. 
3. General corrosion of heater and cooling battery fins, attenuator surfaces 
etc. 
4. Significant failure to meet minimum standards. 
5. Associated plant services and controls in poor condition or not able to fulfil 
their purpose. 
6. AHU aged 20 years or more. 

 
Poor.  Should be fairly apparent but would include an assessment of the degree of 
corrosion; cleanliness of coils and batteries; quality of filter mountings and their ability 
to prevent air bypass; fan and drive train condition; the control system elements’ 
ability to fulfil their function; condition of the access doors and inspection covers. The 
age of the AHU is generally less important.  Action: Extensive refurbishment or 
programmed replacement indicated. 
 
Average.  Some faults but generally free of significant corrosion, clean internally and 
conforming to minimum standards.  Action: Faults capable of correction at next 
maintenance period. 
 
Good.  Conforming to the minimum standards, obviously cared for and subject to 
routine maintenance.  Action: Routine maintenance will preserve standard of the 
equipment. 
 
COMPLIANCE WITH MINIMUM STANDARDS (questions 2 to 23, 32 and 33) 
 
Poor.  More than three answers are negative.  Action: Management action 
required by estates/facilities department. 
 
Average.  No more than three answers are negative.  Action: Maintenance action 
required. 
 
Good.  No answers are negative, full compliance.  Action: None. 
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MAINTENANCE QUALITY (questions 5, 12, 26 to 31 and 34 to 40) 
 
Poor.  More than three answers are negative.  Action: Management action 
required by estates/facilities department. 
 
Average.  No more than three answers are negative.  Action: Maintenance action 
required. 
 
Good.  No answers are negative.  Action: None. 
 
 
Hospital………………………………………………………………… 
 
Plantroom……………………………………………………………. 
 
Air Handling Unit……………………………………………….…   
Age of unit……………………………… 
 
Area Served by unit…………………………………….….…… 
 
Date of survey…………………………………………………….. 
 
Name…………………………………………………………………. 
Signature…………………………………… 
 
General condition: End of useful life Poor  Average  Good 
 
Compliance with minimum standards Poor  Average  Good 
(Questions 2 to 23, 32 and 33) 
 
Maintenance quality    Poor  Average  Good 
(Questions 5, 12, 26 to 31 and 34 to 40) 
 
 
Serial Survey Question Yes No Comments 

1 Plant running?    

2 Is the unit and its associated plant secure 
from unauthorised access?    

3 Is the unit safely accessible for inspection 
and maintenance?    

4 
Is the air intake positioned to avoid short 
circuiting with extract or foul air from other 
sources such as gas scavenging outlets? 

   

5 Are all inspection lights operating?    
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6 Are motorised dampers fitted to the intake 
and discharge?    

7 Are fan motor(s) outside of the air stream?    

8 Is the fan drive train visible without 
removing covers?    

9 Is the cooling coil located on the discharge 
side of the fan?    

10 Is an energy-recovery system fitted (state 
type)?    

11 

Are condensate drainage systems fitted to 
all energy recovery systems, cooling coils 
and humidifiers in accordance with Chapter 
3 of Health Technical Memorandum 03-01, 
Part B? 

   

12 
Are drainage traps clean and filled with 
water? (see Table 3 in Health Technical 
Memorandum 03-01, Part B) 

   

13 Is the drain trap air break at least 15 mm?    

14 If a humidifier is fitted, state the type    

15 Is the humidifier capable of operation? 
    

16 Is there space to safely change the filters?    

17 Are there test holes in the principal ducts?    

18 Are the test holes capped?    

19 What is the general condition of the exterior 
of the AHU?    

20 Are the principal ducts lagged?    

21 What is the general condition of the 
associated control valves and pipework?    

22 Is the pipework adequately lagged?    

23 Is the system clearly labelled? 
     

24 Record prefilter differential 
pressure   
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25 Record main filter differential 
pressure   

SWITCH PLANT OFF. FIT PADLOCK AND CAUTION SIGN TO ISOLATOR 

26 Did the motorised dampers close 
on plant shut-down?    

27 Is the vermin/insect screen clean?    

28 Is the intake section including the fog coil 
clean?    

29 Are the prefilters correctly fitted with no air 
bypass?    

30 Are all drive belts correctly aligned and 
tensioned?    

31 Is the cooling-coil matrix clean?    

32 
Are all drip-trays fully accessible or capable 
of being removed for cleaning and have a 
fall to drain? 

   

33 Are the drainage trays stainless?    

34 Are the drainage trays clean?    

35 Are there any signs of water ponding in the 
AHU?    

36 Is the matrix clean for each heater-battery?    

37 Have the main filters been correctly fitted 
with no air bypass?    

38 Is AHU and its associated main ductwork 
clean internally?    

ENERGISE PLANT 

39 Did unit restart satisfactorily?    

Test automatic fan-motor change-over, if fitted 

40 Did automatic change-over operate 
satisfactorily?    
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SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

Hospital

Satellite Hospitals

Site Address

1.  Terms of Reference

1.1  This audit was conducted in accordance with the following current reference documents:

2.  Executive Summary

2.2  Report Summary

1.  The Lead AP should review the action plan at the end of this report and produce his own action plan.

2.  A draft ventilation Standard Operating Procedure (SOP) was held on StaffNet.   In addition to the SOP, a 

ventilation safety policy should be produced and ratified by the board.

3.  Due to the size and ongoing change at the hospital the APs were not always able to find the time to carry out 

their duties.  The provision of APs (V) should be reviewed by senior management taking into consideration 

other duties the APs are liable for.  Cyril Dowson is scheduled for his AP assessment in December 2016.  Jim 

Guthrie and David Brattey should attend training before being assessed.

4.  CPs should be trained, assessed and appointed.  Evidence of competency was held for two contractor CPs, 

letters of competency should be held for all contractor CPs.

5.  Task risk assessments were not held for in-house tasks.  These must be produced and communicated to the 

in-house CPs.

6.  Permits to work were in use for the Lab Block but they were not in use across the rest of the estate.  There 

were some minor errors on some of the permits to work issued which all APs should note.

7.  The Document Register was populated for the Lab Block.  This should be extended to include the Adult & 

Children's and the retained estate.  The Document Register should include a list of all ventilation assets.

8.  Planned maintenance was not carried out on the retained estate.  The AHUs should be subject to planned 

maintenance, cleaning, quarterly inspections and  annual inspections.

9.  Chilled beams should be cleaned 6 monthly and split air condition systems should be cleaned 3 monthly.

10.  The Lab Block AHUs were cleaned periodically but records were not retained.  Cleaning records should be 

retained.

2.1  Introduction.  The purpose of this audit was to assess the compliance, operation and maintenance of the 

Safe System of Work at the Hospital(s) in accordance with the discipline specific Health Technical Memoranda, 

Acts, Regulations and HSE Guidance documents.  The resulting Action Plan will be reviewed periodically.  The 

appointments of the discipline specific Authorised Persons were also assessed during the audit.

Queen Elizabeth University Hospital (QEUH)

Nil

Date(s) of Audit 14-15 Nov 16

Date(s) of Previous Audit 9-10 Dec 2015

Reference 161114-QEUH-V-DGM-01

1345 Govan Road, 

Glasgow

G51 4TF

a.  Scottish Health Technical Memorandum 00:  Policies and principles of healthcare engineering.

b.  Scottish Health Technical Memorandum 03-01:  Specialised ventilation for healthcare premises.

1 of 21 161114-QEUH-V-DGM-01
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SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

Name: Duncan G Machell

Turner Facilities Management

Professional Engineering Services
65, Craigton Road
Govan
Glasgow   G51 3EQ

E-mail:

Mobile Phone:

4.  Next Audit Date

The next audit visit is planned to take place in November 2017

Signature: Date: 21-Nov-16

8.  Assessment of the Engineering Systems. Medium

9.  Assessment of the Engineering Work Spaces. Medium

Is the system safe to continue?
Yes, under the 

supervision of the AE

5.  Assessment of the Safety Documentation. Low

6.  Assessment of the Operating Records. Medium

7.  Assessment of the Safety equipment & Access Control. Low

2.  Assessment of the Authorised Persons. Medium

3.  Assessment of the Competent Persons. High

4.  Assessment of Incidents, Accidents and Dangerous Occurrences. Very Low

9.  Not all critical systems were subject to annual verifications.  Adult & Children's isolation rooms, critical care 

areas and MRI/CT suites should be verified annually.  Retained estate neonatal and MRI/CT suites should be 

verified annually.  When a critical system fails to meet the performance criteria set out in SHTM 03-01, Part B, 

the AP should notify the User (V)/Responsible Person and infection control in writing.

10.  Most but not all LEVs had been subject to 14 monthly examinations under the COSHH Regulations.  The 

mortuary dissection tables had not been examined and performance tested.  Some MGPS AGSS had been 

tested but records had not been retained.  The test reports for the Lab Block LEV systems were retained by 

individual departments.  The AP should check that all LEVs in the Lab Block have been examined and tested at 

least every 14 months.

3.  Conclusion

ASSESSMENT OF SAFE SYSTEM OF WORK CONCLUSION

1.  Assessment of the Management Policy. Medium

2 of 21 161114-QEUH-V-DGM-01
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SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

Distribution:

NHS Contract:

Turner Facilities Management Ltd:

Authorising Engineer (Ventilation)

Mrs D Halsey AE Administrator

File TIME

Mr Gary Cullen Compliance Manager

Mr Ian Powrie Sector Estates Manager (South)

Mr D G Machell

Mr C James

Mr Paul Allan Estates Manager and Authorised Person (Ventilation)

Mr David Brattey Senior Estates Manager and Authorised Person (Ventilation) Designate

Interim Business Unit Manager

The system is unsafe to continue. No

Ms Mary-Anne Kane Interim Director of Facilities

Mr Alan Gallacher General Manager (Estates)

The system is safe to continue subject to caveats.
Yes, under the supervision of 

the AE

3.  Unsatisfactory (Some elements of major issues remain unresolved). Medium

4.  Hazardous (Major issues have started to be resolved). High

5.  Unsafe to continue with current practices/arrangements. Very High

Not tested. Untested

Overall Safe System of Work Assessment

The system is safe to continue. Yes

Safe System of Work Section Assessment SCART Risk Grading

1.  Good. Very Low

2.  Satisfactory (Some minor or observation issues need to be resolved). Low

Key to Assessments:

3 of 21 161114-QEUH-V-DGM-01
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5

4

3

2

1

1

2

3

4

5

6

7

8

9

10

11

12

3 141208/19
Display unique plantroom identity signs at the 

entrance to all plantrooms.
Ongoing, review at next audit.

3 141208/21
Repair/replace the dilapidated Neurosurgery 

external plant area access door.
Completed.

3 141208/18
Display safety signs at the entrance to all 

plantrooms.
Ongoing, review at next audit.

5 141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

Ongoing, review at next audit.

3 141208/22
Install task lighting and emergency lighting for the 

Neurosurgery external plant area.
Ongoing, review at next audit.

5 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

Ongoing, review at next audit.

5 141208/7

Letters of competency should be obtained from the 

employers of contractor CPs and retained in the 

Documents Register.

Ongoing, review at next audit.

5 141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

Ongoing, review at next audit.

Serial Rating Reference Action Required

Very High

High

PREVIOUS ACTION PLANMedium

Low

Remarks

Very Low

3 141208/1 The Ventilation Services Policy should be reviewed. Ongoing, review at next audit.

3 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

Ongoing, review at next audit.

3 141208/8

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

Ongoing, review at next audit.

5 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

Ongoing, review at next audit.

4 of 21 161114-QEUH-V-DGM-01
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13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3 151209/6

Arrange for Paul Allan to attend first aid training by 

30 Jun 16 and forward a copy of his training 

certificate to the AE on completion.

Action updated, review at next 

audit.

4 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

Ongoing, review at next audit.

3 151209/3

Arrange for David Brattey to attend AP (V) training 

and forward a copy of his training certificate to the 

AE on completion.

Ongoing, review at next audit.

3 151209/4
Forward a copy of David Brattey's first aid training 

certificate to the AE.
Ongoing, review at next audit.

3 151209/5
Forward a copy of Cyril Dowson's first aid training 

certificate to the AE.
Completed.

2 141208/42

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

Ongoing, review at next audit.

3 151209/1 Assess and appoint Mr Cyril Dowson as an AP (V). Ongoing, review at next audit.

3 151209/2
Assess and appoint David Brattey as an AP (V) when 

he has completed AP (V) training.
Ongoing, review at next audit.

2 141208/39
Reference the location of inspection reports and 

verification reports in the Document Register.
Completed.

5 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
Ongoing, review at next audit.

5 141208/41

Carry out a 14 monthly thorough examination and 

test of all AGSS in accordance with the COSHH 

Regulations requirement for LEVs.

Action updated, review at next 

audit.

3 141208/34
Fit direction of flow labels to the discharge ductwork 

on the Old Maternity AHU.

Asbestos hazard prevents access.  

Action withdrawn.

5 141208/36

Carry out quarterly inspections on all critical 

ventilation systems in accordance with SHTM 03-01, 

Part B, Appendix 1.

Progress made, action updated and 

review at next audit.

5 141208/37

Carry out annual inspections on all non-critical 

ventilation systems in accordance with SHTM 03-01, 

Part B, Appendix 1.

Progress made, action updated and 

review at next audit.

3 141208/27
Monitor the condition of the corroded intake 

louvres on the Neurosurgery external AHUs.
Completed.

3 141208/31
Repair the inspection lights on Neonatal AHU 3 and 

Neurosurgery AHU 5.
Completed.

5 141208/33
Investigate and repair the Magnehelic gauges on the 

Old Maternity AHU and Neurosurgery AHU 5.

Action updated, review at next 

audit.

5 141208/23
Implement a planned maintenance regime for 

emergency lights fitted in plantrooms.

Action updated, review at next 

audit.

5 of 21 161114-QEUH-V-DGM-01
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31

32

33

34

35

36

37

38

39

40

41

42

44

45

46

47

3 151209/12

Calibrate the micro manometer and hand held 

anemometers annually and retain copies of 

calibration certificates in the document register.

Completed.

3 151209/13
Obtain copies of instrument calibration certificates 

used by all contractor CPs.
Completed.

3 151209/9
Only issue permits to work to appointed NHS CPs or 

contractor CPs listed in the CP Register.
Ongoing, review at next audit.

3 151209/10

Catalogue the ventilation system drawings for the 

Lab Block and Adults & Children's so they are readily 

available to the APs.

Completed.

5 151209/11

Populate the CAFM system (FM First) with planned 

maintenance tasks for all ventilation systems and 

retain records of all planned maintenance tasks 

carried out.

Ongoing, review at next audit.

3 151209/8
Take remedial action to prevent the uncommanded 

shutdown of the AHU serving Theatre 8.
Completed.

4 151209/24

Rectify the collapsing pre-filters on the Old 

Maternity level 4 plantroom intake plenum and fit a 

pressure differential gauge/manometer.

Ongoing, review at next audit.

3 151209/22
Rectify the unserviceable lighting on retained estate 

Neonatal AHUs 1, 3 and 4.
Completed.

3 151209/23

Investigate and rectify the spurious bag filter 

readings on retained estate Neonatal AHUs 1, 3 and 

4.

Ongoing, review at next audit.

2 151209/21
Consider fitting inspection windows and internal 

lighting on all Lab Block AHU's.
Ongoing, review at next audit.

3 151209/18
Fit glass drain traps to all Neurosurgery AHUs on the 

retained estate.

Progress made, action updated and 

review at next audit.

4 151209/19

Modify the drain trap arrangement on all AHUs in 

the Lab Block and Adult & Children's to ensure there 

is a 15mm air gap between the trap outlet and the 

drainage pipework.

Ongoing, review at next audit.

5 151209/16

Provide a standby air handling unit for Ward 4b 

Haemato-oncology to allow for proper maintenance 

& verification and to provide redundancy in the 

system.

Action withdrawn.

3 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.
Ongoing, review at next audit.

5 151209/14

Rectify the unserviceable lighting on the Old 

Maternity 4th floor plantroom and install 

emergency lighting.

Ongoing, review at next audit.

3 151209/15
Fit identify signs or labels to the HEPA filter 

enclosures in the Adult and Children's Plantroom 21.
Ongoing, review at next audit.
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48

49

50

51

52

53

54

55

 Additional Comments

Nil.

5 151209/26
Carry out annual verifications on the retained estate 

Neonatal and SCBU ventilation systems.

Action updated, review at next 

audit.

3 151209/27 Carry out and record annual cleaning on all AHUs.
Action updated, review at next 

audit.

3 151209/28

Ensure verification reports for critical ventilation 

systems include a summary clearly stating whether a 

pass or a fail was achieved and that the reports also 

record noise levels.

Completed.

3 151209/32

Critical ventilation systems that do not meet the 

performance criteria specified in SHTM 03-01 should 

be taken out of service.  If the clinical requirement 

prevents this the User and infection control should 

be notified in writing by the AP.

Ongoing, review at next audit.

5 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

Ongoing, review at next audit.

5 151209/30

3 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's 

Plantroom 21.

Ongoing, review at next audit.

Obtain confirmation from Pharmacy that the Aseptic 

suite containment cabinets are subject to LEV 

examinations and tests every 14 months in 

accordance with the COSHH Regulations.

Completed.

5 151209/31

Survey the Clinical Research department to identify 

any LEVs.  Subject all identified LEVs to examinations 

and tests every 14 months in accordance with the 

COSHH Regulations.

Ongoing, review at next audit.
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Comments

Paul Allan should attend emergency first aid training by 12 Dec 16 as planned.  He should forward a copy 

of his training certificate to the AE .

Jim Guthrie should attend AP (V) training and forward a copy of his training certificate to the AE on 

completion.

David Brattey should attend AP (V) training and forward a copy of his training certificate to the AE on 

completion.  He should also attend emergency first aid training forwarding a copy of his certificate to the 

AE.

Number checked by AE 0 1 0 0

Permit-to-work 0 40 0 0

First Aid Expiry Date
Scheduled for 12 

Dec 16
22-Jun-18 03-Mar-18 TBA

Ventilation Training 

Expiry Date
30-Oct-17 27-Apr-18 TBA TBA

Expiry Date 04-Jan-18 N/A N/A N/A

Sites covered SGH N/A N/A N/A

Appointment Certificate GG&C V 07 Not yet Not yet Not yet

Issue Date 05-Jan-15 N/A N/A N/A

Status AP (V) AP (V) Des AP (V) Des AP (V) Des

Based at QEUH QEUH QEUH QEUH

AP Training and Appointments Matrix

AP Name Paul Allan Cyril Dowson Jim Guthrie David Brattey
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1

1

1

2

1

3

4

Y/N

Y 1

Y 1

Y 3

Y 1

Y 1

N 2

N 3

N/A

Y 1

Y/N

N 4

Y 3

Y 3

Are all APs (V) currently certified?

Jim Guthrie, David Brattey and Cyril Dowson 

had not been appointed.  Cyril Dowson will be 

assessed in December 2016.

Are the APs (V) due for refresher training in SHTM 03-01?

Jim Guthrie and David Brattey should attend 

AP (V) training and forward copies of their 

training certificate to the AE on completion.

Are the APs (V) due for training in emergency first-aid?

Paul Allan and David Brattey should attend 

emergency first aid training by 14 Feb 17 and 

should forward a copy of their training 

certificates to the AE on completion.

Have the emergency procedures been validated or tested 

during the current audit period?
Not applicable.

Has the Authorising Engineer (AE) (V) appointment been 

correctly made and is it in date?
The AE's appointment expires on 31 Aug 17.

2.  Authorised Persons (V) Comments

Are the Duty Holder (V) responsibilities clearly defined in the 

Policy?

The policy states that the Duty Holder is 

responsible for ensuring the ventilation 

systems are operated, maintained and 

repaired in accordance with SHTM 03-01.

Is the Designated Person appointed in writing?
The Designated Person is shown as the 

Director of Facilities in the structure chart.

Does the Board Ventilation Safety Policy include emergency 

procedures?

Emergency procedures were not included in 

the policy.

Is the Ventilation Safety Policy approved at Board level?
The policy was approved by Alex McIntyre 

(Director of Facilities).

Is the Board Ventilation Safety Policy reviewed periodically?

The policy was first issued in October 2011 

and reviewed in August 2012. The policy had 

been withdrawn from StaffNet for a review.

Is the Board Ventilation Safety Policy a controlled Document?
The policy is a controlled document.  A copy 

was held in the Document Register.

Jim Guthrie (Designate)

David Brattey (Designate)

1.  Management Policy Comments

Is there a Board Ventilation Safety Policy In place? NHS GG&C Ventilation Safety Policy.

Cyril Dowson (Designate)

Designated Person Mary-Anne Kane

Authorising Engineer Duncan Machell

Authorised Persons Paul Allan

REPORT
Personnel  

Duty Holder Robert Calderwood
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N 4

N 3

N 3

Y/N

N 4

N 3

N/A

Y 1

N 3

Y 1

Y/N

Y 1

N/A
Have the details of incidents, accidents or dangerous 

occurrences been properly recorded and reported? 
Not applicable.

Are the NHS CPs (V) carrying out their duties on a regular 

basis?

In-house CPs and contractor CPs had been 

carrying out duties on a regular basis.

4.  Incidents, Accidents and Dangerous Occurrences Comments

Have there been any accidents, incidents, dangerous 

occurrences or "near misses" in connection with the 

ventilation systems?

None reported.

Are the roles and responsibilities of Contractor CPs (V) 

defined in writing?
Not checked.

Are records held in the Document Register of the site 

induction for the Contractor CPs (V)? 

The GG&C Contractor Control & Permit 

Register includes the issue of an identity card 

that listed the fundamental site rules and 

procedures.

Is there an up to date Register of CPs (V) appointed for the 

Trust included in the Document Register?

A CP Register was not held.  Identified in 

previous audit.

3.  Competent Persons (V) Comments

Have the NHS CPs (V) been formally assessed and appointed 

by an AP (V)?

In-house CPs had not been assessed and 

appointed.  Training certificates were held for 

two NHS CPs and a third was thought to have 

been trained but a certificate was not 

available.  The remaining NHS CPs had not 

been trained. 

Is evidence of the competency of Contractor CPs (V) held in 

the Document Register? 

Evidence of competency was held for A 

Laughland and R Peel of Atlas Clean Air Ltd 

who carry out performance verifications on 

safety cabinets in the Laboratory building.  

Letters of competency or training certificates 

were not held for the CPs employed by H&V 

Commissioning Services Ltd and MAT Ltd.

Are the APs (V) carrying out AP (V) duties on a regular basis?

Paul Allan and David Brattey were not using 

permits to work to control maintenance 

activities.

Are the APs (V) formally monitoring the work-in-progress and 

are they recording their observations?

CP Monitoring had not been carried out.  

Identified in previous audit.

Is the provision of APs (V) adequate? 

When Jim Guthrie, David Brattey and Cyril 

Dowson are appointed this will provide four 

APs (V) for the campus.  Comments were 

made by some APs that they struggled to find 

the time to carry out AP (V) duties on top of 

their other commitments.
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Y/N

Y 1

Y 3

N 3

Y 1

Y 1

Y 1

Y 1

Y 1

Y/N

N 1

Y 1

N 3

N/A

N 4

Is the working Ventilation Document Register periodically 

reviewed and out-of-date information transferred to the 

archive Ventilation Document Register?

The Document Register was in the process of 

being populated.  Not assessed.

Is there a schedule of  ventilations systems detailing which 

are critical, non-critical or LEVs?

Asset lists were held electronically covering 

the retained estate and Adult & Children's.  

The Lab Block asset list was held in the 

Document Register.  A consolidated schedule 

of ventilation plant should be produced 

stating the classification (non-critical, critical 

or LEV) of the plant.

Are the ventilation operating record documents kept in a 

secure location?

The ventilation documents were held in a 

secure office.

Do the APs (V) have access to copies of relevant SHTMs and 

other reference documents?
An electronic copy was held.

Does the Document Register index include all of the subjects 

required by SHTM 03-01?

The Document Register was populated for the 

Laboratory Block only.  The APs should either 

populate the Document Register with 

information for The Adult & Children's and the 

retained estates or populate individual 

document registers.

Were the site records up-dated on completion of the work? No issues found.

6.  Operating Records

General Comments

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?

23 May 16.  Annual service of Labcaire PCR by 

Atlas Clean Air Ltd.  Two risk assessments 

were held in the Document Register.

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?

Was the permit-to-work issued to a CP (V)?

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?

Did the User (V) acknowledge that the system should or 

should not be brought back into use?

The Hazardous/Not Hazardous option was not 

struck through at Part 1 of the permit to work.

The permit to work was not signed by the User 

(V).

The permit to work was issued to A Laughland.

No issues found.

No issues found.

No issues found.

5.  Safety Documentation

Job Number: Permit to work 81 Originating AP (V): C Dowson
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Y 2

Y 2

N 4

N 3

N/A

Y/N

N 3

N 3Are non-critical systems being inspected annually?

Retained estate non-critical ventilation 

systems were not subject to annual 

inspections.

Are the results of the Trust's planned maintenance 

programme formally reviewed annually to establish trends 

and gaps?  Are these reviews recorded?

Not checked.

Inspection and Verification
Comments

Are critical ventilation systems being inspected quarterly?

The Adult & Children's critical systems were 

subject to quarterly inspections.  Good.  The 

retained estate critical systems were not 

subject to quarterly inspections.

Are adequate O&M manuals available to the APs?

O&M information was held electronically 

(Zutec) and on the shared drive for the Adult 

& Children's and the Lab Block.  Original O&M 

information for the retained estate maternity 

theatres was reported to be held and was 

scheduled to be organised into a useable pack 

in 2017.

Are all of the ventilation systems included in the Trust's 

planned maintenance programme?

The Adult & Children's ventilation systems and 

the Lab Block ventilation systems were subject 

to planned maintenance.  Good.  Planned 

maintenance was not being carried out on the 

retained estate ventilation systems.  

Chilled/active beams were not subject to 6 

monthly inspection & cleaning but this was 

being planned by the APs.  Split air 

conditioning systems were not subject to 

quarterly hygiene inspections.

Are the planned maintenance records suitable, sufficient and 

accessible to the APs?

In-house maintenance was documented 

manually on check sheets.  Service sheets 

were held for work carried out by contractor 

CPs.  None of the maintenance was scheduled 

on FM First.

Are adequate technical drawings available to the APs?

Drawings were held electronically (Zutec) for 

the Adult & Children's and the Lab Block.  The 

drawings were well managed.  Drawing 

ME/ZA/00/PL/524/518/21 dated 14 Jan 14 

was checked with no issues found.  Adequate 

drawings were not held for the retained estate 

neurosurgery theatres but these are due for 

refurbishment/replacement from mid 2017.  

Original drawings for the retained estate 

maternity theatres were reported to be held.
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N 3

Y 2

N 3

N 5

N 3

N 3

Are critical systems that are unable to meet the required 

standards being taken out of service after receipt of 

condemnatory reports?

The annual verification report produced by 

H&V Commissioning Services Ltd dated 5 May 

16 recorded non-compliant air change rates 

and pressure differentials in Neuro Sciences 

Theatres 6 & 7 dirty utility.  The User (V) had 

not been notified of the non-compliance.

Are the main components in AHUs serving critical and non-

critical areas being cleaned annually?

Annual cleaning of the AHUs in the Adult & 

Children's was being carried out.  Good.  The 

cleaning of Lab Block AHUs was not recorded.  

Retained estate non-critical AHUs had not 

been cleaned within the previous year.

Are the fire dampers being tested annually?

Fire dampers were not subject to annual 

testing.  A list of the fire dampers in the Lab 

Block had begun to be populated.

Are the LEV systems being examined and tested by a 

competent person at least every 14 months?

All Lab Block safety cabinets and fume 

cupboards were reported to have had COSHH 

LEV performance tests carried out in the past 

14 months.  Records were held by individual 

departments.  The Mortuary dissection table 

had not been subjected to a COSHH LEV test in 

the past 14 months.  Some but not all 

Anaesthetic Gas Scavenging Systems (AGSS) 

had been re-commissioned annually.  

Adequate test records were not held for those 

systems that had been recommissioned.  It 

was reported that the Clinical Research 

department may contain LEVs.

Are critical ventilation systems being verified annually?

All theatres were subject to a rolling 

programme of annual verifications.  Good.  

Other critical systems in the Adult & Children's 

(isolation rooms, critical care and MRI) were 

not being verified annually but this 

requirement was under consideration by the 

APs.  The retained estate ventilations systems 

serving Neonatal and MRI/CT were not subject 

to annual verifications.

Are the inspections and verifications being recorded as per 

SHTM 03-01, Part B, Appendices 1 & 2 and the records 

retained in the Ventilation Documents Register?

Verification reports produced by H&V 

Commissioning Services Ltd provided an 

executive summary, air change rates, pressure 

differentials and noise levels.  The quarterly 

inspections carried out on the Adult & 

Children's isolation rooms, MRI/CT and critical 

care areas did not conform fully to Appendix 

1.
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Y/N

Y 1

Y 1

N/A

N 3

Y 1

Y 1

Y 1

Y/N

N 3

Y 1

Y 1

Y 1

N 3

N 3

Are fresh air intakes sited correctly, constructed correctly 

and are access hatches or hinged louvres installed?

AHUs in the Adult & Children's Plantrooms 21 

& 22 and in the Lab Block Cat 2 and Cat 3 

plantrooms did not have access hatches fitted 

to the intake ducts to allow for inspection.

Are drainage systems installed for wet components and are 

the drainage systems properly constructed?

The traps fitted to the retained estate 

neurosurgery AHUs had no drainage pipework 

fitted.  Drain traps on the AHUs in the Adult & 

Children's Plantrooms 21 & 22 were 

connected directly to drainage pipework with 

no air gap.  Some drain traps were visibly dirty.  

The drain traps on the Lab Block AHUs were 

connected directly to drain with no air gap.

Is the general condition of each AHU satisfactory? Those checked.

Is the AHU constructed according to the principles in SHTM 

03-01, Part A, Figure 1?
Those checked.

Are the automatic controls fitted to critical systems capable 

of being overridden in the event of  a software failure?
Those checked.

8.  Engineering Systems

Air Handling Units (AHUs) Comments

Is each AHU clearly and uniquely labelled and does this label 

exactly correspond to the AHU Register?

The isolation room HEPA filter extract cabinets 

in Adult & Children's Plantroom 21 were not 

labelled.

Do all NHS test instruments have in date calibration 

certificates? 

Micro Manometer 4902159510 and 

Anememomter13450118 were calibrated on 

24 Feb 16.  Good.

Have contractors provided in-date calibration certificates for 

all of their test instruments and safety equipment?  

Copies of calibration certificates were 

provided for the test instruments used by H&V 

Commissioning Services Ltd who carry out 

annual verifications.

Is there an effective and auditable system for the control of 

plantroom access in use?

An access control procedure was held in the 

document register.

Do the APs (V) have sufficient safety signage for the likely 

number of concurrent jobs?

Adequate safety signs were held at the 

hospital.

Do the NHS CPs (V) have sufficient safety devices and signs 

for their routine work?
Not checked.

Are records available of annual NHS safety and protective 

equipment inspections by an AP (V)?

The half masks issued to the CPs should be 

visually inspected annually by an AP and a 

record kept of the inspections.

7.  Safety Equipment & Access Control
Comments

Do the APs (V) have sufficient isolation safety devices for the 

likely number of concurrent jobs?

Adequate safety devices were held at the 

hospital.

14 of 21 161114-QEUH-V-DGM-01

Page 107

A48946859



SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

N 2

Y 2

Y 1

N 3

N 3

N 3

Y 1

Y/N

N 3

N 3

N/A

Y/N

Y 1

N/A

Y 1

Y 1

N 1

N/A

Are there any unauthorised items stored in the plantroom? No issues found.

If so, are the access arrangements to the plantroom 

adequately controlled?
Not applicable.

Is there an emergency escape door and can it be opened 

from the inside?
Not checked.

Is there a clear escape route outside the plantroom? No issues found.

Are adequate emergency communications systems available?
Staff entering plantrooms carry either a 

mobile telephone or PDA.

Is the correct contact telephone number shown? Not applicable.

Plantroom security Comments

Is the door soundly made and kept secure? No issues found.

9.  Engineering work spaces

Plantroom externals Comments

Is there a legible and secure safety sign displayed at the 

entrance to the plantroom?

Adult & Children Plantrooms 21 & 22 and the 

Old Maternity 4th floor plantroom did not 

have warning signs displayed at the entrance 

doors.

Is the name of the plantroom exactly the same as the AHU 

Register?

Adult & Children Plantrooms 21 & 22 and the 

Old Maternity 4th floor plantroom did not 

have unique name signs displayed at the 

entrance doors.

Are the filters provided with a means of checking the 

differential pressure across them?

Retained estate Neonatal AHUs 1, 3 and 4 bag 

filter Minihelic gauges were reading 0 Pascal's.  

There was no means of checking pressure 

differential on the pre filters fitted to the walk-

in plenum in the retained estate Old Maternity 

Level 4 plantroom.

Is the direction of air flow clearly marked on all main and 

branch ducts?

The extract ductwork serving the isolation 

rooms in Adult & Children's Plantroom 21 did 

not have direction of flow labels fitted.

Are all air flow test-points properly located, clearly identified 

and is the size of the duct provided at each point?
No issues found.

Is there adequate access around the AHU and are access 

doors provided for all major components?

The Lab Block Cat AHUs had no inspection 

windows fitted.

Are inspection windows and internal lights provided for 

cooling coils and filters? 
Those checked.

Are the filters the correct grade and correctly fitted to 

minimise bypass?

Pre-filters were fitted to a walk-in plenum in 

the Old Maternity Level 4 plantroom.  Several 

filters were not secure in the frame and the 

access door was open allowing complete 

bypass of the filters.

Are belt driven fan drives situated outside of the air stream?
Some fan drives were internal to the AHUs.  

No action required.
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N 3

N/A

Y/N

Y 1

Y 1

Y 1

I confirm that, where actions are required, a report has been submitted to the Designated Person

Duncan G Machell

 (Signature of AE (V)) (Name)

Is combustion equipment located in the plantroom? No issues found.

Are any rubbish or fire hazardous materials stored 

immediately outside the plantroom?
No issues found.

Is there at least one suitable fire extinguisher provided in the 

plantroom and has it been inspected in the last 12 months?

All fire extinguishers checked were serviced in 

April 2016.

Is the plantroom structure and condition satisfactory?

The Old Maternity 4th floor plantroom general 

lighting was unserviceable.  Emergency 

lighting was not installed in the Old Maternity 

4th floor plantroom.

Are posters and drawings displayed as required? Not checked.

Fire Precautions Comments

Plantroom structure

16 of 21 161114-QEUH-V-DGM-01

Page 109

A48946859



SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

5

4

3

2

1

1

2

3

4

5

6

7

8

9

10

11 3 141208/22
Install task lighting and emergency lighting for the 

Neurosurgery external plant area.
Lead AP 08-Dec-15

3 141208/18
Display safety signs at the entrance to all 

plantrooms.
Lead AP 08-Mar-15

3 141208/19
Display unique plantroom identity signs at the 

entrance to all plantrooms.
Lead AP 08-Mar-15

141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

Lead AP 08-Jan-15

5 141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

Lead AP 08-Jan-15

08-Mar-15

3 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

All APs 08-Mar-15

5 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

Lead AP 08-Jun-15

DP

08-Mar-15

3 141208/8

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

Lead AP

Low

Very Low

Rating Reference Action Required Responsible Person
Date 

due

Action points carried forward from previous audit

Serial

SCART Risk Grades

UPDATED ACTION PLAN 
Very High

High

Medium

3 141208/1 The Ventilation Services Policy should be reviewed.

5 141208/7

Letters of competency should be obtained from the 

employers of contractor CPs and retained in the 

Documents Register.

Lead AP

08-Mar-15

5 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

Lead AP 08-Jan-15

5
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

3 151209/9
Only issue permits to work to appointed NHS CPs or 

contractor CPs listed in the CP Register.
All APs 12-Jan-16

3 151209/6

Arrange for Paul Allan to attend first aid training by 

14 Feb 17 and forward a copy of his training 

certificate to the AE on completion.

DP 30-Jun-16

4 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

D Brattey and P Allan 12-Jan-16

3 151209/3

Arrange for David Brattey to attend AP (V) training 

and forward a copy of his training certificate to the 

AE on completion.

DP 12-Jun-16

3 151209/4
Forward a copy of David Brattey's first aid training 

certificate to the AE.
Lead AP 12-Jan-16

3 151209/1 Assess and appoint Cyril Dowson as an AP (V). AE/DP 12-Mar-16

3 151209/2
Assess and appoint David Brattey as an AP (V) when 

he has completed AP (V) training.
AE/DP 12-Jun-16

5 141208/41

At least every 14 months carry out a thorough 

examination and test (recommission) of all AGSS.  

Record the test results and a sketch of the systems.

Lead AP 08-Jan-15

2 141208/42

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

Lead AP 08-Mar-15

5 141208/37

Carry out annual inspections on the retained estate 

non-critical ventilation systems in accordance with 

SHTM 03-01, Part B, Appendix 1.

Lead AP 08-Mar-15

5 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
Designated Person 08-Mar-15

5 141208/23

Implement a planned maintenance regime for 

emergency lights fitted in plantrooms.  Where DALI 

systems are installed a formal check of the 

automatic test results should be carried out.

Lead AP 08-Jan-15

5 141208/36

Carry out quarterly inspections on the retained 

estate critical ventilation systems.  Record all critical 

system quarterly inspections in accordance with 

SHTM 03-01, Part B, Appendix 1.

Lead AP 08-Mar-15

5 141208/33
Investigate and repair the Magnehelic gauge on 

Neurosurgery AHU 5.
Lead AP 08-Dec-14

12-Mar-165 151209/14

Rectify the unserviceable lighting on the Old 

Maternity 4th floor plantroom and install 

emergency lighting.

Lead AP

5 151209/11

Populate the CAFM system (FM First) with planned 

maintenance tasks for all ventilation systems and 

retain records of all planned maintenance tasks 

carried out.

DP 12-Jun-16
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28

29

30

31

32

33

34

35

36

37

38

39

40

41

12-Jun-16

5 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

Lead AP 12-Jan-16

3 151209/15
Fit identify signs or labels to the HEPA filter 

enclosures in the Adult and Children's Plantroom 21.
Lead AP 12-Mar-16

12-Mar-163 151209/18

4 151209/24

Rectify the collapsing pre-filters on the Old 

Maternity level 4 plantroom intake plenum and fit a 

pressure differential gauge/manometer.

Lead AP 12-Jun-16

3

13-Mar-16

5 151209/31

Survey the Clinical Research department to identify 

any LEVs.  Subject all identified LEVs to examinations 

and tests every 14 months in accordance with the 

COSHH Regulations.

Lead AP 12-Mar-16

3 151209/32

Critical ventilation systems that do not meet the 

performance criteria specified in SHTM 03-01 should 

be taken out of service.  If the clinical requirement 

prevents this the User and infection control should 

be notified in writing by the AP.

Lead AP

151209/27

Record annual the annual cleaning of AHUs in the 

Lab Block.  Carry out and record the annual cleaning 

of all AHUs in the retained estate.

Lead AP 12-Dec-16

5 151209/26

Carry out annual verifications on the Adult & 

Children's isolation rooms, critical care and MRI 

ventilation systems.  Carry out annual verifications 

on the retained estate Neonatal and MRI/CT 

ventilation systems.

Lead AP 12-Mar-16

3 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's 

Plantroom 21.

Lead AP 12-Mar-16

Action points from this audit

3 161114/1
Produce a local action plan to address the actions 

raised in this report.
Lead AP 14-Dec-16

12-Mar-16

Fit drainage pipework to the glass drain traps on the 

retained estate Neurosurgery AHUs.
Lead AP

12-Jun-16

3 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.
Lead AP 12-Dec-16

3 151209/23

Investigate and rectify the spurious bag filter 

readings on retained estate Neonatal AHUs 1, 3 and 

4.

Lead AP

4 151209/19

2 151209/21
Consider fitting inspection windows and internal 

lighting on all Lab Block AHU's.
Lead AP

Modify the drain trap arrangement on all AHUs in 

the Lab Block and Adult & Children's to ensure there 

is a 15mm air gap between the trap outlet and the 

drainage pipework.

Lead AP
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42

43

44

45

46

47

48

Date:

14-Dec-16

DP/AE 14-May-17

3 161114/4
Ensure all options are struck through on all permits 

to work
All APs 14-Dec-16

I have the following comments/feedback on this report or the service I have received from Turner Facilities Management:

 DP-Designated Person : AE- Authorising Engineer : AP- Authorised Person with Line Management Support

The Designated Person should sign this Action Plan to acknowledge the contents.  The original copy should then be filed in 

the Document Register. 

Signature:

Name:

3 161114/2

Review the time available for APs to carry out AP (V) 

duties taking into consideration other disciplines 

they are responsible for.

DP 14-Feb-17

3 161114/3 Train, assess and appoint Jim Guthrie as an AP (V).

Mary-Anne Kane

161114/53
Ensure the User (V) signs Part 2 of all permits to 

work.
All APs

3 161114/8
Inspect the half masks issued to the CPs annually 

and retain a record of the inspections.
Lead AP 14-May-17

3 161114/6

Populate the existing Document Register with 

information relating to the retained estate and Adult 

& Children's, or setup and populate individual 

document registers.

All APs 14-Feb-17

4 161114/7

Carry out planned maintenance on the retained 

estate AHUs.  Carry out quarterly hygiene checks on 

split air conditioning units.  Carry out 6 monthly 

chilled beam cleaning. 

Lead AP 14-May-17
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Board:

From (date): To (date):

Isolation 

Diagram 

(if needed)

Safety 

programme (if 

needed)

Permit-to-

work

Permission for 

disconnection / 

Interruption

1 Cyril Dowson N/A N/A 54 - 93 N/A

R Peel

S Rennie

A Laughland

S Collins

Permit to work 8.  The Hazardous/Not 

Hazardous option was not struck through at Part 

1 of the permit to work.  The permit to work 

was not signed by the User (V) at Part 2.

Comments

Appendix A

Reconciliation of Ventilation Safety Documents
Site: Queen Elizabeth University Hospital Greater Glasgow and Clyde

09-Dec-15 14-Nov-16

Ser
Authorised 

Person 

Ventilation / LEV

Competent person
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Hospital

Satellite Hospitals

Site Address

1.  Terms of Reference

1.1  This audit was conducted in accordance with the following current reference documents:

2.  Executive Summary

2.2  Report Summary

2.1  Introduction.  The purpose of this audit was to assess the compliance, operation and maintenance of the 

Safe System of Work at the Hospital(s) in accordance with the discipline specific Health Technical Memoranda, 

Acts, Regulations and HSE Guidance documents.  The resulting Action Plan will be reviewed periodically.  The 

appointments of the discipline specific Authorised Persons were also assessed during the audit.

Queen Elizabeth University Hospital (QEUH)

Nil

Date(s) of Audit 07 & 10 Nov 17

Date(s) of Previous Audit 14-15 Nov 2016

Reference

20171113-250-QEUH-V-JM-

001

1345 Govan Road, 

Glasgow

G51 4TF

a.  Scottish Health Technical Memorandum 00:  Policies and principles of healthcare engineering.

b.  Scottish Health Technical Memorandum 03-01:  Specialised ventilation for healthcare premises.

1.  The Lead AP should review the action plan at the end of this report and produce his own action plan.

2.  Due to the size and on-going change at the hospital the APs were not always able to find the time to carry 

out their duties.  The provision of APs (V) should be reviewed by senior management taking into consideration 

other duties the APs are liable for. 

3.  CPs should be trained, assessed and appointed.  Evidence of competency was held for two contractor CPs, 

letters of competency should be held for all contractor CPs.

4.  Task risk assessments were not held for in-house tasks.  These must be produced and communicated to the 

in-house CPs.

5.  The Document Register was populated for the Lab Block.  This should be extended to include the Adult & 

Children's and the retained estate.  The Document Register should include a list of all ventilation assets.

6.  Chilled beams should be cleaned 6 monthly and split air condition systems should be cleaned 3 monthly.

7.  The Lab Block AHUs were cleaned periodically but records were not retained.  Cleaning records should be 

retained.

8.  Work should continue to verify all critical systems.  When a critical system fails to meet the performance 

criteria set out in SHTM 03-01, Part B, the AP should notify the User (V)/Responsible Person and infection 

control in writing before it is brought back into service.

9.  Most but not all LEVs had been subject to 14 monthly examinations under the COSHH Regulations.  The 

mortuary dissection tables had not been examined and performance tested.

10. Oil and combustible material should be removed from the Neonatal plant room ASAP.

11.  Fire dampers must be tested for correct operation annually.
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Turner Professional Engineering Services

4.  Next Audit Date

The next audit visit is planned to take place in November 2018

Signature: Date: 13-Nov-17

Name: Jamie Minhinnick

Team Q Maintenance Ltd
Collier House
Mead Lane
Hertford SG13 7AX

E-mail:

Mobile Phone:

6.  Assessment of the Operating Records. 16

7.  Assessment of the Safety equipment & Access Control. 8

8.  Assessment of the Engineering Systems. 20

9.  Assessment of the Engineering Work Spaces. 20

Is the system safe to continue?
Yes, under the 

supervision of the AE

4

2.  Assessment of the Authorised Persons. 8

3.  Assessment of the Competent Persons. 16

4.  Assessment of Incidents, Accidents and Dangerous Occurrences. 1

5.  Assessment of the Safety Documentation. 20

12.  The use of authority for disconnection (permit to work) should be reintroduced to prevent unintentional 

loss of supplies to the theatres and critical equipment.

3.  Conclusion

ASSESSMENT OF SAFE SYSTEM OF WORK CONCLUSION

1.  Assessment of the Management Policy.
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NHS Contract:

Turner Professional Engineering Services:

Coordinating Authorising Engineer

Authorising Engineer (Ventilation)

Mrs D Halsey AE Administrator

File TIME

Mr Gary Cullen Compliance Manager

Mr J Minhinnick

Mr P Clinton

Ms Mary-Anne Kane Interim Director of Facilities

Mr Alan Gallacher General Manager (Estates)

REMOTE 1 2 3 4 5

Severity

INSIGNIFICANT MINOR MODERATE MAJOR EXTREME

Li
k

e
li

h
o

o
d

ALMOST CERTAIN 5 10 15 20 25

LIKELY 4 8 12 16 20

15

UNLIKELY 2 4 6

Key to Assessments:

8 10

POSSIBLE 3 6 9 12
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5

4

3

2

1

1

2

3

4

5

6

7

8

9

10

11

8 141208/19
Display unique plant room identity signs at the 

entrance to all plant rooms.
On-going, review at next audit.

12 141208/22
Install task lighting and emergency lighting for the 

Neurosurgery external plant area.
Completed, closed.

20 141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

On-going, review at next audit.

8 141208/18
Display safety signs at the entrance to all plant 

rooms.
On-going, review at next audit.

20 141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

On-going, review at next audit.

Very High

High

PREVIOUS ACTION PLANMedium

Low

Remarks

20 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

On-going, review at next audit.

Very Low

12 141208/8

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

On-going, review at next audit.

20 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

On-going, review at next audit.

Serial Rating Reference Action Required

20 141208/7

Letters of competency should be obtained from the 

employers of contractor CPs and retained in the 

Documents Register.

On-going, review at next audit.

12 141208/1 The Ventilation Services Policy should be reviewed. Reviewed Dec 16. Closed

8 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

On-going, review at next audit.
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

20 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

On-going, review at next audit.

12 151209/9
Only issue permits to work to appointed NHS CPs or 

contractor CPs listed in the CP Register.
On-going, review at next audit.

8 151209/3

Arrange for David Brattey to attend AP (V) training 

and forward a copy of his training certificate to the 

AE on completion.

Overtaken by events. Closed.

8 151209/4
Forward a copy of David Brattey's first aid training 

certificate to the AE.
Overtaken by events. Closed.

8 151209/6

Arrange for Paul Allan to attend first aid training and 

forward a copy of his training certificate to the AE 

on completion.

Completed, closed.

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

On-going, review at next audit.

8 151209/1 Assess and appoint Cyril Dowson as an AP (V). Completed, closed.

8 151209/2
Assess and appoint David Brattey as an AP (V) when 

he has completed AP (V) training.
Overtaken by events. Closed.

20 141208/36

Carry out quarterly inspections on the retained 

estate critical ventilation systems.  Record all critical 

system quarterly inspections in accordance with 

SHTM 03-01, Part B, Appendix 1.

Completed, closed.

20 141208/37

Carry out annual inspections on the retained estate 

non-critical ventilation systems in accordance with 

SHTM 03-01, Part B, Appendix 1.

On-going, review at next audit.

25 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
On-going, review at next audit.

20 141208/41

At least every 14 months carry out a thorough 

examination and test (recommission) of all AGSS.  

Record the test results and a sketch of the systems.

Completed, closed.

8 141208/42

16 141208/23

Implement a planned maintenance regime for 

emergency lights fitted in plant rooms.  Where DALI 

systems are installed a formal check of the 

automatic test results should be carried out.

On-going, review at next audit.

20 141208/33
Investigate and repair the Magnehelic gauge on 

Neurosurgery AHU 5.
Completed, closed.
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26

27

28

29

30

31

32

33

34

35

36

37

38

20 151209/26

Carry out annual verifications on the Adult & 

Children's isolation rooms, critical care and MRI 

ventilation systems.  Carry out annual verifications 

on the retained estate Neonatal and MRI/CT 

ventilation systems.

MRI is difficult to access, Isolations 

rooms 50% complete. On-going 

review at next audit.

4 151209/21
Consider fitting inspection windows and internal 

lighting on all Lab Block AHU's.
On-going, review at next audit. 

12 151209/23

Investigate and rectify the spurious bag filter 

readings on retained estate Neonatal AHUs 1, 3 and 

4.

Completed, closed.

12 151209/24

Rectify the collapsing pre-filters on the Old 

Maternity level 4 plant room intake plenum and fit a 

pressure differential gauge/manometer.

On-going, review at next audit. 

4 151209/18
Fit drainage pipework to the glass drain traps on the 

retained estate Neurosurgery AHUs.
On-going, review at next audit. 

16 151209/19

Modify the drain trap arrangement on all AHUs in 

the Lab Block and Adult & Children's to ensure there 

is a 15mm air gap between the trap outlet and the 

drainage pipework.

Completed, closed.

8 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's Plant 

room 21.

On-going, review at next audit. 

20 151209/14

Rectify the unserviceable lighting on the Old 

Maternity 4th floor plant room and install 

emergency lighting.

On-going, review at next audit. 

Asbestos? 

12 151209/15

Fit identify signs or labels to the HEPA filter 

enclosures in the Adult and Children's Plant room 

21.

On-going, review at next audit. 

8 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.
On-going, review at next audit. 

20 151209/11

Populate the CAFM system (FM First) with planned 

maintenance tasks for all ventilation systems and 

retain records of all planned maintenance tasks 

carried out.

On-going, review at next audit.

12 151209/27

Record the annual cleaning of AHUs in the Lab Block.  

Carry out and record the annual cleaning of all AHUs 

in the retained estate.

On-going, review at next audit.

20 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

On-going, review at next audit.
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39

40

41

42

43

44

45

46

47

48

 Additional Comments

Nil.

12 161114/8
Inspect the half masks issued to the CPs annually 

and retain a record of the inspections.
On-going, review at next audit.

12 161114/6

Populate the existing Document Register with 

information relating to the retained estate and Adult 

& Children's, or setup and populate individual 

document registers.

On-going, review at next audit.

16 161114/7

Carry out planned maintenance on the retained 

estate AHUs.  Carry out quarterly hygiene checks on 

split air conditioning units.  Carry out 6 monthly 

chilled beam cleaning. 

On-going, review at next audit.

12 161114/4
Ensure all options are struck through on all permits 

to work
Overtaken by events. Closed.

12 161114/5
Ensure the User (V) signs Part 2 of all permits to 

work.
Overtaken by events. Closed.

12 161114/3 Train, assess and appoint Jim Guthrie as an AP (V). Overtaken by events. Closed.

8 161114/1
Produce a local action plan to address the actions 

raised in this report.
Gary Cullen has taken this on.

12 161114/2

Review the time available for APs to carry out AP (V) 

duties taking into consideration other disciplines 

they are responsible for.

On-going, review at next audit.

20 151209/31

Survey the Clinical Research department to identify 

any LEVs.  Subject all identified LEVs to examinations 

and tests every 14 months in accordance with the 

COSHH Regulations.

Completed, closed.

12 151209/32

Critical ventilation systems that do not meet the 

performance criteria specified in SHTM 03-01 should 

be taken out of service.  If the clinical requirement 

prevents this the User and infection control should 

be notified in writing by the AP.

Theatres are taken out of service 

for 1 week. Any failures are rectified 

before recommission. Closed.
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Comments

Paul Allan should attend an AP refresher course.

Another AP (V) should be nominated to carry out training. 

One of the AP (V) should be designated the lead AP.

Number checked by AE 0 0

Permit-to-work 0 0

First Aid Expiry Date 11-Dec-19 22-Jun-18

Ventilation Training 

Expiry Date
30-Oct-17 27-Apr-18

Expiry Date 04-Jan-18 11-Dec-19

Sites covered QEUH QEUH

Appointment Certificate GG&C V 07 GG&C V 16

Issue Date 05-Jan-15 12-Dec-16

Status AP (V) AP (V)

Based at QEUH QEUH

AP Training and Appointments Matrix

AP Name Paul Allan Cyril Dowson
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1

1

1

5

1

Y/N

Y 1

Y 1

Y 1

Y 1

Y 1

N 5

N 8

N/A

Y 1

Y/N

Y 8

Y 8

Y 1

N 8Are the APs (V) carrying out AP (V) duties on a regular basis?
The APs are not using permits to control 

maintenance activities.

Are all APs (V) currently certified?

Jim Guthrie has left the hospital and David 

Brattey is due to retire. Another 2 AP V should 

be nominated and trained.

Are the APs (V) due for refresher training in SHTM 03-01?

Paul Allan should attend AP (V) training and 

forward copies of his training certificate to the 

AE on completion.

Are the APs (V) due for training in emergency first-aid? No issues found.

Have the emergency procedures been validated or tested 

during the current audit period?
Not applicable.

Has the Authorising Engineer (AE) (V) appointment been 

correctly made and is it in date?
No issues found.

2.  Authorised Persons (V) Comments

Are the Duty Holder (V) responsibilities clearly defined in the 

Policy?

The policy states that the Duty Holder is 

responsible for ensuring the ventilation 

systems are operated, maintained and 

repaired in accordance with SHTM 03-01.

Is the Designated Person appointed in writing?
The Designated Person is shown as the 

Director of Facilities in the structure chart.

Does the Board Ventilation Safety Policy include emergency 

procedures?

Emergency procedures were not included in 

the policy.

Is the Ventilation Safety Policy approved at Board level?
The policy was approved by Alex McIntyre 

(Director of Facilities).

Is the Board Ventilation Safety Policy reviewed periodically?
The policy was reviewed in Dec 16 and will be 

reviewed annually. 

Is the Board Ventilation Safety Policy a controlled Document?
The policy is a controlled document.  A copy 

was held in the Document Register.

1.  Management Policy Comments

Is there a Board Ventilation Safety Policy In place? NHS GG&C Ventilation Safety Policy.

Cyril Dowson

Designated Person Mary-Anne Kane

Authorising Engineer Jamie Minhinnick

Authorised Persons Paul Allan

REPORT
Personnel  

Duty Holder Robert Calderwood
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N 12

N 16

Y/N

N 16

Y 8

N/A

Y 1

N 12

Y 1

Y/N

Y 1

N/A
Have the details of incidents, accidents or dangerous 

occurrences been properly recorded and reported? 
Not applicable.

Are the NHS CPs (V) carrying out their duties on a regular 

basis?

In-house CPs and contractor CPs had been 

carrying out duties on a regular basis.

4.  Incidents, Accidents and Dangerous Occurrences Comments

Sine the last audit has the site been free from any accidents, 

incidents, dangerous occurrences or "near misses" in 

connection with the ventilation systems?

None reported.

Are the roles and responsibilities of Contractor CPs (V) 

defined in writing?
Not checked.

Are records held in the Document Register of the site 

induction for the Contractor CPs (V)? 

The GG&C Contractor Control & Permit 

Register includes the issue of an identity card 

that listed the fundamental site rules and 

procedures.

Is there an up to date Register of CPs (V) appointed for the 

Trust included in the Document Register?

A CP Register was not held.  Identified in 

previous audit.

3.  Competent Persons (V) Comments

Have the NHS CPs (V) been formally assessed and appointed 

by an AP (V)?

In-house CPs had not been assessed and 

appointed.  Training certificates were held for 

two NHS CPs and a third was thought to have 

been trained but a certificate was not 

available.  The remaining NHS CPs had not 

been trained. 

Is evidence of the competency of Contractor CPs (V) held in 

the Document Register? 

Evidence of competency was held for A 

Laughland and R Peel of Atlas Clean Air Ltd 

who carry out performance verifications on 

safety cabinets in the Laboratory building.  

Letters of competency or training certificates 

were not held for the CPs employed by H&V 

Commissioning Services Ltd and MAT Ltd.

Are the APs (V) formally monitoring the work-in-progress and 

are they recording their observations?

CP Monitoring had not been carried out.  

Identified in previous audit.

Is the provision of APs (V) adequate? 

Jim Guthrie has left and David Brattey is due 

to retire. Comments were made by some APs 

in previous audits that they struggled to find 

the time to carry out AP (V) duties on top of 

their other commitments. A further 2 APs (V) 

should be identified and trained.
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Y/N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y/N

Y 1

Y 1

N 8

N/A

Is the working Ventilation Document Register periodically 

reviewed and out-of-date information transferred to the 

archive Ventilation Document Register?

The Document Register was in the process of 

being populated.  Not assessed.

Are the ventilation operating record documents kept in a 

secure location?

Gary Cullen is setting up an electronic 

ventilation operating record on Smart Sheet. 

As compliance officer ventilation, once proved 

this will roll out across to board.

Do the APs (V) have access to copies of relevant SHTMs and 

other reference documents?
An electronic copy was held.

Does the Document Register index include all of the subjects 

required by SHTM 03-01?

This is a work in progress on Smart Sheet by 

Gary Cullen. This will be used in conjunction 

with a hard copy held by retained estates and 

be expanded to include all areas.

Were the site records up-dated on completion of the work? No permits issued since last audit.

6.  Operating Records

General Comments

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?
No permits issued since last audit.

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?

Was the permit-to-work issued to a CP (V)?

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?

Did the User (V) acknowledge that the system should or 

should not be brought back into use?

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

5.  Safety Documentation

Job Number: Originating AP (V):
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N 20

Y 4

Y 4

N 12

N 12

N/A

Are the results of the Trust's planned maintenance 

programme formally reviewed annually to establish trends 

and gaps?  Are these reviews recorded?

Not checked.

Are adequate O&M manuals available to the APs?

O&M information was held electronically 

(Zutec) and on the shared drive for the Adult 

& Children's and the Lab Block.  Original O&M 

information for the retained estate maternity 

theatres was reported to be held.

Are all of the ventilation systems included in the Trust's 

planned maintenance programme?

The Adult & Children's ventilation systems and 

the Lab Block ventilation systems were subject 

to planned maintenance. Chilled/active beams 

were not subject to 6 monthly inspection & 

cleaning but this was being planned by the 

APs.  Split air conditioning systems were not 

subject to quarterly hygiene inspections.

Are the planned maintenance records suitable, sufficient and 

accessible to the APs?

In-house maintenance was documented 

manually on check sheets.  Service sheets 

were held for work carried out by contractor 

CPs.  None of the maintenance was scheduled 

on FM First.

Is there a schedule of  ventilations systems detailing which 

are critical, non-critical or LEVs?

Asset lists were held electronically covering 

the retained estate and Adult & Children's.  

The Lab Block asset list was held in the 

Document Register.  A consolidated schedule 

of ventilation plant should be produced 

stating the classification (non-critical, critical 

or LEV) of the plant.

Are adequate technical drawings available to the APs?
Technical drawings are held on Zutec. Can be 

difficult to navigate.
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Y/N

Y 1

Y 1

Y 8

Y 5

Y 1

N 25

N 8

Y 1

Are critical systems that are unable to meet the required 

standards being taken out of service after receipt of 

condemnatory reports?

All critical AHU's verified in the last 12 months 

are performing to the required standard. 

Immediate reports are given to estates before 

H&V leave site allowing problems to be 

rectified in the shut down period.

Are the main components in AHUs serving critical and non-

critical areas being cleaned annually?

Annual cleaning of the AHUs is now being 

carried out. 

Are the fire dampers being tested annually?

Fire dampers were not subject to annual 

testing.  A list of the fire dampers in the Lab 

Block had begun to be populated.

Are the LEV systems being examined and tested by a 

competent person at least every 14 months?

All Lab Block safety cabinets and fume 

cupboards  have had COSHH LEV performance 

tests carried out in the past 14 months.  

Records were held by Estates.  The Mortuary 

dissection table had not been subjected to a 

COSHH LEV test in the past 14 months.  

Are non-critical systems being inspected annually?
PPM files were held for all non critical AHU. 

Monthly and quarterly checks were retained.

Are critical ventilation systems being verified annually?

All theatres were subject to a rolling 

programme of annual verifications.  Other 

critical systems in the Adult & Children's such 

as isolation wards are in the process of being 

verified with 50% complete.  The retained 

estate ventilations systems for MRI/CT were 

not subject to annual verifications.

Are the inspections and verifications being recorded as per 

SHTM 03-01, Part B, Appendices 1 & 2 and the records 

retained in the Ventilation Documents Register?

Verification reports produced by H&V 

Commissioning Services Ltd provided an 

executive summary, air change rates, pressure 

differentials and noise levels.  The quarterly 

inspections carried out on the Adult & 

Children's isolation rooms, MRI/CT and critical 

care areas did not conform fully to Appendix 

1.

Inspection and Verification
Comments

Are critical ventilation systems being inspected quarterly?
PPM files were held for all critical AHU. 

Monthly and quarterly checks were retained.
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Y/N

Y 1

Y 1

N/A

N 8

N 5

Y 1

Y 1

Y/N

N 8

Y 1

Y 1

Y 1

N 8

N 8

N 4

Are fresh air intakes sited correctly, constructed correctly 

and are access hatches or hinged louvres installed?

AHUs in the Adult & Children's Plant rooms 21 

& 22 and in the Lab Block Cat 2 and Cat 3 plant 

rooms did not have access hatches fitted to 

the intake ducts to allow for inspection.

Are drainage systems installed for wet components and are 

the drainage systems properly constructed?

Some of the traps fitted to the retained estate 

neurosurgery AHUs had no drainage pipework 

fitted.  Some drain traps were visibly dirty.  

The drain traps on the Lab Block AHUs were 

connected directly to drain with no air gap.

Are belt driven fan drives situated outside of the air stream?
Some fan drives were internal to the AHUs.  

No action required.

Is the general condition of each AHU satisfactory? Those checked.

Is the AHU constructed according to the principles in SHTM 

03-01, Part A, Figure 1?
Those checked.

Are the automatic controls fitted to critical systems capable 

of being overridden in the event of  a software failure?
Those checked.

8.  Engineering Systems

Air Handling Units (AHUs) Comments

Is each AHU clearly and uniquely labelled and does this label 

exactly correspond to the AHU Register?

The isolation room HEPA filter extract cabinets 

in Adult & Children's Plant room 21 were not 

labelled.

Do all NHS test instruments have in date calibration 

certificates? 

Micro Manometer 4902159510 and 

Anememomter13450118 were calibrated on 

24 Feb 16.  Certificates could not be located 

during this audit.

Have contractors provided in-date calibration certificates for 

all of their test instruments and safety equipment?  

Copies of calibration certificates were 

provided for the test instruments used by H&V 

Commissioning Services Ltd who carry out 

annual verifications.

Is there an effective and auditable system for the control of 

plant room access in use?

An access control procedure was held in the 

document register.

Do the APs (V) have sufficient safety signage for the likely 

number of concurrent jobs?

Adequate safety signs were held at the 

hospital.

Do the NHS CPs (V) have sufficient safety devices and signs 

for their routine work?
Not checked.

Are records available of annual NHS safety and protective 

equipment inspections by an AP (V)?

The half masks issued to the CPs should be 

visually inspected annually by an AP and a 

record kept of the inspections.

7.  Safety Equipment & Access Control
Comments

Do the APs (V) have sufficient isolation safety devices for the 

likely number of concurrent jobs?

Adequate safety devices were held at the 

hospital.
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Y 5

Y 1

N 16

Y 8

N 8

Y 1

Y/N

N 8

N 8

N/A

Y/N

Y 1

N/A

Y 1

Y 1

N 25

N/A

Is the plant room free from any unauthorised items stored 

within?

Oil stored on top of and wood / cardboard 

leaning against the plant in the Neonatal 

Theatre No 2 plant room.

If so, are the access arrangements to the plant room 

adequately controlled?
Not applicable.

Is there an emergency escape door and can it be opened 

from the inside?
Not checked.

Is there a clear escape route outside the plant room? No issues found.

Are adequate emergency communications systems available?
Staff entering plant rooms carry either a 

mobile telephone or PDA.

Is the correct contact telephone number shown? Not applicable.

Plant room security Comments

Is the door soundly made and kept secure? No issues found.

9.  Engineering work spaces

Plant room externals Comments

Is there a legible and secure safety sign displayed at the 

entrance to the plant room?

Adult & Children Plant rooms 21 & 22 and the 

Old Maternity 4th floor plant room did not 

have warning signs displayed at the entrance 

doors.

Is the name of the plant room exactly the same as the AHU 

Register?

Adult & Children Plant rooms 21 & 22 and the 

Old Maternity 4th floor plant room did not 

have unique name signs displayed at the 

entrance doors.

Are the filters provided with a means of checking the 

differential pressure across them?

 There was no means of checking pressure 

differential on the pre filters fitted to the walk-

in plenum in the retained estate Old Maternity 

Level 4 plant room.

Is the direction of air flow clearly marked on all main and 

branch ducts?

The extract ductwork serving the isolation 

rooms in Adult & Children's Plant room 21 did 

not have direction of flow labels fitted.

Are all air flow test-points properly located, clearly identified 

and is the size of the duct provided at each point?
No issues found.

Is there adequate access around the AHU and are access 

doors provided for all major components?

The Lab Block Cat AHUs had no inspection 

windows fitted.

Are inspection windows and internal lights provided for 

cooling coils and filters? 
Those checked.

Are the filters the correct grade and correctly fitted to 

minimise bypass?

Pre-filters were fitted to a walk-in plenum in 

the Old Maternity Level 4 plant room.  A 

number of pre-filters in plant room 21 had 

collapsed allowing bypass.
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N 8

N/A

Y/N

Y 1

N 25

Y 1

I confirm that, where actions are required, a report has been submitted to the Designated Person

Jamie Minhinnick

 (Signature of AE (V)) (Name)

Is the plant room free from combustion equipment? No issues found.

Is the plant room free from rubbish or fire hazardous 

materials stored inside or immediately outside the plant 

room?

An open bottle of lubricating oil and drip tray 

was observed on the top of Theatre No 2 AHU 

in the Neonatal plant room. Various wood and 

materials were leaning against the AHU.

Is there at least one suitable fire extinguisher provided in the 

plant room and has it been inspected in the last 12 months?

All fire extinguishers checked were serviced in 

April 2017.

Is the plant room structure and condition satisfactory?

The Old Maternity 4th floor plant room 

general lighting was unserviceable.  

Emergency lighting was not installed in the 

Old Maternity 4th floor plant room.

Are posters and drawings displayed as required? Not checked.

Fire Precautions Comments

Plant room structure
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5

4

3

2

1

1

2

3

4

5

6

7

8

9

10

141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

Lead AP 08-Jan-15

16 141208/23

Implement a planned maintenance regime for 

emergency lights fitted in plant rooms.  Where DALI 

systems are installed a formal check of the 

automatic test results should be carried out.

Lead AP 08-Jan-15

8 141208/18
Display safety signs at the entrance to all plant 

rooms.
Lead AP 08-Mar-15

8 141208/19
Display unique plant room identity signs at the 

entrance to all plant rooms.
Lead AP 08-Mar-15

8 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

All APs 08-Mar-15

20 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

Lead AP 08-Jun-15

08-Mar-15

12 141208/8

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

Lead AP

Date 

due

Action points carried forward from previous audit

Serial

SCART Risk Grades

UPDATED ACTION PLAN 
Very High

High

Medium

20 141208/7

Letters of competency should be obtained from the 

employers of contractor CPs and retained in the 

Documents Register.

Lead AP

Low

Very Low

Rating Reference Action Required Responsible Person

08-Mar-15

20 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

Lead AP 08-Jan-15

20 141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

Lead AP 08-Jan-15

20
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Only issue permits to work to appointed NHS CPs or 

contractor CPs listed in the CP Register.
All APs 12-Jan-16

20 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

D Brattey and P Allan 12-Jan-16

20

20

8 141208/42

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

Lead AP 08-Mar-15

20 141208/37

Carry out annual inspections on the retained estate 

non-critical ventilation systems in accordance with 

SHTM 03-01, Part B, Appendix 1.

Lead AP 08-Mar-15

25 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
Designated Person 08-Mar-15

Lead AP

151209/11

Populate the CAFM system (FM First) with planned 

maintenance tasks for all ventilation systems and 

retain records of all planned maintenance tasks 

carried out.

DP 12-Jun-16

12 151209/9

12-Mar-16151209/14

Rectify the unserviceable lighting on the Old 

Maternity 4th floor plant room and install 

emergency lighting.

12 151209/24

Rectify the collapsing pre-filters on the Old 

Maternity level 4 plant room intake plenum and fit a 

pressure differential gauge/manometer.

Lead AP 12-Jun-16

Fit drainage pipework to the glass drain traps on the 

retained estate Neurosurgery AHUs.
Lead AP

12-Jun-16

8 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.
Lead AP 12-Dec-16

12 151209/27

Record annual the annual cleaning of AHUs in the 

Lab Block.  Carry out and record the annual cleaning 

of all AHUs in the retained estate.

Lead AP 12-Dec-16

20 151209/26

Carry out annual verifications on the Adult & 

Children's isolation rooms, critical care and MRI 

ventilation systems.  Carry out annual verifications 

on the retained estate Neonatal and MRI/CT 

ventilation systems.

Lead AP 12-Mar-16

8 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's Plant 

room 21.

Lead AP 12-Mar-16

4 151209/21
Consider fitting inspection windows and internal 

lighting on all Lab Block AHU's.
Lead AP

12 151209/15

Fit identify signs or labels to the HEPA filter 

enclosures in the Adult and Children's Plant room 

21.

Lead AP 12-Mar-16

12-Mar-164 151209/18
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26

27

28

29

30

31

32

33

34

35

36

37

16

20 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

Lead AP 12-Jan-16

13-Mar-16

5 151209/31

Survey the Clinical Research department to identify 

any LEVs.  Subject all identified LEVs to examinations 

and tests every 14 months in accordance with the 

COSHH Regulations.

Lead AP 12-Mar-16

12 151209/32

Critical ventilation systems that do not meet the 

performance criteria specified in SHTM 03-01 should 

be taken out of service.  If the clinical requirement 

prevents this the User and infection control should 

be notified in writing by the AP.

Lead AP

Action points from this audit

8 161114/1
Produce a local action plan to address the actions 

raised in this report.
Lead AP 14-Dec-16

12 161114/2

Review the time available for APs to carry out AP (V) 

duties taking into consideration other disciplines 

they are responsible for.

DP 14-Feb-17

12

12

An open bottle of lubricating oil and drip tray was 

observed on the top of Theatre No 2 AHU in the 

Neonatal plant room. Various wood and materials 

were leaning against the AHU. These must be 

removed.

Lead AP

Lead AP 14-May-17

161114/6

Populate the existing Document Register with 

information relating to the retained estate and Adult 

& Children's, or setup and populate individual 

document registers.

All APs 14-Feb-17

161114/7

Carry out planned maintenance on the retained 

estate AHUs.  Carry out quarterly hygiene checks on 

split air conditioning units.  Carry out 6 monthly 

chilled beam cleaning. 

Lead AP 14-May-17

161114/8
Inspect the half masks issued to the CPs annually 

and retain a record of the inspections.

25
20171113/

01

25
20171113/

02

Fire dampers were not subject to annual testing.  

This should be actioned at a strategic level.
DP ASAP

8
20171113/

03
Paul Allan should attend a AP (V) refresher course. Lead AP 31-Mar-18

ASAP

20
20171113/

04

The number of AP (V) should be assessed against 

other workloads. A further 2 APs are recommended.
DP 31-Mar-18
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38

Date:

I have the following comments/feedback on this report or the service I have received from Turner Professional 

Engineering Services:

 DP-Designated Person : AE- Authorising Engineer : AP- Authorised Person with Line Management Support

The Designated Person should sign this Action Plan to acknowledge the contents.  The original copy should then be filed in 

the Document Register. 

Signature:

Name: Mary-Anne Kane

20
20171113/

05

The use of authority for disconnection (permit to 

work) should be reintroduced to prevent 

unintentional loss of supplies to the theatres and 

critical equipment.

Lead AP ASAP
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Board:

From (date): To (date):

Isolation 

Diagram 

(if needed)

Safety 

programme (if 

needed)

Permit-to-

work

Permission for 

disconnection / 

Interruption

1

Comments

Appendix A

Reconciliation of Ventilation Safety Documents
Site: Queen Elizabeth University Hospital Greater Glasgow and Clyde

14-Nov-16 07-Nov-17

Ser
Authorised 

Person 

Ventilation / LEV

Competent person
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Hospital

Satellite Hospitals

Site Address

1.  Terms of Reference

1.1  This audit was conducted in accordance with the following current reference documents:

2.  Executive Summary

2.2  Report Summary

2.1  Introduction.  The purpose of this audit was to assess the compliance, operation and maintenance of the 

Safe System of Work at the Hospital(s) in accordance with the discipline specific Health Technical Memoranda, 

Acts, Regulations and HSE Guidance documents.  The resulting Action Plan will be reviewed periodically.  The 

appointments of the discipline specific Authorised Persons were also assessed during the audit.

Queen Elizabeth University Hospital (QEUH)

Nil

Date(s) of Audit 11-12 Dec 18

Date(s) of Previous Audit 07 & 10 Nov 17

Reference

20181212-250-QEUH-V-JM-

002

1345 Govan Road, 

Glasgow

G51 4TF

a.  Scottish Health Technical Memorandum 00:  Policies and principles of healthcare engineering.

b.  Scottish Health Technical Memorandum 03-01:  Specialised ventilation for healthcare premises.

Steady good progress has been made at QEUH under the direction of the compliance manager and interim site 

manager (operational estates). Some issues remain unresolved and are placing the board at risk:

1. Fire dampers were not subject to annual testing.  

2. Maintenance of ventilation systems is not planned and appears to be done on a reactive basis following 

planned inspections when faults are identified. The planned maintenance issued to NHS competent persons 

should be reviewed. 

3. The schedule of ventilation assets should be extended to include LEV's, Split AC's, Cassette Units, FCU's, and 

ACB's.

4. The criticality of all ventilation systems should be reviewed with user groups to positively identify all systems 

that should be deemed critical. This should be recorded in the ventilation assets schedule.

5. Once identified, all critical systems should be subjected to performance verification at least annually and 

inspected every 3 months using the 40 point check or appropriate inspection template.

6. Split AC's, Cassette Units and FCU''s should be subjected to 3m inspections and cleaning.

7. All Active Chilled Beams (ACB's) should be inspected on a 6m basis and cleaned as required.
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Turner Professional Engineering Services

4.  Next Audit Date

The next audit visit is planned to take place in November 2019

Signature: Date: 13-Dec-18

Name: Jamie Minhinnick

Team Q Maintenance Ltd
Collier House
Mead Lane
Hertford SG13 7AX

E-mail:

Mobile Phone:

6.  Assessment of the Operating Records. 16

7.  Assessment of the Safety equipment & Access Control. 8

8.  Assessment of the Engineering Systems. 8

9.  Assessment of the Engineering Work Spaces. 8

Is the system safe to continue?
Yes, under the 

supervision of the AE

4

2.  Assessment of the Authorised Persons. 8

3.  Assessment of the Competent Persons. 9

4.  Assessment of Incidents, Accidents and Dangerous Occurrences. 1

5.  Assessment of the Safety Documentation. 20

3.  Conclusion

ASSESSMENT OF SAFE SYSTEM OF WORK CONCLUSION

1.  Assessment of the Management Policy.
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NHS Contract:

Turner Professional Engineering Services:

Coordinating Authorising Engineer

Authorising Engineer (Ventilation)

Mrs D Halsey AE Administrator

File TIME

Mr Gary Cullen Compliance Manager

Mr Darryl Conner Interim Site Manager Operational Estates QEUH (AP(V) Des)

Mr J Minhinnick

Mr P Clinton

Mr Cyril Dowson Coordinating Supervisor AP(V)

Mr Paul Allen Estates Manager AP(V)

Ms Mary-Anne Kane Associate Director of Estates and Facilities

Mr Alan Gallacher General Manager (Estates)

REMOTE 1 2 3 4 5

Severity

INSIGNIFICANT MINOR MODERATE MAJOR EXTREME

Li
k

e
li

h
o

o
d

ALMOST CERTAIN 5 10 15 20 25

LIKELY 4 8 12 16 20

15

UNLIKELY 2 4 6

Key to Assessments:

8 10

POSSIBLE 3 6 9 12
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1

2

3

4

5

6

7

8

9

10

SCART Risk Grades

PREVIOUS ACTION PLAN 
Very High

High

Medium

6 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

Remarks

Low

No progress to date. Review at next 

audit.

20 141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

20 141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

Serial Rating Reference Action Required

20 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

20 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

20 141208/7

Letters of competency should be obtained from the 

employers of contractor CPs and retained in the 

Documents Register.

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

141208/812

16 141208/23

Implement a planned maintenance regime for 

emergency lights fitted in all plant rooms.  Where 

DALI systems are installed a formal check of the 

automatic test results should be carried out.

8 141208/18
Display safety signs at the entrance to all plant 

rooms.

8 141208/19
Display unique plant room identity signs at the 

entrance to all plant rooms.

No progress to date. Reduced risk 

rating applied. Review at next audit.

CP's have now been trained but are 

yet to be formally appointed. 

Reduced risk rating applied, review 

at next audit.

No progress to date. Reduced risk 

rating applied. Review at next audit.

On-going, review at next audit.

Now on SMART sheet. Closed.

No progress to date. Review at next 

audit.

Schedule is now compiled, it should 

include columns for "area served" 

and "Critical or Non-Critical". 

Reduced risk rating, review at next 

audit.

Works in progress, review at next 

audit.

Works in progress, review at next 

audit.
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

20 141208/37

Carry out annual inspections on all non-critical 

ventilation systems in accordance with SHTM 03-01, 

Part B, Appendix 1.

20 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

12 151209/9
Only issue permits to work to appointed NHS CPs or 

contractor CPs listed in the CP Register.

25 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.

8 141208/42

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

Consider fitting inspection windows and internal 

lighting on all Lab Block AHU's.

12 151209/15

Fit identify signs or labels to the HEPA filter 

enclosures in the Adult and Children's Plant room 

21.

8 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.

20 151209/11

Populate the CAFM system (FM First) with planned 

maintenance tasks for all ventilation systems and 

retain records of all planned maintenance tasks 

carried out.

20 151209/14

Rectify the unserviceable lighting on the Old 

Maternity 4th floor plant room and install 

emergency lighting.

151209/26

Carry out annual verifications on the Adult & 

Children's isolation rooms, critical care and MRI 

ventilation systems.  Carry out annual verifications 

on the retained estate Neonatal and MRI/CT 

ventilation systems.

12 151209/24

Rectify the collapsing pre-filters on the Old 

Maternity level 4 plant room intake plenum and fit a 

pressure differential gauge/manometer.

8 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's Plant 

room 21.

4 151209/18
Fit drainage pipework to the glass drain traps on the 

retained estate Neurosurgery AHUs.

4 151209/21

20

On-going, review at next audit.

As of Nov 18 all AHU's are 

inspected. Reduced risk rating 

applied. The requirements of 

SHTM03/01 Pt B Appendix 1 and 2 

is being developed. Review at next 

audit.

Discussed with the DP, No progress 

to date, review at next audit.

On-going, review at next audit.

Permits have been produced and 

will be put into use ASAP.

Not yet in use, overtaken by events, 

closed.

Completed, closed.

No progress to date, review at next 

audit.

Works have started with isolation 

rooms. Discussion to be held at 

TUM regarding definition of critical 

systems for MRI/CT. New action 

raised. Closed.

The FM First system is not yet in use 

however a spredsheet is in use to 

plan maintenance and inspections 

at QEUH. New action raised, closed.

Lighting repaired. Closed.

Bio Hazard signs fitted. Closed.

Unit planned for replacement. 

Review at next audit.

Not SMART, closed.
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25

26

27

28

29

30

31

32

33

34

35

36

Critical ventilation systems that do not meet the 

performance criteria specified in SHTM 03-01 should 

be taken out of service.  If the clinical requirement 

prevents this the User and infection control should 

be notified in writing by the AP.

8 161114/1
Produce a local action plan to address the actions 

raised in this report.

20 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

12 151209/27

Record annual the annual cleaning of AHUs in the 

Lab Block.  Carry out and record the annual cleaning 

of all AHUs in the retained estate.

25
20171113/

01

An open bottle of lubricating oil and drip tray was 

observed on the top of Theatre No 2 AHU in the 

Neonatal plant room. Various wood and materials 

were leaning against the AHU. These must be 

removed.

5 151209/31

Survey the Clinical Research department to identify 

any LEVs.  Subject all identified LEVs to examinations 

and tests every 14 months in accordance with the 

COSHH Regulations.

16 161114/7

Carry out planned maintenance on the retained 

estate AHUs.  Carry out quarterly hygiene checks on 

split air conditioning units.  Carry out 6 monthly 

chilled beam cleaning. 

12 161114/8
Inspect the half masks issued to the CPs annually 

and retain a record of the inspections.

12 161114/2

Review the time available for APs to carry out AP (V) 

duties taking into consideration other disciplines 

they are responsible for.

12 161114/6

Populate the existing Document Register with 

information relating to the retained estate and Adult 

& Children's, or setup and populate individual 

document registers.

12 151209/32

25
20171113/

02

Fire dampers were not subject to annual testing.  

This should be actioned at a strategic level.

8
20171113/

03
Paul Allan should attend a AP (V) refresher course.

Completed. Closed.

Overtaken by events. Closed.

Overtaken by events. Closed.

This is now directed in the  

ventilation SOP. Closed.

Now on SMART sheet. Closed.

Completed. 4 APs to be trained and 

appointed.

No progress to date, new action 

raised, closed.

No progress to date. New action 

raised, closed.

No progress to date.

No records for any cleaning of AHUs 

was witnessed. Discussed with lead 

AP. New action raised, closed.

Works in the planning to 

incorporate with the Joiners LEV. 

Review at next audit.

No progress to date, new action 

raised, closed.
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37

38

20
20171113/

04

The number of AP (V) should be assessed against 

other workloads. A further 2 APs are recommended.

20
20171113/

05

The use of authority for disconnection (permit to 

work) should be reintroduced to prevent 

unintentional loss of supplies to the theatres and 

critical equipment.

Overtaken by events. Closed.

Overtaken by events. Closed.
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Comments

Darryl Conner, Melville MacMillan and Mark McKaig should be assessed and appointed for AP Ventilation 

duties.

Number checked by AE 0 0 N/A N/A N/A

Permit-to-work 0 0 N/A N/A N/A

01-Oct-18

First Aid Expiry Date 11-Dec-19 29-Jul-21 17-Apr-21 tbc 23-Dec-18

Ventilation Training 

Date
30-Oct-14 27-Apr-15 14-Sep-18 01-Oct-18

QEUH

Expiry Date 04-Jan-18 11-Dec-19 N/A N/A N/A

Sites covered QEUH QEUH QEUH QEUH

N/A

Appointment Certificate GG&C V 07 GG&C V 16 N/A N/A N/A

Issue Date 05-Jan-15 12-Dec-16 N/A N/A

QEUH

Status AP (V) AP (V) Lead AP(V) Des AP(V) Des AP(V) Des

Based at QEUH QEUH QEUH QEUH

AP Training and Appointments Matrix

AP Name Paul Allan Cyril Dowson Darryl Conner Mark McKaig
Melville 

MacMillan
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1

5

1

5

1

1

Y/N

Y 1

Y 1

Y 1

Y 1

Y 1

N 5

N 5

N/A

Y 1

Y/N

N 8

N 1

Y 1

Are all APs (V) currently certified? Only 2 of the 5 AP's are formally appointed.

Are the APs (V) due for refresher training in SHTM 03-01? No issues found.

Are the APs (V) due for training in emergency first-aid? No issues found.

Have the emergency procedures been validated or tested 

during the current audit period?
Not applicable.

Has the Authorising Engineer (AE) (V) appointment been 

correctly made and is it in date?
No issues found.

2.  Authorised Persons (V) Comments

Are the Duty Holder (V) responsibilities clearly defined in the 

Policy?

The policy states that the Duty Holder is 

responsible for ensuring the ventilation 

systems are operated, maintained and 

repaired in accordance with SHTM 03-01.

Is the Designated Person appointed in writing?
No appointment made or held on SMART 

sheet.

Does the Board Ventilation Safety Policy include emergency 

procedures?

Emergency procedures were not yet included 

in the policy but are in development with the 

compliance manager.

Is the Ventilation Safety Policy approved at Board level? The policy was approved.

Is the Board Ventilation Safety Policy reviewed periodically?
The policy was reviewed in Nov 17 and will be 

reviewed bi-annually. 

Is the Board Ventilation Safety Policy a controlled Document?
The policy is a controlled document.  A copy 

was held on SMART sheet.

1.  Management Policy Comments

Is there a Board Ventilation Safety Policy In place? NHS GG&C Ventilation Safety Policy.

Cyril Dowson

Designated Person Alan Gallacher

Authorising Engineer Jamie Minhinnick

Authorised Persons Darryl Conner

REPORT
Personnel  

Duty Holder Mary-Anne Kane

Paul Allan
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N 8

N 12

N 16

Y/N

N 8

Y 8

N/A

Y 1

N 1

Y 1

Y/N

Y 1

N/A
Have the details of incidents, accidents or dangerous 

occurrences been properly recorded and reported? 
Not applicable.

Are the NHS CPs (V) carrying out their duties on a regular 

basis?

In-house CPs and contractor CPs had been 

carrying out duties on a regular basis.

4.  Incidents, Accidents and Dangerous Occurrences Comments

Sine the last audit has the site been free from any accidents, 

incidents, dangerous occurrences or "near misses" in 

connection with the ventilation systems?

None reported.

Are the roles and responsibilities of Contractor CPs (V) 

defined in writing?
Not checked.

Are records held in the Document Register of the site 

induction for the Contractor CPs (V)? 

The GG&C Contractor Control & Permit 

Register includes the issue of an identity card 

that listed the fundamental site rules and 

procedures.

Is there an up to date Register of CPs (V) appointed for the 

Trust included in the Document Register?
A register is held on SMART sheet.

3.  Competent Persons (V) Comments

Have the NHS CPs (V) been formally assessed and appointed 

by an AP (V)?

In house CPs have been trained but are yet to 

be formally appointed.

Is evidence of the competency of Contractor CPs (V) held in 

the Document Register? 

Evidence is held on Smart Sheet for H&V and 

Howarths. MAT and other ventilation 

contractors should be added.

Are the APs (V) carrying out AP (V) duties on a regular basis?
The APs are not using permits to control 

maintenance activities.

Are the APs (V) formally monitoring the work-in-progress and 

are they recording their observations?

CP Monitoring had not been carried out.  

Identified in previous audit.

Is the provision of APs (V) adequate? 
5 AP's have been identified and trained but 

only 3 are appointed. See training summary.
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Y/N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y/N

Y 1

Y 1

Y 1

N/A

Y 12

Y 4

Is the working Ventilation Document Register periodically 

reviewed and out-of-date information transferred to the 

archive Ventilation Document Register?

The Document Register was in the process of 

being populated.  Not assessed.

Is there a schedule of  ventilations systems detailing which 

are critical, non-critical or LEVs?

Modify the existing ventilation schedule to 

include LEV's, ACB's, Split AC's, Cassettes, 

FCU's etc and add columns for "area served" 

and "Critical or Non-Critical".

Are adequate technical drawings available to the APs?
Technical drawings are held on Zutec. Can be 

difficult to navigate.

Are the ventilation operating record documents kept in a 

secure location?

The ventilation documents register is held 

electronically on SMART sheet.

Do the APs (V) have access to copies of relevant SHTMs and 

other reference documents?
An electronic copy was held.

Does the Document Register index include all of the subjects 

required by SHTM 03-01?
Held on SMART sheet.

Were the site records up-dated on completion of the work? No permits issued since last audit.

6.  Operating Records

General Comments

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?
No permits issued since last audit.

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?

Was the permit-to-work issued to a CP (V)?

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?

Did the User (V) acknowledge that the system should or 

should not be brought back into use?

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

No permits issued since last audit.

5.  Safety Documentation

Job Number: Originating AP (V):
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Y 4

N 16

N 12

N/A

Y/N

Y 1

Y 1

Y 12

Are non-critical systems being inspected annually?
PPM files were held for all non critical AHU. 

Monthly and quarterly checks were retained.

Are critical ventilation systems being verified annually?

All theatres were subject to a rolling 

programme of annual verifications.  Other 

critical systems in the Adult & Children's such 

as isolation wards are in the process of being 

verified with 50% complete.  The retained 

estate ventilations systems for MRI/CT were 

not subject to annual verifications.

Are the results of the Trust's planned maintenance 

programme formally reviewed annually to establish trends 

and gaps?  Are these reviews recorded?

Not checked.

Inspection and Verification
Comments

Are critical ventilation systems being inspected quarterly?
PPM files were held for all critical AHU. 

Monthly and quarterly checks were retained.

Are adequate O&M manuals available to the APs?

O&M information was held electronically 

(Zutec) and on the shared drive for the Adult 

& Children's and the Lab Block.  Original O&M 

information for the retained estate maternity 

theatres was reported to be held.

Are all of the ventilation systems included in the Trust's 

planned maintenance programme?

Maintenance of ventilation systems is not 

planned and appears to be done on a reactive 

basis following planned inspections when 

faults are identified. The planned maintenance 

issued to NHS competent persons should be 

reviewed and risk assessed. It is 

recommended that SFG 20 is used as a 

maintenance schedule for ventilation systems 

and implemented.

Are the planned maintenance records suitable, sufficient and 

accessible to the APs?

In-house maintenance was documented 

manually on check sheets.  Service sheets 

were held for work carried out by contractor 

CPs.  None of the maintenance was scheduled 

on FM First.
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Y 8

Y 8

N 20

N 8

Y 1

Are critical systems that are unable to meet the required 

standards being taken out of service after receipt of 

condemnatory reports?

All critical AHU's verified in the last 12 months 

are performing to the required standard. 

Immediate reports are given to estates before 

H&V leave site allowing problems to be 

rectified in the shut down period. A process is 

documented in an SOP held on SMART sheet.

Are the main components in AHUs serving critical and non-

critical areas being cleaned annually?

Annual cleaning of the AHUs is reportedly 

being carried out but was difficult to evidence 

with paperwork.

Are the fire dampers being tested annually?

Fire dampers were not subject to annual 

testing.  A list of the fire dampers in the Lab 

Block had begun to be populated.

Are the LEV systems being examined and tested by a 

competent person at least every 14 months?

All Lab Block safety cabinets and fume 

cupboards  have had COSHH LEV performance 

tests carried out in the past 14 months.  

Records were held by Estates.  The Mortuary 

dissection table had not been subjected to a 

COSHH LEV test in the past 14 months.  

Are the inspections and verifications being recorded as per 

SHTM 03-01, Part B, Appendices 1 & 2 and the records 

retained in the Ventilation Documents Register?

Verification reports produced by H&V 

Commissioning Services Ltd provided an 

executive summary, air change rates, pressure 

differentials and noise levels.  The quarterly 

inspections carried out on the Adult & 

Children's isolation rooms, MRI/CT and critical 

care areas did not conform fully to Appendix 

1.
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Y/N

Y 1

Y 1

N/A

N 8

N 5

Y 1

Y 1

Y/N

Y 1

Y 1

Y 1

Y 1

N 8

N 8

N 4

Are fresh air intakes sited correctly, constructed correctly 

and are access hatches or hinged louvres installed?

AHUs in the Adult & Children's Plant rooms 21 

& 22 and in the Lab Block Cat 2 and Cat 3 plant 

rooms did not have access hatches fitted to 

the intake ducts to allow for inspection.

Are drainage systems installed for wet components and are 

the drainage systems properly constructed?

Some of the traps fitted to the retained estate 

neurosurgery AHUs had no drainage pipework 

fitted.  Some drain traps were visibly dirty.  

The drain traps on the Lab Block AHUs were 

connected directly to drain with no air gap.

Are belt driven fan drives situated outside of the air stream?
Some fan drives were internal to the AHUs.  

No action required.

Is the general condition of each AHU satisfactory? Those checked.

Is the AHU constructed according to the principles in SHTM 

03-01, Part A, Figure 1?
Those checked.

Are the automatic controls fitted to critical systems capable 

of being overridden in the event of  a software failure?
Those checked.

8.  Engineering Systems

Air Handling Units (AHUs) Comments

Is each AHU clearly and uniquely labelled and does this label 

exactly correspond to the AHU Register?
Those checked.

Do all NHS test instruments have in date calibration 

certificates? 

Micro Manometer 4902159510 and 

Anememomter13450118 were calibrated on 

24 Feb 16.  Certificates could not be located 

during this audit.

Have contractors provided in-date calibration certificates for 

all of their test instruments and safety equipment?  

Copies of calibration certificates were 

provided for the test instruments used by H&V 

Commissioning Services Ltd who carry out 

annual verifications.

Is there an effective and auditable system for the control of 

plant room access in use?

An access control procedure was held in the 

document register.

Do the APs (V) have sufficient safety signage for the likely 

number of concurrent jobs?

Adequate safety signs were held at the 

hospital.

Do the NHS CPs (V) have sufficient safety devices and signs 

for their routine work?
Not checked.

Are records available of annual NHS safety and protective 

equipment inspections by an AP (V)?

The half masks issued to the CPs should be 

visually inspected annually by an AP and a 

record kept of the inspections.

7.  Safety Equipment & Access Control
Comments

Do the APs (V) have sufficient isolation safety devices for the 

likely number of concurrent jobs?

Adequate safety devices were held at the 

hospital.
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Y 5

Y 1

Y 1

Y 8

N 8

Y 1

Y/N

N 8

N 8

N/A

Y/N

Y 1

N/A

Y 1

Y 1

Y 1

N/A

Is the plant room free from any unauthorised items stored 

within?
No issues found.

If so, are the access arrangements to the plant room 

adequately controlled?
Not applicable.

Is there an emergency escape door and can it be opened 

from the inside?
Not checked.

Is there a clear escape route outside the plant room? No issues found.

Are adequate emergency communications systems available?
Staff entering plant rooms carry either a 

mobile telephone or PDA.

Is the correct contact telephone number shown? Not applicable.

Plant room security Comments

Is the door soundly made and kept secure? No issues found.

9.  Engineering work spaces

Plant room externals Comments

Is there a legible and secure safety sign displayed at the 

entrance to the plant room?

Adult & Children Plant rooms 21 & 22 and the 

Old Maternity 4th floor plant room did not 

have warning signs displayed at the entrance 

doors.

Is the name of the plant room exactly the same as the AHU 

Register?

Adult & Children Plant rooms 21 & 22 and the 

Old Maternity 4th floor plant room did not 

have unique name signs displayed at the 

entrance doors.

Are the filters provided with a means of checking the 

differential pressure across them?

 There was no means of checking pressure 

differential on the pre filters fitted to the walk-

in plenum in the retained estate Old Maternity 

Level 4 plant room.

Is the direction of air flow clearly marked on all main and 

branch ducts?

The extract ductwork serving the isolation 

rooms in Adult & Children's Plant room 21 did 

not have direction of flow labels fitted.

Are all air flow test-points properly located, clearly identified 

and is the size of the duct provided at each point?
No issues found.

Is there adequate access around the AHU and are access 

doors provided for all major components?

The Lab Block Cat AHUs had no inspection 

windows fitted.

Are inspection windows and internal lights provided for 

cooling coils and filters? 
Those checked.

Are the filters the correct grade and correctly fitted to 

minimise bypass?
No issues found.
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Y 1

N/A

Y/N

Y 1

Y 1

Y 1

I confirm that, where actions are required, a report has been submitted to the Designated Person

Jamie Minhinnick

 (Signature of AE (V)) (Name)

Is the plant room free from combustion equipment? No issues found.

Is the plant room free from rubbish or fire hazardous 

materials stored inside or immediately outside the plant 

room?

No issues found.

Is there at least one suitable fire extinguisher provided in the 

plant room and has it been inspected in the last 12 months?

All fire extinguishers checked were serviced in 

April 2018.

Is the plant room structure and condition satisfactory? No issues found.

Are posters and drawings displayed as required? Not checked.

Fire Precautions Comments

Plant room structure
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1

2

3

4

5

6

7

8

9

141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

Lead AP 31-Mar-19

16 141208/23

Implement a planned maintenance regime for 

emergency lights fitted in plant rooms.  Where DALI 

systems are installed a formal check of the 

automatic test results should be carried out.

Lead AP 31-May-19

8 141208/18
Display safety signs at the entrance to all plant 

rooms.
Lead AP 31-May-19

8 141208/19
Display unique plant room identity signs at the 

entrance to all plant rooms.

31-Mar-19

9 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

Lead AP 31-Mar-19

6 141208/8

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

Lead AP

8 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

All APs

31-Mar-19

Date 

due

Action points carried forward from previous audit

Serial

SCART Risk Grades

UPDATED ACTION PLAN 
Very High

High

Medium

Low

Rating Reference Action Required Responsible Person

16 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

Lead AP 30-Nov-19

16 141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

Lead AP 30-Nov-19

12

Lead AP 31-May-19
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

31-Mar-19

Lead AP

20 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

Lead AP ASAP

31-Mar-18

12 141208/37

Carry out annual inspections on the retained estate 

non-critical ventilation systems in accordance with 

SHTM 03-01, Part B, Appendix 1.

Lead AP 31-Mar-19

20 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
DP TBC

Action points from this audit

12

Introduce a true planned maintenance regime for 

ventilation systems  from an agreed maintenance 

schedule and add to all ventilation assets.

Lead AP

8 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's Plant 

room 21.

Lead AP 31-Mar-19

Fit drainage pipework to the glass drain traps on the 

retained estate Neurosurgery AHUs.
Lead AP

Lead AP 31-Mar-19161114/8
Inspect the half masks issued to the CPs annually 

and retain a record of the inspections.

12-Dec-194 151209/18

12-Dec-19

8 141208/42

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

Lead AP

8 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.

16 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

Lead AP

16
20181212/

01

9
20181212/

02

Modify the existing ventilation schedule to include 

LEV's, ACB's, Split AC's, Cassettes, FCU's etc and add 

columns for "area served" and "Critical or Non-

Critical".

Lead AP 01-Jun-19

9
20181212/

04

Populate all relevant information into the 

documents register on SMART sheet.
Lead AP 01-Jun-19

01-Jun-19

16
20181212/

03

The criticality of all ventilation systems should be 

reviewed with user groups to positively identify all 

systems that should be deemed critical.

Lead AP/DP 01-Jun-19

16
20181212/

05

Split AC's, Cassette Units and FCU''s should be 

subjected to 3m inspections and cleaning.
Lead AP 01-Jun-19
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24

25

Date:

I have the following comments/feedback on this report or the service I have received from Turner Professional 

Engineering Services:

 DP-Designated Person : AE- Authorising Engineer : AP- Authorised Person with Line Management Support

The Designated Person should sign this Action Plan to acknowledge the contents.  The original copy should then be filed in 

the Document Register. 

Signature:

Name: Mary-Anne Kane

12
20181212/

07

Darryl Conner, Melville MacMillan and Mark McKaig 

should be assessed and appointed for AP Ventilation 

duties.

Compliance Manager / 

AE
31-Mar-19

16
20181212/

06

All Active Chilled Beams (ACB's) should be inspected 

on a 6m basis and cleaned as required.
Lead AP 01-Jun-19
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Board:

From (date): To (date):

Isolation 

Diagram 

(if needed)

Safety 

programme (if 

needed)

Permit-to-

work

Permission for 

disconnection / 

Interruption

1

Comments

Appendix A

Reconciliation of Ventilation Safety Documents
Site: Queen Elizabeth University Hospital Greater Glasgow and Clyde

07-Nov-17 12-Dec-18

Ser
Authorised 

Person 

Ventilation / LEV

Competent person
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Hospital

Satellite Hospitals

Site Address

1.  Terms of Reference

1.1  This audit was conducted in accordance with the following current reference documents:

2.  Executive Summary

2.2  Report Summary

2.1  Introduction.  The purpose of this audit was to assess the compliance, operation and maintenance of the 

Safe System of Work at the Hospital(s) in accordance with the discipline specific Health Technical Memoranda, 

Acts, Regulations and HSE Guidance documents.  The resulting Action Plan will be reviewed periodically.  The 

appointments of the discipline specific Authorised Persons were also assessed during the audit.

Queen Elizabeth University Hospital (QEUH) 

Campus

Nil

Date(s) of Audit 17-18 Dec 19

Date(s) of Previous Audit 11-12 Dec 18

Reference

20191218-250-QEUH-V-JM-

003

1345 Govan Road, 

Glasgow

G51 4TF

a.  Scottish Health Technical Memorandum 00:  Policies and principles of healthcare engineering.

b.  Scottish Health Technical Memorandum 03-01:  Specialised ventilation for healthcare premises.

Another good year of progress was witnessed at QUEH Campus in terms of management of ventilation. 

Progress on the action plan was pleasing to see with 23/25 actions completed or in progress.

Some areas that still need to be addressed are as follows:

1. Fire damper testing has not been carried out in the adults and children's hospital. There has been good 

progress with a survey of the retained estates but the vast proportion are in the A&C.

2. The updated policy should be published and roles communicated accordingly following proposed structure 

changes. Once completed the AP's should be appointed formally.

3. Safety paperwork and 40 point checks are auditable and accountable documents. Care should be taken by 

both AP's and CP's to ensure they are filled out correctly and in line with guidance.

4. If the Neurology AHU's on level 2 are to be retained works should be carried out to prolong the life and 

improve the standards. It is the opinion of the AE that the units are capable of being refurbished in situ and 

have a number of years of life remaining if action is taken within the next 12m.

5. It is strongly recommended that an AP(V) is trained and appointed for each shift to assist in the delivery of 

the safe system of work.

Overall a good audit. Details of new actions are contained within this report.

1 of 17 20191218-250-QEUH-V-JM-003
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t/a Turner Professional Engineering Services

3.  Conclusion

ASSESSMENT OF SAFE SYSTEM OF WORK CONCLUSION

1.  Assessment of the Management Policy. 6

2.  Assessment of the Authorised Persons. 10

3.  Assessment of the Competent Persons. 6

4.  Assessment of Incidents, Accidents and Dangerous Occurrences. 1

5.  Assessment of the Safety Documentation. 12

6.  Assessment of the Operating Records. 20

7.  Assessment of the Safety equipment & Access Control. 1

8.  Assessment of the Engineering Systems. 8

9.  Assessment of the Engineering Work Spaces. 1

Is the system safe to continue?
Yes, under the 

supervision of the AE

4.  Next Audit Date

The next audit visit is planned to take place in December 2020

Signature: Date: 19-Dec-19

Name: Jamie Minhinnick

Turner Property Services
65 Craigton Road
Glasgow
G51 3EQ

E-mail:

Mobile Phone:
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NHS Contract:

Turner Professional Engineering Services:

Coordinating Authorising Engineer

Authorising Engineer (Ventilation)

Mrs D Halsey AE Administrator

File TIME

8 10

POSSIBLE 3 6 9 12

Key to Assessments:

Severity

INSIGNIFICANT MINOR MODERATE MAJOR EXTREME

Li
k

e
li

h
o

o
d

ALMOST CERTAIN 5 10 15 20 25

LIKELY 4 8 12 16 20

15

UNLIKELY 2 4 6

Mr Tom Steele Director of Estates and Facilities

Mr Alan Gallacher General Manager 

REMOTE 1 2 3 4 5

Mr Gary Cullen Compliance Manager

Mr Darryl Conner Interim Site Manager Operational Estates QEUH AP(V)

Mr J Minhinnick

Mr P Clinton

Mr Cyril Dowson Coordinating Supervisor AP(V)

Mr Paul Allen Estates Manager AP(V)

Mr Jim Guthrie Estates Manager AP(V)
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1

2

3

4

5

6

7

8

9

Serial Rating Reference Action Required

SCART Risk Grades

REVIEW OF 2018 ACTION 

PLAN 

Very High

High

Medium

Low

9 141208/6

In-house CPs should be trained, assessed and 

appointed.  Certificates of appointment and 

evidence of training should be retained in the 

Documents Register.

6 141208/8

A CP Register should be produced listing the 

contractor CPs and should be retained in the 

Documents Register.

8 141208/4

CPs should be occasionally monitored when carrying 

out works and a record of monitoring activities 

retained in the Documents Register.

12 141208/12

Produce a schedule of ventilation systems to 

identify all systems as critical, non-critical or LEV in 

accordance with SHTM 03-01, Part B, Para 4.7.  

Retain the schedule in the Documents Register.

8 141208/18
Display safety signs at the entrance to all plant 

rooms.

16 141208/9

Plant shutdown/make-safe risk assessments should 

be produced to identify the hazards associated with 

taking critical ventilation systems out of use and for 

work on LEVs that present a hazard to the 

maintainer.  The risk assessments should be 

retained in the Documents Register.

16 141208/10

Ensure task risk assessments are held for all works 

on ventilation systems.  This documentation should 

be retained or referenced in the Documents 

Register.

8 141208/19
Display unique plant room identity signs at the 

entrance to all plant rooms.

16 141208/23

Implement a planned maintenance regime for 

emergency lights fitted in plant rooms.  Where DALI 

systems are installed a formal check of the 

automatic test results should be carried out.

All available CPs have been 

assessed by J Guthrie and works are 

monitored through the use of a 

PTW system. Well done closed.

10 in house CPs are trained 

assessed and appointed at QEUH 

with 4 potential CPs to be 

appointed. Closed.

Held in the VDR on SMARTSHEET. T 

Ramsay and G Bennett should be 

added to the CP register on 

SMARTSHEET. Closed.

Risk assessment V/001 "Shutting 

Down of AHU for Planned 

Maintenance Tasks" was held dated 

17/12/19. Hazardous LEV's are 

included in the PTW system. Closed.

Task risk assessments for 

maintenance of ventilation AHU are 

now held for the main areas. This 

should be developed to include all 

assets and LEV's. Updated action, 

closed.

A comprehensive working schedule 

of ventilation systems is held and 

maintained on the shared drive 

VSDR. Closed.

Completed, closed.

Completed, closed.

Planned maintenance is now 

scheduled on FM First. Closed.
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10

11

12

13

14

15

16

17

18

19

20

21

12 141208/37

Carry out annual inspections on the retained estate 

non-critical ventilation systems in accordance with 

SHTM 03-01, Part B, Appendix 1.

20 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.

8 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.

4 151209/18
Fit drainage pipework to the glass drain traps on the 

retained estate Neurosurgery AHUs.

8 141208/42

Oversee the 14 monthly examinations of LEVs to 

ensure all the LEVs listed in the schedule of 

ventilation systems are examined.

20 151209/7

Use permits to work when taking critical systems 

out of service and when carrying out intrusive 

maintenance on hazardous LEVs.

Modify the existing ventilation schedule to include 

LEV's, ACB's, Split AC's, Cassettes, FCU's etc and add 

columns for "area served" and "Critical or Non-

Critical".

12 161114/8
Inspect the half masks issued to the CPs annually 

and retain a record of the inspections.

8 151209/25

Fit direction of flow labels to the isolation room 

extract ductwork in the Adult & Children's Plant 

room 21.

16 151209/29

Ensure that LEV examinations and tests are carried 

out on the Mortuary dissection tables every 14 

months in accordance with the COSHH Regulations.

16
20181212/

03

The criticality of all ventilation systems should be 

reviewed with user groups to positively identify all 

systems that should be deemed critical.

16
20181212/

01

Introduce a true planned maintenance regime for 

ventilation systems  from an agreed maintenance 

schedule and add to all ventilation assets.

9
20181212/

02

Completed, closed.

Retained estates have now been 

surveyed. No progress to date on 

A&C Hospitals.

All captured LEVs are now listed and 

subjected to 14m examination and 

testing. Records are retained in the 

shared drive VSDR. Closed.

Now in place. New action raised. 

Closed.

Works progressing as funds/time 

allows. Approx. 100 fitted in last 

12m. Review at next audit.

Completed, closed.

Completed, closed.

Completed, closed.

Disposable masks are routinely used 

and a PPE issued following a toolbox 

talk in Jan 18. Closed.

Planned maintenance is now 

scheduled on FM First. Closed.

Completed, closed.

A ventilation safety group has been 

set up for QUEH and these topics 

are now being discussed. As 

decisions are made the schedule is 

updated to reflect the changes and 

maintenance regimes adjusted 

accordingly. Closed.
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22

23

24

25 12
20181212/

07

Darryl Conner, Melville MacMillan and Mark McKaig 

should be assessed and appointed for AP Ventilation 

duties.

16
20181212/

05

Split AC's, Cassette Units and FCU''s should be 

subjected to 3m inspections and cleaning.

16
20181212/

06

All Active Chilled Beams (ACB's) should be inspected 

on a 6m basis and cleaned as required.

9
20181212/

04

Populate all relevant information into the 

documents register on SMART sheet.

A comprehensive working 

documents register is held on the 

shared drive. A link should be added 

to SMARTSHEET. Closed.

All assets have been captured and 

have been cleaned within the last 

3m. Contract let with Correct Air 

Solutions. Closed.

Chilled beams are now cleaned and 

inspected every 6m or less 

depending on location and risk. 

Closed.

Overtaken by events. New action 

raised. Closed.
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AP Training and Appointments Matrix

AP Name Darryl Conner James Guthrie Mark McKaig Cyril Dowson Paul Allen

QEUH

Status AP(V) Des AP(V) Des AP(V) Des AP(V) AP(V) Des

Based at QEUH QEUH QEUH QEUH

Appointment 250/QEUH/V/001 250/QEUH/V/003 250/QEUH/V/002 GG&C-V-16 250/QEUH/V/003

Issue Date 12-Dec-16

QEUH Campus

Expiry Date 11-Dec-19

Sites covered QEUH Campus QEUH Campus QEUH Campus QUEH Campus

01-Nov-14

First Aid Expiry Date 18-Apr-21 15-May-21 13-Feb-19 23-Jun-18 12-Dec-19

Ventilation Training 

Date
14-Sep-18 14-Sep-18 01-Oct-18 27-Mar-15

Permit-to-work 6 23 0 0 0

Comments

D Conner, J Guthrie, M McKaig and P Allen should be formally appointed in writing as AP(V) by the 

designated person.

C Dowson should be re-assessed for continued competency as AP(V).

P Allen and C Dowson should provide evidence of first aid training.

Further work should be done to populate the competences of APs in the documents register on 

SMARTSHEET. 

Due to the size and scale of the systems a QEUH Campus it is recommended that at least 1 AP(V) is trained 

and appointed on each shift to cover shift work.

Number checked by 1 1 0 0 0
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1

5

1

5

5

5

5

5

Y/N

Y 6

Y 6

Y 6

Y 1

Y 1

N 6

N 6

N/A

Y 1

Y/N

N 10

N 1

Y 6

Y 1

Mark McKaig

Designated Person Tom Steele/Alan Gallacher tbc

Authorising Engineer Jamie Minhinnick

Authorised Persons Darryl Conner

REPORT
Personnel  

Duty Holder Jane Grant

Paul Allan

Jim Guthrie

Cyril Dowson

Is the Ventilation Safety Policy approved at Board level?

The policy has been reviewed and updated. 

Pre-approved by the SCART group and 

awaiting second review for the addition of 

asbestos guidance.

Is the Board Ventilation Safety Policy reviewed periodically? Overdue review in November 2019.

Is the Board Ventilation Safety Policy a controlled 

Document?
Held securely on SMARTSHEET.

1.  Management Policy Comments

Is there a Board Ventilation Safety Policy In place?
A copy was held on SMARTSHEET. Overdue 

review as at 23/11/19.

Have the emergency procedures been validated or tested 

during the current audit period?
See above.

Has the Authorising Engineer (AE) (V) appointment been 

correctly made and is it in date?
No significant issues identified.

2.  Authorised Persons (V) Comments

Are the Duty Holder (V) responsibilities clearly defined in 

the Policy?
No significant issues identified.

Is the Designated Person appointed in writing?

The DP is identified as the Director of  Estates 

and Facilities.  No written appointment was 

available.

Does the Board Ventilation Safety Policy include emergency 

procedures?

Emergency procedures are not included. They 

are incorporated in the re-write.

Are the APs (V) carrying out AP (V) duties on a regular basis?

J Guthrie and D Conner are actively involved 

in writing permits. C Dowson and M McKaig 

are also involved in ventilation works.

Are all APs (V) currently certified?
None of the trained and assessed APs have 

been formally appointed.

Are the APs (V) due for refresher training in SHTM 03-01? No issues found.

Are the APs (V) due for training in emergency first-aid?
P Allen and C Dowson should provide 

evidence of first aid training in the VDR.
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Page 163

A48946859



SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

Y 1

N 12

Y/N

Y 1

N 6

Y 1

Y 1

Y 1

Y 1

Y/N

Y 1

N/A

Y/N

Y 1

N 5

Y 1

Are the APs (V) formally monitoring the work-in-progress 

and are they recording their observations?

CP work is monitored by APs using the permit 

to work system.

Is the provision of APs (V) adequate? 

Due to the size and scale of the systems at 

QEUH Campus it is recommended that at 

least 1 AP(V) is trained and appointed on 

each shift to cover shift work.

Are the roles and responsibilities of Contractor CPs (V) 

defined in writing?

Verification reports produced by H&V and 

Correct Air Solutions detail the scope of 

works.

Are records held in the Document Register of the site 

induction for the Contractor CPs (V)? 

The GG&C Contractor Control & Permit 

Register includes the issue of an identity card 

that listed the fundamental site rules and 

procedures.

Is there an up to date Register of CPs (V) appointed for the 

Trust included in the Document Register?
A register is held on SMART sheet.

3.  Competent Persons (V) Comments

Have the NHS CPs (V) been formally assessed and appointed 

by an AP (V)?

10 in house CPs have been assessed and 

appointed in writing by J Guthrie. Records are 

held on SMARTSHEET.

Is evidence of the competency of Contractor CPs (V) held in 

the Document Register? 

A boardwide ventilation contractor 

competence register is held on SMARTSHEET. 

More work should be done to enhance the 

information on SMARTSHEET.

Have the details of incidents, accidents or dangerous 

occurrences been properly recorded and reported? 
Not applicable.

5.  Safety Documentation

Job 2270 Originating AP (V): J Guthrie  

Are the NHS CPs (V) carrying out their duties on a regular 

basis?

In-house CPs and contractor CPs had been 

carrying out duties on a regular basis.

4.  Incidents, Accidents and Dangerous Occurrences Comments

Sine the last audit has the site been free from any accidents, 

incidents, dangerous occurrences or "near misses" in 

connection with the ventilation systems?

None reported.

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?

Risk assessment for the maintenance of Air 

Handling Equipment in plantroom 21 was 

held and dated 04/01/19.

SOP held for occupied crtical area ppm 

procedure 17/7/19.

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?

J Guthrie is not yet formally appointed. 

Isolation time was not agreed.

Signed by A Moyes.
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Y 4

N 5

N 12

Y 1

Y 1

Y/N

Y 1

N 5

Y 1

Y 4

N 5

N 8

Y 1

Y 1

Y/N

Y 6

Y 1

Y 1

Was the permit-to-work issued to a CP (V)?

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?

Did the User (V) acknowledge that the system should or 

should not be brought back into use?

Issued to T Ramsay who was not appointed at 

the time but has been since.

Strike through box not completed.

Signed but strike through box not completed.

Signed by A Moyes.

Are the ventilation operating record documents kept in a 

secure location?

There is an electrocnic VDR held on the SGH 

shared S drive. Access should be restricted to 

APs and the compliance team. Each critical 

system has a hard file log book held securely 

in the CAP office.

Do the APs (V) have access to copies of relevant SHTMs and 

other reference documents?
An electronic copy was held.

Does the Document Register index include all of the subjects 

required by SHTM 03-01?

A comprehensive file structure is held in the 

shared drive.

Were the site records up-dated on completion of the work?
Verfification documentions were provided 

within 24 hours.

6.  Operating Records

General Comments

5.  Safety Documentation

Job 2253 Originating AP (V): D Connor

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?

Risk assessment for the maintenance of Air 

Handling Equipment in plantroom 22 was 

held and dated 04/01/19.

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?

D Connor is not yet formally appointed. 

Isolation time was not agreed.

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?
Signed by A Morrison.

Was the permit-to-work issued to a CP (V)?
Issued to G Harvey who was not appointed at 

the time but has been since.

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?
Strike through box not completed.

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?
Signed but with errors above not rectified.

Did the User (V) acknowledge that the system should or 

should not be brought back into use?
Signed by A Morrison.

Were the site records up-dated on completion of the work?
Verfification documentions were provided 

within 24 hours.
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Y 1

Y 6

Y 4

Y 4

Y 1

Y 1

N/A

Y/N

Y 1

Y 1

Y 1

Y 1

Are adequate O&M manuals available to the APs?

O&M information was held electronically 

(Zutec) and on the shared drive for the Adult 

& Children's and the Lab Block.  Original O&M 

information for the retained estate maternity 

theatres was reported to be held.

Are all of the ventilation systems included in the Trust's 

planned maintenance programme?

FM first is now in place to schedule 

maintenance and hard check sheets are 

retained in the theatre files.

Are the planned maintenance records suitable, sufficient 

and accessible to the APs?

Maintenance is recorded on FM first and 40 

point checks are held in hard copy in each 

ventilation file. 

Is the working Ventilation Document Register periodically 

reviewed and out-of-date information transferred to the 

archive Ventilation Document Register?

The VDR is well maintained by the CAP.

Is there a schedule of  ventilations systems detailing which 

are critical, non-critical or LEVs?

Good registers are maintained for critical and 

non-critical AHU. Information is held for LEVs, 

split AC's and FCU/chilled beams. These 

should be collated into a master schedule.

Are adequate technical drawings available to the APs?
Technical drawings are held on Zutec. Can be 

difficult to navigate.

Are non-critical systems being inspected annually?
PPM files were held for all non critical AHU. 

Monthly and quarterly checks were retained.

Are critical ventilation systems being verified annually?

All critical ventilation systems have been 

verified within the last 12m with the 

exception of the MRI which is planned for 

January.

Are the inspections and verifications being recorded as per 

SHTM 03-01, Part B, Appendices 1 & 2 and the records 

retained in the Ventilation Documents Register?

Good records are now held in the log books 

in the CAPs office.

Are the results of the Trust's planned maintenance 

programme formally reviewed annually to establish trends 

and gaps?  Are these reviews recorded?

Not checked.

Inspection and Verification Comments

Are critical ventilation systems being inspected quarterly?

PPM files were held for all critical AHU. 

Monthly and quarterly checks were retained. 

RHC Theatre 4 (22 AHU 17) was witnessed as 

in date.
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Y 1

N 20

Y 6

Y 1

Y/N

Y 1

Y 1

N/A

Y 1

N 1

Y 1

Y 1

Are critical systems that are unable to meet the required 

standards being taken out of service after receipt of 

condemnatory reports?

All critical AHU's verified in the last 12 

months are performing to the required 

standard. Immediate reports are given to 

estates before Correct air Solutions leave site 

allowing problems to be rectified in the shut 

down period. A process is documented in an 

SOP.

7.  Safety Equipment & Access Control
Comments

Do the APs (V) have sufficient isolation safety devices for the 

likely number of concurrent jobs?

Adequate safety devices were held at the 

hospital.

Are the main components in AHUs serving critical and non-

critical areas being cleaned annually?

Records retained with the annual inspections 

in the log books. 121 AHU 26 was witnessed 

as last cleaned on 22/11/19.

Are the fire dampers being tested annually?

Fire dampers were not subject to annual 

testing in the A&C hospital.  All retained 

buildings have been surveyed and tested this 

year. Remedial works are now required to 

complete this area.

Are the LEV systems being examined and tested by a 

competent person at least every 14 months?

All Lab Block safety cabinets and fume 

cupboards and the Mortuary dissection 

tables have had COSHH LEV performance 

tests carried out in the past 14 months.  

Records were held by Estates. A register of all 

LEVs should be populated and maintained by 

the CAP.

Do all NHS test instruments have in date calibration 

certificates? 
None held

Have contractors provided in-date calibration certificates for 

all of their test instruments and safety equipment?  

Copies of calibration certificates were 

provided for the test instruments used by 

Correct Air Solutions who carry out annual 

verifications.

Is there an effective and auditable system for the control of 

plant room access in use?

An access control procedure was held in the 

document register.

Do the APs (V) have sufficient safety signage for the likely 

number of concurrent jobs?

Adequate safety signs were held at the 

hospital.

Do the NHS CPs (V) have sufficient safety devices and signs 

for their routine work?
Not checked.

Are records available of annual NHS safety and protective 

equipment inspections by an AP (V)?
PPE toolbox talk records are held.
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Y/N

Y 1

Y 1

Y 1

Y 1

N 8

N 5

N 1

Y 1

Y 1

Y 1

Y 6

Y 1

N 6

Y/N

Y 1

Y 1

N/A

Is the general condition of each AHU satisfactory? Those checked.

Is the AHU constructed according to the principles in SHTM 

03-01, Part A, Figure 1?
Those checked.

Are the automatic controls fitted to critical systems capable 

of being overridden in the event of  a software failure?
Those checked.

8.  Engineering Systems Visited Childrens Hospital Plantroom 41A

Air Handling Units (AHUs) Comments

Is each AHU clearly and uniquely labelled and does this label 

exactly correspond to the AHU Register?
Those checked.

Is there adequate access around the AHU and are access 

doors provided for all major components?
No issues found.

Are inspection windows and internal lights provided for 

cooling coils and filters? 
Those checked.

Are the filters the correct grade and correctly fitted to 

minimise bypass?
No issues found.

Are fresh air intakes sited correctly, constructed correctly 

and are access hatches or hinged louvres installed?

All AHU in plantroom 41A should have access 

hatches cut into the intake plenums to 

facilitate cleaning and inspection.

Are drainage systems installed for wet components and are 

the drainage systems properly constructed?

Suitable air breaks should be installed on 

each drain as they currently terminate at the 

floor drain in plantroom 41A.

Are belt driven fan drives situated outside of the air stream? No issues found.

9.  Engineering work spaces  Visited Plant Room 21

Plant room externals Comments

Is there a legible and secure safety sign displayed at the 

entrance to the plant room?
No issues found.

Is the name of the plant room exactly the same as the AHU 

Register?
No issues found.

Are the filters provided with a means of checking the 

differential pressure across them?

Magnehelic type gauges fitted. These should 

be fitted with clean/dirty indicators.

Is the direction of air flow clearly marked on all main and 

branch ducts?
Printed identification labels were fitted.

Are all air flow test-points properly located, clearly 

identified and is the size of the duct provided at each point?

Not found. These should be located and 

labelled.

Is the correct contact telephone number shown? Not applicable.
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Y/N

Y 1

Y 1

Y 1

Y 1

Y 1

N/A

Y 1

Y 1

Y/N

Y 1

Y 1

Y 1

Is there an emergency escape door and can it be opened 

from the inside?
2 x escapes onto the roof space.

Is there a clear escape route outside the plant room? No issues found.

Are adequate emergency communications systems 

available?

Staff entering plant rooms carry either a 

mobile telephone or PDA.

Plant room security Comments

Is the door soundly made and kept secure? No issues found.

Is the plant room structure and condition satisfactory? No issues found.

Are posters and drawings displayed as required? No issues found.

Fire Precautions Comments

Is the plant room free from any unauthorised items stored 

within?
No issues found.

If so, are the access arrangements to the plant room 

adequately controlled?
Not applicable.

Plant room structure

I confirm that, where actions are required, a report has been submitted to the Designated Person

Jamie Minhinnick

 (Signature of AE (V)) (Name)

Is the plant room free from combustion equipment? No issues found.

Is the plant room free from rubbish or fire hazardous 

materials stored inside or immediately outside the plant 

room?

No issues found.

Is there at least one suitable fire extinguisher provided in 

the plant room and has it been inspected in the last 12 

months?

All fire extinguishers checked were serviced in 

April 2019. By contract arrangement with 

interserve.
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1

2

3

4

5

6

7

8

9

10

11

12

SCART Risk Grades

UPDATED ACTION PLAN 
Very High

High

Medium

Low

Rating Reference Action Required Responsible Person

12-Dec-208 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.
Lead AP

Action points from this audit

5
20191218/

02

T Ramsay and G Bennet should be added to the CP 

register on SMARTSHEET.
Compliance Manager 17-Mar-20

Date 

due

Action points carried forward from previous audit

Serial

20 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
DP TBC

12
20191218/

03

A PTW should be used when taking critical systems 

out of use at all times. The 29 permits issued since 

21/01/19 is not representative of the work carried 

out.

AP's NTQ

6
20191218/

06

The designated person should be appointed in 

writing by the duty holder.
DP 17-Mar-20

6
20191218/

07

D Conner, J Guthrie, M McKaig and P Allen should be 

formally appointed in writing as AP(V) by the 

designated person.

DP 17-Mar-20

12
20191218/

04

Due to the size and scale of the systems a QEUH 

Campus it is recommended that at least 1 AP(V) is 

trained and appointed on each shift to cover shift 

work.

DP 17-Dec-20

6
20191218/

05

The information held in the shared drive documents 

register should be linked to SMARTSHEET if possible.
Compliance Manager 17-Mar-20

AE 17-Mar-20

6
20191218/

09

Further work should be done to populate the 

competences of APs in the documents register on 

SMARTSHEET. 

Compliance 

Manager/CAP
17-Jan-20

6
20191218/

10

P Allen and C Dowson should provide evidence of in 

date first aid training.
CAP 31-Jan-20

6
20191218/

08

C Dowson should be re-assessed for continued 

competency as AP(V).

6
20191218/

11

The updated ventilation systems policy should be 

ratified and published.
DP ASAP
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13

14

15

16

17

18

19

20

21

22

12
20191218/

13

Care should be taken to ensure that permits to work 

are correctly issued and cancelled. Strike through 

boxes and signatures were missing in multiple 

permits.

AP's NTQ

12
20191218/

14

Risk assessments for maintaining/working on LEV's 

that present a hazard to the maintainer should be 

produced.

AP's

6
20191218/

12

Further work should be done to populate the 

competences of contractors in the documents 

register on SMARTSHEET (Correct Air Solutions, 

ATLAS etc).

Compliance 

Manager/CAP
NTQ

12
20191218/

21

Where steam humidification is fitted to AHUs but 

not used it should be physically disconnected at the 

AHU and ideally stripped back to the running main.

17-Mar-20

6
20191218/

15

Access to the electronic VDR should be restricted to 

APs and the compliance team. 
CAP TBC

6
20191218/

16

A register of all LEV's, split AC's, ACBs and FCU's 

should be collated and maintained by the CAP.
CAP 17-Jan-20

AP's 17-Jan-20

6
20191218/

17

The ventilation serving the MRI suites should be 

subjected to annual performance verification.
CAP 28-Feb-20

12
20191218/

20

6
20191218/

18

All magnehelic gauges and manometers should be 

fitted with clean/dirty filter indication labels.
AP's 17-Dec-20

6
20191218/

19

Care should be taken by CP's when completing 40 

point checks. The guidance provided in the CP 

course notes and SHTM03/01 Pt B should be 

followed.

CP's NTQ

The quality of maintenance at the Neurology level 2 

roof AHU plant space should be adressed. The 

following issues should be rectified:

1. The AHU externals should be cleaned, primed and 

painted to prolong the life and prevent ingress of 

contamination.

2. The duct flexible connections between AHU 

sections should be repaired. (This should be 

surveyed for asbestos).

3. The roof flooring should be cleaned of algae and 

vegetation below the AHU and around the intakes.

4. The intakes should be cleaned and repaired to 

remove corrosion.

5. Small areas of internal corrossion should be 

removed and treated.

AP's 17-Dec-20
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Date:

I have the following comments/feedback on this report or the service I have received from Turner Professional 

Engineering Services:

 DP-Designated Person : AE- Authorising Engineer : AP- Authorised Person with Line Management Support

The Designated Person should sign this Action Plan to acknowledge the contents.  The original copy should then be filed in 

the Document Register. 

Signature:

Name:
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Hospital

Satellite Hospitals

Site Address

1.  Terms of Reference

1.1  This audit was conducted in accordance with the following current reference documents:

2.  Executive Summary

2.2  Report Summary

2.1  Introduction.  The purpose of this audit was to assess the compliance, operation and maintenance of the 

Safe System of Work at the Hospital(s) in accordance with the discipline specific Health Technical Memoranda, 

Acts, Regulations and HSE Guidance documents.  The resulting Action Plan will be reviewed periodically.  The 

appointments of the discipline specific Authorised Persons were also assessed during the audit.

Queen Elizabeth University Hospital (QEUH) 

Campus

Nil

Date(s) of Audit 15-16 Dec 20

Date(s) of Previous Audit 17-18 Dec 19

Reference

20201216-250-QEUH-V-JM-

004

1345 Govan Road, 

Glasgow

G51 4TF

a.  Scottish Health Technical Memorandum 00:  Policies and principles of healthcare engineering.

b.  Scottish Health Technical Memorandum 03-01:  Specialised ventilation for healthcare premises.

Another good year of progress was witnessed at QUEH Campus in terms of management of ventilation. 

Progress on the action plan was pleasing to see with 9/22 actions completed or in progress.

Some areas that still need to be addressed are as follows:

1. Fire damper testing has not been carried out in the adults and children's hospital. There has been good 

progress with a survey of the retained estates but the vast proportion are in the A&C.

2. Safety paperwork and 40 point checks are auditable and accountable documents. Care should be taken by 

both AP's and CP's to ensure they are filled out correctly and in line with guidance.

3. Efforts should continue to have AP(V)'s trained and appointed for each shift to assist in the delivery of the 

safe system of work.

4. AP's should interrogate  40 point checks for accuracy and ensure issues identified are rectified in a suitable 

timeframe.

Overall a good audit. Details of new actions are contained within this report.
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t/a Turner Professional Engineering Services

3.  Conclusion

ASSESSMENT OF SAFE SYSTEM OF WORK CONCLUSION

1.  Assessment of the Management Policy. 1

2.  Assessment of the Authorised Persons. 1

3.  Assessment of the Competent Persons. 1

4.  Assessment of Incidents, Accidents and Dangerous Occurrences. 1

5.  Assessment of the Safety Documentation. 12

6.  Assessment of the Operating Records. 20

7.  Assessment of the Safety equipment & Access Control. 1

8.  Assessment of the Engineering Systems. 12

9.  Assessment of the Engineering Work Spaces. 4

Is the system safe to continue?

Yes, under the 

guidance of this 

report.

4.  Next Audit Date

The next audit visit is planned to take place in December 2021

Signature: Date: 16-Dec-20

Name: Jamie Minhinnick

Turner Services
65 Craigton Road
Glasgow
G51 3EQ

E-mail:

Mobile Phone:

2 of 18 20201216-250-QEUH-V-JM-004-DRAFT

Page 174

A48946859



SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

NHS Contract:

Turner Professional Engineering Services:

Coordinating Authorising Engineer

Authorising Engineer (Ventilation)

Mrs D Halsey AE Administrator

File PES

8 10

POSSIBLE 3 6 9 12

Key to Assessments:

Severity

INSIGNIFICANT MINOR MODERATE MAJOR EXTREME

Li
k

e
li

h
o

o
d

ALMOST CERTAIN 5 10 15 20 25

LIKELY 4 8 12 16 20

15

UNLIKELY 2 4 6

Mr Tom Steele Director of Estates and Facilities

Mr Alan Gallacher Head of Corporate Estates

REMOTE 1 2 3 4 5

Mr Darryl Conner Site Manager Operational Estates (Electrical) AP(V)

Mr J Minhinnick

Mr P Clinton

Mr Mel Macmillan Estates Manager AP(V)

Mr Paul Allen Estates Manager AP(V)

Mr Jim Guthrie Estates Manager AP(V)

Estates Officer AP(V)Mr Mark McKaig

Mr Mark Riddell Head of Operational Estates

Mr Jerry Cox Deputy Director of Estates and Facilities

Mr Hugh Brown Site Manager Operational Estates (Mechanical) AP(V) Designate

Mr Euan Smith Assistant Head of Operational Estates QEUH

Mr Dayle McGlinchey Trainee Compliance Manager
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1

2

3

4

5

6

7

8

9

10

11

Low

SCART Risk Grades

REVIEW OF PREVIOUS 

ACTION PLAN 

Very High

High

Medium

Serial Rating Reference Action Required

8 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.

Works progressing. Not all yet 

fitted. A plan should be put in place 

to identify areas still required and a 

time frame for completion. Review 

at next audit.

20 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.

Works reportedly progressing but 

no evidence presented at audit. 

Review at next audit.

5
20191218/

02

T Ramsay and G Bennet should be added to the CP 

register on SMARTSHEET.

12
20191218/

03

A PTW should be used when taking critical systems 

out of use at all times. The 29 permits issued since 

21/01/19 is not representative of the work carried 

out.

12
20191218/

04

Due to the size and scale of the systems a QEUH 

Campus it is recommended that at least 1 AP(V) is 

trained and appointed on each shift to cover shift 

work.

6
20191218/

05

The information held in the shared drive documents 

register should be linked to SMARTSHEET if possible.

6
20191218/

06

The designated person should be appointed in 

writing by the duty holder.

6
20191218/

07

D Conner, J Guthrie, M McKaig and P Allen should be 

formally appointed in writing as AP(V) by the 

designated person.

6
20191218/

08

C Dowson should be re-assessed for continued 

competency as AP(V).

6
20191218/

09

Further work should be done to populate the 

competences of APs in the documents register on 

SMARTSHEET. 

6
20191218/

10

P Allen and C Dowson should provide evidence of in 

date first aid training.

Works progressing with 115 permits 

issued in the audit period. It is 

estimated for maintenance there 

should be circa 400 per annum. 

Review at next audit.

Work in progress with David 

Smeaton and Grant Bennett going 

though the assessment process. 

Review at next audit.

Work in progress with Lead AP and 

Compliance Manager.

No progress to date. Review at next 

audit.

Completed closed. 5 AP's are now 

appointed in writing with 1 due 

imminent appointment and 4 

Designate AP's. Well done.

Remarks

Overtaken by events. Closed.

Works in progress. Review at next 

audit.

Completed. Closed.

Completed and held on the estates 

shared. Closed.
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12

13

14

15

16

17

18

19

20

21

6
20191218/

11

The updated ventilation systems policy should be 

ratified and published.

6
20191218/

12

Further work should be done to populate the 

competences of contractors in the documents 

register on SMARTSHEET (Correct Air Solutions, 

ATLAS etc).

12
20191218/

13

Care should be taken to ensure that permits to work 

are correctly issued and cancelled. Strike through 

boxes and signatures were missing in multiple 

permits.

12
20191218/

14

Risk assessments for maintaining/working on LEV's 

that present a hazard to the maintainer should be 

produced.

6
20191218/

15

Access to the electronic VDR should be restricted to 

APs and the compliance team. 

6
20191218/

16

A register of all LEV's, split AC's, ACBs and FCU's 

should be collated and maintained by the CAP.

6
20191218/

17

The ventilation serving the MRI suites should be 

subjected to annual performance verification.

6
20191218/

18

All magnehelic gauges and manometers should be 

fitted with clean/dirty filter indication labels.

6
20191218/

19

Care should be taken by CP's when completing 40 

point checks. The guidance provided in the CP 

course notes and SHTM03/01 Pt B should be 

followed.

12
20191218/

20

The quality of maintenance at the Neurology level 2 

roof AHU plant space should be addressed. The 

following issues should be rectified:

1. The AHU externals should be cleaned, primed and 

painted to prolong the life and prevent ingress of 

contamination.

2. The duct flexible connections between AHU 

sections should be repaired. (This should be 

surveyed for asbestos).

3. The roof flooring should be cleaned of algae and 

vegetation below the AHU and around the intakes.

4. The intakes should be cleaned and repaired to 

remove corrosion.

5. Small areas of internal corrosion should be 

removed and treated.

The plant in this area has been 

subjected to upgrades in situ to 

rectify. Well done. Closed.

A risk assessment is now held on 

the estates shared drive. Closed.

The documents register is the 

process of being transferred to 

SMARTSHEET. Review at next audit.

Schedules are now held on the 

shared drive. Closed.

Completed in Jan 20. Closed.

Works in progress. Review at next 

audit.

Works in progress. Review at next 

audit.

Completed in Feb 20. Closed.

Completed, Closed.

The standards of permits has 

improved significantly with most 

AP's issuing these documents 

during the audit period. Closed.
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22 12
20191218/

21

Where steam humidification is fitted to AHUs but 

not used it should be physically disconnected at the 

AHU and ideally stripped back to the running main.

A survey should be conducted to 

identify all areas requiring this 

action. Review at next audit.
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AP Training and Appointments Matrix

AP Name Darryl Conner James Guthrie Mark McKaig Paul Allen
Melville 

Macmillan

QEUH

Status AP(V) AP(V) AP(V) AP(V) AP(V)

Based at QEUH QEUH QEUH QEUH

04-Dec-20

Appointment 250/QEUH/V/001 250/QEUH/V/003 250/QEUH/V/002 250/QEUH/V/004 250/QEUH/V/006

Issue Date 22-Jan-19 03-Dec-18 09-May-19 03-Jul-19

QEUH Campus

Expiry Date 21-Jan-22 02-Dec-21 08-May-22 15-Nov-23 03-Dec-23

Sites covered QEUH Campus QEUH Campus QEUH Campus QEUH Campus

Permit-to-work 0 95 14 0 1

17-Jan-20

First Aid Expiry Date 18-Apr-21 15-May-21 13-Feb-19 10-Nov-23 24-Feb-22

Ventilation Training 

Date
14-Sep-18 14-Sep-18 01-Oct-18 01-Nov-14

Comments

Due to the size and scale of the systems a QEUH Campus it is recommended that at least 1 AP(V) is trained 

and appointed on each shift to cover shift work.

Number checked by 0 1 1 0 0

AP Name Hugh Brown Grant Bennett David Smeaton Connor Stepney Scott Macer

AP(V) Des

Based at QEUH QEUH QEUH QEUH QEUH

Status AP(V) Des AP(V) Des AP(V) Des AP(V) Des

250/QEUH/V/010

Issue Date not yet not yet not yet not yet not yet

Appointment 250/QEUH/V/006 250/QEUH/V/007 250/QEUH/V/008 250/QEUH/V/009

Ventilation Training 

Date
14-Sep-18 17-Jan-20 17-Jan-20 17-Jan-20 Not Yet

not yet

Sites covered QEUH Campus QEUH Campus QEUH Campus QEUH Campus QEUH Campus

Expiry Date not yet not yet not yet not yet

Number checked by 0 0 0 0 0

24-Feb-22

Permit-to-work 0 0 0 0 0

First Aid Expiry Date 20-Jun-21 16-Feb-23 16-Feb-23 15-Nov-23
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1

5

1

1

1

1

1

5

1

5

5

5

5

Y/N

Y 1

Y 1

Y 1

Y 1

Y 1

N 5

N 5

N/A

Y 1

Y/N

Y 1

N 1

Connor Stepney AP (Des)

Jim Guthrie AP

David Smeaton AP (Des)

Paul Allan AP

Mark McKaig AP

Hugh Brown AP (Des)

Melville Macmillan

Scott Macer Lead AP (Des)

Grant Bennett AP (Des)

Designated Person Tom Steele/Alan Gallacher tbc

Authorising Engineer Jamie Minhinnick

Authorised Persons Darryl Conner AP

REPORT
Personnel  

Duty Holder Jane Grant

Is the Ventilation Safety Policy approved at Board level? Approved by the SCART group.

Is the Board Ventilation Safety Policy reviewed periodically? Last reviewed Feb 20.

Is the Board Ventilation Safety Policy a controlled 

Document?
Held securely on SMARTSHEET.

1.  Management Policy Comments

Is there a Board Ventilation Safety Policy In place?
NHS GG&C Ventilation Policy dated 21/02/20 

was held on SMARTSHEET policies.

Have the emergency procedures been validated or tested 

during the current audit period?
See above.

Has the Authorising Engineer (AE) (V) appointment been 

correctly made and is it in date?
No significant issues identified.

2.  Authorised Persons (V) Comments

Are the Duty Holder (V) responsibilities clearly defined in 

the Policy?
No significant issues identified.

Is the Designated Person appointed in writing? No written appointment was available.

Does the Board Ventilation Safety Policy include emergency 

procedures?
Emergency procedures are not included. 

Are all APs (V) currently certified?

5 APs are now appointed with 1 due 

appointment and 4 AP's designate in 

training/mentoring.

Are the APs (V) due for refresher training in SHTM 03-01? No issues found.
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N 1

Y 1

Y 1

Y 1

Y/N

Y 1

Y 1

Y 1

Y 1

Y 1

Y 1

Y/N

Y 1

N/A

Y/N

Y 1

Are the APs (V) carrying out AP (V) duties on a regular basis?

Ap's are actively involved in the day to day 

operational management of ventilation 

systems at QEUH.

Are the APs (V) formally monitoring the work-in-progress 

and are they recording their observations?

CP work is monitored by APs using the permit 

to work system.

Is the provision of APs (V) adequate? 

Once AP's are appointed to cover shift 

patterns the provision of staff will be 

adequate.

Are the APs (V) due for training in emergency first-aid?
All appointed AP's were in date for first aid 

training.

Are the roles and responsibilities of Contractor CPs (V) 

defined in writing?

Verification reports produced by H&V and 

Correct Air Solutions detail the scope of 

works.

Are records held in the Document Register of the site 

induction for the Contractor CPs (V)? 

The GG&C Contractor Control & Permit 

Register includes the issue of an identity card 

that listed the fundamental site rules and 

procedures.

Is there an up to date Register of CPs (V) appointed for the 

Trust included in the Document Register?
A register is held on SMART sheet.

3.  Competent Persons (V) Comments

Have the NHS CPs (V) been formally assessed and appointed 

by an AP (V)?

10 in house CPs have been assessed and 

appointed in writing by J Guthrie. Records are 

held on SMARTSHEET and in the shared drive.

Is evidence of the competency of Contractor CPs (V) held in 

the Document Register? 

Good evidence was held for Correct Air 

Solutions, FREWS, H&V and Livingston 

Mechanical in the estates shared drive.

Have the details of incidents, accidents or dangerous 

occurrences been properly recorded and reported? 
Not applicable.

5.  Safety Documentation

Job 2112 Originating AP (V): J Guthrie  

Are the NHS CPs (V) carrying out their duties on a regular 

basis?

In-house CPs and contractor CPs had been 

carrying out duties on a regular basis.

4.  Incidents, Accidents and Dangerous Occurrences Comments

Sine the last audit has the site been free from any accidents, 

incidents, dangerous occurrences or "near misses" in 

connection with the ventilation systems?

None reported.

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?

Risk assessment for the maintenance of Air 

Handling Equipment in plantroom 41 was 

held and dated 17/12/19.

SOP held for occupied cortical area ppm 

procedure 17/7/19.
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Y 1

Y 1

Y 1

Y 1

Y 1

Y 1

Y 1

Y/N

N 12

N 1

Y 1

Y 1

Y 1

Y 1

Y 1

Y 1

Y/N

Y 6

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?

Was the permit-to-work issued to a CP (V)?

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?

Did the User (V) acknowledge that the system should or 

should not be brought back into use?

J Guthrie is formally appointed. 

Signed by L Bleasdale.

Issued to S Gilmour (NHS CP) details are in 

the shared drive.

No issues found.

No issues found.

Signed by L Bleasdale.

Are the ventilation operating record documents kept in a 

secure location?

There is an electronic VDR held on the shared 

S drive. Access should be restricted to APs 

and the compliance team. Each critical 

system has a hard file log book held securely 

in the supervisors office.

Were the site records up-dated on completion of the work? No issues found.

6.  Operating Records

General Comments

5.  Safety Documentation

Job 2127 Originating AP (V): M McKaig

Comments

Was there a suitable & sufficient Risk Assessment to cover 

the work undertaken?

No risk assessment by Correct Air Solutions 

was witnessed.

Was the permit-to-work completed by the AP (V) specifying 

the work to be carried out?
Mark McKaig AP is appointed.

Was the permit-to-work signed by the User (V) to allow the 

work to proceed?
Signed by Ian Thomson.

Was the permit-to-work issued to a CP (V)?

Signed by Sharon McLaughlan. Correct air 

solutions. Evidence of competence held in 

shared drive.

Was the permit-to-work cleared by a CP (V) and did they 

state that system was fit or unfit for use?
No issues found.

Was the permit-to-work cancelled by an AP (V) and did they 

acknowledge that the system was fit or unfit for use?
No issues found.

Did the User (V) acknowledge that the system should or 

should not be brought back into use?
Signed by Ian Thomson.

Were the site records up-dated on completion of the work?
Verification documents were provided within 

24 hours.

11 of 18 20201216-250-QEUH-V-JM-004-DRAFT

Page 183

A48946859



SHTM 03-01 SPECIALISED VENTILATION FOR HEALTHCARE PREMISES

Y 1

Y 1

Y 1

Y 6

Y 4

Y 4

Y 1

Y 1

N/A

Y/N

Y 1

Y 1

Y 1

Do the APs (V) have access to copies of relevant SHTMs and 

other reference documents?
An electronic copy was held.

Does the Document Register index include all of the subjects 

required by SHTM 03-01?

A comprehensive file structure is held in the 

shared drive.

Are adequate O&M manuals available to the APs?

O&M information was held electronically 

(Zutec) and on the shared drive for the Adult 

& Children's and the Lab Block.  Original O&M 

information for the retained estate maternity 

theatres was reported to be held.

Are all of the ventilation systems included in the Trust's 

planned maintenance programme?

FM first is now in place to schedule 

maintenance and hard check sheets are 

retained in the theatre files.

Are the planned maintenance records suitable, sufficient 

and accessible to the APs?

Maintenance is recorded on FM first and 40 

point checks are held in hard copy in each 

ventilation file. 

Is the working Ventilation Document Register periodically 

reviewed and out-of-date information transferred to the 

archive Ventilation Document Register?

The VDR is well maintained by the CAP.

Is there a schedule of  ventilations systems detailing which 

are critical, non-critical or LEVs?

Good registers are maintained for critical and 

non-critical AHU. Information is held for LEVs, 

split AC's and FCU/chilled beams. These 

should be collated into a master schedule.

Are adequate technical drawings available to the APs?
Technical drawings are held on Zutec. Can be 

difficult to navigate.

Are non-critical systems being inspected annually?
PPM files were held for all non critical AHU. 

Monthly and annual checks were retained.

Are critical ventilation systems being verified annually?
All identified critical ventilation systems have 

been verified within the last 12m.

Are the results of the Trust's planned maintenance 

programme formally reviewed annually to establish trends 

and gaps?  Are these reviews recorded?

Not checked.

Inspection and Verification Comments

Are critical ventilation systems being inspected quarterly?

PPM files were held for all critical AHU. 

Monthly and quarterly checks were retained. 

At the time of audit some filing needs to be 

completed but on the whole satisfactory.
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Y 1

Y 1

N 20

Y 1

Y 1

Y/N

Y 1

Y 1

N/A

Y 1

N 1

Y 1

Y 1

Are the inspections and verifications being recorded as per 

SHTM 03-01, Part B, Appendices 1 & 2 and the records 

retained in the Ventilation Documents Register?

Good records are now held in the log books 

in the Supervisors office.

Are critical systems that are unable to meet the required 

standards being taken out of service after receipt of 

condemnatory reports?

All critical AHU's verified in the last 12 

months are performing to the required 

standard. Immediate reports are given to 

estates before Correct air Solutions leave site 

allowing problems to be rectified in the shut 

down period. A process is documented in an 

SOP in the shared drive.

7.  Safety Equipment & Access Control
Comments

Do the APs (V) have sufficient isolation safety devices for the 

likely number of concurrent jobs?

Adequate safety devices were held at the 

hospital.

Are the main components in AHUs serving critical and non-

critical areas being cleaned annually?

Records retained with the annual inspections 

in the log books.

Are the fire dampers being tested annually?

Fire dampers were not subject to annual 

testing in the A&C hospital.  All retained 

buildings have been surveyed and tested this 

year. Remedial works are now required to 

complete this area.

Are the LEV systems being examined and tested by a 

competent person at least every 14 months?

All Lab Block safety cabinets and fume 

cupboards and the Mortuary dissection 

tables have had COSHH LEV performance 

tests carried out in the past 14 months.  

Records were held by Estates. A register of all 

LEVs was held on the shared drive.

Do all NHS test instruments have in date calibration 

certificates? 
None held

Have contractors provided in-date calibration certificates for 

all of their test instruments and safety equipment?  

Copies of calibration certificates were 

provided for the test instruments used by 

Correct Air Solutions who carry out annual 

verifications.

Is there an effective and auditable system for the control of 

plant room access in use?

An access control procedure was held in the 

document register.

Do the APs (V) have sufficient safety signage for the likely 

number of concurrent jobs?

Adequate safety signs were held at the 

hospital.

Do the NHS CPs (V) have sufficient safety devices and signs 

for their routine work?
Not checked.

Are records available of annual NHS safety and protective 

equipment inspections by an AP (V)?
PPE toolbox talk records are held.
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Y/N

Y 1

Y 1

Y 1

Y 1

N 12

N 8

N 1

N 8

Y 1

N 8

N 8

Y 1

N 6

Y/N

Y 1

Is the general condition of each AHU satisfactory?
The general condition of the AHU is assessed 

as fair to poor.

Is the AHU constructed according to the principles in SHTM 

03-01, Part A, Figure 1?
The basic fundamentals have been followed.

Are the automatic controls fitted to critical systems capable 

of being overridden in the event of  a software failure?

Local control panel with ability to switch to 

hand. The panel light functions could not be 

checked.

8.  Engineering Systems Visited Maternity Hospital Level 3 Plant Room 

AHU 9 Serving Theatre 2

Air Handling Units (AHUs) Comments

Is each AHU clearly and uniquely labelled and does this label 

exactly correspond to the AHU Register?

A clear label was affixed to the end of the 

AHU. Including area served.

Is there adequate access around the AHU and are access 

doors provided for all major components?

Items of waste material were stacked against 

the AHU obstructing access to the VSD's.

Are inspection windows and internal lights provided for 

cooling coils and filters? 
Those checked.

Are the filters the correct grade and correctly fitted to 

minimise bypass?

The pre-filters were showing evidence of 

failure in situ.

Are fresh air intakes sited correctly, constructed correctly 

and are access hatches or hinged louvres installed?

A fine mesh vermin screen was fitted and 

completely clogged. Evidence of rain water 

ingress was witnessed corroding the exhaust 

ductwork and tracking into the AHU.

Are drainage systems installed for wet components and are 

the drainage systems properly constructed?

Insufficient air gaps and dirty traps were 

observed.

Are belt driven fan drives situated outside of the air stream? No issues found.

9.  Engineering work spaces  Maternity Hospital Level 3 Plant Room

Plant room externals Comments

Is there a legible and secure safety sign displayed at the 

entrance to the plant room?
No issues found.

Are the filters provided with a means of checking the 

differential pressure across them?
No means provided for the pre-filter.

Is the direction of air flow clearly marked on all main and 

branch ducts?
Printed identification labels were fitted.

Are all air flow test-points properly located, clearly 

identified and is the size of the duct provided at each point?

Not found. These should be located and 

labelled.
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Y 1

N/A

Is the name of the plant room exactly the same as the AHU 

Register?
No issues found.

Is the correct contact telephone number shown? Not applicable.
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Y/N

Y 1

Y 1

Y 1

Y 1

N 6

N/A

N 12

Y 1

Y/N

Y 1

N 6

Y 8

Is there an emergency escape door and can it be opened 

from the inside?
No issues found.

Is there a clear escape route outside the plant room? No issues found.

Are adequate emergency communications systems 

available?

Staff entering plant rooms carry either a 

mobile telephone or PDA.

Plant room security Comments

Is the door soundly made and kept secure? No issues found.

Is the plant room structure and condition satisfactory? Extract plenums were leaking rainwater.

Are posters and drawings displayed as required? No issues found.

Fire Precautions Comments

Is the plant room free from any unauthorised items stored 

within?

Waste materials stored within and workshop 

for Medical Gas repairs.

If so, are the access arrangements to the plant room 

adequately controlled?
Not applicable.

Plant room structure

I confirm that, where actions are required, a report has been submitted to the Designated Person

Jamie Minhinnick

 (Signature of AE (V)) (Name)

Is the plant room free from combustion equipment? No issues found.

Is the plant room free from rubbish or fire hazardous 

materials stored inside or immediately outside the plant 

room?

Waste timber and scrap material though 

stored out of escape routes. 

Is there at least one suitable fire extinguisher provided in 

the plant room and has it been inspected in the last 12 

months?

All fire extinguishers checked were serviced in 

April 2018.
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1

2

3

4

5

6

7

8

9

10

11

SCART Risk Grades

UPDATED ACTION PLAN 
Very High

High

Medium

Low

Rating Reference Action Required Responsible Person

16-Dec-218 151209/17
Fit access hatches to all AHU intake ductwork 

sections to allow inspections.
Lead AP

6
20191218/

06

The designated person should be appointed in 

writing by the duty holder.
DP 16-Mar-21

Date 

due

Action points carried forward from previous audit

Serial

20 141208/40
Test fire dampers in accordance with SHTM 03-01, 

Part B, Para 4.13.
DP TBC

12
20191218/

03

A PTW should be used when taking critical systems 

out of use at all times. The 110 permits issued since 

18/12/19 is not representative of the work carried 

out.

AP's NTQ

16-Mar-216
20191218/

09

Further work should be done to populate the 

competences of APs in the documents register on 

SMARTSHEET. 

Compliance 

Manager/CAP

12
20191218/

04

Due to the size and scale of the systems a QEUH 

Campus it is recommended that at least 1 AP(V) is 

trained and appointed on each shift to cover shift 

work.

DP 16-Dec-21

6
20191218/

05

The information held in the shared drive documents 

register should be linked to SMARTSHEET if possible.
Compliance Manager 16-Mar-21

6
20191218/

12

Further work should be done to populate the 

competences of contractors in the documents 

register on SMARTSHEET (Correct Air Solutions, 

ATLAS etc).

Compliance 

Manager/CAP
NTQ

12
20191218/

13

Care should be taken to ensure that permits to work 

are correctly issued and cancelled. Strike through 

boxes and signatures were missing in multiple 

permits.

AP's NTQ

16-Mar-216
20191218/

15

Access to the electronic VDR should be restricted to 

APs and the compliance team. 
AP

6
20191218/

18

All magnehelic gauges and manometers should be 

fitted with clean/dirty filter indication labels.
AP's 16-Dec-21
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12

13

14

15

16

17

18

19

Date:

I have the following comments/feedback on this report or the service I have received from Turner Professional 

Engineering Services:

 DP-Designated Person : AE- Authorising Engineer : AP- Authorised Person with Line Management Support

The Designated Person should sign this Action Plan to acknowledge the contents.  The original copy should then be filed in 

the Document Register. 

Signature:

Name:

12
20191218/

21

Where steam humidification is fitted to AHUs but 

not used it should be physically disconnected at the 

AHU and ideally stripped back to the running main.

AP's 16-Mar-21

6
20191218/

19

Care should be taken by CP's when completing 40 

point checks. The guidance provided in the CP 

course notes and SHTM03/01 Pt B should be 

followed.

CP's NTQ

Action points from this audit

8
20201216/

06

Ap's should ensure contractors provide risk 

assessments for all works prior to issuing safety 

paperwork.

AP's NTQ

8
20201216/

01

The risk assessments for working on ventilation 

systems should include Covid19 as a hazard and 

appropriate mitigation included.

AP's ASAP

12
20201216/

02

The fine mesh vermin screens in the Maternity 

Hospital Level 3 Plant room should be replaced with 

appropriate sized (6-12mm) mesh.

AP's 16-Mar-21

12
20201216/

03

The rainwater leaking into AHU 9 exhaust at 

Maternity Hospital Level 3 Plant room should be 

investigate and rectified as necessary.

AP's 16-Mar-21

8
20201216/

04

The AHU pre-filters in the Maternity Hospital Level 3 

Plant room should be provided with a means to 

observe the differential pressures.

AP's 16-Jun-21

16
20201216/

05

The services preventing the removal of AHU cooling 

coil drip trays in the Maternity Hospital Level 3 Plant 

room should be moved to allow inspection and 

cleaning of this critical area.

AP's ASAP
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SOP Objective 

 
To ensure that patients are cared for in the appropriate area in order to minimise the risk of cross-

infection, and to protect immune compromised patients from environmental infection. 
 

This SOP applies to all staff employed by NHS Greater Glasgow & Clyde and locum staff on fixed 
term contracts and volunteer staff. 

 
 

KEY CHANGES FROM THE PREVIOUS VERSION OF THIS GUIDANCE 

 Addition 2A RHC and 4B QEUH. 

  

Document Control Summary 

Approved by and date Board Infection Control Committee 21st February 2024 

Date of Publication 28th February 2024 

Developed by IPCT, Estates and Facilities Management. 

Related Documents National IPC Manual 
http://www.nipcm.hps.scot.nhs.uk/  

Distribution/ Availability NHSGGC Infection Prevention and Control  Internet  
www.nhsggc.scot/hospitals-services/services-a-to-z/infection-
prevention-and-control 

Lead Manager Director of Infection Prevention and Control  

Responsible Director Board Nurse Director and Executive Lead for Infection Prevention 
and Control. 
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1. Responsibilities 

 

Health Care Workers (HCW) must: 

 

 Follow this SOP. 

 Follow the advice of the Infection Prevention Control Team (IPCT) 

 Escalate to line manager if they are unable to follow this SOP.  

 

 

Managers must: 

 
 Support HCWs in following this SOP.  

 Cascade new policies/SOPs to clinical staff.  

 

 

Infection Prevention and Control Teams must: 

 

 Keep this SOP up-to-date.  

 Provide education opportunities on this SOP.  
 

 

 Facilities / Estates Teams must: 

  

 Carry out verifications on all rooms annually or following any works 
carried out on the room. 

 Keep up-to-date verification records. 
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2. General Information on Specialist Ventilation 

Across NHS Greater Glasgow and Clyde there are a number of specially ventilated rooms designed 
to protect patients within the healthcare environment from potentially harmful pathogens.  The 
tables below provide a list of wards and rooms on each of the main hospital sites, indicating the type 
of ventilation and filtration available in each.  This will direct staff to the correct placement of 
patients who are suspected or confirmed to have an airborne or high consequence infectious 
disease, as well as airborne protective isolation for immune compromised patients.  Below is a 
description of what each type of ventilation means, while Table 1 should be used to guide staff to 
the type of patient that can be safely cared for in each.  

 

What is a Positive Pressure Ventilated Lobby (PPVL) Room? (HEPA filtered air) 

A PPVL room has a flow of air from the lobby which moves into the main room.  The contaminated 
air is extracted via a vent in the en suite toilet when one is available.  In all instances in QEUH and 
RHC there is an additional extract in variable locations in the ceiling of the patient room.  The lobby 
itself is positively pressurised to both the patient’s room and the outer corridor providing a barrier 
between the patient within the room and the surrounding ward.  This movement of air effectively 
prevents infection spreading between the room and the surrounding ward.  Some PPVL rooms have 
an air supply to the lobby via a filter (HEPA filter) providing some further protection for patients who 
are immunosuppressed within the room.  It is important to keep the door to the main room and to 
the lobby closed when not in use to ensure that this flow of air is maintained.  The pressure on the 
gauge from corridor to lobby should read +8 to +12 PA.   
 

What is a Negatively Pressured Room? 

A negative pressure room has a flow of air which moves from the corridor into the room preventing 
the escape of room air to the surrounding ward.  The ventilation within the room is such that it 
dilutes any airborne pathogens which are circulating.  The room provides a negative air flow / 
‘cascade’ from ward corridor to lobby, and lobby to isolation room, whilst allowing control of room 
temperature.  The room is validated for 10 air changes per hour within an isolation room and a 
pressure differential of -8Pa to -10Pa in relation to the corridor.  It is important to keep the door to 
the main room and the lobby closed when not in use to ensure that this flow of air is maintained. 
 

What is a Bone Marrow Transplant (BMT) Room? 

BMT rooms are reserved for use by those patients who are highly susceptible to infection, for 
example, those undergoing bone marrow transplant.  The air supply to the room is via a filter (HEPA 
filter) to further provide protection to the vulnerable patient within the room from external airborne 
pathogens such as fungi.  These rooms are currently only located within Ward 2A Children Hospital 
and also Ward 4B in the QEUH, and are reserved for use by BMT patients.   
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3. Room Types 

 

Type of 
Room 

Patient allocation / suitability  

PPVL with    
Lobby HEPA 

Immunosuppressed patients, i.e. Haem-onc patients, 
should be prioritised for these rooms 

Immunosuppressed with chickenpox / measles 

Patients with Atypical Mycobacteria 

Patients with infections (non-airborne route) 

Negative 
pressure 

Chickenpox, Measles, Pathogens of High Consequence 

Tuberculosis (incl MDRTB and XDRTB) 

Prioritise airborne infection 

BMT Rooms  Bone Marrow Transplant patients  

These are located in specialist units:  

QEUH 4B 

RHC 2A 
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4. Signage  

Patient bedrooms with specialist ventilation will have a sign at the door indicating the specific 
ventilation afforded by that particular room. The signs will be one of the following (QEUH):  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These templates only and should be modified for local use. 
 

Negative Pressure 
Isolation Room 

Pressure gauge should be between 

-8Pa & -12Pa 
If the positive side of the gauge is out of range please contact estates department 

Help desk 5555 

HEPA FILTERED PPVL  
Isolation Room 

Pressure gauge should be between 

+8Pa & +12Pa 
If the positive side of the gauge is out of range please contact estates department 

Help desk 5555 
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Table 1. Special Ventilation Rooms – Royal Hospital for Children (RHC)  

Location Room 
Number 

Type of 
Room 

HEPA filter 
(Lobby supply) 

Type of Patient Comment 
En suite Y/N 

CDU 17 PPVL Yes Prioritise immunosuppressed  Y 

CDU 18 Negative 
Pressure 

Yes Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

1D 5 Negative 
Pressure 

Yes Not immunosuppressed 

 

Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

N 

1D 12 PPVL Yes Prioritise immunosuppressed  N 

1D 17 PPVL Yes Prioritise immunosuppressed  N 

1D 18 PPVL Yes Prioritise immunosuppressed  N 

1E 13 PPVL Yes Prioritise immunosuppressed  Y 

1E 14 PPVL Yes Prioritise immunosuppressed  Y 

2C 5 PPVL Yes Prioritise immunosuppressed  Y 

2C 6 Negative 
Pressure 

Yes Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

3A 15 PPVL Yes Prioritise immunosuppressed  Y 

3A 16 PPVL Yes Prioritise immunosuppressed  Y 

3B 19 PPVL Yes Prioritise immunosuppressed  Y 

3B 5 PPVL Yes Prioritise immunosuppressed  Y 

3C 9 PPVL Yes Prioritise Immunosuppressed  Y 

3C 10 PPVL Yes Prioritise Immunosuppressed  Y 
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Table 2. Special Ventilation Rooms – Adult Queen Elizabeth University Hospital (QEUH) 

Location Room  
Number 

Type of Room HEPA filter     
(Lobby 
Supply) 

Type of Patient Comment En suite 
Y/N 

HDU UNIT 1 3 PPVL Yes Prioritise Immunosuppressed  Y 

HDU UNIT 1 4 Negative 
Pressure 

Yes Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

HDU UNIT 2 11 PPVL Yes Prioritise Immunosuppressed  Y 

ICU UNIT 3 23 PPVL Yes   N 

ICU UNIT 3 24 Negative 
Pressure 

Yes Not immunosuppressed Varicella Zoster, TB, VHF, MERS, 
Respiratory illnesses 

N 

ICU UNIT 4 31 PPVL Yes   N 

ICU UNIT 4 40 PPVL Yes   N 

ICU UNIT 5 43 Negative 
Pressure 

Yes Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

ICU UNIT 5 44 Negative 
Pressure 

Yes Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

HDU UNIT 6 50 PPVL Yes Prioritise Immunosuppressed  Y 
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Table 3. Special Ventilation Rooms – Royal Alexandra Hospital (RAH) 

 

 

 

 

 

Please note there are no negative pressure isolation rooms in either Vale of Leven Hospital or Inverclyde Royal Hospital. 

Table 4. Special Ventilation Rooms – Glasgow Royal Infirmary (GRI) 

Location 
(Wards) 

Room 
Number 

Type of 
Room 

HEPA Filter 
(Lobby 
Supply) 

Type of Patient Comment En suite 
Y/N 

6 3/25 Negative 
Pressure 

No Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

6 3/39 Negative 
Pressure 

No Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

7 3/52 Negative 
Pressure 

No Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

16 3/31 Negative 
Pressure 

No Not immunosuppressed Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

 
NB - In ITU due to the variability of different types of isolation facilities any patients who require source or protective isolation will be discussed with IPCT to 
ascertain isolation priority and placement.  

Location Room 
Number 

Type of Room HEPA Filter  
(Lobby Supply) 

Type of Patient Comment En suite 
Y/N 

ICU 2 Negative Pressure No Not immunosuppressed Varicella Zoster, TB, VHF, MERS,   
Respiratory illnesses 

N 

ICU 5 Negative Pressure No Not immunosuppressed Varicella Zoster, TB, VHF, MERS,   
Respiratory illnesses 

N 
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Table 5. Bone Marrow Transplant (BMT) Rooms – Royal Hospital for Children (RHC)  

Location Room 

Number 

Type of Room 
HEPA filter (Lobby supply) 

Type of Patient 
En suite Y/N 

2A 2 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 3 HEPA Filtered PPIR SHARED Immunosuppressed  Y 

2A 4 HEPA Filtered PPIR SHARED Immunosuppressed  Y 

2A 5 HEPA Filtered PPIR SHARED Immunosuppressed  Y 

2A 6 HEPA Filtered PPIR SHARED Immunosuppressed  Y 

2A 7 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 8 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 9 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 10 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 11 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 12 HEPA Filtered PPIR N Immunosuppressed  Y 
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Location Room 

Number 

Type of Room 
HEPA filter (Lobby supply) 

Type of Patient 
En suite Y/N 

2A 14 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 15 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 16 HEPA Filtered PPIR N Immunosuppressed  Y 

2A 17 HEPA Filtered PPIR Y BMT Y 

2A 18 HEPA Filtered PPIR Y BMT Y 

2A 19 HEPA Filtered PPIR Y BMT Y 

2A 20 HEPA Filtered PPIR Y BMT Y 

2A 21 HEPA Filtered MIBG - - Y 

2A 22 HEPA Filtered PPVL Y Immunosuppressed  Y 

2A 23 HEPA Filtered NPVL Y Immunosuppressed  Y 

2A 24 HEPA Filtered PPVL Y Immunosuppressed  Y 

2A 25 HEPA Filtered PPVL Y Immunosuppressed  Y 
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Table 6. Bone Marrow Transplant (BMT) Rooms – Adult Queen Elizabeth University Hospital (QEUH) 

Location Room 

Number 

Type of Room 
HEPA filter  

Type of Patient 
En suite Y/N 

4B All 

Rooms 

Positive Pressure 
Y 

Immunosuppressed 
Y 
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5. Definition of immunosuppressed/Immunocompromised  

NIPCM definition is “Any person whose immune response is reduced or deficient, usually 
because they have a disease or are undergoing treatment. People who are 
immunocompromised are more vulnerable to infection”.  

 

6. Evidence Base 

 
http://www.nipcm.hps.scot.nhs.uk/ 
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Guidance Objective 
To ensure that patients suspected of or confirmed to have tuberculosis are diagnosed and treated 
promptly and their contacts followed‐up to minimise the risk of cross‐infection and identify further 

cases. 

 
This guidance applies to all staff employed by NHS Greater Glasgow & Clyde and locum 

staff on fixed term contracts and volunteer staff. 
 
 
 

KEY CHANGES FROM THE PREVIOUS VERSION OF THIS GUIDANCE 
 

 Updated definition of XDR-TB 
 Minor wording changes 
 Updated references and links 

 
 
 

Approved by and date  Board Infection Control Committee 22nd June 2021 

Date of Publication  25th June 2021 

Developed by  Infection Prevention and Control Policy Sub‐Group 

Related Documents  National Infection Control Manual 
NHSGGC Hand Hygiene Guidance 

Distribution/ Availability  NHSGGC Infection Prevention and Control web page: 
w w w . n h s g g c . s c o t / h o s p i t a l s ‐
s e r v i c e s / s e r v i c e s ‐ a ‐ t o ‐ z / i n f e c t i o n ‐
p r e v e n t i o n ‐ a n d ‐ c o n t r o l  

Lead Manager  Director Infection Prevention and Control 

Responsible Director  Executive Director of Nursing 
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  Pulmonary TB Aide Memoire 
 
 
 
 
 

Consult Guidance and isolate in a single room 
(Preferably negative pressure) with: 

 
 ensuite / own commode 

 
 door closed 

 

 IPC yellow sign on door 
 

 dedicated equipment 
 

 Care Checklist completed daily 
 

 If (MDR / XDR TB continue isolation  
  until discharge) 

 
 
 
 
 
 
 
 
 
 
 
 
 
                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Patient 
Assessed 

Daily 

Patient has received 14 days of 
appropriate antibiotics and shown clinical 
signs of improvement following review by 
medical staff 
 

Yes 

No 

Undertake terminal clean of room 

Stop isolation 

Guidance  - Guidelines for patients in 
isolation: 
 
Hand Hygiene:  Liquid Soap and 
Water or alcohol hand gel on clean 
hands 

 
PPE: 
FFP3 mask, disposable yellow apron 
and gloves for all routine care and 
Aerosol Generating Procedures.  
(AGPs).  Eye protection where there is 
a risk of splashing of blood and body 
fluids. 

 
Patient Environment:  Twice daily 
with 1000 ppm chlorine based 
detergent 

 
Patient Equipment: Chlorine clean 
after use and at least on a twice daily 
basis 
 
Laundry:  Treat as infected 
 
Waste:  Dispose of as Clinical / 
Healthcare waste 

Incubation Period:  2‐8 weeks to cause 
an immune reaction (may be years 
before disease develops) 
 
Period of communicability:  n/a 
 
Notifiable disease:  Yes 
 
Transmission Route:  Airborne 
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1. Responsibilities 
 

Healthcare Workers (HCWs) must:   
 Follow this guidance. 
 Wear Personal Protective Equipment (PPE) and respiratory protection if advised 
  to do so. 
 Inform a member of the Infection Prevention Control Team (IPCT) if this policy cannot 
  be followed. 

 
 

Managers must: 
 Ensure HCWs have access to this guidance. 
 Support HCWs and IPCTs in following this guidance. 
 Ensure HCWs are aware how to use respiratory protection and have access to 
  effective equipment and are fit tested. 

 
 

Infection Prevention and Control Teams (IPCTs) must: 
 Keep this guidance up‐to‐date. 
 Provide education opportunities on this policy. 
 Take the lead role in conjunction with the ward manager, consultant in charge and 
  microbiologist to identify In‐patients who have had sufficient exposure 
  to the index case to merit screening. 
 If HCW unable to follow this guidance, IPCT will support staff to carry out a  
  risk assessment 

 
 

Clinicians must: 
 Notify Public Health of any newly diagnosed patient. 
 Notify the TB Liaison Nurse of any newly diagnosed patients. 
 Assess inpatient contacts of smear positive patients and liaise with GP and TB liaison 
 

 

TB Liaison Nurse: 
 Liaise with Clinicians, Infection Prevention and Control and CPHM. 
 Identify community contacts promptly and arrange appropriate screening. 
 Take a leading role in advising and informing the patient and the patient’s contacts 
  in the community for the duration of therapy. 
 Liaise with Occupational Health regarding the provision of information and 
  advice to staff exposed to a patient with smear/ sputum positive TB. 

 
Occupational Health: 
 Take the lead role in identifying, advising and informing staff exposed to  
  a patient with smear positive pulmonary TB and arrange appropriate screening 
  as required. 
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2. General Information on Tuberculosis 

 
 
 
 
 
 
 
 
 
 
 

Communicable 
Disease/ 
Alert 
Organism 

Tuberculosis is a disease caused by infection with the Mycobacterium 
tuberculosis complex of organisms (M. tuberculosis, M. Bovis, M. Africanum 
and M. Micoti) which may cause pulmonary and/ or non‐ pulmonary 
tuberculosis. 

Clinical 
Condition(s) 

Pulmonary and laryngeal TB both require the respiratory precautions 
set out in this guidance.  From this point both these forms of TB will be 
referred to as pulmonary TB 
For respiratory granuloma without cavity standard infection control 
precautions are recommended. 

Definitions  TB Infection: defined as the bacteria having caused an immune reaction 
with no evidence of disease. 
TB Disease: the patient has symptoms or clinical evidence of disease. 

 

Sputum smear positive   = infectious   
Sputum smear negative  = low infectivity risk 

Mode of Spread  Airborne: The infectious particles are very small droplets (1‐5) containing 
tubercle bacilli expelled during talking, singing but especially 
coughing, and inhaled by susceptible individuals. 

Incubation 
period 

2‐8 weeks to cause an immune reaction. 
May be many years before disease develops. 

Notifiable 
disease 

Yes.  It is the clinician’s responsibility to notify the Public Health 
Protection Unit (PHPU), Gartnavel Royal Hospital (West House, 1055 
Great Western Road, Glasgow G12 0XH.  Notification may also be by the 
Pathologist.  NB notification (not confirmed) is on suspicion – usually 
considered to be equivalent to initiation of therapy. Telephone PHPU ‐ 
0141 201 4917 (64917) 

Persons most at 
Risk 

 Individuals whose cumulative exposure time is more than 8 hours to 
a sputum smear positive patient. 

 Those who have immunodeficiency for any reason. 
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3. Transmission Based Precautions 
Accommodation

 
 Suspected TB: single‐room is required for all patients thought to have 

pulmonary tuberculosis until the patient has 3 smear negative 
sputum/bronchial alveolar lavage specimens or in the case of a child, 
negative gastric washings. 

 

 Sputum smear positive TB: if possible, place patient in a negative 
pressure single room (where available) until 14 days of appropriate 
tolerated drug treatment and there is definite clinical improvement 
on treatment; for example, absence of cough,  remaining afebrile for 
a week The patient may be discharged before the 14 days. 

 

 Confirmed Multi-Drug Resistant TB: negative pressure in a single 
room with an en suite is mandatory for those patients with, or 
suspected of having pulmonary multi‐drug resistant (MDR‐TB, XDR‐ 
TB) until discharge from hospital. 

 

Patients who have had sputum smear positive TB and have had 14 days 
adequate therapy and are improved must not on release from isolation 
be placed next to HIV positive or other immunocompromised patients, 
if remaining in hospital.  Where possible they should be on a separate 
ward from such patients. 
 
If the patient is clinically unsuitable to be placed in a single room or 
door cannot  remain closed, a risk assessment must be undertaken by 
the clinical team.  The risk assessment should be documented and 
reviewed daily. 
 

 If XDR TB/MDR TB, isolations should continue until discharge. 

 
 

Care Checklist 
available

 
Yes. 


Clinical / 
Healthcare Waste 

Waste should be designated as clinical/ healthcare waste and placed 
In an orange bag.  Please refer to the NHSGCC Waste Management 
Policy. 
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Contact tracing  The TB Liaison Nurse will assess all community contacts of the patient. 
Working with the TB Liaison Nurse, the IPCT, microbiologist and 
senior ward staff will assess if any other patients have had sufficient 
exposure during the patient stay (>8hours close contact with a 
sputum smear positive patient).  In paediatrics resident parents/ 
guardians must be assessed. 

 

For hospital patient contacts, the clinician in charge of the patient 
must ensure follow up with the patients either via their GP or with the 
assistance of the HPN/TB liaison.  Any hospital patient contacts will 
also be informed of any relevant subsequent action. The Immediate 
Discharge Letter must be completed at the time of discharge and 
include details  of planned screening and follow up after discussion 
with the TB liaison nurse.(8 weeks after exposure) 

Discharge 
Planning 

A treatment plan and follow up must be arranged prior to discharge 
and discussed with TB liaison and any relevant carers. Arrangements 
must be in place for accommodation, necessary support, and 
supervision of therapy. It is important to communicate the infectious 
status of the patient to clinical teams and precautions required when 
arranging follow up clinic or community visits. 
If the patient self‐discharges or absconds from the ward and is still 
considered to be an infection risk contact the CPHM via 0141 201 4917 
(64917). The TB Liaison nurse should also be informed 

Drug Resistance All patients with, or suspected of having TB must be assessed for risk of 
drug resistance by a respiratory /ID consultant.  This is done by 
identifying on admission if the patient has had: 
 

 previous treatment for tuberculosis, 
 previous history of poor compliance with TB treatment 
 contact with a person with known drug resistant disease 
 History of travel to a country with high risk of MDR TB 
        http://www.who.int/tb/publications/global_report/en/ 

 
Discuss with microbiology about rapid molecular testing and fast track 
of samples to the TB reference lab and during therapy monitoring for: 
 

 Failure of clinical response, e.g. temperature remains elevated 
after 4 months. 

 

If the patient is suspected of having MDRTB then until confirmed 
otherwise the procedures for multi‐drug resistance will be followed. 
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MDR TB - TB that is resistant to at least isoniazid and rifampicin 

 
XDR TB ‐ TB caused by M. tuberculosis strains that fulfil the definition of 
MDR/Rifampicin Resistant‐TB and which are also resistant to any 
fluoroquinolone and at least one additional group A drug.  Group A drugs 
are the most potent group of drugs in the ranking of second‐line 
medicines for the treatment of drug‐resistant forms of TB, using longer 
treatment regimens and comprise levofloxacin, moxifloxacin, bedaquiline 
and linezolid. 
 

Equipment No special requirements provided equipment is decontaminated as per 
NHSGGC Decontamination Guidance. 
 

Exposures The primary measure to reduce exposure in healthcare settings are; 
early diagnosis, early isolation, appropriate application of TBPs and early 
commencement of appropriate therapy. 
 

All HCWs who have been involved in the care of a sputum smear 
positive patient with pulmonary Tuberculosis prior to infection control 
precautions being instigated who have had 8 or more hours close 
contact with the index case, or who are immunocompromised will be 
referred to the Occupational Health Service (OHS). 

Hand Hygiene  See NHSGGC Hand Hygiene Guidance 

Last Offices  Special precautions are required for Last Offices.  See National 
Guidance for Last Offices. 

Moving between 
wards, hospitals 
and departments 
(including 
theatres) 

If possible avoid unnecessary movement of patient until therapy has 
been established.  If movement is necessary, for smear positive adult 
patients within the first 14 days of therapy, ask the patient to wear a 
fluid repellent surgical mask.  
 

Notify the receiving department. 

Notice for Door  Yes, if patient is isolated a yellow IPC sign should be placed on door. 
NB Keep door closed until restrictions are lifted. 

Outbreak  Unlikely in hospital settings provided infection control precautions are 
followed. 

Patient Clothing  No special requirements.  Advise relatives that there is no risk from 
washing the patient’s clothes at home. See NHSGGC Washing Clothes 
at Home Leaflet 
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Personal 
Protective 
Equipment (PPE) 

HCWs caring for patients with suspected of or confirmed (sputum smear 
positive) tuberculosis, a yellow disposable apron, disposable gloves and a 

face fit tested FPP3 mask must be worn for both routine care and when 
undertaking aerosol generating procedures (AGP’s) Where there is an 
identified risk of splashing of blood and or body fluids into the mucous 
membranes of the eyes, suitable eye protection must also be worn.   All 
PPE should be kept on for up to 2 hours after an AGP if remaining in the 
patient’s room, and the FFP3 mask should be removed outside the 
room. 
Once the patient has had 14 days of treatment and shown signs of 
clinical improvement following review by medical staff and a risk 
assessment carried out, PPE can be discontinued. 
 

For full list of AGPs see Appendix 11 NIPCM Footnote 3 
https://hpspubsrepo.blob.core.windows.net/hps‐
website/nss/3032/documents/1_nipcm‐appendix‐11.pdf  
 
For PPE information: 
https://hpspubsrepo.blob.core.windows.net/hps‐
website/nss/3037/documents/1_nipcm‐appendix‐16.pdf 
 
For suspected and confirmed MDR TB/ XDRTB: 
PPE should be worn as above. 
https://www.nhsggc.org.uk/working‐with‐us/hr‐connect/health‐
safety/policies‐guidance‐documents‐forms/personal‐protective‐
equipment/respiratory‐protection‐equipment‐ffp3‐masks/ 
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Precautions 
Required Until 

Sputum Smear positive not MDR TB / XDR TB: 
 had a minimum of 14 days appropriate therapy, which has been 

tolerated e.g. no diarrhoea or vomiting and patient has been fully 
compliant 

 Definite clinical improvement as a response to therapy, e.g. 
cessation of cough 

 

Seek the advice of a member of the IPCT before removing a patient from 
isolation. Once removed from isolation keep the patient under review. 
Return to isolation if they deteriorate clinically. 
 
Pulmonary MDR TB: 
For duration of stay 
Pulmonary XDR TB: 
For duration of stay 
Discuss all cases of MDR or XDR TB with infection specialist / ICD. 
Smear negative / Suspected TB: 
Three separately taken microscopy sputum smears /gastric washings. 
(ideally early morning and taken on consecutive days). Samples should 
be sent for both smear and culture 
Extra-pulmonary TB: 
Pulmonary disease must be excluded before transmission based 
precautions are stopped. 
Unless TB lesions draining, in which case SICPs should be followed.  

NHS 
'--..~ 

Greater Glasgow 
and Clyde 

Page 213

A48946859



The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

 
 

 

NHS GREATER GLASGOW & CLYDE 
CONTROL OF INFECTION COMMITTEE 

 

Page  11 of 13 

Effective 
From 

June 2021 

TUBERCULOSIS 

Guidance 
(INCLUDING MULTI-DRUG RESISTANT TB) 

Review 
date 

June 2023 

Version  9 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

 

Procedure 
Restrictions 

 Sputum and cough inducing procedures should be undertaken by 
       HCWs wearing full PPE as above in a single / negatively‐

pressurised room with the door closed. HCW should continue to 
wear their PPE for up to 2 hours following an AGP. Each area will 
differ depending on air exchanges. Discuss with ICD if not known. 

 Patient procedures to reduce aerosolisation of droplet nuclei: 
       patients should be taught to cover both the nose and mouth with 
       a tissue whenever they cough or sneeze; 

 In‐patients should be asked to wear fluid repellent surgical 
       masks if they are required to leave their room, until they have 

had 14 days of appropriate tolerated drug treatment and shown 
clinical improvement. 

 Bronchoscopy’s in those suspected of Pulmonary TB should be 
done last with adequate ventilation as above. Bronchoscopy 
suites managers should be aware of the number of air exchanges 
and the duration of time required before staff and other patients 
can re‐enter the area. 

Referral  All patients suspected of having TB should be referred to a Respiratory 
Physician  or  Infectious  Diseases  Physician  before  commencing  TB 
treatment. Microbiologist to inform the clinician by telephone of positive 
smear results. 

Risk assessment   For patients with extra‐pulmonary disease the transmission based 
       precautions in this guidance must be followed until pulmonary 

involvement   can be ruled out. 
 Young children are broadly considered to be paucibacillary and 

unlikely to be of high infectivity risk. TBP in paediatric inpatients 
will require a case by case risk assessment. 

Screening on 
Admission 

Pulmonary tuberculosis should be considered in any patient with an 
unexplained cough lasting more than three weeks, with or without 
weight loss, anorexia, fever, night sweats or haemoptysis. They should 
usually have three separate sputum samples sent to the laboratory and 
a chest X‐Ray.  These specimens should be marked ‘URGENT’ and AAFB 
requested in addition to culture.  Patients whose history is indicative of 
pulmonary tuberculosis on admission should be isolated as stated in the 
Accommodation section. 

Terminal Cleaning 
of Room 

Follow NHSGGC SOP Terminal Clean of Ward/Isolation Room  
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Visitors 
 

Restrict visitors to contacts who have visited the patient prior to 
hospitalisation until 14 days after therapy has commenced and tolerated. 
Children should not be allowed to visit unless exceptional circumstances. 
Visitors who do not fit the criteria of household contacts should not visit 
unless under exceptional circumstances when consideration of fit testing 
should be undertaken. 
Paediatric patients: It is important to make sure that parents/carers are not 
themselves infectious with Tb before allowing them to visit/stay in hospital 
with the child. 
In the case of suspected or proven pulmonary MDR or XDR TB a plan for 
visiting should be discussed with the local IPCT in the first instance. If visitors 
are unwell or have symptoms of TB, they should not visit until assessed by the 
TB liaison nurse.  Those who are immunocompromised should not visit.  

Visitors should only visit the patient with TB and not other patients. 
 

 
 

4. Evidence Base 
 

Immunisation against infectious disease ‘Green Book’  Department of Health. 
https://www.gov.uk/government/collections/immunisation‐against‐infectious‐ disease‐
the‐green‐book 

 
   

HPS (2020) Transmission Based Precautions Literature Review: Respiratory Protective 
Equipment (RPE)  
 
 
https://hpspubsrepo.blob.core.windows.net/hps‐website/nss/1722/documents/1_tbp‐lr‐
rpe‐v4.0.pdf 

 
 

NICE Guidance (NG 33) 2016 Updated September 2019 
 
https://www.nice.org.uk/guidance/ng33 
 
 
WHO 2021 Updated definition of XDR‐TB  
https://www.who.int/news/item/27‐01‐2021‐who‐announces‐updated‐definitions‐of‐
extensively‐drug‐resistant‐tuberculosis  
 
Appendix 11 National Infection Prevention and Control Manual 
National Infection Prevention and Control Manual: Appendix 11 ‐ Best Practice ‐ Aide 
Memoire for Optimal Patient Placement and Respiratory Protective Equipment (RPE) for 
Infectious agents whilst a patient is in hospital
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5.   List of AGPs 

 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 

 
 
 

 
 
 

 

 

 

 

 

 

 

Aerosol 
Generating 
Procedures 
 

During certain healthcare procedures, small particle aerosols may be 
generated which could increase the risks to HCWs in the immediate vicinity. 
These aerosol generating procedures include: 

 Intubation, extubation and related procedures, e.g. manual ventilation 
and open suctioning. 

 Cardiopulmonary resuscitation. 
 Induction of sputum 
 Bronchoscopy. 
 Positive pressure ventilation via face mask, e.g. BiPAP, CPAP 
 High frequency oscillating ventilation 
 Some Dental procedures (e.g. drilling) 
 Surgery and post mortem procedures in which high speed devices are 

used 
 High flow nasal oxygen  
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SOP Objective 
To provide Healthcare Workers (HCW) with details of the care required to prevent cross‐
infection in adult patients with known/suspected Clostridioides difficile Infection (CDI). 

 

This SOP applies to all staff employed by NHS Greater Glasgow & Clyde and locum staff on 
fixed term contracts and volunteer staff.  

 

 
 

KEY CHANGES FROM THE PREVIOUS VERSION OF THIS SOP 
 Updates to wording Section 3. Daily assessment of Severity by Clinical Team 

 
 
 

Document Control Summary 
Approved by and date    Board Infection Control Committee 17th February 2022 

Date of Publication  28th February 2022 

Developed by  Infection Prevention and Control Policy Sub‐Group  

Related Documents  National Infection Prevention and Control Manual: Home 
NHSGGC CDI Paediatrics SOP 
NHSGGC Cleaning of Near Patient Equipment SOP 
NHSGGC Terminal Clean of Ward/Isolation Rooms SOP 
NHSGGC Twice daily Clean of Isolation Rooms SOP 
Antimicrobial Prescribing Policies   
 

Distribution/ Availability  NHSGGC Infection Prevention and Control Web Page:  
www.nhsggc.scot/hospitals‐services/services‐a‐to‐
z/infection‐prevention‐and‐control 

Lead Manager  Director Infection Prevention and Control 

Responsible Director  Executive Director of Nursing 
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CDI Aide Memoire ............................................................................................................... 3 

1.  Responsibilities ............................................................................................................ 4 

2.  General Information on Clostridioides difficile Infection (CDI) ..................................... 5 

3.  Transmission Based Precautions for CDI ...................................................................... 8 

4.  Evidence Base ............................................................................................................ 17 

Appendix 1 – Bowel Movement Record ............................................................................ 18 
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CDI Aide Memoire 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Consult SOP and isolate in a single room 
with:  
 

 ensuite / own commode 

 door closed 

 IPC yellow sign on door 

 dedicated equipment 
 

 Bowel Movement Record 
 

 Care Checklist completed daily 
 

 Daily Severity scoring to be 
completed by medical staff 

Patient 
Assessed 

Daily 

Patient has been asymptomatic for >48 hours 
and bowel movements have returned to 
patients normal.   NO 

YES 

 undertake terminal clean of room 

 Stop isolation  

 Continue stool chart until discharge 

SOP - Guidelines for patients in 
isolation:       

                                       
Hand Hygiene: Liquid Soap and Water  
 
PPE: Disposable gloves and yellow apron 
 
Patient Environment: Twice daily 
chlorine clean 
 
Patient Equipment: Chlorine clean after 
use and at least on a twice daily basis 
 
Laundry: Treat as infected 
 
Waste: Dispose of as Clinical / 
Healthcare waste 

Incubation Period: up to 12 weeks 
 
Period of Communicability: until 48 
hours asymptomatic and a normal 
stool passed 
 
Notifiable disease: Yes 
 
Transmission route: direct, indirect 
contact 
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1. Responsibilities 
 

Healthcare Workers (HCWs) must: 
 

 Follow this SOP. 
Commence a CDI Care Checklist while patient is symptomatic, update daily 
and complete the risk assessment for any aspect of transmission based 
precautions (TBP) for CDI that cannot be implemented 
 
Clostridioides Difficile – IPC Care checklist 
 

 Inform their line manager and a member of the Infection Prevention and 
Control Team if this SOP cannot be followed. 

 Provide written and verbal information on CDI for patients and their relatives 
as appropriate 

 
   Clostridioides Difficile Fact Sheet 
 
 
Senior Charge Nurse (SCN) must: 
 

 Ensure that the IPC Care checklist is in place while patient is deemed 
infectious. 

 Ensure that written information is provided / available for patients and 
relatives. 

 Ensure a failure to isolate risk assessment is in place if any aspect of TBPs for 
CDI cannot be implemented 

 
 
Managers must: 
 

 Support HCWs and IPCTs in following this SOP. 
 Cascade new SOPs to clinical staff after approval by the Board Infection 

Control Committee (BICC). 
 
Infection Prevention and Control Teams (IPCTs) must: 

 
 Keep this SOP up‐to‐date. 
 Provide education opportunities on this SOP. 
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 Monitor epidemiology of Clostridioides difficile Infection (CDI) within 
healthcare facility(ies) and advise on infection prevention and control 
precautions as necessary. 

 Advise and support HCWs to undertake a Risk Assessment if unable to follow 
this SOP.  

 
Occupational Health Service (OHS) must: 

 Advise HCW regarding possible infection exposure and return to work issues as 

necessary 
 
 
 
2. General Information on Clostridioides difficile Infection (CDI) 
 

Communicable Disease/ 
Alert Organism 

C. difficile is a Gram positive, anaerobic, spore‐forming 
organism implicated in CDI and pseudomembranous colitis 
(PMC).  The overgrowth of the organism within the large 
intestine and toxin production causes cellular damage and 
increased fluid accumulation in the gut.  C. difficile is part of 
the normal flora of up to 3% of the adult population and up 
to 90% of children less than 2 years.  Asymptomatic carriage 
in healthcare patients is relatively common.  
 

Case definition Clostridioides difficile Infection (CDI) is defined as any 
patient in whose stool C. difficile toxin has been identified at 
the same time they have experienced diarrhoea not 
attributable to any other cause; or from patients whose stool 
C. difficile has been cultured at the same time as they have 
been diagnosed with pseudomembranous colitis (PMC).  
Health Protection Scotland (2017). 
Mild CDI: associated with mild diarrhoea (3 liquid/loose 
stools or more frequently than normal ) 
Moderate CDI: associated with a raised WBC count above 

normal but  <15 x 109 /L cells , (typically 3 or more 
loose/liquid stools per day) 
Severe CDI: when a patient has at least one severity marker 

including temperature>38.5°C, WBC 15 x 109/L cells, or acute 
rising serum creatinine (>1.5 x baseline), or evidence of 
severe colitis in CT scan/ abdominal X‐ray examination, 
suspicion of PMC, toxic megacolon or ileus. 
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Life-threatening CDI is when a patient has any of the 
following attributable to CDI: admission to ICU, hypotension 
with or without need for vasopressors, ileus or significant 
abdominal distension, mental status changes, WBC ≥35 x 

109/L cells or <2 x 109/L cells, serum lactate >2.2 mmol/l, 
end organ failure (mechanical ventilation, renal failure).  
 

Recurrence is defined as CDI which re‐occurs within 2‐8 
weeks of previous episode, provided symptoms from 
previous episode resolved after completion of initial 
treatment.  
 

Clinical Condition Clinical onset of CDI often occurs when patients are on 
antibiotics, or within 4 weeks and up to 12 weeks of finishing 
a course of antibiotics.   
 

Patients may be colonised with C. difficile without symptoms. 
 

 CDI may present with malaise, abdominal pain, nausea, 
anorexia, watery diarrhoea, low‐grade fever, and a 
peripheral leukocytosis.  Colonoscopy reveals a non‐
specific diffuse or patchy erythematous colitis without 
pseudomembranes. 

 

 Pseudomembranous colitis (PMC) Sigmoidoscopy reveals 
raised yellow/ orange plaques from 2‐10mm in size 
scattered over the colorectal mucosa.  Patients with PMC 
have a more serious illness than CDI.  Diarrhoea may also 
contain blood and mucous. 

 

 

NB: Life‐threatening symptoms develop in 1.2‐3.2% of 
patients with CDI.  This disease is a very important co‐
morbidity in frail, elderly patients and can have high in‐
patient mortality. 
 
 

Mode of Spread 
 

There is evidence of both direct and indirect spread through 
the hands of HCWs and patients; and environmental 
contamination via equipment and instruments, e.g. 
commodes, bedpans and washbowls.  C. difficile produces 
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spores which can survive for long periods in the environment.  
Environmental cleaning is paramount.   
 
 

Incubation period Up to 12 weeks.  
 

Notifiable disease Notifiable under Public Health (Scotland) Act 2008 : Yes 

Persons most at risk Certain persons are at increased risk of acquiring CDI. CDI 
should be considered in persons with diarrhoea who also 
have :   

 
 Current or recent (within last 3 months) use of 

antimicrobial agents, in particular cephalosporins, broad‐
spectrum penicillins, fluoroquinolones and clindamycin 

 Increased age (over 65 years). 
 Prolonged stay in healthcare settings. 
 Serious underlying disease  
 Surgical procedures (in particular bowel procedures). 
 Immunosuppression (incl. HIV and transplant) 
 Use of proton pump inhibitors or H2 antagonists, e.g. 

omeprazole, lansoprazole, which reduce production of 
stomach acid. 
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3. Transmission Based Precautions for CDI 
 

Accommodation 
(patient placement) 

The patient should be placed in a single room, with ensuite or 
own commode. The door to the room must be closed and a 
yellow IPCT sign placed on the door. If a single room is 
unavailable the IPCT will help the clinical team to undertake a 
risk assessment and advise where to nurse the patient.  This 
must be documented on the CDI Care Checklist. 
Precautions should continue until the patient has been 
asymptomatic for 48 hours and bowel movements have 
returned to normal or, on the advice of a member of the 
IPCT. 
 

Transmission based precautions are not recommended for 
asymptomatic carriers. 

Antibiotics Antibiotic prescribing should be in accordance with the 
NHSGGC Infection Management Guidelines.  Prescribing 
should be regularly monitored and feedback should be 
returned to prescribers as appropriate.   
 
 NHSGGC Antimicrobial Prescribing Policies 

   
 The Management of Suspected Clostridioides difficile 

Infection (CDI) in Adults 
 

IPC Care Checklist 
available 

Yes.  Clostridioides difficile IPC Care Checklist  
 
 

Healthcare/Clinical 
Waste 

All non‐sharps waste should be designated as 
Healthcare/Clinical Waste (HCW) and placed in an orange 
clinical waste bag within the room. Please refer to the 
NHSGCC Waste Management Policy.  

Contacts Specimens should not be sent from patients deemed to be 
contacts unless they develop loose stools, where there is no 
other cause for this.   
 

Domestic Services/ 
Facilities 
 
 

Domestic staff must follow the NHSGGC Twice Daily Clean of 
Isolation Rooms SOP. 
 
Cleans should be undertaken at least four hours apart  

Equipment  
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Patient equipment, e.g. commode, BP cuff, washbowl should 
be allocated to the patient until no longer considered 
infectious.  Consider single‐use or single patient use 
equipment.  Commodes should be decontaminated after each 
use with chlorine based detergent. 
 

 
 

Hand Hygiene Alcohol based hand rub is not effective against CDI:  Soap 
and water must be used for all patients with loose stools.   
 
Hand hygiene is the single most important measure to 
prevent cross infection with CDI. 
Hands must be decontaminated before and after each 
direct patient contact, after contact with the environment, 
after exposure to body fluids and before any aseptic tasks. 
Patients should be encouraged to carry out thorough hand 
hygiene.  
 

 

Health Protection 
Scotland (HPS)  
Trigger Tool 

The Health Protection Scotland (HPS) Trigger Tool must be 
completed by the IPCT and Clinical Staff if there are two HAI 
CDI cases in the same ward in a two week period. IPCNs and 
ward staff will complete the tool daily until there is no longer 
a trigger i.e. one or both patients are no longer symptomatic 
or have been discharged. The following actions will be taken 
by the IPCT when a trigger is met:  

‐ request a terminal clean of the ward at the start of 
the trigger  

‐ advise on enhanced IPC precautions to be in place. 

‐ undertake SICPs audit with SCN  

‐ hand hygiene audit  

‐ ask the antimicrobial pharmacist to review prescribing  

Findings will be reported to the SCN and ward staff who will 
liaise with IPC and pharmacy colleagues on any actions 
required as a result.   
Following this, should another case of HAI CDI emerge, the 
IPCT will complete a PAG to determine the requirement for 
an IMT and ward closure.  
 
 

Linen Treat used linen as soiled/infected, i.e. place in a water 
soluble bag then a clear bag, tied and then into a laundry 
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bag. (Brown bag used in Mental Health areas) 
Please refer to National Guidance on the safe management 
of linen. 

Moving between wards, 
hospitals and 
departments (including 
theatres) 

Except in clinical emergencies, transfer of patients who 
remain in isolation is not advisable.  
 
However, acute receiving units have a high patient turnover 
and transfer of patients is necessary for effective patient flow 
and to ensure that patients receive the appropriate care 
within their specialty. Therefore, receiving areas MUST be 
informed of the patient’s condition and requirement for a 
single room BEFORE the patient is transferred.  Please follow 
NHSGGC Terminal Clean of Ward/Isolation Rooms SOP 
 

Notice for Door The yellow IPC isolation sign must be placed on the door to 
the patient’s room. 
In Mental Health Services (MHS), on advice of IPCT.  

Patient Clothing 
 
 
 

Whilst patients are symptomatic they should be advised to 
wear hospital gowns if suitable. 
 

If relatives or carers take personal clothing home, staff must 
place clothing into a domestic water soluble bag then into a 
patient clothing bag and staff must ensure that a Washing 
Clothes at Home Leaflet is issued.   
 
 

NB:  It should be recorded in the nursing notes that both the 
advice and information leaflet have been issued.   
 

Patient Information Inform the patient and / or if relevant, the patient’s relative/ 
carer of their condition and the necessary precautions if 
required.  Answer any questions and concerns they may 
have. A CDI Fact sheet for patients and their relatives is 
available to download from the IPCT web page. 
 
NB:  Record in the IPC Care checklist / clinical notes that the 
fact sheet has been issued.  IPCTs are available to speak to 
patients and / or relatives / carers if required. 
 

Personal Protective 
Equipment (PPE) 

To prevent spread through direct contact PPE (disposable 
gloves and yellow apron) must be worn for all direct contact 
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with the patient or the patient’s environment/equipment. 
  
If there is a risk of splashing of blood/body fluids, then facial 
protection i.e. mask/visor should also be considered.    Hand 
hygiene must be performed using liquid soap and water 
before donning and after doffing PPE. Alcohol based hand 
rub is not effective against CDI. 
 

Precautions required 
until 

Precautions should continue until the patient has been 
asymptomatic for 48 hours and bowel movements have 
returned to normal or, on advice of a member of the IPCT.   
 

If symptoms recur, reinstate precautions immediately, send 
further specimens and inform a member of the IPCT.   
 

Daily and weekly check 
by IPCT 

IPCNs will check daily (Monday ‐Friday) on the condition of 
patients with CDI until TBPs are no longer required and 
thereafter weekly for 4 weeks.  
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Daily assessment of 
severity by clinical team  

A patient diagnosed with CDI must be reviewed daily by the 
medical staff regarding fluid balance, electrolyte 
replacement, nutrition review, and monitoring for signs of 
increasing severity. Severity assessment (See below) must be 
scored and documented in the patient notes.  
Patients must have severity assessment carried out daily by 
medical staff until patient is asymptomatic for 48 hours and 
bowel movements have returned to normal.  
 
Severity markers include: 
 
 Temperature of >38.5°C 
 Suspicion of PMC, toxic megacolon, ileus 
 Colonic dilatation in CT scan/ abdominal x‐ray >6cm 

 WBC> 15 x 109 /L cells 
 Creatinine> 1.5 x baseline 
 
National guidance on CDI provides a list of severity markers 
for severe disease based on consensus and therefore is not 
exhaustive. A template for severity assessment is available 
from the IPCT.  Please see The Management of Suspected 
Clostridioides difficile Infection (CDI) in Adults to determine 
antimicrobial therapy.  
 
Clinical cases of CDI In some circumstances the clinical team 
will treat a patient for CDI because either they have an 
equivocal result (GDH positive, toxin negative, the patient 
has C. difficile in their bowel that has the potential to 
produce C. difficile toxin, however the toxin has not been 
detected at this time but may cause disease) or without any 
positive microbiology following assessment of their 
presentation and symptoms. In these cases severity scores 
still need to be completed. 
 
Referral of severe cases onto Datix is the principle 
responsibility of IPCTs however if a clinician suspects a 
severe case of CDI they can also log this onto Datix for 
review. 
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If for clinical reasons the severity assessment is not deemed 
necessary, e.g. patient requires end of life care; this should 
be documented in the patient’s notes by the clinical team. 
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Clinical review 
assessment (CRA) and 
Reporting of Severe 
Cases of CDI 
 

A Clinical Review is required if the patient: 
 

 has severe or life threatening CDI 
  was admitted to ITU for treatment of CDI or its complications 
 had endoscopic diagnosis of pseudomembranous colitis 

with or without toxin confirmation 
 had surgery for the complications of CDI (toxic 

megacolon, perforation or refractory colitis) 
 died within 30 days following a diagnosis of CDI where it is 

recorded as either the primary or a major contributory 
factor on the death certificate 

 had persisting CDI where the patient has remained 
symptomatic and toxin positive despite two courses of 
appropriate therapy  
 

 
Deaths due to CDI 
(Underlying or 
Contributing)  
 
 

Patients who have died will have their cause of death 
reviewed as soon as possible via the ward death certificate 
records.   
 

If death certificate records are not available, the lead IPCN 
will contact the General Manager (GM) for the service, and 
advise them that the records are not available.  The Lead 
Infection Prevention and Control Doctor (LIPCD), Infection 
Prevention and Control Manager (IPCM), Associate Nurse 
Director, Infection Prevention and Control (ANDIPC), Clinical 
Services Manager (CSM) and Lead Nurse for the area must be 
informed of all patients who died in hospital who are or who 
have been positive for CDI during their current admission, and 
the cause of death if available.   
 

Medical staff completing a death certificate in which CDI is 
noted (part 1 or 2) should discuss this with the consultant in 
charge of the patient’s clinical care and refer case to the 
Procurator Fiscals Office.  If CDI is placed on part 1, medical 
staff should inform the CSM and GM for the area. 
 

Medical staff should familiarise themselves with NHSGGC 
Guidance on the Completion of Medical Certificates of Cause 
of Death. 

Specimens required Faecal specimens from any patient who has loose stools must 

NHS 
........... ,,..,1 

Creater Glasgo~ 
and Clyde 

Page 230

A48946859



    

 

NHS GREATER GLASGOW & CLYDE  
CONTROL OF INFECTION COMMITTEE  

STANDARD OPERATING PROCEDURE (SOP) 

Page  15 of 18 

Effective     
From 

Jan 2022 

Clostridioides difficile Infection (CDI) 
Adults 

Review  
Date 

Jan 2024 

Version 
 

8 

The most up‐to‐date version of this SOP can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

The most up‐to‐date version of this SOP can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

 

be sent if no other cause of diarrhoea is known (Norovirus is 
not a reason to exclude CDI as a diagnosis as co‐infection is 
possible).  If negative and loose stools persist, another two 
samples should be sent at 24‐hour intervals.  Relevant clinical 
information must be supplied with the specimen. 
 
Stool specimens should be obtained as soon as possible after 
onset of diarrhoea.  Toxin testing should only be requested 
on stool specimens that conform to the shape of the 
container.  See Appendix 1. 
 

 Send faecal specimens from patients who develop loose 
stools for culture and sensitivity– mark the form for C. diff 
toxin testing if CDI is suspected. 

 There is no requirement to send clearance specimens 
from patients who become asymptomatic.  

 Only when a relapse of CDI is suspected should you 
repeat the toxin testing and exclude other potential 
causes of diarrhoea, and 48 hours after completion of 
treatment. 

 Specimens should not be sent whilst patient is on 
treatment. 

 

Stool Charts It is the responsibility of staff looking after the patient within 
the area to record signs and symptoms of infection as 
appropriate, e.g. Bowel Movement Record, Appendix 1. The 
date, time, size and nature of the stool should be recorded 
while symptomatic and continued until discharge in order to 
reduce the risk of cross infection. 

Surveillance Surveillance of CDI is mandatory in Scotland and is reported 
to HPS by the Diagnostic Laboratory.   
 

Local surveillance in NHSGGC is returned to wards with a 
prevalence of CDI monthly using Statistical Process Control 
Charts (SPCs).  The trigger for action is when the numbers in a 
ward reach the upper control limit in the SPC.  SPCs are not a 
substitute for local referral by clinical staff and IPCTs but 
should be used to monitor trends and promote quality 
improvement.  
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Terminal Cleaning of 
Room 

Follow NHSGGC Terminal Clean of Ward/Isolation Rooms SOP  
If isolation is discontinued and the patient remains in 
hospital, undertake a terminal clean of the patient’s room, 
including bed, bed locker, chair and table. Consider moving 
the patient to a new bed‐space for ease of access.    
 
NB:  relapse and re‐infection from the environment can be as 
high as 20% in patients with CDI. 
 

Visitors Visitors are not required to wear aprons and gloves unless 
performing personal care.  Visitors should be advised to 
decontaminate their hands with liquid soap and water on 
leaving the room/ patient.  Visitors should be advised not to 
sit on the patient’s bed at any time during visiting.  
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4. Evidence Base 
 

  http://www.nipcm.hps.scot.nhs.uk/ 
 
  https://www.hps.scot.nhs.uk/a‐to‐z‐of‐topics/clostridioides‐difficile‐infection/  
 
Accurate Recording of Deaths from Healthcare Associated Infection and Action. 
Scottish Government Health Directorates.  CMO (2011) 13. 

      
      Vale of Leven Hospital Inquiry Report (2014) 
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Appendix 1 – Bowel Movement Record (adapted from the Bristol Stool Scale) 
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Guidance Objective 
To ensure all relevant clinical staff are aware of the risks associated with 

Respiratory Tract Infections 
 

This guidance applies to all staff employed by NHS Greater Glasgow & Clyde and locum 
staff on fixed term contracts. 

 

 

KEY CHANGES FROM THE PREVIOUS VERSION OF THIS GUIDANCE 
 

Document Control Summary 

Approved by and date 
 

Board Infection Control Committee 23rd June 2022 

Date of Publication 
 

27th June 2022 

Developed by  Infection Prevention Control Policy Sub‐Group  
 

Related Documents  National Infection Prevention and Control Manual  
NHSGGC Hand Hygiene Guidance 
NHSGGC SOP Cleaning of Near Patient Equipment 
NHSGGC SOP Twice Daily Clean of Isolation Rooms 
NHSGGC SOP Terminal Clean of Ward/Isolation Rooms  

Distribution / Availability  NHSGGC Infection Prevention and Control web page  
www.nhsggc.scot/hospitals‐services/services‐a‐to‐
z/infection‐prevention‐and‐control 

Lead Manager 
 

Director Infection Prevention and Control 

Responsible Director 
 

Executive Director of Nursing 

 
 
 
 
 
 
 
 
 
 

NHS 
~,-I 

Greater Glasgo\l 
~nd Clyde 

Page 235

A48946859



     

   

NHS GREATER GLASGOW & CLYDE  
CONTROL OF INFECTION COMMITTEE POLICY 

 

Page  2 of 16 

Effective  
From 

May 2022 
 

SEASONAL INFLUENZA GUIDANCE Review 
Date 

May 2024 
 

Version  7 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

CONTENTS 
 
 
Influenza Aide Memoire .............................................................................................. 3 

1.  Responsibilities .................................................................................................... 4 

2.  Symptoms of Influenza ........................................................................................ 5 

3.  Aerosol Generating Procedures (AGPs) ................................................................ 6 

4.  Testing for Influenza ............................................................................................ 7 

5.  Limiting the Spread of Influenza .......................................................................... 7 

6.  Evidence Base .................................................................................................... 13 

Appendix 1: Influenza Cohort Nursing Aide Memoire ............................................... 14 

Appendix 2 ................................................................................................................ 16 

 

NHS 
~,-I 

Greater Glasgo\l 
~nd Clyde 

Page 236

A48946859



     

   

NHS GREATER GLASGOW & CLYDE  
CONTROL OF INFECTION COMMITTEE POLICY 

 

Page  3 of 16 

Effective  
From 

May 2022 
 

SEASONAL INFLUENZA GUIDANCE Review 
Date 

May 2024 
 

Version  7 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 NO 

Influenza Aide Memoire 

Follow this algorithm if you have a patient with suspected or confirmed Influenza 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Is the patient severely immunocompromised? 

Patient is asymptomatic of coryzal 
symptoms/back to their normal respiratory 

function for at least 24 hours? 
Or 

Patient has completed a course of antiviral 
treatment? 

(e.g. Usually 5 days for Tamiflu) 

 

Consult guidance and Isolate in a single 
room with:  
 ensuite / own commode 

 door closed 

 IPC yellow sign on door  

 dedicated equipment 

 Influenza Care Checklist completed 
daily 

Patient 
Assesse
d Daily 

 YES 

 NO 

 Stop transmission based precautions 

 Undertake terminal clean of room 

 YES 

Influenza Guidance - Guidelines for 
patients in isolation: 

 
Hand Hygiene: Liquid Soap and Water or 
alcohol hand rub 
 
PPE: Disposable gloves, yellow apron, and 
fluid resistant surgical mask (FRSM) and 
eye protection.  FFP3 respirator for Aerosol 
Generating Procedures. (AGPs)  
 
Patient Environment: Twice daily clean 
with chlorine based detergent 
 
Patient Equipment: Chlorine clean after 
use and at least on a twice daily basis 
 
Laundry: Treat as infected 
 
Waste: Dispose of as Clinical / Healthcare 
waste 

Incubation Period: 1 – 4 days 
 
Period of Communicability: Patient is 
asymptomatic of coryzal symptoms/back to 
their normal respiratory function for at 
least 24 hours? Or, patient has completed a 
course of antiviral treatment (e.g. Usually 5 
days for Tamiflu) 
 
Notifiable disease: Yes 

 
Transmission route: droplet 

 
Coryzal Symptoms: inflammation of the 
mucosa of the respiratory tract, causing 
nasal discharge and congestion, sneezing, 
sore throat and cough.  

Clinical team must assess risk of ongoing 

transmission of influenza in their patient. When 

no longer considered infectious  

✓ Stop transmission based precautions 

✓ Undertake terminal clean of room 
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1. Responsibilities 
 

Healthcare Workers (HCWs) must: 
 
 Follow this guidance. 
 Inform a member of the Infection Prevention and Control Team (IPCT) if this 

guidance cannot be followed. 
 Must ensure care checklists are implemented and up to date. 

 
 

Senior Charge Nurses (SCNs) / Managers must: 
 
 Support HCWs in following this guidance. 
 Cascade new policies/SOPs/guidance to clinical staff after approval by the 

Board Infection Control Committee (BICC). 
 Ensure HCW are aware how to use respiratory protection and have access to 

appropriate PPE including fit testing for FFP3 masks. 
 Provide staff the opportunity to receive the staff flu vaccination each year 

 
 

Infection Prevention and Control Teams (IPCTs) must: 
 
 Keep this guidance up‐to‐date. 
 Support the clinical team to undertake a risk assessment where this guidance 

cannot be followed. 
 Provide education opportunities on this guidance. 

 

 
      Occupational Health Service (OHS) must: 

 Public Health and OHS will plan and promote the uptake of staff seasonal flu 
vaccination  

 OHS will provide opportunity for staff to receive their flu vaccination during 
working hours 
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Influenza 
 

Infections with a particular strain of influenza (type A or B) occur every year and are 
referred to as seasonal influenza.  Pandemic influenza occurs when a new influenza 
sub‐type appears that is different to previous sub‐types and can: 

 infect humans 

 spread effectively from human to human 

 causes significant clinical illness in a high proportion of those who acquire the 
virus 
 

Primary strategies for preventing influenza are: 

 VACCINATION - the most effective way of preventing the spread of influenza  
 early detection and treatment 

 standard infection control precautions and transmission based precautions 
must be followed, to prevent transmission during patient care 

 
2. Symptoms of Influenza 
 
Influenza is a respiratory illness characterised by coryzal symptoms including fever, 
cough, headache, sore throat and aching muscles and joints.  There is a wide spectrum 
of illness ranging from minor symptoms through to pneumonia and death.  The most 
common complications of influenza are bronchitis and secondary bacterial pneumonia. 
 
The typical incubation period for non‐pandemic influenza is one to four days, with an 
average of two to three days.  Adults can be infectious from the day before symptoms 
begin to approximately five days after illness onset. Children can be infectious for 
seven or more days, and young children can shed virus for several days before their 
illness onset.  Severely immunocompromised persons can shed virus for weeks or 
months. 

 
Routes of Transmission 
 
There are three main routes of transmissions: 
 

i. Droplet Transmission  
 

Large droplets (greater than 5 microns in size) may be generated from a person with 
clinical disease during coughing or sneezing and may land directly on the conjunctiva, 
or mucous membranes of the nose and mouth of a susceptible person.  Large droplets 
are heavy and do not remain suspended in the air for long periods of time and only 
travel for up to 1 metre, so close contact is required for transmission. 
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ii. Direct / Indirect Contact Transmission 

 

Direct contact transmission is when the virus is spread person to person either by 
contact with the infectious person skin or droplet transmission, e.g. symptomatic 
patient to a HCW, from a sneeze or cough directly onto the nose or mouth.      
 
Indirect contact transmission is the transfer of an infectious agent through a 
contaminated intermediate object or person, e.g. from a contaminated surface, bed 
table, to the hands of another person who then transfers the virus to their nose, 
mouth or eyes.  Influenza virus is known to survive well in the environment; up to 24 
hours. 
 

iii.  By the Airborne Route during and after Aerosol Generating Procedures (AGPs) 
 

Transmission may occur at short distances through inhalation of small particle aerosols 
which are produced during Aerosol Generating Procedures (AGPs).   
(See section 5 below) 
 
Smaller droplets or aerosol produced during these types of procedures can be inhaled 
and cause infection.  They may also remain in the air for a prolonged period and travel 
over distances.  
 
3. Aerosol Generating Procedures (AGPs) 

 

Healthcare staff that perform AGPs on patients with confirmed or suspected influenza 
should don additional protective clothing (see Section 5E Personal Protective 
Equipment).   
 
Where possible, AGPs should be avoided or alternative methods considered.  Only 
essential staff should be present. 
 
Aerosol Generating Procedures (AGPs) are defined as:  
 
Tracheal intubation and extubation  
• Manual ventilation  
• Tracheotomy or tracheostomy procedures (insertion or removal)  
• Bronchoscopy  
• Dental procedures (using high‐speed devices, for example, ultrasonic scalers/high‐
speed drills)  
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• Non‐invasive ventilation (NIV): Bi‐level Positive Airway Pressure Ventilation (BiPAP) 
and Continuous Positive Airway Pressure Ventilation (CPAP)  
• High flow nasal oxygen (HFNO)  
• High frequency oscillatory ventilation (HFOV)  
• Induction of sputum using nebulised saline  
• Respiratory tract suctioning  
• Upper ENT airway procedures that involve respiratory suctioning 
• Upper gastrointestinal endoscopy where open suction beyond the oro‐pharynx 
occurs  
• High speed cutting in surgery/post‐mortem procedures 
 

 

4. Testing for Influenza 

 Patients who present to hospital with flu‐like illness should be tested if 
clinically relevant.   

 Repeat testing to confirm clearance of influenza is not required. 
 
Anti-viral Prescribing for patients with flu-like illness  
 

Treatment and prophylaxis 
Please contact infectious disease consultant or virologist to obtain advice regarding 
treatment of suspected or known cases of influenza and / or prophylaxis of specific 
vulnerable groups.  The most up‐to‐date information on treatment issued by the 
Scottish Government Health Directorates (SGHD) can be viewed at 
https://www.hps.scot.nhs.uk/a‐to‐z‐of‐topics/influenza/ 
 

5. Limiting the Spread of Influenza 

A.  Patient Placement  
 

 All patients with confirmed or suspected influenza should be nursed in a 
single room with en suite facilities.  If a single room is not available staff 
must contact a member of the local IPCT for further advice.    

 A yellow IPC isolation sign should be clearly visible on the door.   
 Patients should be considered infectious until patient is asymptomatic / 

back to their normal respiratory function for at least 24 hours OR patient 
has completed a course of antiviral treatment.    

 Patients who are diagnosed as having influenza but are asymptomatic are 
unlikely to spread the virus and can be regarded as non‐infectious.   

 Patients who are immunocompromised or with prolonged illness or 
complications should be assessed by clinical staff and the IPCT, and isolation 
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precautions discontinued if deemed appropriate.  Patients who fall into this 
category must be assessed individually.   

 PCR tests can remain positive for considerable periods and should not be 
used to determine infectivity.   

 Patients with underlying medical conditions or patients who have gone on 
to develop a secondary complication as a result of infection should be 
considered infectious until they return to their previous health state.   

 If patient is in ICU please discuss with IPCT. 
 Patients who are immunocompromised or with prolonged illness or 

complications should be assessed by clinical staff and the IPCT, and isolation 
precautions discontinued if deemed appropriate.  Patients who fall into this 
category must be assessed individually.   

 In the event of increase in the number of patients with influenza requiring 
admittance to hospital, in conjunction with the IPCT, an influenza cohort bay or ward 
can be considered. Please see Appendix 2 for IPC guidance. 
 

B.  Patient Movement / Inter-Hospital Transfers 
 

Influenza patients who are still infectious must not leave the area unless there is an 
urgent clinical need. If patient has to leave the single room while symptomatic, they 
should wear a fluid‐resistant surgical mask (FRSM) if possible to minimise the dispersal 
of respiratory secretions and prevent environmental contamination.  The FRSM should 
be worn until the patient is returned to the single room / cohort area. On removal of 
the FRSM, the patient should be offered the opportunity to undertake hand hygiene. 
 
If a patient requires transfer to another department the following procedures must be 
followed: 

 The department must be informed in advance. 

 HCWs transporting the patient do not need to wear PPE if the patient is 
wearing an FRSM but must undertake hand hygiene. 

 If the patient cannot wear/tolerate a FRSM then any HCW transporting the 
patient must wear a FRSM 

 The patient must be taken straight to and returned from the department and 
must not wait in a communal area. 

 If possible patients should be placed at the end of a list, to allow appropriate 
decontamination after any procedure. 

 If the patient requires oxygen via a mask, then the patient need not wear the 
FRSM however, if nasal prongs are used to deliver oxygen then the patient 
should also wear an FRSM over the prongs. 
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Hospital Transfers and Discharges  
 

Patients must not be transferred from one hospital to another for routine care 
however some patients may require specialist care, e.g. renal dialysis.  If a patient has 
to be transferred this MUST be discussed with the local IPCT who will alert the IPCT at 
the receiving hospital. It will be the responsibility of the clinical area that the patient is 
being discharged from to alert the Scottish Ambulance Service. 
 
Discharge to residential care:  
If a patient remains symptomatic or has not completed 5 days of appropriate antiviral 
treatment, this must be communicated to those receiving the patient, and appropriate 
IPC measures put in place prior to the transfer of the patient.  
C. Visitor Restrictions 

 Visiting in hospital should be restricted to 1‐2 visitors only in order to reduce 
the risk of influenza transmission to visitors.   

 All visitors must be free of flu‐like symptoms, however in exceptional 
circumstances, e.g. when a patient is critically ill, then advice should be sought 
from the IPCT and a risk assessment will be undertaken.  

 Visitors must speak to a member of staff and be instructed on hand hygiene 
practice and the wearing of protective clothing as appropriate prior to visiting 
the patient, such as a surgical mask, apron and gloves. 

 Visitors to patients ventilated with NIV or HFOV may be exposed to potentially 
infectious aerosols.  The number of such visitors should be limited to two 
unless there are exceptional circumstances.  Visitors should be made aware of 
the risks and be offered PPE as recommended for staff.  

 There may be further visiting restrictions if a ward is closed due to influenza. 
 

D. Hand Hygiene 
 

Hand hygiene remains the single most important measure to take against the spread 
of influenza.  Effective hand hygiene with plain liquid soap and running water or 
alcohol based hand rub on visibly clean hands is effective, for a minimum of 20 
seconds.   
 

E. Personal Protective Equipment (PPE) 
 

PPE is worn to protect staff from body fluids to reduce the risk of transmission of 
influenza between patients and staff and from one patient to another.  The level of 
PPE used will vary based on the procedures being carried out and not all items of PPE 
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will always be required.  Appropriate PPE for care of patients who are suspected or 
confirmed to have influenza is summarised below. 
 

 
PPE to be worn when providing direct care for service users on the respiratory pathway. 
National Infection Prevention and Control Manual: Winter (21/22), Respiratory 
Infections in Health and Care Settings Infection Prevention and Control (IPC) Addendum 
(scot.nhs.uk) 

 
 

Fluid resistant surgical mask (FRSM) 
 

Fluid resistant surgical masks (FRSM) should be worn by HCWs for contact with 
patients suspected or known to have influenza.  The mask provides a physical barrier 
which becomes ineffective once wet.  As masks themselves may become a reservoir 
for the virus great care should be taken during their removal and disposal.  
  
When to remove the FRSM 
 

When visiting a number of patients within an influenza cohort or A&E department, it is 
acceptable to wear the same mask and change it at the end of the session and if it gets 
wet.  Great care must be taken not to contaminate the hands during this time by 
touching the mask.  HCW/ Visitors must removal all PPE before leaving a patient care 
area (single room/ cohort area), FRSM or FFP3 respirators should be removed last. 
Hand hygiene must be performed after removal of all PPE. 

  
When to wear an FFP3 respirator  
 

FFP3 respirators should be worn only by those staff carrying out AGPs.  To be effective, 
individual users must be trained to fit the respirator properly to their face.   
 
When to remove the FFP3 
 
The FFP3 mask must be worn for up to 2 hours following an AGP, until fallow times 
have been completed during which time the aerosols will have either been removed 
through the ventilation system or allowed to settle. If staff wish to leave the patient 
room within the fallow time, gloves and aprons should be removed in the room and 
hand hygiene performed. The FFP3 mask should be removed on leaving the room, 
placed in the nearest clinical waste receptacle and hand hygiene performed.    
National Infection Prevention and Control Manual: Appendix 17 ‐ Aerosol Generating 
Procedures (AGPs) and post AGP Fallow time (PAGPFT) (scot.nhs.uk) 
Domestic staff where possible should wait for the fallow time to be over before 
entering the room. 
 
F. Decontamination of Patient Equipment 
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Where practicable, the patient should be designated their own equipment.                      
See NHSGGC Cleaning of Near Patient Equipment SOP 
 
G. Decontamination of the Environment 
 

Domestic staff must follow the SOP for Twice Daily Clean of 
Isolation Rooms. Cleans should be undertaken at least four hours apart.                                    
See NHSGGC Twice Daily Clean of Isolation Rooms SOP 
 
All frequently touched surfaces should be decontaminated after any AGP using 
chlorine based detergent.  Limit the amount of equipment in the room as far as 
possible. 

 

H. Clinical/ Healthcare Waste 
Waste should be designated as clinical / healthcare waste and placed in an orange bag. 
Please refer to the NHSGGC Waste Management Policy 
 

I.  Laundry 

Discard linen as soiled/ infected, i.e. in a water soluble bag then a clear plastic bag, tied 
and then placed into a laundry bag. 
 
Please refer to National guidance of the safe management of linen 

 
 
 

   Sending Laundry Home 
If relatives or carers wish to take personal clothing home, staff must place clothing into 
a domestic water soluble bag then into a patient clothing bag and ensure that a 
Washing Clothes at Home Information Leaflet is issued.   
 
NB  Nursing staff in the ward should record in the nursing notes that both the advice 

and information leaflet has been issued. 
 

J. Respiratory Hygiene / Cough Etiquette (Catch it, Bin it, Kill it) 
 

Patients, staff and visitors should be encouraged to minimise potential influenza 
transmission by: 

 Covering the nose and mouth with disposable single‐use tissues when sneezing, 
coughing, wiping and blowing noses. 

 Disposing of used tissues in nearest clinical/ healthcare waste bin, washing 
hands after coughing, and sneezing using tissues. 

 Avoid touching eyes, mouth and nose. 
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Some patients may need assistance with containment of respiratory secretions, e.g. 
older people and children.  Those who are immobile may need a personal waste bag 
readily at hand for immediate disposal of tissues.  They should also have a supply of 
hand wipes and tissues.   
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6. Evidence Base 

 
Health Protection Scotland. Guidance on use of antiviral agents for the treatment 
and prophylaxis of influenza    
HPS Website ‐ Influenza 
 
Health Protection Scotland Infection Prevention and Control Guidance;  
 National Infection Prevention and Control Manual: A‐Z Pathogens 

Winter (21/22), Respiratory Infections in Health and Care Settings Infection 
Prevention and Control (IPC) Addendum 
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Appendix 1: Influenza Cohort Nursing Aide Memoire 

Planning and 
communications  

On each hospital site, wards and wards with suitable bed bays will be identified and a 
respiratory pathway agreed from ED to discharge.  This will be communicated to the 
appropriate staff at huddles/briefs to support patient/bed management. Daily updates on bed 
spaces on cohort wards/bays should be available to support patient transfers from ED and 
acute receiving.  Wards with cohort bays will not be closed to other admissions.  

Definition of a 
cohort ward or 
bay  

A cohort area is a bay/ward in which a group of patients (cohort) with the same infection are 
placed together. Patient cohorting may be appropriate when single rooms are not available 
and there is more than one patient with the same confirmed infection. 

Decision to 
create a Flu 
cohort  

If a ward has bed bays and a number of confirmed FLU patients, those patients should be 
nursed in a single bay as a cohort. If there are empty beds in that cohort, they can be used for 
FLU patients from other areas. The decision to set up a cohort should be discussed with local 
IPCT/on call Microbiologist prior to being implemented.    

Setting up the 
cohort 

The cohort bay should have dedicated equipment as far as possible such as blood pressure, 
oxygen saturation and temperature recording devices within the cohort bay.  

Staffing (cohort 
nursing) 

Cohort nursing (dedicated teams) should be implemented to minimise the risk of 
contamination between groups of symptomatic and non‐symptomatic patients if staff resource 
allows. If not, contact the local IPCT who will help to undertake a risk assessment  

Bed spacing  Patients should be separated by at least 2.7 metres from each other in a cohort area, and bed 
curtains can be drawn as an additional physical barrier if required. 

Cohort patients  Patients who have confirmed Influenza can be nursed in an influenza cohort until they have 
been asymptomatic / returned to normal respiratory function for at least 24 hours OR received 
5 days of antiviral therapy. However, It should be noted that patients being nursed together in 
a cohort should all have the same type of FLU. e.g. Influenza A. 
 

Patients who remain symptomatic but are well enough to be discharged can be sent home.  
 

Patients who have FLU and another infection e.g. diarrhoea or MRSA, should be nursed in a 
single room. 

Testing for 
influenza  

Either laboratory or POCT testing is sufficient to identify patients with influenza. It is not 
necessary to test prior to discharge. Patients who are asymptomatic should not be tested.   

PPE For entering the cohort ward / bay, it is not necessary to wear PPE unless about to undertake 
patient care. For all direct care or contact with the patients environment staff should don a 
disposable plastic yellow apron, disposable gloves, a fluid resistant face mask and eye 
protection. For AGP, an FFP3 mask should be worn.  If patients require routine AGPs, consider 
placing this patient in a single room.   

Equipment As far as possible, dedicated equipment should remain in the cohort bay for use on cohort 
patients only. For equipment that cannot be dedicated, items should be cleaned with a chlorine 
based solution containing 1,000 ppm active chlorine.   

Ward rounds  Ward rounds within a cohort will consist of 1 member of medical team entering the cohort in 
appropriate PPE to examine the patient only. Once exam completed, removal of PPE and hand 
hygiene should be performed. Any equipment used will either stay in the cohort or be 
decontaminated before removal  

Linen  Bed linen should be managed as infected linen 

Waste Waste should be managed as healthcare waste 
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Cleaning of 
Environment  

Domestic services should clean the cohort bed bay/ ward a minimum of daily with a solution 
containing 1,000 ppm active chlorine. (Consideration should be given to a dedicated cleaning 
team on each site).  
If an AGP has been carried out the domestic staff should wait until the fallow time is complete 
before entering the room to clean. 

Visitors Visitors are allowed but no more than two per bed space.  
It may be necessary to stop visiting temporarily if the situation warrants this.  

NHS 
~,-I 

Greater Glasgo\l 
~nd Clyde 

Page 249

A48946859



     

   

NHS GREATER GLASGOW & CLYDE  
CONTROL OF INFECTION COMMITTEE POLICY 

 

Page  16 of 16 

Effective  
From 

May 2022 
 

SEASONAL INFLUENZA GUIDANCE Review 
Date 

May 2024 
 

Version  7 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

 

The most up‐to‐date version of this guidance can be viewed at the following web page: 
www.nhsggc.scot/hospitals‐services/services‐a‐to‐z/infection‐prevention‐and‐control 

                                 
Appendix 2 

 
 
 
 
  
 
 
            
 
 
 
         
 
  
 
  
 
 
  
 
 
 
 

Patient presents with respiratory 
symptoms in ward or in ED 

High suspicion of FLU  Confirmed FLU 

Patient requires admission 

Patient into a Single Side 
Room (SSR)

Patient into FLU cohort 
 

Patient confirmed FLU 

Patient asymptomatic or normal 
respiratory function > 24 hours OR 

completed 5 days of antiviral therapy 

Patient symptomatic but well 
enough to be discharged home.  

If discharge to care home isolation 
guidance to be given 

Stop isolation / discharge  Discharge 
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ÂÃÂÄÅÆÇÆ
©ÈÉ©Ê©ËÌÍ©ÎÏÎÐ©ÑÍ©ÒÓÔÕÖ×©ØÙÈÖÔÚÖÔÛ©ÑÍ©ÚÈÜÍÙÝÒÞÖ×

ÞÖÖÜßààááá×Ñâã×ÚÈâà
äËåß©æÝÙÕÖ©ÜÓÑçÝÕÞÔÛ©ÌÕ©èÏ×èèÊéàÑâã×âÊÎÎÊ©ÈÉ©Îê©ëÓÒÓÕÖ©ÎÏÎÏ×©ìÈáÉçÈÌÛÔÛ©æÙÈâ©

Type and level 
of group activity 

Outdoors and 
well ventilated 

Low occupancy 

Indoors and 
well ventilated 

Wearing face coverings, contact for short time 

Silent 

Speaking 

Shouting. 
singing 

Wearing face coverings, contact for prolonged time 

Silent 

Speaking 

Shouting. 
singing 

* 

No face coverings, contact for short time 

Silent 

Speaking 

Shouting. 
singing 

No face coverings, contact for prolonged time 

Silent 

Speaking 

Shouting. 
singing 

Poorly 
ventilated 

Outdoors and 
well ventilated 

High occupancy 

Indoors and 
well ventilated 

Risk of transmission 

Low - Medium - High -

* Borderline case that is highly dependent on quantitative definitions 
of distancing. number of individuals, and time of exposure 

Poorly 
ventilated 
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̀ĜHPNa�
f\GF̂�K
�XF[XFK
÷øhgNXWCOGa�K
fNPK
CF[
�CaGP
�N̂PXYNXJX\�
�PXHDK
iGWGCP̂E
CF[
bICJHCaNXFK
÷ø
ùGCJaE
G̀̂HPNa�
f\GF̂�K
RXPaXFK
÷ø�|��}��|��}��}
�|¿
B
BHICJ

X̂IN[LöGIN[GF̂G�DEG�\XI�Hj
�ciQVB
				_			T_L	eT_TLLe
f[[NaNXFCJ
SCaGPNCJ
NW
DHYJNWEG[
XFJNFG
XFJ��
ZX
ING�
DJGCWG
INWNa
aEG
�XHPFCJ
XFJNFG�v
��
��
�
���
��������������������
EaaD !!["�[XN�XP\!L	�LLU#!YS�_T	TL_	#$%eU���}��}�¿
	e
�C�
T	TT
&'k(�Å)�k*+,k-.�/01&0�10�('Å)�(12Å3{�}
���³
|�
������|���
����������|�
��
��³}��
�|
�}
��}��}��
��}�
��
��|�}
��|¢�����
±4�
�²
�|
�|�}|�}
��|
��
���}��}�{�}
�|�}�����
�|�
�|��
�������}
����|��}
����������|�
±·�
�²
��
����}�� 
����|���
���}���}��
�}�|�����
|�
���}����}��}�
}~}���
����}���
��
���
|����¡�����|�
���}�
|�
�}������|��
�������}�
�}�}��}�
~���
�|����}�����
�}��}}�
����~������
���
��}
�}�}�����
����}�
�|�
�������
���
��}�³���
�|����}�
����
��}������
���
�}��
�|
����}��}
����
�|���}��
|�
~|��������|�&'k(�('Å)�)(5-.�k--){�}
¼������
��|�
����
�����
����}�����
�}~�}�
����}��
����
�|��
�������}
����|��}
����������|�
|�
������|���
�����
����}�
��
���||�
�}������
����
��
�}��������� 
������
������|�� 
�|�³����}� 
|�
��|��
~}��}�{�}�}
�}�����
��|�
����
����|��
����
��
����À��}��
���
�}����}�}�� 
���}���|���
���
��|� 
���
����~���}�
���|����}�
����
����}��}�
}�����|��
|�
�}������|��
�������}�
±}� 
�������
|�
��}�³���
�|����²
�����
�|�������}
�|
�|��
�������}
����|��}
����������|�£}��
�|�����}�
}���}��|�|�����
��~}�������|��
���
��|~��}
��������
�������
���|
����������|�
�|��}� 
}��}������
��}�
|��}�
���}�
|�
�����}�
��}
�|�
�}�����}­
��}
�̧}���|�
|�
����
�}~}�
|�
������
�}����
}~��}��}
��
��À��}��
�|
����|��
�}����|�
��³���
�|�
�
�|~}�
���}���|�
��������
�����}�
�|����}����|�

�67�8�9:;�<=<>�?;�@ABCDE�FG6DBHDBI�?;�H6J;GK@LDE
LDDJMNNOOOE?PQEH6PN

R9SM�TKGCD�JA?UKCLBI�:C�V=EVV8WN?PQX<=<VX=WYZ>8�67�<[�SA7B�<=<<E�\6O7U6:IBI�TG6P�
l@~ OPEN ACCESS 

I "'> Check for updates J 

RESEARCH 

Page 264

A48946859



��������

�� 	
���
��

����������
����������������������� ���������!" �#$%

&'()(*+�*,)-.)/(�0)*/+1,++,./�&*+�*++21(3�0.�.442)�.5()�6./7()�3,+0*/4(+�5,*�+1*66()�8*)0,46(+�9*().+.6+:�0'*0�)(1*,/(3�+2+8(/3(3�,/�0'(�*,)�*/3�&()(�+2-+(;2(/06<�,/'*6(3=>?�>>�@,1,0*0,./+�.A�0',+�3,4'.0.1<�*)(�&(66�,662+0)*0(3�-<�0'(�4'*66(/7(�,/�3(B/,/7�*�+,C(�)*/7(�0.�4'*)*40(),+(�8*)0,46(+�0'*0�*)(�3).86(0+�.)�*().+.6+=D�E�>?�>F�G.)�(H*186(I�0'(�J.)63�K(*60'�L)7*/,C*0,./�0')(+'.63�,+�+(0�*0�MN>?�1,4)./+>O�&'()(*+�,/�0'(�PQ�0'(�0')(+'.63�,+�-*+(3�./�0'(�&.)R�-<�S,60./>T�*/3�+(0�0.�>??�1,4)./+=>M�U',+�,+�*6+.�4.186,4*0(3�-<�0'(�).6(�.A�(5*8.)*0,./I�*+�*�8*)0,46(�&,66�7(0�+1*66()�*+�,0�1.5(+�A).1�'21*/�+.2)4(+=V(7*)36(++�.A�0()1,/.6.7<�*/3�3(B/,0,./+I�,0�,+�/.&�2/3()+0..3�0'*0�+'.)0�)*/7(�0)*/+1,++,./�4*/�.442)�0').27'�-.0'�3).86(0+�*/3�*().+.6+�*/3�0'*0�0'(�4./4(/0)*0,./�.A�)(+8,)*0.)<�8*)0,46(+�,+�',7'()�*0�+'.)0�)*/7(�0'*/�.5()�6./7()�3,+0*/4(+=E�>>�>D�>E�W./+(/+2+�,+I�'.&(5()I�+0,66�6*4R,/7�./�0'(�),+R�A.)�6./7�3,+0*/4(�*,)-.)/(�0)*/+1,++,./�,/�,/3..)�+(00,/7+�,/�0'(�4.112/,0<�+24'�*+�'.+8,0*6,0<�5(/2(+I�6(,+2)(�A*4,6,0,(+I�&.)R86*4(+I�.)�*8*)01(/0�-6.4R+=�U',+�6*4R�.A�4./+(/+2+�*6+.�)(X(40+�0'(�4'*66(/7,/7�/*02)(�.A�0'(�(5,3(/4(�-*+(I�*/3�',7'�;2*6,0<�)(5,(&�6(5(6�(5,3(/4(�,+�+0,66�/((3(3Y�+.1(�+<+0(1*0,4�)(5,(&+�'*5(�)(6,(3�./�(/5,)./1(/0*6�+*186,/7�+023,(+I�&',4'�./6<�8).5,3(�,/3,)(40�(5,3(/4(�.A�0'(�8.0(/0,*6�),+R�.A�*,)-.)/(�0)*/+1,++,./I>ZNF?� &'()(*+� +<+0(1*0,4� )(5,(&+�0'*0�'*5(�,/4623(3�*�&,3()�)*/7(�.A�+023<�3(+,7/+�9(8,3(1,.6.7,4*6I�(/5,)./1(/0*6I�*/3�1.3(66,/7:�*/3�+(00,/7+�9'(*60'4*)(�*/3�4.112/,0<:�)(1*,/�,/4./462+,5(=F>NFTU',+�7*8�/((3+�0.�-(�*33)(++(3�A).1�*�82-6,4�'(*60'�8()+8(40,5(I�A.42+,/7�./�6./7�3,+0*/4(�0)*/+1,++,./�9[F�1:�,/�,/3..)�4.112/,0<�+(00,/7+=�\+�(5,3(/4(�./�0'(�-,.6.7,4*6�86*2+,-,6,0<�.A�6./7�3,+0*/4(�*,)-.)/(�0)*/+1,++,./�,+�*5*,6*-6(�A).1�(/5,)./1(/0*6�*/3�(H8(),1(/0*6�+023,(+I>Z�F>�FF�&(�A.42+(3�./�(8,3(1,.6.7,4*6�.-+()5*0,./*6�+023,(+�0.�*++(++�&'()(�*/3�&'(/�'21*/N0.N'21*/�0)*/+1,++,./�*)(�6,R(6<�0.�.442)=�]/�0',+�)*8,3�)(5,(&�&(�+<+0(1*0,4*66<�,3(/0,B(3�*/3�(H*1,/(3�+24'�+023,(+�0.�(5*62*0(�0'(�8.0(/0,*6�A.)�6./7�3,+0*/4(�*,)-.)/(�0)*/+1,++,./�.A�̂\V̂NW._NF�,/�,/3..)�4.112/,0<�+(00,/7+�*/3�0.�*++(++�0'(�,18*40�.A�8.0(/0,*6�1.3,A<,/7�A*40.)+=àbcdefJ(�2+(3�*�)*8,3�+<+0(1*0,4�)(5,(&�*88).*4'I�A.66.&,/7�+0)(*16,/(3�+<+0(1*0,4�1(0'.3.6.7,(+�0.�*44(6()*0(�0'(�)(5,(&�8).4(++IFM�*/3�)(8.)0(3�*44.)3,/7�0.�0'(�g)(A())(3�V(8.)0,/7�]0(1+�A.)�̂<+0(1*0,4�V(5,(&+�*/3�S(0*N\/*6<+(+�9gV]̂S\:�F?F?�72,3(6,/(+=FD�U'(�8).0.4.6�A.)�0',+�)(5,(&�&*+�)(7,+0()(3�./�gVL̂ghVL�-(A.)(�+4)((/,/7�0..R�86*4(=FEijkj�lmnopql�jrs�lqjoptqlJ(�,3(/0,B(3�8),1*)<�+023,(+�0').27'�0&.�+.2)4(+=�G,)+06<I�&(�+4)((/(3�+023,(+�,/4623(3�,/�0'(�)*8,3�+<+0(1*0,4�)(5,(&�-<�W.1-()�(0�*6�A.)�0'.+(�82-6,+'(3�A).1�>�u*/2*)<�F?F?�0.�FE�u26<�F?F?=F>�U',+�+<+0(1*0,4�)(5,(&I�*++(++(3�0.�-(�.A�1.3()*0(�;2*6,0<�2+,/7�0'(�\Ŝ U\V�F�9\�S(*̂2)(1(/0�U..6�0.�\++(++�+<+0(1*0,4�
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9+-̀(]@(]]�bA((�)_M]R(M(_)aMa
oa

�1/:01,-A
?d5
�:00A
65
H01,v
m5
:/
10@
kF-9:.-+0+2-C
kD-9:=C:
7+,
?-,G+,=:
s,1=A.-AA-+=
+7
>?Q>MH+JMR
9O,-=2
H3O,C3
>-=2-=25
?OA/,10-15
R]R]@
T�[X�
gU|[}~
�W\
R]R(̂R�̀(a��M)]@
9+-̀(]@_R](b:-9R�]a@R(]oan
o�

>313
??5
LOAA:09+,F
�5
J:093O-c8:=
K�5
:/
10@
f-23
>?Q>MH+JMR
1//1Cv
,1/:A
7+00+E-=2
:�F+AO,:
9O,-=2
�D:
A-=2-=2
:D:=/A
-=
/3:
*:/3:,01=9A5
>:F/:.G:,MIC/+G:,
R]R]
PDR5
6O0B
R]R(S@
�[hZ�WV@
R]R(̀R]R(@]_@_]@R(Rn_(Ra@
9+-̀(]@((](bR]R(@]_@_]@R(Rn_(Ra@o)

H31,0+//:
*@
f-23
Q1/:
+7
>?Q>MH+JMR
s,1=A.-AA-+=
LO:
/+
H3+-,
m,1C/-C:
-=
�,1=C:
1/
/3:
w:2-==-=2
+7
/3:
HIJKLM(N
m1=9:.-C@
y
qYW}[
R]R]̀>])NRM(NN�PR]S_]onRMn@
9+-̀(]@(](abc@cD+-C:@R]R]@((@]RN
oN

dO
65
eO
65
d-
�5
:/
10@
HIJKLM(N
IO/G,:1v
?AA+C-1/:9
E-/3
?-,
H+=9-/-+=-=2
-=
Q:A/1O,1=/5
eO1=283+O5
H3-=15
R]R]@
T�[X�
gU|[}~
�W\
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���������������������������� !����"#$%#&'()*+,-./*012#-34-+56+(#70%'+82#$#+0%'+%+9#-.0:7-2#;#00%+,4<*2%+,='+402*70%'+-+5"#+'$-0%'+>?@ABCD?E?BFGAHIHJKALLA?BMNOPQ?L?HIHJRBALSRNTAUVWCGQXYCEECQQHIHJ?EZ[?\AZ]NKCWCGIHJ_̂��̀��ab ̀�!�c��b�de�f��g�����e�hi���jka��b��a_�ab�jka���a�!lm�g������hn�h�����o�m���a����f��g�����e�hi���jka��b��a��j��b�hp�!������kjà�b_�bbqrstuvwxyrzsv{|yvurzwz}{~zr�wvurzwyvu�uvu~sw{~wz~�~{�yrzsvwzvt�~zr�~zrzuz�~wxv�yw{~�wyuxuvu~s�yw|s�uz�}|svyrzvw�uzwvurzwz}trssu�x~}ust~{swxr��|z�wxstr{~s��~{~�u~�~}�|z�wxr|v�{~w�sv�wvryy|{{~}}|{uz�yrzsv{|yvurzwz}{~zr�wvurzr�~{v�~xwsv�}~yw}~sws�~xxwsy|{{~zvuz�~yvurzt{~�~zvurzsv{wv~�u~swz}yrzv{rx�~ws|{~s��|z�wxr|v�{~w�ssvuxxryy|{uz�~wxv�yw{~s~vvuz�s�~st~yuwxx�w�rz�twvu~zvs�uv��~�w�vrxr�uywx�wxu�zwzyu~swz}v�rs~��rw{~u��|zryr�t{r�us~}���~yw|swvu�~twv�r�~zsr�v�~s~r|v�{~w�s�~{~|s|wxx������������st~yu~s��|v���r��y~v~swz}rv�~{�|z�u�~{~ryywsurzwxx�{~tr{v~}�������������rsvyr��rzx�yw|s~}t|x�rzw{�uz�~yvurz���~r�~{wxx�r{vwxuv�r�yrzsv{|yvurz�{~zr�wvurz�wssryuwv~}�|z��wxuz�~yvurz�wswtt{r�u�wv~x�������~�uzu�wxyrzy~zv{wvurzr��|z�wxstr{~s��wu{sw�txuz��r{wy�|usu�vurzr��|z�wxuz�~yvurzs{~�wuzsvr�~}~v~{�uz~}��~{�r{�uz�uz�~yvurzyrzv{rx{us�wss~ss�~zvswz}u�tx~�~zvuz�v�~{~yr��~z}~}yrzv{rx�~ws|{~sus~ss~zvuwxvrt{~�~zv�~wxv�yw{~�wssryuwv~}�|z�wxr|v�{~w�s}|{uz�yrzsv{|yvurzwz}{~zr�wvurz� �¡¢£�¤��(*+,-.'*012#-34¥¦§̈©ª«¬­­®§¥:#-.0:7-2#̄-44'7%-0#5%+(#70%'+4¥7'+402*70%'+¥2#+'$-0%'+°±*²#2'*4(*+,-.'*012#-34:-$#'77*22#5%+:#-.0:̄7-2#4#00%+,4-+5:-$#1##+-4#2%'*40:2#-00'%²²*+'̄7'²³2'²%4#5:'404́µ¶°='+402*70%'+-+52#+'$-0%'+-70%$%0%#47-+7-*4#4#2%'*45*407'+0-²%+-0%'+-+55%4̄³#24#.-2,#-²'*+04'((*+,-.4³'2#4·-+57'+402*70%'+-70%$%0̧:-41##+2#³'20#50'1#-+%+5#³#+5#+02%43(-7̄0'2('2%+$-4%$#(*+,-.%+(#70%'+4́µ·¹¶°º³2#$%'*42#$%#&2#$#-.#50:-07'+402*70%'+'22#+'$-0%'+-70%$%0%#4&%0:%+0:#:'4³%0-.'2%+4*22'*+5%+,-2#-4-77'*+0#5('2-³̄³2'»%²-0#.̧:-.('(0:#4'*27#4'(:#-.0:7-2#̄-44'7%-0#5¦§̈©ª«¬­­®§'*012#-34́¹¶°9'4³%0-.7'+402*70%'+-+52#+'$-0%'+-70%$%0%#4-2#-+#$#2̄7'+40-+0³:#+'²#+'+¹́¶·-+50:#7'40'(:'4³%0-.7'+402*70%'+%4#»³#70#50'1#+#-2.̧¼¹½½1%..%'+5'..-241̧ ¹½µ¾%+0:#¿+%0#5
;0-0#4́À¶°60%4#40%²-0#50:-0¾½½½5#-0:45*#0'7'+̄402*70%'+̄2#.-0#5%+(#70%'+4'77*2#-7: #̧-2%+:#-.0:̄7-2#4#00%+,4́Á¶°Â:#,'-.'(0:%42#$%#&-20%7.#&-40'ÃµÄ#»-²%+#(*+̄,-.'*012#-340:-0&#2#2#.-0#50':'4³%0-.7'+402*70%'+·2#+'$-0%'+·-+5Å'25#²'.%0%'+'$#20:#.-40Á5#7-5#4¥-+5Ã¹Ä'((#2%+(#70%'+³2#$#+0%'+-+57'+02'.²#-4*2#4%+:#-.0:7-2#(-7%.%0%#41-4#5'+³2#$%'*4#»³#2%#+7#4·#$%5#+7#·-+5,*%5#.%+#4°ÆÇÈÉÊËÈÌÍÆÇÎÇÊÏÐÑÌÊÉÐÏÇÉÐÈÂ'4#.#702#.#$-+0-20%7.#4·&#4#-27:#50:#³*1.%4:#5.%0̄#2-0*2#%+8*1Ò#5*4%+,0:#('..'&%+,3#̧&'254́º..)%#.54¶ÓÃ-4³#2,%..'4%4/"º4³#2,%..*4/"Ô̧,'²̧ 7#0#4/"Ò*7'2/"²̧ 7'4#4/"²̧ 7'4%4/"(*+,%Äº±<Ã:'4³%0-./":#-.0:7-2#/"+'4'7'²%-.Äº±<Ã7'+̄402*70%'+/"2#+'$-0%'+Äº±<Ã'*012#-3/"7'+0-²̄%+-0%'+/"%+(#70%'+/"³2#$#+0%'+/"7'+02'.Ä°)2'²µÕÖÁ0:2'*,:¹½µÁ·µ¾×2#(#2#+7#4&#2#7-2#(*..̧2#̄$%#&#5°º55%0%'+-.2#³'204&#2#-.4'%5#+0%Ø#50:2'*,:0:#2#(#2#+7#47%0#5°)%+-..̧·ÁÕ40*5%#4́¾Ù¾À¶&#2#�����g�!̂ÚÛ���oa�elÚ̂ÜÝa���̀��!Þ�̀��blÚ̂ÜÝ�b��������abbèo�b��j�!̂ß�̀��blÚ̂Ü�k�����̀��!����à_aá�c�âa�ac����pm�ãjm�pã_�_��̀��ab ̀�!�c��b�de�f��äg�����e�hi���jka��b��a_�ab�jka���̂ÚÚ̂�������dkåæçÚÚ�̂Ú̂pa����dm��g��kjà�b_�bb�iklæÜ̂Þèéa�ac���êc�!�o����!oë�ìLAEAU?LíEîCUQAFPï[AïC?ïCïð JñIòóôIõö÷øùööúùùûüj��o�j��lÚ̂Ü�ão�b��j�!�eýþh��!f��g�����eã��������jabh�h�j�n�h�����o�m���a���������e�h�c����a��bb��dj�������g�!�Û��ã��c��������̀b�a���äca�bàá�o��ab��̀��c�������ê�ò���c�mýnà̂Ú�̂Ú�ß���!���gl�æ 9�º�Â9=º"��86<�Ò6/�/������	�
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0 Dovato 
dolutegravirtlamivudine 

EVIDENCE SUPPORTS THE HIGH BARRIER TO RESISTANCE 
OF DOVATO UP TO 5 YEARS1-3 

CONFIDENCE IN DOVATO >300,000 PEOPLE LIVING WITH HIV 
ACROSS TREATMENT SETTINGS4 - 9 HAVE BEEN TREATED WITH DOVATO GLOBALLY10 

Treatment­
naive 
resistance 
rates, 

DOVATO is s upported 

® @ by a w ea l t h of e v ide n ce, NO PRIOR 
TREATMENT 

NO BASELINE 
RESISTANCE 
TESTING" w it h th e outco m e s of EXPERIENCE" 

(n=0/1,885)*' 

REAL­
WORLD 
EVIDENCE 

(n = l /953)**,t,t,§.5-7 

RANDOMISED 
CONTROLLED 
TRIALS 

>40,000 peop le li vi n g 

w it h HIV captu re d w ithin 

@ 
HIGH BASELINE @) with up to c lini ca l tr ia l s a n d rea l - VIRAL LOAD LOWCD4+ 

COUNT 3 years wor ld e v id e n ce, (>100,000 copies/m l 

of 
evidence5- 7 

i n c lud i n g those w i t h :•-9.n,1 2 
and even (s200 cell s/mm 3) 13 

>1M copies/ml)6•13 

Treatment­
experienced 
resistance 
rates, 

• Patients from phase Ill RCTs >40,000 

• Patients from unique real-world cohorts 

with up to Syears 
of 
evidence1- 3 

(n=10/35,888)"·' 

REAL-
WDRLD 
EVIDENCE 

(n= Q/615) II,U,8.9 

RANDOMISED 
CONTROLLED 
TRIALS 

>100 >500 

20 15 2016 2017 

>900 >2,300 
>4 ,100 

2018 2019 2020 2021 2022 2023 2024 
Year 

IS ITTIMETO RECONSIDER THE VALUE OF THE 2N° NRTI? LEARN MORE 0 

DOVATO is indicated fo r the treatment of Human Immunodeficiency Vir us type 1 (HIV-1) 
in fection in adu lts and adolescents above 12 years of age weigh ing at least 40 kg, with n o 
known or suspected resistance to the integrase inhibitor class, or lamivu d ine.13 

Adverse events shou ld be reported. Reporting forms and information can be found at 
bttps·/Jyellowcard mhra gov uk/ or sea rch fo r MHRA Ye ll owcard in t h e Goog le Play 
or Apple App store. Adverse events should also be repo rted t o GSK on 0800 221441 
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PRESCRIBING INFORMATION 

Povato Prescribing: Information 

Legal Notices 

Privacy Policy 

Contact Us 

Vii\! 
Healthcare 

ViiV Hea lthcare, 980 Great West Road, Brentford, Middlesex, 
London, UK. 
ViiV trademarks are owned by or li censed to the 
ViiV Hea lthcare group of companies. 
Non-ViiV trademarks are owned by or licensed to their 
respective owners or licensors. 
© 2024 ViiV Hea lthcare group of companies or its licensor. 
All rights reserved. 
Intended for healthcare professionals only. 

ABBREVIATIONS 

3TC, lamivudine; CD4, cluste r of differentiation 4; DTG, do lutegravir; FDA, United St ates 
Food and Drug Admin istration; FTC, emt ric itabine; HIV, human immunodeficiency virus; 
ITT-E, intent ion-to-treat exposed; NRTI , nuc leoside/nu cl eotide reverse transcriptase 
in h ibitor; RCT, randomised contro ll ed tria l; RNA, ribonucleic acid; TAF, ten ofovir 
a lafenamide f umarate; TDF, tenofovir disoproxi l fu m arate; XTC, em tricitab ine. 

FOOTNOTES 

*Data extracted from a systematic li terature review of DTG+3TC rea l-worl d evidence. Overlap 
between cohorts cannot be fu lly excl uded. 

**The reported rate reflects the sum-tota l of resistance cases ca lcu lated from GEMINI I an d 
II (n=1 /716, through 144 weeks), STAT (n=0/131, through 52 weeks), and D2ARLI NG (n=0/106, 
t h rough 24 weeks). 5- 7 

tGEMINI I and II are two identica l 148-week, phase Ill, ra ndom ised, double-blind, mu lticentre, 
para lle l-group, non-inferiority, contro lled clinica l t ria ls testing the efficacy of DTG/3TC in 
treatment-na'i've patients. Partic ipants with screening HIV-1 RNA sS00,000 copies/m l were 
randomised 1 :1 to once-dai ly DTG/3TC (n=716, pooled) or DTG + TD F/FTC (n=717, poo led). The 
primary endpoint of each GEM INI study was the proportion of partic ipants with plasma HIV-1 
RNA <SO copies/ml at Week 48 (ITT-E popu lation, snapshot algorithm). " 

:t-STAT is a phase lll b, open-labe l, 48-week, single-arm pi lot study eva luating the feasibility, 
efficacy, and safety of DTG/3TC in 131 newly diagnosed HIV-1 infected adu lts as a first l ine 
regimen. The primary endpoint was the proportion of participants with p lasma HIV-1 RNA <50 
copies/ml at week 24.6 

§D2ARLI NG is a randomised, open-labe l, phase IV study designed to assess the efficacy 
and safety of DTG/3TC in treatment-na'ive people w ith HIV with no avai lable baseline HIV-1 
resistance testing. Participants were randomised in a 1 :1 ratio to receive DTG/3TC (n=106) or 
DTG + TDF/XTC (n =108). The primary endpoint was the proportion of participants with plasma 
HIV-1 RNA <SO copies/ml at Week 48. ' Resu lts at week 24 of the study. 

11 The reported rate reflects the sum-total of resistance cases ca lcu lated from TANGO (n=0/369, 
through 196 weeks) and SALSA (n=0/246, through 48 weeks).'·' 

~TANGO is a randomised, open- label, tria l testing the efficacy of DOVATO in viro logica lly 
suppressed patients. Pa r ticipants were randomised in a 1 :1 ratio to receive DOVATO (n=369) 
or continue w ith TAF-contai n ing regimens (n=372) for up to 200 weeks. At Week 148,298 of 
those on TAF-based reg imens switched to DOVATO. The prima ry efficacy endpoint was the 
proportion of subjects with p lasma HIV- 1 RNA ~50 copies/ml (viro logic non-response) as per 
the FDA Snapshot category at Week 48 (adjusted for randomisation stratification factor). '·" 

#SALSA is a phase Il l, randomised, open-label, non-inferiority clinica l tria l evaluating the efficacy 
and safety of switching to DTG/3TC compared with continuing current antiretrovira l regimens 
in virologically suppressed adults with HIV. Eligible participants were randomised 1 :1 to switch 
to once-daily DTG/3TC (n=246) or continue current antiretroviral regimens (n=247). The primary 
endpoint was the proportion of subjects with plasma HIV-1 RNA ~50 copies/ml at Week 48 (ITT-E 
population, snapshot algorithm). ' 
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[\]]̂\_̀abcdefghij̀kalmnoplòbòoqqqqqqqqqrstuvwquvxutuq yz{\|}~�Page 295

A48946859



����������	�
�����
����
�	�����

	������
����	���������
���	��	�
���������������	��	������������
�	��������	��
���	������	�		����
�	��	��������
�����	��
	���������	���������	��	
�����		�����
�� �	������������
�	�!������
��"��	�	�����	�������	�	���
�	��	
���������	�	���	�	���������
�	�����	����	�	����	����
����������
����	���	�������#�	��������
�������	������������
����	��������
���	�����
�	�����������

��������
���	���
�����	��#�
�	��������	��	������$������	�	��	���%��
�#
���	���
��	������	��	���������	�
�	��	���	�����	������������
�	����	�	�	�	���
�

���
������
��	���	������

����
����

	������
�	��&'��(���	�
�������	��	
�	������	��
��������

������	����������

#	������
�	����������
	�)��
	�����������	���	��������	����
���������
������������������
���	��������������	�	���������*�	������	
��	���������
��	�������

	���������	���������	��
	�����		������	��������
�	�����������������#�����������
�������������	�������������+	�������

��	���	�������	��
�	�����

	������
����	��������������	���
���������	,������

�-./����0���
�������	���������
����������	�����������

��������	�������
���������
��	����
	�	������

�		����	��
�������
�#��	�����	�	��
����	�	�����	����
����	��	
�����������	������	�	�	����������	�
���	��������

���
		����
�	����	
	����������	�	�����������	�

�����
��	�	������	�����

	������
�������������
�������	�	��	����������	���

�	������	������������	����	���	���������	�
��	����	����������	��	����	���

��	�
������	��1��	����
	�������������������	�	�����������
	���	����	������	���
���	�
��	����	��
	�	���2&�����
���	������(
����(��
��	��
�����--��34567*��
��������
�	����������	�	���������	�������	�����������
������
�	�����	*��
����
�	�8��	�	��		��	
#��	�����
	#��������	�����	#�	��	9:(���
�	��������������	��	��	���������	����
�;<=>?<@<ABC�1�
�*��
���	��	����	�		����
����	����
������	��	�8��	�������	#���	���
���	����
����	�����	�	��������
�	���*��
�D���	��)	��(�������/'-2./'-E���	��������������*��
����
�	�����		��	��	�	����	�����F��	���
�	��
�,G0���	�	�
��������	���	���������
	�����������	

����	��������

����	���	��
�����

�	�������	
�����	����
����	���������������	�����	������
	�������	������	���	����������������������
	�9	��������	����
�����������������	�����	����	����	�	��
���
�	��	��������	�����������������*��
�D���	��
����������	�������	��		������
������
����	����������&-�&/�,�
���	��	�	����G�0�*��	���	���
���	�#�������9�	�
�����	����*��
�D���	
�����	����
��#�	���������		���������	����
�	��	����	�&2�&G����

����	��	���	���
����	�
�	����������		�
�	������	�#���
����

	��	��*��
�������	��
��	��&%�&E��9�	�
�����	�����	��	����	����
	����
�	�	
���
��	�	
��	�����	�����	������
���	�����	��	����

�����
����������
�	������	��	��
���	�����������	��������������
�	#�	������	�	���������������(
�����	�����	������#
�����
������������	�	������������������	���������
�����������	��������
����	��	�����	�	����
��
�	������	�����
���������
����	��	����	��	��

��&2�&G��H
���	��������������
�����

	��������	����		��	#����	����
����
�����	���*��
����	���
������	���F��	���
�	��
��G����	�	���	�		��	��
����
�#����	���*��
����	�����
��
�����	���������	��
��

	�
�����������
��������	��	��I
��	�����	�	����
��
�	���	��	��
��������������
	��

���	�	���	���#���	�����	����
��	��
������	
�	������	���	����#�	��	�����	�������	��	���

�������	�����������	���������	�	�����������������
������	���������	�	���������	��	���	����
������J*��
����
�	��	�����	���������	����
��������	�����
��

����
������	�

#�	���&��&&�����	����
����������
��������	��

�����

���	��	�������������������	�������������������KLMNOPQRLMQS��
�������	����	��	�����
��	������������
�	������
�������������������	���	����

��������	�����	�	���	�	����
#�����������
	�

�����	
����	�����	���#������������	������	���������
��	�
���������
�����	������������	�J	�������
,�
�����
�	���	���
�����
0����T��	��	���	���
,	���
���������
���	
�0����T���	��������� ,
���� ����
�� ����	����� ���#����
���0�	�������	�����	���	����	��
���������F�	����	���	���	����������
������

	�	��
�

�����������	���������	��	����������������������
�	���������	�������	���	�	�����	����

��������	�����	���������������
�	����������	�	����
�	���	�����������	�	���������	��	��������
���������������	���	������

	������
�	�������
��	
���	�����	�
������H��	����	���
�������
���	�������������	���	������	���	����������������	�
��BU<V>W@>X<Y�
��	���������
��
	��

��	���������

���J��	�	�	��������	���	��	����	��	�	���������	���	����������#�����2��&���F
�	�	��	���	���
���	�����	��	���	�������

��		���
��	��������������	���	������

	�����������������������	����
��	�����������	���������	�	�	�	�

�	���-G��'��������	���	�	�	����	
����	����������	�������	��������������	���%���1���������������	����	�	�������	��������������,	����	����
�0����
��������
���������������	�����	��
�#������������
�	������������������	�	I
��	���������
��������	�����	�	�	���	��Z44[\]̂7_̂5̀abcdefghijjiklmjnogjpojnqorstcuvwgxesmyyfitnkociklmjnogjpupzyjg{ivnkkgqmnoiyqgjgzn|mj}kr~wcelgfp{ijnkiq�nmzjinqomgzrc��ejm�gz}qfimq

��������������������������������������������������� ���� ¡¢£�¤¥¦§Page 296

A48946859



���������	
��
������������������������������	������������������������
����������������
�������������������������
��������������������� !"#$%&'(&)&"*+,���-./"'0"(,�����1�����-�230%340%0*5#6'3*33"')3*&703%+���������������8�������������������������9��������9�������������:������1�����9���������;�������������������<��������-=0+ %30)&7>����������9���9����?��@�������9�������������9����<�9����9���������������������������<�9���������������?9��9�9������<<�������-�/*A#7+B #"*704/*0#"+CD�E��E�C
����������9����F����������������������<�9���������GH������������9�<�F������������������������������@��������9������������������?���9�<������������<�9�����������-������9�������������������9�<��������������-I*A0 +3JJ7#23%3"' #"+&"**#J37*0 0J3*&,����1�����-,��������������������<������������������-K�������������������9��������������������-L#"+&"*6#7J/4%0 3*0#",������������-L#)J&*0"(0"*&7&+*+,����<�9����9���9��������������F������������������-MNOPQRSTUVRWXYT�����F��,�������������������?��9��F�����;���������������������������9�����������������������<<���������-�/*A#7'&*30%+Z[����������<>��9���F����H���������\�������E�����������<
��F���E
��F���E��E
�����-][����������<\��9������̂�F�������FE�����������<_��F̀ ��FE>�a<����E_��F̀ ��FE�����������������������F����<
9���-bD_K
�����������F
�����<��c�<�������[������̂���������F����
������E��9����<>�����_����9E�9������������<_��F̀ ��FE>�a<����E_��F̀ ��FE�����������������������F����<
9���-d[����������<c�<������Ec����������c�<���������E�����������<H��������EH��������E�̀-e
�������\���������F�E����������_���������<H��������,_������EH����e�������F9���������FEH�������������c�<������Ec�<�������1����EH��������ĤZeDDE�̀-fghgijgklmnopqprsmtuvohhgwsgklutxyzpy{|mtun}&6&7&" &+Z- 
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Systems Interactions: 
Aircraft Systems Only 

System Interactions: 
Many Significant Aircraft Systems/ Human Systems Interactions 

Oxygen Supply to mask 
Respiratory 

(02 delivery to lungs) 
Pulmonary 

(02 delivery from lungs to blood) 
Circulatory 

(02 delivery by blood to brain) 
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Recruit 
details 

recorded 

Staff identification 
of suitable recruits 

Staff approach 
potential recruit 

(n=63) 

Agreed recruitment 
patient and/or relative 

verbal consent 

Yes - patient 
enrolled 

n=57) 

Air samples taken and returned to 
lab for processing and analysis 

(total air samples = 492) 

Recruit confirmed as HIN I 
positive by hospital diagnosis 

(n=39, total air samples = 
198). 

Air sample analysis data 
and recruit information 

entered into result 
spreadsheet 

No - end of patients 
involvement (n=6) 

Data 
statistically 

anal sed 
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m�nZn]�ò `̀ ���	�	���	�c O p�̂�U��YINCGoq	�U��JoA��U�Io�PLIOJ

Page 333

A48946859



��������	
��
�����
�������	����	��������

�����������
��
��	��
���������� ���

!"#"$% ���&�$����'
� 

(')*+,
!"#"$% ���&����% %

� �-$�� � (')"./�%
������01�%-"2

$����'� ,
3

4
'5-��'( 0

,'('6'�76
�$����'� � ,58

�0��'�%$9'%�:� (�'���;76��������'<�
,=>(+�

5�?,$&��6�
?>>(+�5�?,$

&��6�
@	A B��	

CDEF
GGHIJ

IKKLIFDHGLDFMNGGLEGM
J
	�	


	��

	�	
	��

O	
��	
GFME

M HMJ
CGDLDGPHCLPMPNGQFLQI

CJQ�F
DHQ�QKNC�MMJQ�MFC

G�DIHQ�CCNGG�MJQ
�EDG

R�	 SD
FGQ

Q
Q

N
N

DNDQ
IGP

FHMJ
CKFLPPMHGLCECNPLKMPJ

C�ECHQ�MINGP�PJ
Q�IGHQ�FGNG�CDJ

DQNEQ
GMMM

E HFJ
FMGDLG PQHDLDGPNGQFLQ

ICJC�F
MHQ�FMNGM�IJQ�DCD

P�PDHF�GFNGP�KJS
Q�QQG

EQNIQT
GDMK

FHMJ
CKELMDQHCLQIMNGQLIMP

J
	�	

	��


	�	
	��
UVBW X�

MFPI
GQHPJ

IGPLPCKHCLPMPNKLKEMJ

	�	
	��


	�	
	��
Y	�

D GM
FHCJ

CKGGLCMMHGLEKPNGGILG
MIJC�P

PHQ�FFNGP�KJQ�CEK
M�ECHQ�PMNGD�PJQ

�QPI
Z	�	����	
����	��

C�DHG�CIJ
��[�����	���������

I�DHP�DEJ
Q�KEHQ�PING�QEJQ�FC

CQ�PFHQ�IKNQ�KQ
JS Q�QQ G

��[�����	����������\	
��
��	

D�DHE�MCJ
G�QCHQ�KGNG�GDJQ�IG

KQ�PFHQ�IPNQ�KQ
JSQ�QQ G

Z	�	���]
̂	

I�DHP�DEJ

G�CCHQ�IQNC�GGJQ�FP
MC�MEHQ�KGNE�GF

JQ�QIP
� @�
��	������	
	����

���\	���	
����SI�M_

�������	���	�
	�	���

�̀GXG�
�̂]��a]	����	���
	�	
�

����	�]
̂	
������	�
����	�	��
��	�b	
	�

�c	��
�
�
V��]
�RdZ	�]����
�


]��\�
��̂�	��������
	�
	
�����
��	��	A�
�����

���	�����
��c�����
���

�
��]�������̀GXG���

���\	�	
�����@�
��	��
����	
	�������\	���	
�

���SI�M _
�������	��
�	�
	�	��	��̀GXG�U�

��
��	�
��e]��	���

	�	��	�


	��]
	
	����
V��]
�fdZ	�]����
�


]��\�
��̂�	�	����\	̂��
�
���
	�
	�����
 ��	�

�	A�
��������	�����
�
�c�����
���
���[�]
̂

	
�	
���
	�	

��]�	�
�\	�G̀XG������\	�	
�

����
R�[��	�HgJ�������	��

�������\	��
��	�����
�	��
[�Z	�	
	��
	�	
��

���	���	��
[�����
�
�����
��
����\�
��̂�	

�������b�������	
���	
��
�	��
	��
��
	���

��	
	�
	�����
��	� ��
���
b����hi�]

[\

�
��̂�	��
����]�	�����	
	�
	���

��
��	��
���dGQ�GMIGje�]
�������	

�QQDECIP��QQD

k���]	�l����R	
����m	�	
�����n
��	�]
	�

noW@WXUpbbb�������	��
� P O	̂
]�
[CQGMpq��]
	Ppk��]	Cp	DECIP

Page 334

A48946859



��������	
��
�
��
��


����
�
�	�������

����� �!"#���	����	
$
%&�'�()�'*+)*(

,��'�-��)+ ./01123
454-6+*)*7���'6+6�

+�8-��+� ./049:(6��
�()�;<'68

4=-�)*�/)+2
,

>
/?/

./@/*A@�-�)*�/)+� 2
?B�;*�/(6-C/6�

D� .*/)�'EA@�')*��'�/F�
2GH.1I?%

J2-7��@�
JHH.1I?%J2-

7��@�
�!"����� K

���	��	��!" 

LMLLN
�M 

OLNPNNN�QPRSRTS�PLNN
 ������	�

������	�
K��	U��
U���

QQ�
�� 

SRSSSP L����PLROT�SQ
PMO� QM$N��

$�MTSR�� 
O$RS��$LLTQN$� 

V�W����
���
������
U�

��U���	U����U���	

S S�
�

T
T

X	��Y
���	Z���
��#���
U�#���


OOS
�S 

L�PNQN��PNQNT�PNQN 
�$QL��$SQTRS$O 

�$SO��$�RT�$ON 
[�
���
����\
��W
�
�U��

�	
SRSRQ

�� 
��SPNO��SPORQT��PMSR

 Q$OQ��$
ROT�L$O �$�QS

�$RQ��$��TS$�� 	
��
]
��
Y��

�!"����� #���	�# �̂
������	�

������	�
_�


R$QS��$NQT��$O �
$�NQ�$�R��$QMTS

S$M� �$R�

̀ 
����U�	
�#���#��


���]���
���
��aL$Qb�
�	#�U
��#������
�	��

��ŜS$
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tracheal intubation and extubation 
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1 Consultant, Department of Anaesthesia and Intensive Care Medicine, North Bristol NHS Trust, Bristol, UK 
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Summary 
The potential aerosolised transm1ss1on of severe acute respiratory syndrome coronavirus-2 is of global 

concern. A irborne precaution personal protective equ ipment and preventative measures are universa lly 

mandated for medical procedures deemed to be aerosol generating. The implementation of these measures is 

having a huge impact on healthcare provision. There is currently a lack of quantitative evidence on the number 

and size of airborne particles produced during aerosol-generating procedures to inform risk assessments. To 

address this evidence gap, we conducted real-time, high-resolution environmental monitoring in ultraclean 

venti lation operating theatres during tracheal intubation and extubation sequences. Continuous sampling with 

an optical particle sizer allowed characterisation of aerosol generation within the zone between the patient and 

anaesthetist. Aeroso l monitoring showed a very low background particle count (0.4 particles.1- 1) allowing 

resolution of transient increases in airborne particles associated with airway management. As a positive 

reference control, we quantitated the aerosol produced in the same setting by a vol itional cough (average 

concentration, 732 (418) particles.1- 1, n = 38). Tracheal intubation including facemask ventilation produced 

very low quantities of aerosol ised particles (average concentration, 1.4 (1.4) particles.1- 1, n = 14, p < 0.0001 

vs. cough). Trachea l extubation, particularly when the patient coughed, produced a detectable aerosol (21 

(18) 1- 1, n = 10) which was 15-fold greater than intubation (p = 0.0004) but 35-fold less than -a volitiona l cough 

(p < 0.0001). The study does not support the designation of elective tracheal intubation as an aerosol ­

generating procedure. Extubation generates more detectable aerosol than intubation but falls below the 

current criterion for designation as a high-risk aerosol-generating procedure. These novel findings from real­

time aerosol detection in a routine healthcare setting provide a quantitative methodology for risk assessment 

that can be extended to other airway management techniques and clinical settings. They also indicate the need 

for reappraisal of what constitutes an aerosol-generating procedure and the associated precautions for routine 

anaesthetic airway management. 
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Introduction 
The severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) and associated coronavirus disease 2019 

(COVID-19) pandemic have had an unprecedented impact 

on global health and the world economy. Drastic 

interventions to limit transmission have been introduced 

worldwide, such as lockdowns, physical distancing and the 

use of personal protective equipment (PPE). Respiratory 

secretions have a high SARS-CoV-2 viral load and are 

believed to be the main source for person-to-person 

transmission (1 , Cevik et al., preprint: doi.org/10.1101 / 

2020.07.25.20162107]. Coughing and sneezing atomise 

respiratory secretions into particles with different 

aerodynamic properties according to size; particles greater 

than 20 µm in diameter are conventionally defined as 

droplets and tend to follow a ballistic trajectory. These 

droplets can either directly contact and infect a susceptible 

individual within close proximity or may settle on nearby 

surfaces (fomites) where viable virus can exist for up to 72 h 

(2, 3]. This direct droplet and indirect contact transmission 

are considered the predominant modes of spread of SARS­

CoV-2, providing the rationale for physical distancing and 

hand hygiene as primary measures to reduce the incidence 

of COVID-19. 

The extent to which SARS-CoV-2 is transmitted by the 

airborne route is a controversial topic (3-6]. Aerosolised 

particles (typically considered to be < 20 µm in diameter 

and particularly those of < 5 µm) may transmit infection by 

deposition on respiratory epithelium and can potentially 

transit the full extent of the respiratory tract. It is also feared 

that these small particles may remain airborne for long 

periods and may be carried far from the site of origin by air 

currents. The risks from aerosols and optimum methods of 

preventing transmission are under active debate [7-10]. To 

minimise airborne transmission of SARS-CoV-2 to 

healthcare workers, specific patient care activities have 

been designated as aerosol -generating procedures. 

Tracheal intubation and extubation, manual ventilation via 

facemask and respiratory tract suctioning are all designated 

as aerosol-generating procedures (11-13] . Many 

organisations, including the World Health Organization and 

the public health bodies of the UK, have recommended that 

those undertaking these aerosol -generating procedures 

wear airborne precaution PPE consisting of a fitted face ­

piece (FFP3 or NR95), a long sleeved, fluid -resistant gown, 

gloves and eye protection (1, 13]. 

The quantitative evidence base for these guidelines is 

weak and the relative magnitude of risk for each aerosol ­

generating procedure is unknown (3 , 11]. The evidence for 

this designation is largely based on retrospecti ve cohort 

and case-controlled studies of transmission during the 

severe acute respiratory syndrome (SARS) pandemic in 

2003 (12, 14]. A systematic review of these studies 

concluded that tracheal intubation was associated with a 

significant increase in risk of disease transmission but 

categorised the quality of available evidence as "very low 

quality based on GRADE" and identified that "a significant 

research gap exists in the epidemiology of the risk of 

transmission of acute respiratory infections from patients 

undergoing aerosol generating procedures to healthcare 

workers, and clinical studies should be carefully planned to 

address specific questions around the risks of transmission 

in these settings" [ 12]. An attempt to provide such evidence 

employed aerosol sampling traps placed in the vicinity of 

patients with H1 N1 influenza during periods of hospital 

care, including some with aerosol -generating procedures, 

but this large study did not clearly demonstrate an 

increased risk above background of detecting virus RNA in 

the air (15]. There is still no quantitative evidence of 

increased aerosol generation from the designated aerosol ­

generating procedures, which likely relates to the challenge 

of obtaining such measurements in routine healthcare 

settings. 

When considering the risk of transmission of SARS­

CoV-2, it is helpful to reflect on the definition of an aerosol ­

generating procedure that has been expressly stated as 

"aerosol generating procedures are considered to have a 

greater likelihood of producing aerosols compared to 

coughing." (16]. There is a comparatively large quantitative 

evidence base around aerosolised particle generation by 

coughing from laboratory-based investigations with sizes 

ranging from visible droplets to submicron particles (17-

20]. Given the uncertain balance of potential risks and 

benefits associated with the protective strategies put in 

place to limit viral transmission, it is important to 

quantitatively assess the degree to which individual aerosol ­

generating procedures generate aerosolised particles. In 

this study, we have quantitated airborne particle emission in 

real -time during tracheal intubation and extubation, using 

particle analysis instruments in a working operating theatre 

environment and compared this with vo litional coughs as a 

reference. 

Methods 
A prospective environmental monitoring study was 

conducted to quantitate the airborne particle size 

distribution and particle number concentration produced by 

aerosol-generating procedures in four operating theatres in 

a UK hospital (North Bristol NHS Trust). Institutional Review 

© 2020 The Authors. Anaesthesia published by John Wi ley & Sons Ltd on behalf of Association of Anaesthetists 175 
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Board approval for the study was given by the Faculty of Life 

Science and Science Research Ethics Committee at the 

University o f Bristol. As this was an observational study, the 

anaesthetic and theatre team undertook their normal 

practice d uring airway management . The researchers were 

not involved in the d elivery of anaesthetic care. 

O bservatio ns were made wit hin o perating theatres 

with an u lt raclean, laminar flow ventilat ion system 

(EXFLOW 32; Howorth Air Technology, Farnworth, UK) 

with high efficiency particulate air (HEPA ) filtrat ion. This 

ventilatio n system has a cano py 'clean zone' w here 

surgical pro cedures are performed; the air circulation 

velocity is 0.2 m.s 1 at 1 m above the floor b elow t he 

canopy and produces 500-650 air changes per hour. A ll 

aerosol recordings were performed under the canopy. 

Air temperature in theatres was set t o 20 °C and humidity 

between 40 and 60%. 

A lightweight, portable O ptical Particle Sizer (TSI 

Incorporated, model 3330, Shoreview, NM, USA) was used 

which samples air at 1 l.min- 1 and d etects particles by laser 

optical scattering. The opt ical particle sizer reports the 

particle number concentration and size d istribution within 

the diameter range 300 nm to 10 µm with a time resolution 

of 1 s. It is widely used for aerosol stud ies both within 

laboratories and clean rooms to use in more demanding 

applications in the outside environment. It is calibrated by 

the manufacturer using polystyrene latex spheres and its 

performance conforms to the ISO standard 2 1501 -4:201 8. 

A sampling funnel was 3D printed (RAISE3D Pro2 Printer, 

3DGBIRE, Chorley, UK) with a maximum diameter of 

150 mm, cone height of 90 mm with a 10-mm exit port. A 

conductive sil icone sampling tube of 2 m length and 

internal diameter 4.8 mm (3001788, TSI) connected the 

sampling funnel to the opt ical particle sizer. This had an 

internal volume of 145 ml giving a t ransit lag between the 

funnel andtlie particlesizer(with aflowof 1 l.min- 1)of8.7 s 

which was t aken into account in the time registrat ion of 

measurements. 

In an initial set of pilot studies in the ult raclean theatre 

environment, it was possible to reliably detect a volitional 

cough from a subject lying supine (JB) at a sampling 

distance of 0.5 m from the mouth to the funnel. Sampling at 

0.5 m approximates the distance fro m the face of the airway 

management practitioner to the patient's mouth during the 

intubation sequence. For recordings d uring intubation and 

extubation, the sampling funnel was, therefore, positioned 

at a distance of 0.5 m facing the patient's mouth and close 

t o the anaesthetist (Fig. 1 ). For several extubat ions, we 

repositioned the funnel to lie above and behind the 

patient's head, again at 0.5 m and facing the patient's 

Figure 1 Simulat ion of aerosol measurement approach 
within operating theatre environment. The sampling f unnel 
was positioned 0.5 m above the source of aerosol in the 
airway management zone allowing a sampling stream of air 
(1 l.min- 1 )to be routed to the optical particle sizer. 

airway. The funnel was handheld to ensure it could be 

quickly removed from the airway management zone in 

case of clin ical need (this was not needed in the course of 

t he study). Al l healthcare workers, and members of the 

investigating team, wore airborne precaution PPE d uring 

aeroso l-generating procedure measurements. 

Tracheal intubation and extubation consist of a series of 

discrete events and procedures which we designated as 

sequences. For tracheal intubat ion measurements, 

anaesthetic induction followed a conventional sequence 

with pre-oxygenatio n, intravenous induction by 

administration of anaesthetic and neuromuscular blocking 

drugs, manual ventilation of the lungs via a facemask, d irect 

laryngoscopy and intubation of the trachea fo llowed by 

inflation of the t racheal tube cuff which was the reference 

end point of the intubatio n sequence. Standard anaesthetic 

monitoring was used including waveform capnog raphy. 

This whole intubation sequence typically lasted 3-4 min 

with continuous aerosol monitoring throughout. The 5-min 

period before inflation of the t racheal tube cuff was 

analysed. 

For recordings d uring tracheal extubat ion, the l evel of 

anaesthesia was lightened, spontaneous b reathing a,llowed 
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to recommence, the oropharynx was suctioned before the 

tracheal tube cuff was deflated, and the trachea was then 

extubated according to the anaesthetist's normal practice. 

After extubation and confirmation of airway patency, the 

patient received oxygen via an anaesthetic facemask and 

then a Hudson™ mask. The reference point for the start of 

extubation was tracheal tube cuff deflation (releasing the 

seal on the airway). Continuous monitoring with the optical 

particle sizer was conducted throughout and a period of 

3 min before and up to 2 min after cuff deflation was 

analysed. 

Airway management events including cuff inflation, 

deflation and coughs were recorded contemporaneously 

by the researcher using a time stamp application (Emerald 

Timestamp, Emerald Sequoia LLC, https://emera 

ldsequoia.com/ts/index.html). Data were exported from the 

TSI optical particle sizer, processed in the TSI Aerosol 

Instrument Manager software, and analysed in Origin Pro 

(Originlab, Northampton, MA, USA) and Prism v8 

(Graphpad, San Diego, CA, USA). Comparisons were made 

between aerosol-generating events with unpaired t -tests 

with the significance leve l set at p < 0.05. 

Results 
En vironmental aerosol monitoring was conducted over a 

3-week period during operating lists for orthopaedic 

trauma and neurosurgical emergencies. Recordings 

were made of 19 intubations and 14 extubations. The 

conduct of anaesthesia was left at the discretion of the 

anaesthetist, who ranged in experience from junior 

trainee to senior consultant. Control environmental 

monitoring recordings showed the ultraclean, laminar 

flow ve ntilation and air filtration system produced a ve ry 

low background of aerosol particles averaging 0.4 1- 1 

when the theatre was empty, and 3.4 1- 1 when the theatre 

was in use but no aerosol -generating procedures were in 

progress. Thirty-eight vo litional coughs were sampled at 

0.5 -m distance. These coughs showed a characteristic 

profile with a rapid and transient spike of expectorated 

particles (Fig. 2a). Peak aerosol concentration occurred 

2 s after the cough was registered and averaged 1310 

(905) particles.I - 1
. The spike in aerosol particle count 

decayed back to baseline with a time constant of 

approximately 2.7 s. Each cough contained an average of 

134 (77) detected airborne particles (over the 12 s 

window). The large majority of the particles were < 1 µm 

diameter (Fig. 2d). Although we conducted our 

monitoring under the ultraclean ventilation canopy, the 

temporary suspension of the laminar flow system 

(0.2 m.s- 1
) did not alter the number of particles detected 

per cough: 164 (80) with ventilation on vs. 153 (82) with 

ventilation off(p = 0.77, n = 9 per group). 

All tracheal intubation sequences included manual 

facemask ventilation and three also required repeated 

attempts at laryngoscopy/ intubation. The mean (SD) number 

of particles detected in a 5-min period during anaesthetic 

induction and intubation was 7 (6) (n = 14), compared with a 

background in the empty theatre of approximately two 

particles per 5-min period (Fig. 26). The average concentration 

of particles recorded during the intubation period (1.4 

(1.4) 1- 1
, n = 14) was 500-fold lower than the mean (SD) 

concentration recorded during volitional coughs (732 (418) 

particles.1- 1
, n = 38, p < 0.0001 ). Similarly, the maximum 

concentration recorded during intubation averaged across 

events (77 (49) particles.1- 1
, n = 14) was 22-fold lower than 

that seen with volitional coughs (1688 (872), n = 38, 

p < 0.0001 ). An equivalent series of aerosol measurements 

during tracheal intubation with laminar flow ventilation 

suspended produced a similar particle count to that seen in the 

presence of flow (6 (2) particles with flow off, n = 5, p = 0.65 vs. 

flowon). 

Extubation produced a mean (SD) concentration of 

aerosolised particles of 21 (18) 1- 1 (n = 10, Fig. 2c) which 

was 35-fold lower than that seen during a volitional cough 

(p < 0.0001) but 15-fold greater than that seen during 

intubation (p = 0.0004). The maximum concentration 

record ed during extubation averaged across events (432 

(209) particles.I- 1
, n = 10) was lower than that seen with 

volitional coughs (1688 (872), n = 38, p < 0.0001 ). The 

average total number of particles detected during the 

period of extubation was 100 (85). This is similar to that 

detected during a single volitional cough, although 

sampling during extubation summed particles produced 

over 5 min and each cough over 12 s. During four of the ten 

extubations, the patient coughed at least once (typically 

after tube removal) (Fig. 2c). These extubation coughs 

produced aerosolised particles of a similar size distribution 

to the reference coughs (Fig. 2d) but were always smaller in 

magnitude than the average volitional cough and, on 

average, produced only a quarter of the number of 

particles: 33 (10) (from a total of five coughs during four 

extubations, Fig. 2e). Because the usual position for the 

anaesthetist during extubation is to stand above and behind 

the patient, who is typically semi -recumbent, a further set of 

aerosol recordings were made with the particle collector 

located in that position (0.5 m away and still facing towards 

the patient). Aerosol monitoring from that position during 

extubation (three with cough events) greatly decreased the 

concentration of detected airborne particles to close to 

background levels seen in an active theatre (3.7 (5.9) 1- 1 
). 
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Figure 2 Aerosol measurements d uring intubation and extubation in operating theatre environment. (a) Temporal profile of 
aerosol generation from volitional coughs. Individual recordings (n = 38) represented on heat map showing the total number 
particle concentration overtime. Average time course plotted (mean with 95%CI) showing a peak after 2 sand a rapid decay 
back to baseline. (b) Profile ofthe total number concentration of aerosol detected during the critical phase of intubation (arrow 
at 300 s marks completion of intubation with cuff up). When plotted on the same scale as the cough (b)then this looks essentially 
flat and when shown on a ten-fold expanded scale below it can be seen that it is not significantly different to baseline as the 
confidence intervals always span zero (mean ± 95%CI). (c) Extubation recordings from each patient (n = 10) plotted as the 
average and individually as rows on heat map of number concentration of particles (lower, on same scale as b). This showed 
sporadic aerosol events (red, r inged) after cuff deflation set on a low baseline level of particles. The average concentration of 
aerosol shown above was low overall (mean ± 95%CI). (d) The extubation cough events (n = 5) had a similar aerosol particle 
size d istribution to volitional coughs with a predominance of diameters< 1 ftm (mean ± SD). (e) The extubation coughs were of 
a smaller magnitude than the vol itional coughs(particle number concentration profi le shown overlaid, mean ± 95%CI). 
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Discussion 
We conducted aerosol sampling in an ultraclean operating 

theatre environment during routine clinical practice 

enabling quantitative measurement of aerosols produced 

by tracheal intubation and extubation. Using the quantity 

and concentration of aerosolised particles generated by 

volitional coughs as a reference, we have shown that both 

intubation and extubation sequences produce less aerosol 

than voluntary coughing. For the sequence of tracheal 

intubation, in particular, the concentration of aerosol 

generated is several orders of magnitude less than a single 

cough and is only ve ry modestly above background levels 

of circulating particles in an ultraclean theatre. These 

findings demonstrate that the process oftracheal intubation 

is associated with a very low risk of aerosol generation. 

Standard anaesthetic induction and intubation 

sequences are designed to obtund airway reflexes and the 

use of a neuromuscular blocking drug ensures that the 

anaesthetised patient can neither breathe nor cough. Of 

note, we detected no increases in aerosolised particles 

above the patient's face during anaesthesia, facemask 

ventilation, airway suction and, on occasion, several 

repeated attempts at intubation. This reflects typical clinical 

practice by anaesthetists with a range of experience, 

providing further reassurance regarding the low leve l of 

aerosol generation. 

A more nuanced picture is seen during the tracheal 

extubation sequence where aerosol concentration was 

greater than that seen with intubation but substantially less 

than a single cough. The total number of expectorated 

airborne particles (over a 5-min period) was similar to a 

single vo litional cough. Indeed, a cough event was noted 

clinically in 50% of extubations and this was frequently 

detected as an aerosol spike. These extubation coughs 

produced a similar particle size distribution but there were 

fewer airborne particles than with volitional coughs 

(approximately 25%). Extubation cough aerosol was also 

transient and only detectable for approximately 5 s. 

Therefore, it would appear that aerosol generation during 

extubation with a cough is quantitatively different from 

extubation without a cough. Although a cough at extubation 

may be interpreted as a positive sign signalling the return of 

protective airway reflexes, it is likely to increase the risk of 

aerosolised particle generation. Therefore, mitigation 

strategies should be considered to reduce the risk of 

coughing and exposure to aerosols. As sampling showed 

much reduced particle numbers behind the patient's head 

compared with above their airway, clinician exposure could 

be reduced by the simple expedient of standing behind the 

patient's head (as is conventional) and, thus, out ofthe direct 

stream of any potential cough plume. Coughing on 

extubation could also be minimised by modifying the 

anaesthetic technique in higher risk patients [21 ]. 

The combination of monitoring within an ultraclean 

ventilation theatre and the use of a highly sensitive optical 

particle sampler has afforded sufficient resolution to 

quantitate aerosol generation in real time during 

anaesthetic delivery. To put this in context, it is worth noting 

that we are unaware of any previous recording of aerosol 

generated even by coughing in a routine healthcare 

environment as this normally requires highly specialised 

and controlled laboratory conditions [17-20]. The 

ultraclean laminar flow ventilation system theatre had a very 

low level of airborne particles (0.4 1- 1 
); in comparison the 

baseline aerosolised particle concentration in a nearby non­

laminartheatre was more than 3 orders of magnitude higher 

(15 x 103 1- 1 
), which would have precluded detection of 

aerosols generated either by tracheal intubation or 

extubation (and perhaps even a cough). To assess the 

impact of the laminar flow on our observations, we 

undertook measurements with the ultraclean theatre 

ventilation on and off both for coughing and for tracheal 

intubation and these did not differ. This demonstrates that 

the low aerosol particle counts were not secondary to 

immediate aerosol clearance by high laminar ventilation 

flows. Although we did not assess the impact of ventilation 

flow on the aerosol generated during extubation (because 

ofthe pragmatic issue of turning off the ventilation while the 

case is in theatre and the perceived need to disperse any 

accumulated aerosol) we have no reason to believe, based 

on the cough and intubation measurements, that the 

presence of laminar flow has materially influenced these 

extubation measurements. 

There are a number of limitations to the study and these 

include a relatively small number of observations, the use of 

pragmatic design without control over the specific 

anaesthetic administered or the grade of practitioner and 

sampling aerosol from a limited arc encompassed by the 

funnel. The reference coughs were from a single subject 

(one of the investigators), but data from another study 

(Brown et al., unpublished data) indicate that they were not 

outliers when compared with other healthy subjects. 

Additionally, we have made no measurements from subjects 

known to have COVID-19 or other intercurrent respiratory 

comorbidity, which would be an important area for 

investigation, although challenging to conduct. The 

measurements were taken during anaesthesia for patients 

receiving urgent orthopaedic and neurosurgical interventions 
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and may not be generalisable to intubations in a critical care/ 

emergency setting that may be conducted in extremis. 

Importantly, it should be acknowledged that we are 

unable to make any conclusion about the risk of actual 

SARS-CoV-2 transmission as aerosol generation is still only a 

presumed risk-factor and particle number concentration is a 

plausible but unproven surrogate measure of that infection 

risk. We have presented our data as mean particle 

concentration during the event, maximum concentration 

recorded during the epoch and total numbers of detected 

airborne particles and note that there is no available 

evidence to indicate which measure will prove to be the 

best surrogate measure of infection risk [3]. Other 

dimensions that are likely to be important are the size 

distribution of the aerosolised particles (which influences 

their airborne transport and ability to be carried into the 

respiratory tract), the total volume of expectorate (which can 

be derived if assumptions about sphericity and composition 

are made) and the concentration of live virions within the 

particles (not measured here). Each measure has limitations, 

but we consider that the average concentration over time 

gives the best estimate of the relative exposure smoothed 

over the at-risk period during which particles may be 

inhaled or deposited on mucous membranes. We note that 

the peak concentration is likely to overestimate the risk; for 

example, a single particle detected in a 1-s time bin during 

an intubation sequence (5-min period of recording) would 

correspond to a maximum of 60 particles.I - 1 (with 1 l.min - 1 

air flow through the particle detector). However, this is 

probably better represented as the average concentration 

of0.2 particles.I - 1 when assessing the relative risk overtime, 

reflecting the fact that no particles are detected for 299 of 

the 300 s recording period . Notwithstanding these 

considerations, we believe that our aerosol measurements 

constitute a valuable quantitative dataset and we note that 

the methodology could be applied to other anaesthetic 

airway management techniques and designated aerosol ­

generating procedures to extend the relative risk ranking. 

Our results for the risk of aerosol generation associated 

with tracheal intubation are at odds with previous 

retrospective evidence that was used to designate 

intubation in an aerosol -generating procedure [12, 14]. 

These studies found an association between acquiring 

SARS and being in the room during intubation but without 

any measure of aerosol generation. It is difficult to directly 

compare these two sources of evidence: in our study, all 

patients received a controlled anaesthetic induction that 

included a neuromuscular blocking drug. Conversely, 

during the SARS epidemic patients were unwell, may have 

been coughing during the intubation sequence and it is 

likely that viral secretion was at peak levels at the point of 

initiating intensive care management (which is not the case 

for COVID-19 Cevik et al., preprint: doi.org/10.1101 /2020. 

07.25.20162107). It is equally plausible that other 

mechanisms of transmission, such as direct exposure to 

respiratory secretions or fomites or association between 

those who undertook tracheal intubation and performance 

of other high -risk activities, could have contributed to the 

spread of SARS. 

By the definition noted earlier, aerosol -generating 

procedures are considered to have a greater likelihood of 

producing aerosols compared with coughing [16]. Our 

study indicates that the process of elective tracheal 

intubation produces a barely recordable increase in aerosol 

and, consequently, should not be designated as an aerosol ­

generating procedure. When a patient coughs during 

tracheal extubation, a measurable particle plume is 

produced but the aerosol is still smaller than a single 

volitional cough. These relative risks aee4 of aerosol 

generation need to be balanced against the knowledge that 

the use of airborne precaution PPE has substantial impact 

on clinical practice. Additionally, methods introduced to 

mitigate the risks posed by bio-aerosols have reduced 

operating theatre turnover, decreased hospital productivity 

and increased waiting times for elective and cancer surgery. 

A further important consideration relates to the cost and 

limited supply of PPE which has to be targeted to 

appropriate healthcare settings on the basis of risk. These 

results, therefore, should help inform future airborne 

prevention PPE guidelines by providing evidence on the 

relative risk of aerosol generation associated with tracheal 

intubation and extubation. 
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ELIMINATION 
- to physically remove the pathogen 

ENGINEERING CONTROLS 
- to separate the people and pathogen 

ADMINISTRATIVE CONTROLS 
- to instruct people what to do 

PERSONAL PROTECTIVE EQUIPMENT 

- to use masks, gowns, gloves, etc. 

Most effective 

I 
Least effective 
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Microdroplets containing virus: • 
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SUMMARY 

287 

Values are deduced for the efficiency of isolation against airborne particulates, 
e.g. micro-organisms, of a variety of ventilation systems. The calculated values 
show reasonable correspondence with the limited experimental data available. 
Much better control and indication of the air flow is necessary if high degrees of 
isolation are required. 

INTRODUCTION 

In an isolation unit ventilation may serve any or all of three purposes, to main­
tain a comfortable environment, to remove smells, to reduce the possibilities of 
airborne transport of micro-organisms from one patient to another. Tho criteria 
for the first two purposes are well known and not difficult to meet. The third, how­
ever, is less clear. Epidemiological evidence as to the relevance of airborne infection 
is generally lacking so that a precise specification cannot be given. It seems likely, 
however, that if any clinical benefit is to be obtained it will only be gained by 
reducing the extent of airborne transport by several orders of magnitude. There 
are very few data on the physical effectiveness of different ventilation systems, 
but some deductions can be made from a theoretical analysis and these then 
compared with the scanty material available. 

As a simplified. model we may consider a number of rooms opening off a 
communications area (Fig. 1). 

EXCHANGE OF AIR BETWEEN ROOMS 

In calculating the transport of particles from the air exchange between the parts 
of a system, it is convenient to assume that turbulent air mixing within each room 
is sufficient to produce a substantially uniform concentration of particles within 
it. This is a satisfactory approximation so long as the spaces involved are not too 
large or unusually shaped. 

In assessing the performance of any system it is more realistic to compare it 
with the situation in which all the patients are housed in one room having the same 
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l'2 

r2+n(u-r) 

0. 1\'.I. LIDWELL 

A2 

C1 

Communications 
are..: 

l' 

u 

Ai 

c., 

Q 

Patient rooms 
(n in all) 

!\ 

1·,+(r-u) 

Fig. 1. Schematic diagram of the system analysed. The arrows show the directions 
of the air movements between the n patient rooms and the communications area 
together with the air supply and consequent exhaust. The symbols u and v, with 
suffixes as appropriate, indicate the volumetric rates of air movement, for example 
in m.3/hr. Symbols c1 , c2 denote the equilibrium particle concentrations arising from 
a source, Q particles per unit time (e.g. per hr.), in one patient room where the 
equilibrium concentration is c,. A 1 and A 2 are the floor areas (more properly tho 
aggregate areas of the horizontal surfaces on which particle sedimentation takes 
place) of the rooms. 

total ventilation and floor area than just to compare the particle concentration 
in a room housing a source with that in the other patient rooms. The ratio of these 
concentrations, a in equation (5) below, which is all that is available for measure­
ment by observations made within the system itself, gives an unduly favourable 
estimate of the efficiency of the isolation since the particle concentration in the 
source room is increased when the source is contained in a small room. 

If, then, there is a source generating Q units of particle contamination/hr. in one 
of the rooms of the system shown in Fig. 1 the following equations will define the 
equilibrium state, neglecting the effect of particle settling 

C8 (v1 +v-u) +c8 u = vc2+Q, 

C1 (v1 +v-u}+C1U = VC2, 

c2 (v2 +n (u-v)) +c2 nv = uc8 +c1 (n-1)u, 

where the symbols have the meaning shown in Fig. 1. 

(1) 

(2) 

(3) 

In addition if the system were replaced by a single space with a floor area and 
ventilation supply equal to the sum of those of the individual rooms and the 
communications area then the equilibrium state would be defined by 

cm (v2 +nv1 ) = Q. (4) 
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Ventilation in subdivided units 289 

This value of the particle concentration, cm, is the value to which C8 , c1 and c2 all 
tend as u and v both become very large but v ~ u remains small. 

From equations (1)-(4) it is easy to deduce that 

C8/c1 = a = 1 + {v1 v2 +v2 v+nuv1)/uv, 

cmfc1 =fl= (v+v1) (viv2 +v2 v+nuv1)/uv(v2 +nvi)­

If both u and v are small relative to Vi and v2 then 

a = c8 / Ci = Vi v2/uv, 

fl= cm/ci = v1 v1 v2/uv(v2 +nvi), 
and 

In addition 
c8/c2 =a'= 1+(viv2 +v2v+n-1 uvi)/u (v1 +v), 

C2/C1 = a" = 1 + V1/v, 

or if both u and v are small as before 

a' = csf c2 = v2/u, 

a" = C2/C1 = V1/v. 

(5) 

(6) 

(5A) 

(6A) 

(7) 

(8) 

(9) 

(8A) 

(9A) 

In all the above equations u and v, the volumes of air passing between the indivi­
dual rooms and the communications area, include air movements due to imbalance 
in the air supplied to or extracted from the rooms, air exchange across the doorways 
or other openings as a result of thermal differences and air exchanged across 
doorways when the doors are opened and shut and when people pass through them. 

The effects of particle size 

In addition to the effects of ventilation, the particles carrying the micro­
organisms will be settling under the influence of gravity. The effect of this on the 
dispersal and air-concentration of the particles is equivalent, under conditions of 
complete turbulent air mixing within the individual rooms, to adding to the clean 
air input into any room a quantity As, where A is the floor area of the room con­
cerned and s is the effective settling velocity of the particles. For bacteria-carrying 
particles the value of sis usually close to 0·3 m./min. (Noble, Lidwell & Kingston, 
1963). 

Transport through airlocks 

In order to apply the results of the preceding section to systems which include 
airlocks, with doors to both the patient room and the communications area, it is 
necessary to obtain some estimate of the effective transfer of air through them 
when a person enters or leaves the room, i.e. of the rate of direct transfer of air 
from the room to the corridor, or in the reverse direction, that would transfer the 
same amount of airborne contamination as that effected by passage through the 
airlock. These estimates can then be introduced into equations 5-9 as the appropri-
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(a) Cz 

(b) Cz 

(c) 

Fig. 2. Airlocks. Symbols c1 , c8 and c2 , as in Fig. 1, denote the equilibrium particle 
concentrations in the n patient rooms and in the communications area. VL is the 
volume of an airlock, A its floor area and hits internal ceiling height. (a) Unventilated 
airlock. (b) Input ventilation at VL of which VR passes into the patient room and Ve 

into the communications area. (c) Extract ventilation at UL of which UR is drawn from 
the patient room and Uc from the communication area. 

ate values of u and v. Three situations are illustrated in Fig. 2: (a) an unventilated 
lock; (b) a lock with clean air input; (c) a lock with extract. 

The direction of air fl.ow around the door edges with a balanced ventilation 
system and an unventilated lock are indeterminate. If there is no flow in either 
direction when the doors are shut then u = v = mw2/V L, when there are both 
m entries into the room and m exits from the room through the airlock in unit 
time, w is the volume of air exchanged across a door opening each time a door is 
opened and shut and V L is the cubic volume of the lock. Loss by sedimentation 
within the lock is small, a dwell time of about 6 min. would be necessary to halve 
the concentration of particles within the lock even if it were no more than 2·5 m. 
high, given the assumed settling velocity of 0·3 m./min. A consequence of this slow 
die-away, however, is that particles already introduced into the lock may be 
transferred by a subsequent passage through. For an assumed rate of five passages/ 
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hr. in each direction, one in either direction every 6 min., this will approximately 
treble the particle transfer, 

u = v = mw2/VL(1+½+!+ ... +½+¼+ ... ) = 3mw2/VL-* 

In practice there will almost certainly be a fl.ow in one direction or the other, due 
to residual imbalance in the ventilating system so that either u or v will be many 
times larger than this figure. 

For locks ,vith clean air input greater than any extract, the air in the lock will 
be clean in the absence of any passage through. Even with an input of 200 m.3/hr. 
into a lock of volume 10 m.3 , 80 % of any contamination introduced on entering 
the lock will remain after a dwell time of 0·01 hr.; but this is of no significance, 
since any contamination introduced by opening doors will be distributed to the 
two sides of the airlock in proportion to the air flows. The effect of this is identical 
in whichever direction a person passes through the lock, so that u = 2 mwvefvL 

and v = 2mUYVRfvL' If there is no extract and Ve = vR = ½vL then u = v = mw. 
Loss by settling during the time taken to flush the contamination out of the lock 
will however reduce the effective particle transfer. The proportion so lost by 
settling is given by 60sA/(60sA + vL). If the air input is 100 m.3/hr., the settling 
area within the lock is 4 m.2 ands is taken as 0·3 m./min. then the proportion so 
lost = 72/(72 + 100) = 0·42. If Ve = vR = ½vL then as far as the transport of 
particles through the airlock is concerned effectively u = v = (1-0·42)mw = 
0·58mw. The net air input to the lock must be regarded as additional ventilation 
air to the system, divided according to the proportionate air flows in the two 
directions (i.e. vR is to be included in v1 and nv0 in v2}. Any contamination pro­
duced by activities within the airlock, e.g. putting on or taking off protective 
clothing etc., ,vill be carried both into the room and into the communications area 
in proportion to the air flows, subject to losses from sedimentation similar to those 
described above. 

The air within an airlock with extract in excess of any input is always con­
taminated from both sides in proportion to the relative input flows from both 
sides. Dwell time in the lock is therefore again irrelevant, since it is not entry into 
the lock that introduces the airborne particles. On entering or leaving the lock, 
particles are transferred across the door concerned, hence u = 2mUYUnfuL and 
v = 2mwu0 fuL. If there is no input and uR = u0 = ½uL then u = v = mw. The 
continuous loss by sedimentation within the airlock will reduce this to a similar 
extent to that given above for the positive input situation substituting uL for vL. 
Contamination produced by activities within the lock itself will be transferred in 
the direction of subsequent passage. With little effect from any dwell time of less 
than 2-3 min., the fraction will approximate to w/V L, usually substantially less 
than the amount transferred from a positively ventilated lock. 

Further reduction in the transfer through an airlock can be obtained by a high 

"' This assumes that w/VL is sufficiently small for the reduction in concentration of particles 
left in the airlock each time a volume w is lost on opening a door to be negligible. If w/VL is 
as large as 1/10 when the other conditions are as assumed above then the values of u and -v 
will be reduced to approximately 2·2mw2/VL. 
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rate of near balanced ventilation to the lock, or recirculation through a filter 
within it. The advantage gained will depend upon the recirculation rate, the time 
during which recirculation is applied, if not continuous, and the type of airlock 
involved. 

For a lock with positive supply vL in addition to recirculation at a volumetric 
rate R, applied on entry to the lock, transfer on passage in the forward direction 
is reduced to approximately mw(w/V L +vR/(R +vL)) for rapid passage througha.nd 
to mwvR/(R+vL) if the dwell time is sufficiently long. Return through the lock 
will also transfer mwvRf (R + vL) in the same direction irrespective of dwell time, 
i.e. v = mw(w/VL+2vR/(R+vL)) for rapid passage, dropping to 2mwvn/(R+vL) 
with sufficient dwell time. Transfer in the reverse direction, u, will be determined 
by replacing vR by v0 in the above formula. As an example, if recirculation at 
2000 m.3/hr. is applied to a lock of volume 10 m.3 with v0 = vR = 50 then the 
transfer on rapid passage is mw(0·1w+100/2100) = mw(0·1w+0·048). With this 
rate of ventilation the effects of sedimentation are negligible and the residual 
concentration in the lock is reduced to about 12 % after a dwell of 0·01 hr. Transfer 
on passage is then reduced to mw(0·012w+ 0·048) which is insignificantly different 
from that resulting from indefinitely long dwell time, i.e. 0·048mw, since w is likely 
to be of the order of 1 m.3 (see below). The effects of recirculation applied con­
tinuously are identical with those obtained with operation only on entering the 
lock. 

If there is extract from the lock, continuous recirculation will reduce transfer 
to u = 2mwuR(R + uL) and v = 2mwu0/(R + uL) irrespective of dwell time. If the 
recirculation is switched on only on entry into the lock, the recirculation will have 
no effect on transfer by rapid passage, and the transfer rate can be no more than 
halved even with prolonged dwell time. 

By the use of directed downward flow ventilation in the airlock nearly 100 % 
clearance could be obtained in a single air pass. At a velocity of 0·5 m./sec. this 
would take little more than 5 sec. If, however, the floor area of the airlock were 
5 m. 2 the air supply rate would ,then need to be some 9000 m.3/hr. or 150 m.3/min. 

Calculated transfer values 

The relationships discussed above may be applied to an infinite variety of 
possible systems. For illustrative purposes the results obtained for a series of 
variations on a single layout, using plausible values for the various parameters, 
have been set out in Table 1. The assumptions of complete and uniform mixing 
within each space and of uniform regular entries and exits to the several rooms 
are manifestly approximations so that the precise numerical values must be 
treated with reserve. 

In addition to selecting values for the physical dimensions of the system and for 
the rates of ventilation, it has also been necessary to assume values for m, the 
number of passages in each direction between a room and the communications area 
and for w, the volume of air exchanged between the two sides of a. door when it is 
opened and closed in quick succession. 

One study of a two-bed isolation room (Lidwell & Towers, 1970) has shown an 

Page 362

A48946859



����������	
����
�

�
�������
����������������	��������	�����������	���� �	!���	��������

Ventilation in subdivided units 293 

Table 1. Calculated reductions in exposure to airborne particle transfer 

Condition ·u V a /J 
A. Balanced supply (no 1000 1000 11 (6) 2 (1·7) 

airlocks) 500 500 28 (11) 4 (2) 
200 200 80 (34) 7·5 (4) 
100 100 230 (90) 19 (9) 
50 50 800 (270} 60 (21) 

B. Directional flow (no 500 10 0·9 X 103 65 
airlocks) 200 10 1·4 X 103 100 

60 10 3·3 X 103 220 
10 500 0·6 X 103 73 
10 200 1•0 X 103 100 
10 60 2·9 X 103 220 

C. Airlocks 

Unventilated: 
(a) balanced [1·5 1·5 6·7 X 106 4•7 X 104] 
{b) with directional {50 1·5 2·0 X 104 1·4x103 

air fl.ow 1·5 50 2·0 X 104 1·4x 103 

(All with allowance for 
sedimentation in the 
airlock} 

Ventilated: 
input or extract 5 5 6•0 X 104 4•2 X 103 
with allowance for 

sedimentation 2·9 2·9 1·8 X 105 1•3 X 104 

D. Airlocks with recirculation 
Input ventilation 

(a) rapid passage 0·75 0·75 2·7 X 106 1·9 X 106 
(b) 0·01 hr. dwell 0·24 0·24 2·6 X 107 1·8x106 

Extract ventilation 
(a) rapid passage 2·9 2·9 1·8x105 1•3 X 104 
(b) 0·01 hr. dwell 1·5 1·5 6·7 X 105 4·7 X 1()! 

Directed ('laminar') flow ➔ O ➔ O ➔ 00 ➔ 00 

The table shows values of the ratio, a, of particle concentration in the source room to tha1,, 
in other patient rooms, and the ratio, /J, of the concentration if all the rooms were combined 
into one space with uniform mixing throughout to the concentration in non-source patient room 
for the particular system, i.e. the larger the figure the better the isolation. u and v, the air flows 
from each room into the communications area and in the reverse direction are given in m.3/hr. 

The folio-wing values have been used in the evaluation of a and /J, particle settling velocity 
0·3 m./mm. Ten patient rooms each with floor area 15 m.2 and air input at 300 m.3/hr. (this 
corresponds to a ventilation rate of 6/hr. for a room height of 3 m.). Settling in these rooms 
is then equivalent to an additional clean air supply of 0·3 x 60 x 15 = 270 m.3/hr., hence 
v1 = 300+ 270 and has been taken as 600 m.3fhr. The communications area covers 80 m.2 

with an air input of 1200 m.3/hr. (this corresponds to a ventilation rate of 5/hr. for a ceiling 
height of 3 m.). Settling in this area is equivalent to an additional clean air supply of 0·3 x 60 x 
80 = 1440 m.8/hr., hence v2 = 1200 + 1440 and has been taken as 2500 m.8fhr. Entries and 
exits to and from each room have each been taken as 5/hr. (m = 5) and 1 m.8 of air has been 
assumed to be exchanged across the door opening each time a door is opened and shut. The 
volume of an airlock has been taken as 10 m.3 with a floor area of 4 m.2 and with 100 m.3/hr. 
input or extract when appropriate. When the airlock is ventilated the air has been considered 
as delivered to or taken from both sides of the lock in equal arnonnts. Recirculation has been 
taken as 2000 m.8/hr. and assumed to come into operation only on entering the locks. The 
figures in parentheses in group A relate to conditions of negligible ventilation supply to the 
system. The values for the nnventilated airlock have been enclosed in square brackets since 
this condition is practically unrealizable unless sealed doors are used. 
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average of 360 openings of the room door, entries or exits, per 24 hr. or 15/bx. 
(m = 7·5). Observations on single rooms in a burns unit (Hambraeus & Sanderson, 
1972) gave a figure of about half this for a burned patient and rather more for 
an amputee. It would therefore seem reasonable to take a value of 10 exits or 
entries/hr., i.e. m = 5, for the number of passages/hr. in each direction. 

There do not appear to be any published data available on the exchange of air 
through a doorway on opening and closing the door. Since the volume swept out 
by a hinged door of conventional size is of the order of 1 m.3 this figure has been 
taken as an approximation for the purposes of calculation. 

Unpublished experiments carried out recently by the Building Services Research 
Unit of Glasgow University (W. Whyte & B. Shaw, personal communication) 
indicate values of 0·5 m.3 for the air transfer on opening a swing door of conven­
tional dimensions. The figure is substantially less for a sliding door, but the large 
gaps around such doors may lead to significant air exchange across the closed door 
unless there is sufficient directed air supplied to swamp reverse convectional air 
flow. 

In general hospitals in Britain the doors of patient rooms without airlocks are 
commonly found to be left open for considerable periods of time (Baird, 1969; 
N. Foord & 0. M. Lidwell, to be published). There have been several published 
studies of air exchange through open doors or similar apertures as a consequence 
of small temperature difference (Wolf, Harris & Hall, 1961; Brown, Wilson & 
Solvason, 1963; Kethley, 1966; Ma, 1965). Unfortunately the numerical values 
given by the different authors are not in agreement. They range from 40 to 
1100 m.3/hr. for a temperature difference of 1 ° C. across a 2 m. x 1 m. doorway, 
with as much as 350 m.3Jhr. for only 0· 1 ° C. temperature difference in one instance. 
Since the air flow, theoretically, is proportional to the square root of the tempera­
ture difference quite high air flows may result from very small differences and 
values of between 100 and 500 m.3/m·. seem not unlikely in practice. 

DISCUSSION 

With balanced or natural ventilation systems (group A, Table 1) values of a 
might be expected to lie between 10 and about 250. The actual advantage of sub­
division compared with the exposure expected if all the patients were in a single 
room, given by the value of fl, is, as explained earlier, much less, a reduction of 
between 2- and 20-fold in exposure to airborne particles. Comparison with the 
limited experimental results available, given in Table 2, shows a reasonable 
correspondence with the calculated figures. The degree of isolation obtained was, 
as would be expected, markedly less and the probable extent of air exchange 
between the parts of the ward much greater in the first situation referred to in 
Table 2. In this hospital the ward was partitioned but the patient areas opened 
directly off the communications corridor, being separated from it by no more than 
a low wall less than 1 m. high. 

The introduction of a substantial directional fl.ow to swamp the convectional 
exchange (group B, Table 1) raises the value of a to around 103 and /3 to about 100 
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Table 2. The exposure to airborne particle transfer observed 
in some hospital situations 

Ref. System Conditions Tracer V1 Vz uorv 

1 
2 
3 
4 
5 

5 

6 
7 
7 
7 

8 

8 

A. Natural and balanced 

Partitioned ward Natural ventilation Swph. aureu8 (1400) 5 
Dividod ward Natural ventilation Staph. aureu8 (600) 10 
Divided ward Natural ventilation Staph. aureus (200) 40 
Divided ward Natural ventilation Staph. aureus (400) 18 
Divided ward Part mechanical Nitrous oxide 50-200 4000 100-170 70-80 

ventilation 
Divided ward Air conditioned Nitrous oxide 700 4000 300 80 

B. Directional flows 

Isolation unit Positivo rooms Staph. aure·U8 350 ?1500 20 500 
Divided ward Positive rooms Staph. aureus 800 2500 * 14 
Divided ward Positivo rooms Froon gas 800 2500 50 100 
Divided ward Positive rooms Pot. iodide 800 2500 50 400 

particlo 

C. Airlocks 

Isolation unit Extract airlocks Pot. iodide 200 1100 2·9 3·4 X 105 
particle 

Isolation unit Extract airlocks Pot. iodide 200 1100 17 9·6 X 103 
particle 

The table shows the observed values of ct, the ratio of the particles concentration in the 
source room to that in other patient rooms. The values of v1 , the ventilation supply to a 
patient room and v2 , that to the communication area, both given in m.3/hr., are usually only 
rough estimatos based on limited information. Values of u or v, also in m.3/hr., have boon 
deduced from the above using equation 5. For the balanced and natural ventilation 
system u and v are assumed equal. For references 6 and 7 ·u has been taken as 200 and 
400 m.3/hr. respectively and the values given in the 7th column are those calculated for v. 
Where the tracer is particulate v1 and v2 have been doubled to allow for sedimentation 
(this is true ifs = 0·3 m./min., h = 3 m. and ventilation is at 6 changes/hr.) before applying 
the formula. No ostin1atos of v1 or v2 can usofully bo made for the first four situations listed. 
The values of u and v given in parentheses are deduced from those given in Table 1 for 
the no ventilation condition. 

The two values of u, v and ct for reference 8 refer to 10 and 60 entries/exits per hr. respec­
tively (m = 5 and m = 30). 

* The discrepancy between the value of ct in this row and that for the same system with a 
similar-sized tracer particle in tho row bolow, suggests that the micro-organisms reachod 
the non-source rooms by other routes than air transfer. 

References. 1, Lidwell etal. (1971); 2, Lidwell etal. (1966); 3, Williams (1967); 4, Edmunds 
( 1970); 5, Baird ( 1969); 6, Williams & Harding ( 1969); 7, Foord & Lidwell (to be published); 
8, Hambraeus & Sanderson (1972). 

(this assumes the figure of 10 entries or exits to or from the room in each hour 
transfening 1 m.3 of air with each door opening). The observed ratios (group B, 
Table 2) are not quite as high as this and correspond to transfer against the 
direction of air fl.ow of 20-50 m.3/hr., 2-5 times the assumed figure. This would 
suggest that the directional flows were inadequate to prevent reverse fl.ow. The 
insertion of an airlock between the room and the corridor, group C, further in­
creases the ratio a to between 104 and 105, on the same assumptions of the frequency 
of door opening and the extent of air transfer associated with this. The calculated 
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performance for a ventilated airlock is independent of any delay or dwell on 
passing through the lock. Extract from the lock has the advantage of reducing 
dispersal of any airborne contamination generated within it. The one set of figures 
available in Table 2 show quite close agreement with the theoretical calculations 
and are presented in greater detail in the next paper (Hambraeus & Sanderson, 
1972). 

By using high volume recirculation in an airlock it should be possible to increase 
the value of a to very high values indeed but these could be realized in practice 
only if transfer of particles by other means than free air, for example on clothes 
or in the respiratory system, was kept to similarly low levels. 

The clinical significance of these calculations and observations is quite uncertain 
since in no situation have we precise knowledge of the risk of infection by the 
airborne route as a function of exposure. It is, however, desirable that whenever 
studies are made of the clinical value of an isolation system measurements of the 
airborne particle transfer within it should be made under working conditions and 
that, if a high level of air isolation is considered desirable, the design should be 
such as to produce this. In order that any system may function effectively the 
actual air volumes and balances must be stable and correspond to those called for 
by the design. This is not generally the case, and most systems that I have 
examined have been both variable and divergent from their design intentions, for 
example the isolation unit referred to in reference 8 (Table 2) was designed for an 
input of 200 m.3/hr. to each of the patient rooms with an extract of 100 m.3/hr. 
from the airlock, supplied as to 50 m.3/hr. from the room and 50 m.3/hr. from the 
corridor. The value of a given in the table was obtained as between rooms where 
these flows were, at least approximately, maintained. However, out of 27 observa­
tions of the air flow around the doors into the air locks made on six separate days 
the direction of fl.ow was reversed around one or other door on no fewer than 
11 occasions. Hambraeus & Sanderson (1972) report similar observations. It must 
always be difficult to maintain the balance between flows as small as the above and 
if it is to be achieved some stabilizing factor, for example a relatively high­
pressure drop across a filter or control orifice, must be included in the system. In 
addition, visual or other indicators of the fl.ow directions are called for to ensure 
maintenance of the design conditions. 
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arrive tired and wish to sign on with minimum fuss. To avoid 
queues at the registration booths, all queries should be referred 
to the secretariat. Any delegate who is unable to produce a 
congress registration card should be escorted personally to the 
secretariat, where the problem should be resolved. The common 
cause of a problem is usually a lost card (in which case a dupli­
cate may be issued), or perhaps registration fees have been paid 
late, in which case no card would have been issued. It is not 
unusual for delegates from Eastern Europe to prefer to pay on 
arrival. 

Queries may also arise over tickets for the various social events 
and here you reap the benefit of being able to produce, from the 

Hospital Topics 

BRITISH MEDICAL JOURNAL 9 SEPTEMBER 1978 

same plastic envelope as the record card, the delegate's original 
ticket application form. 

A cashier is essential in the registration area to handle 
registrations, including day registrations and ticket payments. 
Life is much simpler if only one person handles cash and if they 
have proper facilities. 

Throughout the conference, and especially during peak 
registration times, members of the local organising committee 
should be constantly on hand to deal with contingencies and 
also to introduce themselves to any delegate who looks lost. 
The impression this gives, and justifiably so, of looking after 
your delegates, greatly helps the success of the entire project. 

Isolating patients in hospital to control infection* 

Part III-Design and construction of isolation accommodation 

K D BAG SHA WE, R BLOWERS, 0 M LIDWELL 

British Medical Journal, 1978, 2, 744-748 

Good isolation practice is easier in a well-designed building. 
Easy, direct, and short-distance access to patients, supplies, and 
facilities lightens the nursing load, thereby giving more time 
for the proper observance of isolation procedures. There is, 
however, a potential conflict between the advantages of compact 
planning and the increased possibilities that this affords for 
transfer of micro-organisms between patients, by contact and 
airborne routes. Segregation of patients from each other and 
separation of clean from potentially contaminated materials is of 
first importance in creating an effective isolation complex. 
Reconciling these factors in a practical way is the problem of 
isolation-unit designs. 

Remoteness 

It is common experience that infection with particular strains 
of micro-organisms may be widespread in one ward of a hospital 
but spread only slowly, if at all, to other ward units. Several 
factors might be implicated. There will be different nursing and 
probably domestic staff for each ward, although auxiliary and, 
*This paper was prepared with the help of the Hospital Infection Committee 
of the Medical Research Council but it represents the views only of the 
authors. 

Department of Medical Oncology, Charing Cross Hospital, London 
W68RF 

K D BAGSHA WE, MD, FRCP, professor of medical oncology 

Division of Hospital Infection, Clinical Research Centre and 
Northwick Park Hospital, Harrow, Middlesex HAI 3UJ 

R BLOWERS, MD, FRCPATH, hesd of division 

Cross-infection Reference Laboratory, Central Public Health 
Laboratory, Colindale, London NW9 SHT 

0 M LIDWELL, Di>HIL, deputy director 

to some extent, medical staff may be in common. The wards are 
usually physically separated from each other by stair-wells and 
corridors or may be in separate buildings; this will reduce con­
siderably the possibilities of airborne transfer. There will also 
be a time interval for any contact transfer between the separate 
units, and during this time micro-organisms might die or be 
lost from clothing. 

These factors that reduce the transfer of microbes between 
ordinary wards are still more relevant for an isolation unit that 
is physically separate from the rest of the hospital. For example, 
hand-washing and clothing changes are more likely to be per­
formed; regulations for restricted access are more likely to be 
observed. The use of "tacky" mats at the entrance is probably 
of little bacteriological importance but will improve the general 
cleanliness within the unit, which may encourage high standards 
in other respects. 

The open ward 

If a patient is to be isolated in an open ward the isolation area 
should be defined as generously as possible and demarcated by 
washable screens. Selection of the area should take account of 
ward traffic, location of wash-bowls and toilets, etc. Tables or 
trolleys for supplies from the central sterile supplies department 
(CSSD) should be available and a generous supply of bags pro­
vided for disposing of contaminated articles. Good lighting is 
necessary. Clear notices with instructions to exclude cleaners, 
etc, are important. 

VENTILATION OF OPEN WARDS 

Good ventilation is a traditional requirement. It does not 
seem likely, however, that mechanical ventilation of large wards 
can have any substantial value in controlling hospital cross­
infection; the possible reduction of airborne contamination by 
this means is slight. It is possible to design the ventilation of a 
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subdivided ward so as to reduce substantially airborne-particle 
transfer between rooms, by a system in which all the sections 
are supplied with excess air while the corridor acts as a common 
air drain, or alternatively all the sections have excess extract and 
air is supplied from the corridor supply.1 2 

The airflows needed and the degree of effectiveness will 
depend on whether or not doors are kept closed and on tem­
perature differences and wind pressures acting on the building. 
It is not usually practicable to keep doors closed except in a 
specifically designated isolation unit. If doors are often open the 
excess air volumes required to maintain unidirectional flows 
over the whole door aperture are about 0·3-0·4 m•/second 
(500-700 ft 3/min) 3 with temperature differences as low as 0·5°C 
(1 °F). In a fully air-conditioned building, however, where the 
temperatures are uniform, as little as 0· 1-0·2 m • /second (200-
300 ft"/min) may be enough. 2 Although airborne-particle 
transfer may be a hundredfold less than in an unventilated unit, 
it is very doubtful whether any clinical benefit results. With 
normal nursing the opportunities for transfer of micro-organisms 
by direct or indirect contact and from resuspended airborne 
material derived from contaminated clothing are great.• 

AIRCURTAIN BEDS 

Attempts have been made to provide a clean environment for 
a patient still remaining in a general ward. Air drawn from the 
ward is passed through high-efficiency filters and discharged 
over the patient, either vertically downwards from an overhead 
canopy or horizontally from a panel behind the bedhead. With­
out impermeable side curtains the effectiveness of the air jets in 
containing the clean air and preventing ingress of contaminated 
air is limited. 5 This reduction is probably not worth while. If 
side curtains were provided the result would be equivalent to a 
single room with a high level of ventilation, which could be 
designed to be either positive or negative with respect to the 
general ward area. If effective barrier-nursing procedures were 
then used good isolation should be possible. 

Single rooms: ventilation and airlocks 

Airborne transfer of infective material between the rooms of 
a ward or isolation unit may occur in various ways (see part I). 
For controlling these methods of transfer, several methods of 
ventilating rooms can be considered. 

SIMPLE DIRECTIONAL VENTILATION AND SINGLE DOOR TO 

CORRIDOR 

Fig 1 shows two types of simple directional ventilation in a 
room with a single door into a corridor. In (a) the air is extracted 
from the room and made up from the corridor. No special con­
ditioning plant is required, and the room is suitable for isolating 
infective patients. In (b) air is brought into the room and dis­
charged into the corridor. Air-conditioning equipment is 

..!!. .12... 

Air~ extract 
Air 6 input 

B Corridor B Corridor 

FIG 1-Simple ventilation arrangements for isolation room: (a) extract from 
room; air enters from the corridor through doorway or gaps around door; 
(b) input to room; air passes into corridor through doorway or gaps around 
door. 
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needed unless a recirculating system taking air from the 
corridor through a filter is used. 6 This system is suitable for 
isolating susceptible patients. 

These systems need only simple engineering and there are no 
problems of balancing airflows, so that malfunction and 
reversed air flows are unlikely to occur. In practice single doors 
are often left open, which encourages unnecessary entry to the 
room and increases air exchange with the passage. At least 
0· 1-0·2 m 3/second (200-300 ft 3/min) is needed to prevent air 
exchange across an open doorway; if there is a temperature 
difference of no more than 1 °C (2°F) between the room and the 
corridor this figure will be more than doubled. 3 

If all the rooms in a unit are ventilated in the same way (a) 
and (b) give similar degrees of protection from airborne con­
tamination between rooms. The effective improvement over an 
open situation is about a hundredfold'; (a) keeps the corridor 
free from contamination from patient sources in the isolation 
rooms but exposes the patients to airborne material from the 
corridor; ( b) uses the corridor as a kind of air sewer but protects 
patients in the rooms from the corridor. 

It is usually unnecessary to provide grilles or other apertures 
for the airflow; gaps round doors and other structural cracks 
generally leave enough room for air to escape. 

If the doors to the patients' rooms are kept closed the efficiency 
of the system can be greatly increased. By using close-fitting 
doors, eliminating other leaks into the corridor, and providing 
alternative input or discharge ports that do not communicate 
with the corridor, the airflow from or to the corridor-which­
ever corresponds to the design direction-can be reduced to less 
than 0·03 m 3/second (50 ft 3/min). The resulting improvement in 
air isolation between rooms may be tenfold or more. Reverse 
flow will occur only when the doors are opened. 7 

DIRECTIONAL VENTILATION WITH LOBBY AND HATCHES 

Adding a lobby or airlock improves the air isolation, possibly 
by a factor of 10 compared with the simple arrangements of 
fig 1.' Either direction of airflow may be used with the same 
advantage of engineering simplicity and reliability. The lobby 
and hatches do, however, facilitate better control of contact 
transfer (see fig 2). Doors will more often be kept closed, with a 

B 

Entrance 
lobby 

Hatch 

~ Hatch 

Corridor 

FIG 2-Addition of unventilated entrance lobby and 
pass-through hatches to room layout; broken arrows 
indicate movement of materials. Room ventilation may 
be as indicated in fig 1 (a) or (b). 

reduction of entries and exits. Because only one door to the lobby 
is open at a time it is necessary only to maintain the desired 
direction of airflow around the doors and through other gaps. 
This may be done with quite small air volumes even if there are 
appreciable temperature differences between the room and the 
corridor; 0·05-0·1 m•/second (100-200 ft 3/min) is probably 
adequate. 
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A two-bed dismountable isolation unit has been designed by 
the Atomic Energy Research Establishment (AERE) for the 
Department of Health and Social Security.• This incorporates 
several interesting design features. It seems unlikely that 
isolation rooms will, in fact, often be dismantled and moved and 
erected elsewhere in a hospital; the equipment needs to be con­
sidered primariiy as a convenient and possibly cheap way of 
providing additional isolation facilities. 

TWO-WAY ISOLATION WITH A VENTILATED AIRLOCK 

With a ventilated airlock it is possible to isolate a room in both 
directions simultaneously and to obtain a high degree of pro­
tection against airborne room-to-room transfer (fig 3). For 
example, the degree of protection may be about 10 000 times 
that found in an open situation, and considerable isolation may 
be maintained between room and corridor. 7 • 10 There is no 
difference in this respect between input to or extract from the 
airlock but the extract arrangement reduces transfer into the 
room of any contamination generated in the airlock itself and is 
therefore preferable. 

1-----------.------------1 Ventilated 

6 
. Air 
input 

Shower 

airlock Air (♦) 
extract'+"' 

Corridor 

FIG 3-lsolation room with extract-ventilated airlock, toilet, and 
pass-through hatches. Arrows indicate directions of airflow. 

When there is a room supply of air of 0·1-0·15 m•/second 
(200-300 ft 3/min) about half may be extracted from the room 
(including extract from the toilet). If 0· 1-0· 15 m•/second 
(200-300 ft 3/min) is extracted from the airlock about half this 
will be drawn from the room and an equal volume from the 
corridor. To maintain the isolation across pass-through hatches 
part of the airflow-perhaps one-third of the total-should be 
directed through these. 

This system demands a more elaborate ventilation system 
than other arrangements; in particular the input and extract air 
volumes must be maintained in the appropriate relation; the 
maximum tolerance in the designed volumes will be about 
± 25 % . Actual installations are usually unsatisfactory in this 
respect.' 0 11 

UNIDIRECTIONAL (LAMINAR) AIRFLOW 

The need for dust-free environments for industry has led to 
the development of high-efficiency air filters which are used to 
provide particle- and microbe-free air as a directed non­
turbulent fl.ow which sweeps out the working space. This 
arrangement has been applied to the care of highly susceptible 
patients.'• 13 Because it is relatively easy to reduce airborne con­
tamination to a level at which contact and autogenous infection 
become predominant even with the best precautions against 
these, some of the technical requirements for ventilating patient 
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rooms may be considerably less rigorous than for industrial 
work. The linear air velocity needed to reduce turbulence 
sufficiently for unidirectional horizontal flow to be established 
appears to be no more than 0·15-0·25 m/second (30-50 ft/min), 14 

and even O· l m/second (20 ft/min) may suffice in a downflow 
room.15 A filtration efficiency of 90% to the US standard DOP 
test or BSI sodium-flame test (using particles of 0· 1-0·2 µm in 
diameter) is probably adequate to reach limiting air sterility in 
the room. Noise control is, however, a major concern and ratings 
of no more than NC 35-4016 are required. (This scale takes 
account of noise concentrated at particular parts of the frequency 
range.) It has been claimed that this form of ventilation actually 
reduces autogenous infection,17 which suggests that this is 
sometimes airborne. 

It is possible to use this form of ventilation to isolate several 
patients in one room without partitions (fig 4).15 This may be 

FIG 4--0pen-ended multibed unit ventilated by a unidirectional airflow. 
Air enters through the filter bank behind bedheads and is extracted through 
slot in roof. Only about 10 % of airflow passes into downstream end of the 
room beyond roof slot. Screens or curtains may be positioned between beds. 

advantageous for patients who need much nursing and super­
vision and for those with claustrophobia in single rooms. Those 
who come into direct contact with the patients must obviously 
practise non-contact techniques-for example, with regard to 
clothing, hand preparation, etc-but others who enter the room 
for activities not needing patient contact need observe only 
minimal precautions if they remain downstream or to the side 
of the patients. 

With this form of ventilation about 90% of the air is re­
circulated with the addition of enough fresh air to control 
smells, carbon dioxide, and other gases. Full air-conditioning is 
required to control heat gain from the fans. The cost is consider­
able but convenience and comfort are high and the level of 
isolation that can be attained is limited only by the measures 
used to reduce contact transfer. The ease of access itself makes 
considerable demands on aseptic discipline. 

Plastic isolators and ultraviolet light 

"Wrapping" the patient in a sterile bag to isolate him from 
the outside environment is another possibility. The "bag" is 
held on a frame to give the patient space; is ventilated with a 
filtered air supply, which may be unidirectional; and is provided 
with ports for introducing and removing materials, and with 
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glove ports or invaginations for nursing procedures.'" Some 
designs also incorporate enough space around the bed for the 
patient to sit, stand, or even walk a few paces. Toilet accommo­
dation can also be provided. Such systems seem to approach the 
ultimate in isolation, but carry inherent difficulties in manage­
ment.1 • 

Ultraviolet light has been used as part of isolation systems, 
especially as a barrier at room doors. There are some difficulties 
associated with its effect on skin and eyes ; the need to screen 
the lamps from direct vision, unless protective clothing is worn, 
reduces their effect considerably. Calculations do not suggest 
that sufficient intensity can conveniently be used to provide an 
effective barrier to airborne micro-organisms carried on air 
currents through an open doorway. But irradiation of airlocks 
may somewhat reduce airborne bacterial transfer through them. 20 

Whole-room effects, obtained by irradiation of the air above 
2 metres (7 ft), do not exceed those obtained by dilution 
ventilation and are probably not large enough to be useful. The 
bactericidal effect of ultraviolet irradiation is less at high 
relative humidities. 21 

Doors and communications 

Doors in isolation units introduce some difficulties. Swing 
doors need space in which to operate, which may be particularly 
difficult to find in airlocks, and cause considerable air disturb­
ance. Sliding doors may overcome both these disadvantages, 
but they are mechanically less satisfactory and need more effort 
to operate. The grooves in the floor or the hollow spaces into 
which some doors slide may collect dirt and be difficult to clean. 

The need to operate a door handle is inconvenient when 
something is being carried and provides a possible route for 
bacteriological transfer via the handle. Mechanically operated 
doors are becoming more widespread and more reliable. 
Operation may be by foot pressure or photoelectric; hand 
press-buttons defeat one object of mechanical operation. The 
AERE isolation unit• incorporates simple mechanically operated 
sliding doors. 

Restricted access from outside the unit needs to be accom­
panied by means of communication from the entrance to some 
point within, preferably by two-way telephone, if there is no 
receptionist or secretary at the entrance. In a unit of any size a 
means of locating and communicating with nurses from some 
central point avoids much wasted time. This may be combined 
with the patient-call system or integrated with a centralised 
hospital communications system, such as the Cass system. 22 

Many isolation rooms, especially when provided with entrance 
airlocks and toilet facilities, are effectively cut off from direct 
communication with the access corridor. This is often disliked 
by the patients and introduces unnecessary difficulties in 
nursing. For some patients the sense of abandonment leads to 
appreciable psychological problems.' This aspect of design has 
usually been ignored by medical staff and architects alike. The 
design layout in fig 3 allows good direct vision for patient and 
nurses and if a speaking panel or window of unperforated 
plastic (as in the AERE design•) is used, direct speech is also 
possible. The provision of separate pass-through hatches for 
clean and dirty supplies in the area below the inner window 
allows separate circulation of these two classes of materials and 
eliminates the need for many entries into the isolation room 
itself. 

Some units have been designed so that visitors can see and 
speak to the patient without entering the unit. Providing a 
special corridor for this purpose is expensive. Visitors are 
usually less of a bacteriological hazard than the hospital staff, 
and if they take the same precautions with regard to clothing, 
etc, as the nursing staff they may generally be allowed to enter 
the patient's room. When this is undesirable, as for the ex­
tremely susceptible or highly infectious patient, the use of 
plastic speaking panels may provide adequate communication 
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similar to that afforded by a visitors' corridor. It will be more 
acceptable if the layout can be arranged to provide some privacy. 

Materials and finishes 

Smooth, clean, impervious surfaces without lodgement for 
dust are obviously desirable. In the extreme their effect can be 
acoustically and visually repelling. In most places perforated 
acoustic ceiling materials are bacteriologically unobjectionable. 
Washable vinyl-faced or vinyl-sheet wall coverings are satis­
factory. Noise and the risks of falls are reduced by soft-backed 
vinyl flooring. 

Easy cleaning is important because the appearance of cleanli­
ness is valuable, and minimal maintenance is especially im­
portant when some cleaning has to be done by the nursing staff. 
For strict isolation the fewer patient-staff contacts the better. 

Engineering 

The requirements for wash basins are discussed below. 
Avoidance of any risk of bacteriological contamination of the 
water supplies, as in holding tanks,23 is clearly more important 
than usual for highly susceptible patients. 

Water closets should be siphonic to reduce aerosol dispersal 
during flushing" 2 •; for extreme forms of protective isolation 
exhaust ventilation of the pan may be useful. 2• 

The cost of ventilation plant is high, but a high proportion 
of installations rarely or never function in accordance with the 
design specification. It is therefore important that an adequate 
testing programme should be completed before the work is 
accepted and that this forms part of the contract.' 0 Account 
should be taken in the testing programme of the possible effects 
of varied weather, especially winds. Good regular maintenance 
is equally important. This is more likely to achieve its object if 
there are visual indications, preferably in the isolation unit 
itself, that critical airflows are within the design limits and that 
the directions of airflow are correct. 

Control of relative humidity (humidification) is likely to be 
needed for some patients, such as those with exposed burns and 
those who have undergone chest operations. It will be needed 
more often if temperatures are kept above 22°C (72°F), which 
may be advantageous in that it reduces the amount of bedding 
needed. 

Filtration of outside air will rarely need to be better than 
that recommended for the surgical operating room2 '-that is, 
to 5 µm-unless there are problems of dust staining. Recircula­
tion or the need for unusually high degrees of bacteriological 
cleanliness may call for filtration to 90% against 0· 1-0·2 µm 
particles as indicated by the DOP or sodium-flame tests. Con­
tamination of ducts is slight under normal conditions and re­
dispersal rare. 2 • There has been vigorous advocacy of terminal 
filters. These undoubtedly eliminate any small risk there might 
be from the ducts and may be taken down and cleaned or 
replaced after an especially infectious patient, but in most 
circumstances the extra cost does not seem to be justified. In any 
case the diffusers should be easily cleanable because air turbu­
lence often leads to substantial dust deposits on them from the 
air of the room. 

Isolation rooms should be designed so that, so far as possible, 
engineering maintenance can be done by staff working outside 
the rooms. 

VALUE OF SUBDIVISION AND VENTILATION 

Building design and, in particular, ventilation and air­
movement control are primarily relevant when the infecting 
agent is transmitted by airborne material. In general, the 
potential for transmission by contact is much greater than by 
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the airborne route but varies according to the nature of infection 
and the nursing regimen. 

There is almost no information to indicate how large a 
reduction in airborne exposure should be aimed at in any 
given circumstance. There is, however, reason to think that 
reductions of less than a factor of 10 are not valuable. Whenever 
the population exposed to risk varies substantially in suscepti­
bility the numb_er infected will vary less than any variation in 
exposure. 29 Observations on nasal acquisition of Staphylococcus 
aureus suggest that this effect may be large. The risk of nasal 
acquisition of this organism appeared to vary less than the 
change in the inhaled dose and no more than one-half to one­
fifth power of the inhaled dose. 30 
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MATERIA NON MEDICA 

"Turn down the sound, you're disturbing the elephants" 

We woke at dawn in a train trundling slowly through the African bush 
to the sight of wildebeest, gazelle, and giraffes browsing uncon­
cernedly at the side of the track. This was not the end of an exotic 
holiday or the last lap of a long safari. We were, in fact, returning 
from the annual meeting of the Kenya Association of Radiologists. 

Once a year we hold an out-of-town meeting, both to let the non­
Nairobi members take part and to enable us to have a scientific and 
social get-together in pleasant surroundings. This year's meeting was 
held in a coast hotel near Mombasa, where the off-season temperature 
was kept to a cool 29°C by the brisk south-east monsoon. Our small 
group managed to produce a scientific session of a reasonable standard 
with interest added by a variety of unusual cases from leukaemic 
kidneys to calcified splenic cysts. It would, however, be surprising to 
a British radiologist to be shown films of Paget's disease, asbestosis, 
and diverticulitis as examples of rare conditions. 

Business over, we relaxed with a swim in the Indian Ocean followed 
by a dinner-dance held under the stars and gently blowing palm trees. 

Last year's meeting was in the no less exciting setting of Tsavo 
National Park. From the lodge bar, between papers, we were able to 
view a variety of game at the water-hole against the magnificent back­
drop of the snow-capped Kilimanjaro, while inquisitive ground 
squirrels searched for crumbs around our feet and tropical birds 
added their brightly coloured plumages to the scene. 

Such exotic settings for meetings are, however, not without their 
disadvantages, or, as we were told by the lodge manager at our 
evening film, "Turn down the sound, you're disturbing the elephants!" 
JOHN F CALDER (radiologist, Nairobi). 

Seeds of time 

Hearing that the garden of a well-known medical institution in 
London had lost all its foxgloves, I said I would be happy to supply 
some more seed. Returning home, I thought how much more 
appropriate it would be if I got the seed from William Withering's 
former country seat, a short walk away. Edgbaston Hall is hidden 
behind the Old Church where he is buried, an imposing, Georgian, 
red-brick mansion overlooking extensive parklands. Now the site of a 
peaceful golf-course and a 50-acre lake inhabited by geese, duck, 
and grebes, the estate seems far removed from those lawless days in 
1791 when the Birmingham mob, infuriated by dissenters celebrating 
the French Revolution, burnt down Joseph Priestley's home and 
threatened to do the same to his friend Withering's. The surrounding 
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woodland has recently been taken over by the University as a small 
nature reserve, and we had joined an extra-mural class to study its 
ecology, so' it was not difficult to collect the seed, and it was duly 
dispatched. 

Earlier this summer we stood in Gloucestershire fields on a beautiful 
evening admiring the remains of a Roman village being excavated 
near Kingscote. On a heap of rubble to one side a group of magnificant 
poppies tinged blood red by the dying sun reminded us of flowers 
we had seen in the Mediterranean. "Oh yes," said the custodian 
proudly, "those are Roman poppies." Driving back we laughed at 
the woman's naivete; after all, seeds were carried across fields by the 
wind or scattered by birds. And then I suddenly remembered my 
Withering foxgloves: I too was guilty of romanticising, but could cold 
reason prove either of us wrong ?-ALEX PATON (physician, 
Birmingham). 

The vision splendid 

If, as I do, you travel a good deal by air you get used to sunsets. The 
plane, flying into them, prolongs the picture almost interminably and 
often only with a persistent gold or red rim. Flying away from the sun 
leads to a rapid depressing suffocation of day, guaranteed to make me 
reach for my novel and my martini. But to fly across a sunset can be 
an emotional experience without equal. I've done it often enough­
helicoptering into doubtfully secure fire bases, homing from the 
Australian outback, and merely commuting from city to city in various 
continents. 

Nevertheless, only occasionally does one in Banjo Peterson's words 
see "the vision splendid." It was my good fortune to catch such a 
moment flying from Aberdeen recently. Somebody celestial had 
daubed a streak of smoky red horizontally across the upper azure sky. 
Below this, from an altitude of 29 000 ft, what another poet called 
"the upshot beam" was tinging the underbelly of cloud with a pink 
that in some subtle way interacted rather than clashed with the upper 
heaven. As ever, the beam was due to fade both as the sun marched 
westward and the aircraft descended, but not before a last lingering 
flash of salmon-coloured cotton wool wiped the western horizon clear 
of detail. 

Out of curiosity I looked to my fellow passengers. Only one on the 
west side of the aircraft was sharing my experience. Most obvious 
were a quartet of well-organised television executives, whose casual 
clothes, good suntans, and repeated bar orders exuded the confidence 
of their self-created, if artificial, environment. They played cards and 
the beauties of their immediate surroundings were as if they had 
never been. As the lofty shade advanced, their loud voices established 
a pseudo-reality and I returned to scribbling a grant application­
HUGH DUDLEY (professor of surgery, London). 
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THE MANAGEMENT, 
TESTING AND 
VERIFICATION 
OBLIGATIONS SET 
OUT IN THE RECENTLY 
UPDATED HTM-03-01 

Including 

• dashboards and comprehensive 
logbooks 

• revised standards 
• asset life cycle management 

Enabling 
• rea l-time, Trust-wide analysis of Compliance 
• optimal safe theatre utilisation 
• improved communication 
• support for zero carbon strategies 
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KEY TO SYMBOLS 

~ Supply volume (m3/s) 

-❖- Extract volume (m3/s) 

D Noninal room pressure (Pa) 

0 /,;r change rate (ac/h) 

/-+- Pntssure stabiliser 

Low level active extract or 
preeeure stabllleer to-let 
air distribution in Theatre 

Transfer grille 

Corridor [£J 
y 

Scrub 

Operating Theatre 

Prep (Lay up) 

Service corridor [£J 1 
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Part A 

• The Concept, Design, 
Specification, Installation 
and Acceptance testing of 
Healthcare ventilation 
systems 

• Applies to all new 
installations and 
refurbishments and 
changes of use of existing 
installations 

• It is not retrospective 

Part B 

• The Management, 
Operation, Maintenance 
and Routine testing of 
existing Healthcare 
ventilation systems 

• Applies to ALL 
installations regardless of 
when they were installed 

• Minimum standards for 
all installations 
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The control by ventilation 
of airborne bacterial transfer between hospital patients, 

and its assessment by means of a particle tracer 

III. Studies with an airborne-particle tracer in an isolation ward 
for burned patients 

BY A. HAMBRAEUS AND H.F. SANDERSON* 

Institute of Jf edical Microbiology, Department of Clinical Bacteriology, 
University of Uppsala, Uppsala, Sweden 

(Received 25 October 1971) 

SUMMA.RY 

299 

Airborne-particle transfer has been studied in a burns unit using potassium 
iodide particles. The observed rates of transfer were in good agreement with the 
values predicted by a theoretical model. 

An estimate of the average transfer between rooms under conditions of normal 
activity and with correctly functioning ventilation showed that the isolation 
system was highly efficient, the proportion transferred being probably less than 1 
in 105. However, the ventilation often did not function as designed and under these 
conditions the efficiency was reduced by a maximum of a factor of ten. These rates 
of transfer do not seem great enough to account for the high rate of cross-infection 
found in this unit. 

INTRODUCTION 

Much effort has been expended in recent years in devising ventilation systems to 
reduce the airborne spread of bacteria in hospital wards, but methods for evaluating 
the efficiency of these are not altogether satisfactory and have only occasionally 
been attempted. In a preceding paper (Foord & Lidwell, 1972) a method has been 
described for studying airborne particle transfer between parts of a ward by use of 
potassium iodide particles. We now present the results of a series of experiments 
using this method in an isolation ward for burned patients at Akademiska sjukhuset, 
Uppsala. In spite of a complete ventilation system, including airlocks, earlier studies 
have revealed a considerable amount of cross-infection between patients in the 
ward (A. Hambraeus, to be published). The purpose of the investigation was to 
determine the effectiveness of the ventilation system and hence the role of airborne 
bacteria as a possible cause of cross-infection. Comparison could also be made with 
the theoretical analysis of isolation system elaborated in the second paper of this 
series (Lidwell, 1972). 

* Present address: St Mary's Hospital Medical School, Paddington, London, W. 2, 
England. 

20 HYG 70 
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300 A. HAMBRAEUS AND H.F. SANDERSON 

' 
1_ - -- -

u :s 
WC 

400 
(350) 

Room no. 6 5 4 3 2 

45~, 1 ,45o soo 
(5ool450) (700) 

I I I I I I 
5m 

Fig. 1. Plan of the ward. Input ventilation is shown for each space as m.3fhr., extract 
volumes are given in parentheses, an additional 100 m.3jhr. was extracted from each 
of the patient room W.C.'s, except no. 6. The sampling sites, when room 1 was the 
source room, are indicated by e ; S = service room. 

MATERIALS AND METHODS 

Ward design and ventilation 

Fig. 1 shows the plan of the isolation ward. It is entered via an airlock with 
double doors and a passage runs down the middle of the ward. There are five 
patients' rooms of similar dimensions and a sixth larger room containing an air 
bed. All of these have individual airlocks and they are situated along one side of 
the passage. On the opposite side of the passage are service rooms and the bath­
room. The bathroom has three doorways; one of these opens directly to the 
passage for bed transport, and the other two open via airlocks; one into the 
passage (I) and the other into the ward airlock (II). The designed ventilation 
input and extract are shown in each part of the ward (the extract is in brackets). 
The net result is a near-balanced ventilation with little or no other air flow between 
the ward and the exterior. 

Fig. 2 shows the air flow as designed for a typical patient room. The air input 
to the room is 200 m.3/hr. (which approximately equals 4 air changes/hr.). Of this 
input, 150 m.3/hr. is extracted directly from the room, the remaining 50 m.3/hr. 
passes into the airlock. A further 50 m.3/hr. is drawn from the passage into the 
airlock making up the total extract from the W.C. of 100 m.3/hr. 

The ventilation of the bathroom is shown in Fig. 3. The designed input is 
1350 m.3/hr. and the extract is 1150 m.3/hr. Airlock I has a,n input of 350 m.3fhr. 
and an extract of 440 m.3/hr., this results in a net deficit in airlock I of 90 m.3/hr. 
which is supplied as 45 m.3/hr. from both the bathroom and the passage. The 
extract from airlock II is 260 m.3/hr., this is provided as 130 m.3/hr. from both 
the bathroom and the ward airlock. This leaves a net surplus of air supply in 
the bathroom of (200-175) m.3/hr. = 25 m.3/hr. which escapes into the passage 
beneath the direct door. 

Titanium tetrachloride smoke was used to determine the direction of air flow 
beneath the doors. 
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Im 

I sol,ation of b'Urne.d patients 

Extract 
150m3/hr 

Input 
200m3/hr Extract 

100m3/hr WC 

Airlock 

Passage 

Fig. 2. Diagram showing the design ventilation of patient rooms 1-5. 

Input 
1350 m3/hr 

Airlock I 
Input 

350 ml/hr 

Extract 

~y-J 
45 m3/hr Passage 

25 m3/hr 

Extract 
1150 ml/hr 

lm 

Airlock 11 

Extract 

260 m3/hr 

Fig. 3. Diagram showing the design ventilation of the bathroom. 

(b) (c) (d) (e) 

Room no. 
I 30 2 
2 24 8 
3 8 23 I 
4 15 9 2 4 2 
5 15 17 
6 19 2 11 

No. of observations 111 61 14 4 2 

ig. 4. Ventilation patterns observed for the patient rooms. (a), directions of air fl.ow 
: designed; (b), (c), (d) and (e), other observed air-flow patterns. The table shows 
e number of times the respective pattern was observed in the specified room. 

301 
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302 A. HAMBRAEUS AND H.F. SANDERSON 

Over a preliminary period of 32 days it was found that the designed ventilation 
was not maintained at all times and the frequency of variation is shown in Fig. 4. 

It can be seen that the commonest fault was a reversal of air flow beneath the door 
between the airlock and the passage, thus allowing escape of air from the room to 
the passage. We therefore included this type of ventilation in our experiments and 
all references to incorrect ventilation refer to this. The direction of air flow was 
checked before every experiment. 

Particle generation 

A spinning disk particle generator was used throughout the experiments. The 
rotation rate of the disk was 60,000rev./min. and a main air-flow rate of 60ft.3/min. 
(1·7 m.3/min.). The satellite air flow removes smaller satellite particles from the 
main air flow and this was found to operate satisfactorily at 6 ft.3/min. (0· 17 m.3/ 

min.). 
Potassium iodide dissolved in methyl alcohol and supplied to the spinning disk 

at a rate of 1 ml./min. gave rise to a particle production rate of c 107 particles/min. 

Sampling methods 

Air sampling was carried out by trapping the particles on 2·5 cm. diameter 
membrane filters (Millipore Filter Corp.) of 3 µm. pore size. rrwo types of sampler 
were used. 

(a) Where the KI particle concentrations were high, known volumes of air were 
sucked through the millipore filters. Open-ended plastic filter holders were used 
(Foord & Lidwell, 1972). Owing to the high air-flow resistance of the filters the 
maximum air flow obtainable with the pumps which were available was 101./min. 
This was suitable for use with KI particle concentrations of more than 5/1. 

(b) In situations where there we1·e low particle concentrations the centripetal 
samplers described by Foord & Lidwell (1972) were used. These were designed to 
have a collection efficiency of 100 % at flow rates above 60-701./min. for 13 µm. 
equivalent diameter particles (i.e. particles which have the same sedimentation 
rate as a 13 µm. particle of specific gravity 1). A suction pressure of 20 cm. water 
gave a flow rate of 100 1./min. and under these conditions only 3 % of the air flow 
passed through the filter. 

Staining. After particle collection the filters were immediately stained with 1 % 
palladium chloride in 0· 1 % HCI. 

Counting. Particle counting was performed with the aid of a low-power plate 
microscope and a grid. Up to 200 particles were counted. 

Determination of particle size 

Two ways of determining particle size are available: 
(a) By direct microscopy of particles deposited on a silicone grease coated slide. 
(b) By calculation of the sedimentation rate and hence the equivalent particle 

diameter by Stokes Law (s ~ 0·002d2), where the sedimentation rate, s, is in units 
of m./min., and the diameter, d, is in units of µm. 

Methods of calculating the sedimentation rate of airborne particles are described 
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Isolation of burned patients 303 

in 'Studies in Air Hygiene' (Bourdillon, Lidwell & Lovelock, 1948). Two inde­
pendent methods of determining the sedimentation rate were used. First, from the 
die-away rate (K), which is the logarithmic rate at which particles disappear, 
K ~ slope x 138/hr. In an unventilated room K is due solely to sedimentation and 
thus K = sA/V, from which the equivalent diameter can be found (A is the area 
onto which sedimentation is occurring and V is the volume of air from which 
sedimentation occurs). 

Alternatively, the sedimentation rate can be calculated from the number of 
particles sedimenting onto a known area when the number of particles in a unit 
volume of air is known. This can be represented as: no. of particles sedimenting 
= s x the concentration of particles in the air. 

EXPERIMENTAL DESIGN 

Preliminary studies to find an appropriate particle size 

A small sealed room was used in which particles were generated. Different size 
particles are produced by varying the concentration of the potassium iodide 
solution fed to the spinning disk and the concentrations used were 2·0, 3·5 and 
5·0 %- Particles were generated for 20 min. and 11. air samples were taken at 
5 min. intervals during this time and for the 20 min. after particle generation had 
ceased. In addition filters were exposed on the bench for the last 5 min. of particle 
generation. The concentrations of KI gave particles with the following sedimenta­
tion rates: 2·0 % = 0· 15 m./min.; 3·5 % = 0·23 m./min.; 5·0 % = 0·31 m./min. 

A 5 % potassium iodide solution was used for the transfer experiments and this 
gave particles with a sedimentation rate close to the median found for airborne 
particles carrying Staphylococcus aureus in hospital wards (Noble, Lidwell & 
Kingston, 1963). 

Studies on the transfer of particles from, the room to the passage 

Since the earlier study had shown the variability of air flow in the ward, it was 
decided to perform experiments using both the correctly ventilated air locks and 
also the commonest type of ventilation defect (i.e. that in which the air flow 
beneath the door between the passage and the airlock was reversed). 

The generator was situated in the room chosen and adjusted to give a con­
centration of 500-1000 particles/I. in the room. There was no activity for the first 
30 min. and then, for the following 30 min., one walk from the room to the passage 
was performed every second min. The dwell time in the airlock was 30 sec. Through­
out the experiment samples were taken at the following sites; (a) in the room, 
samples taken at 5 min. intervals; (b) in the airlocks, samples were taken at 
5 min. intervals during the period of no activity; (c) across the passage 2 m. 
from the room door, 7·5 m. up the passage, 7·5 m. down the passage, and at 15 m. 
either up or down the passage according to the room in use. These sites are shown 
in Fig. 1 for the experiments when the generator was in room 1. One 10 min. 
sample was taken between 20 and 30 min. and then during activity samples were 
taken at 5 min. intervals. 
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Particle transfer from passage to room 

The generator was situated in the passage about 3 m. from the door of the room 
to be investigated. The periods of activity and non-activity were the same as 
before, as was the type of activity. Samples were taken at 1 m. from the door (at 
5 min. intervals throughout the experiment), in the airlock (at 5 min. intervals 
during the period of no activity), and in the centre of the room where one 10 min. 
sample was taken between 20 and 30 min. and then 5 min. samples were taken 
continuously during the period of activity. Correct and incorrectly ventilated 
airlocks were used. 

Transfer of particles from the bathroom to the passage 

The generator was situated in the bathroom and there was no activity for the 
first 30 min. of generation, for the next 30 min. there was activity through the 
airlock I at the rate of one walk to the passage and back every 2 min. There was 
then a period of non-activity for 15 min. and for the last 20 min. there was activity 
through the direct door to the passage at the same rate as before. During this time 
samples were taken in the same six sites as they were in the room to passage 
experiments and the sampling times were also the same. The only exceptions to 
this were that no samples were taken in the airlock during the second period of 
non-activity and only for the last 10 min. of this period in the passage. During the 
last period of activity samples were taken once every 5 min. in the passage and in 
the bathroom. 

Transfer of particles from passage to the bathroom 

Particles were generated at about 3 m. from the bathroom doors which opened 
into the passage. Samples were taken between these two doors (about 1 m. from 
each). Samples were also taken in the airlock I and in the bathroom. The activity 
was the same as that in the bathroom to passage experiments and the sampling 
was the same as that in the passage to room experiments, except that no samples 
were taken in the airlock during the second period of non-activity. In the last two 
experiments correctly and incorrectly ventilated airlocks were used. 

In addition to the above samples, blank samples were taken at each site before 
the start of each experiment. 

Calculation of results 

In all the experiments the particle concentration at any site started at zero and 
rose to a steady value in a short time. The steady values were determined by 
inspection of the data. For the source site, equilibrium was usually achieved within 
10 min. of the start of generation, and at the receiving site a steady state was 
usually achieved after 10-15 min. of walking (depending on the site of sampling). 
The average particle concentration during the steady-state period was used in all 
calculations. 

The behaviour of ventilation systems of the type under investigation has been 
studied theoretically by Lidwell (1972), making a number of simplifying assump-
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tions. The analysis which follows is based on this study and has been carried out in 
collaboration with him. 

The ratio a of the number of particles at the source to that at the receiving site 
gives a measure of the effectiveness of the system in protecting the patient from 
airborne infection, i.e. 

Concentration of particles in the source room 
a = Concentration of particles in the receiving room 

(large values of a indicate a high degree of protection). 
Since the passage intervenes between the patient rooms, transfer of particles 

may be conveniently analysed by breaking the process down into two stages: 
(1) transfer from the source room to the passage; (2) transfer from the passage to 
the receiving room. 

a' and a" are used as symbols for these ratios, i.e. 

(1) 
, Concentration of particles in the source room 

a = Concentration of particles in the passage ' 

2 ,, _ Concentration of particles in the passage 
( ) a - Concentration of particles in the receiving room· 

Similar ratios can be calculated for bathroom to passage transfer and vice versa. 
Thus 

, (b thr ) _ Concentration of particles in the bathroom 
a a oom - C · f rt· I · th ' oncentrat10n o pa 1c es m e passage 

and 
,, (b thr ) _ Concentration of particles in the passage 

a a oom - C · f rt· l · th b hr · oncentration o pa 1c es m e at oom 

The theoretical calculations predict that 

where v1 is the total rate of ventilation (both real and apparent due to sedimenta­
tion) in each patient room and v2 is the total rate of ventilation in the passage 
(including the effects of sedimentation). v is the rate of air movement from the 
passage to the room, and u is the rate of air movement from the room to the 
passage. In addition to any continuous air flows due to incorrect ventilation condi­
tions u and v will include air transferred by movement through the doors. This is 
related to the frequency of movement through the doors (m) and the amount of 
air swept through the door in the direction of movement on each occasion (w). 

The ventilation input to the patient rooms is 200 m.3/hr. The apparent ventila­
tion due to particles sedimenting at 0·3 m./min. onto the floor area of 16 m.2 = 
16 X 0•3 X 60 = 300 m.3/hr. 

Similarly in the passage, the ventilation input is 1100 m.3/hr. and the apparent 
ventilation when the floor area is 90 m.2 is 1600 m.3/hr. The input to the bath­
room is 1350 m.3/hr. The apparent ventilation due to a floor area of 30 m.2 is 
550 m.3/hr. 
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Hence 

and 

and 

A. HAMBRAEUS AND H.F. SANDERSON 

V1 = 200+ 300 = 500 m.3/hr. 

V2 = 1100+ 1600 = 2700 m.3/hr. 

v1 (bathroom) = 1350+ 550 = 1900 m.3/hr. 

For a purely extract-ventilated airlock with air drawn equally from both sides 
it can be shown that u = v = mw (Lidwell, 1972). However, the actual transfer 
of particles will be less than this because of the loss of particles by sedimentation 
within the airlock. The room airlock has a floor area of 4 m. 2 and an extract 
ventilation of 100 m.3fhr. The proportion of particles with a settling velocity of 
0·3 m./min. lost by sedimentation is then 0·42. If the air was drawn equally from 
both sides then the effective value of u and v for the transport of particles becomes 
(1-0·42)mw = 0·58mw. 

The bathroom airlock had an air supply of 350 m.3/hr. The extract of air from 
the bathroom airlock was 440 m.3/hr. Assuming that the difference was drawn 
equally from both sides 45 m.3/hr. will have come from the passage and 45 m3./hr. 
from the bathroom itself. As a consequence u = v = 45/440 x 2mw = 0·2mw. The 
floor area was 5 m. 2 so the proportion lost by sedimentation was, making the same 
assumptions as earlier, (60 x 0·3 x 5)/(60 x 0·3 x 5 + 440) = 0· 17. The effective 
values of u and v for the transport of particles through the bathroom airlock are 
then given by u = v = (1-0·17) x 0·2mw = 0·19mw. 

The experimental value of m was 30/hr. and for the purposes of calculation we 
have assumed that w = 1 m.3• 

For the room airlock therefore the predicted value of u and v during the 
experiments was 30 x 0·58 = 17 m.3/hr. and for the bathroom airlock 30 x 0· 17 = 
5 m.3/hr. For the direct bathroom door the corresponding value would be 
60 m.3/hr. (there is no sedimentation loss to allow for in this instance). 

Substituting these values in the equations for a' and a" gives the following 
results: 

, V2 2700 
( 1) room to passage = a = u = ~ = 160; 

II V1 500 
(2) passage to room = a = v = 17 = 29; 

, ,, 2700 X 500 n..<t 
(3) room to room =a,= a, x a = ---- = 4·7 x 1v-· 

17x17 ' 

/ 2700 
( 4) bathroom to passage = a (bathroom) = - 5- = 540; 

1900 
(5) passage to bathroom = a" (bathroom) = - 5- = 380; 

2700 500 
(6) bathroom to room = a = --x - = 1·6 x 10l· 

5 17 ' 

1900 2700 
(7) room to bathroom = a = - 5- x 17 = 6· 1 x 10l. 
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Fig. 5. Distribution of particles along the passage. Source in room 1 with correct 
ventilation and activity at 30 entries and exits/hr. Right-hand scale is the ratio of 
the particle concentration in the passage to that in the source room, i.e. 1/a'. The 
points show the approximately steady values attained in the individual experiments. 
The short horizontal bars are the log mean values as given in Table 1. 

These values are calculated for the experimental movement through the doors of 
30/hr. in each direction. The values of a' and a" for correctly ventilated airlocks 
are inversely proportional tom and a is inversely proportional to m2• 

For other values of m 

a~ = '¼o (30/m), a~ = (½0 (30/m), am = a30 (30/m)2• 

If, however, the ventilation is unbalanced so that there is air flow between passage 
and room independent of movement of persons through the doors the transport of 
particles by this air flow is unaffected by a change in the value of movement 
through the door and 

1 1 (1 1)m 
a:n = a~+ a;0 - a~ 30' 

and similarly for a 1
'. 

Where a:n denotes a' when the movement through the door ism/hr., a~ is the 
value of a' when there is no activity and a;0 corresponds to the experimental 
value of a', when there are 30 entries and exits/hr. through the door, the number 
employed in the experiments. 

RESULTS 

Fig. 5 shows the way in which the ratio of particles in the room and passage 
vary with increasing distance of the sampling site from the room; it also shows 
variability of the estimates obtained in the several experiments. The values used 
were obtained from room to passage transfer experiments with a correct ventilation. 

The mean values of a' and a" for the various sampling positions for all the 
experiments performed are presented in Table 1. The values are log means 
of at least five experiments. The table also shows the log mean values of a' 
over all the positions. The corresponding values of a are calculated from these 
values and also shown in Table 1. As can be seen from the table there is no detect-
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Table 1. Particle transfer within the Burns Unit. Avd. 79A 

a/ at sampling position (a 1 x a")t 
Ventila- c,.: ,-- --" \ 

Nos. ansfer tion Activity 7·5a 2 7·5b 15b Mean a" To m To B-room ~ 
1-4 Pai :oom/ Correct None > 105 > 104 > 105 > 105 ( > 105) ( > 1()5) r I :e Correct In/out through 204 45 505 818 245 39 9·6 

airlock o:l 
Faulty None 248 58 226 1200 251 ( > 105) > 2·6 ~ Faulty In/out through 71 20 46 780 83 66 5·5 ti;J 

airlock ~ 
00 

5-10 Ba n/passage Correct None 88 22 297 1050 155 ( > 105) > 1·5 > 1010 

~ Correct In/out through 44 19 173 562 96 215 3·8 5·3 X 104 
t::i 

airlock 
~ Correct In/out through 39 10 292 741 96 63 3·8 1•5 X 10~ 

direct door ~ Faulty None 38 21 151 751 98 ( > 105) > 1 > 2·5x 107 

Faulty In/out through 39 21 48 480 66 400 4·3 3·3 X 1()4 00 

airlock ~ 
Faulty In/ out through 31 15 79 202 52 66 3·4 5·5 X 108 t::i 

t;tj 
direct door t;d 

00 

The value 1 and a" are, in each case, the log mean values of 5--7 experiments. a' mean = a' averaged over all samplii iitions, log mean 0 

of 4 values. z 
t Left-hai .mnn a values for transfer to a patient room; first 4 lines, from another patient room ; last 6 lines froJ1l t Lthroom. Right-

hand colurru ,lues for transfer from a patient room to the bathroom. In all cases the same activity and type of ventilati assumed to hold 
for both sou Ld receiving room. 
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able transfer of particles from room to passage or passage to room when the 
ventilation functions correctly, i.e. a' is > 105, a" is > 105• When a steady state 
has been achieved under activity a' is 245 and a" is 39 . .For an incorrectly ventilated 
room with no activity a' is 251, i.e. about the same value as a' during activity for 
a correctly ventilated room, and during activity this falls to 83. However, a" 
for an incorrectly ventilated room is 66, which is considerably higher than that 
for a correctly ventilated room. When the source room and receiving room are 
both correctly ventilated a is 9·6 x 103; the corresponding a for incorrectly ventil­
ated rooms is 5·5 x 103. An incorrectly ventilated source room and a correctly 
ventilated receiving room gives an a of 83 x 39 = 3·2 x 103, and a correctly 
ventilated source room and an incorrectly ventilated receiving room gives an 
a of 245 x 66 = 1 ·6 x 104. The bathroom a' when the airlock is ventilating 
correctly is rather low, 155; this is due to the fact that particles are always 
passing from the bathroom into the passage underneath the direct door; because of 
this a' bathroom due to activity does not vary greatly between correct or incorrect 
ventilation or activity through the airlock or the direct door. a" bathroom, how­
ever, is lower if the ventilation is correct than if it is incorrect, 215 as opposed 
to 400. There is also a difference between a" bathroom if the activity is performed 
through the airlock or through the direct door. The value of a for transfer from the 
bathroom to a patient room during activity (entering and leaving the bathroom 
via airlock I) is 3·8 x 103, when ventilation to rooms is correct. For transfer from 
a patient room to the bathroom under similar conditions the value of a is 5·3 x 104• 

DISCUSSION 

As stated above there were two objectives in this work, to obtain an estimate of 
the degree of protection from airborne cross-infection provided by the ventilation 
system used in this ward and to compare the experimentally determined values 
for particle transfer with the values predicted by a theoretical analysis. 

Owing to incomplete mixing of air in the passage there was a rapid fall in 
particle concentration with increasing distance from the door of the source room 
(Fig. 5). Because of this it is necessary to derive average values of a'. To estimate 
the average cross-infection risks of all the rooms, the logarithmic mean of a' at 
the different points was used since the ric,k of nasal acquisition ( and hence the risk 
of infection) is probably more nearly related to the logarithm of the concentration 
of bacteria in the air (Lidwell, 1963; Lid well et al. 1971) than to the arithmetic 
value. To compare the results with theory it is best to take an arithmetic average 
of the particle concentrations at the sampling points, i.e. the average of 1/a' 
because the points are equidistant along the passage and the theoretical value of 
a' is based upon the assumption of complete mixing of the air. These values are 
given in Table 2. This average value was also used to calculate values of u 
(it = v2/a'). In deriving the experimental value of a' for the bathroom the 
particle transfer due to air passing beneath the direct door (i.e. 1/a' with no 
activity) was subtracted from the particle transfer when there was activity. It is 
not possible to estimate the transfer when the ventilation is incorrect as the 
amount of extra transfer between the room and the passage ( or vice versa) is not 
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Table 2. Comparison of observed and predicted values (for designed ventilation) 

a,' u a," V 

Room (airlock) Observed value 143 19 39 13 
Predicted value 160 17 30 17 

Bathroom (airlock) Observed value 170 16 215 9 
Predicted value 640 5 450 5 

Bathroom (direct door) Observed value 59 41 63 21 
Predicted value 45 60 23 60 

The a' values have been derived as the arithmetic average of the particle concentrations 
at the different sampling positions, i.e. by summation and averaging of 1/a', see text. 

Predicted values of u and v assume a value of 1 m.3 for w, the volume of air transferred 
through a door on opening it, passing through and shutting it again. 

known. For the room experiments, correlation of predicted and experimental 
values of a' and a" is good. 

For the bathroom the correlation is not so good but the ventilation of this room 
was certainly not in accordance with the specification and the leakage under the 
door into the passage meant that the values of a' had to be derived as a difference 
between two experimentally determined values. The general closeness of the 
estimates to the experimental results suggests that the theoretical model is broadly 
correct, but that errors are present in the estimation. Thus, the value of w is only 
an approximation and may be subject to considerable variation depending upon 
thermal difference across the door, size of the door and room, angle to which door 
is opened etc. Values of v1 and v2 were taken from the engineer's plan and in view 
of the variable ventilation state of the ward may have borne little relationship to 
the true values of v1 and v2• We were unfortunately unable to check the accuracy 
of the figures. 

Experimental errors were due to two main contributions: ( 1) relatively small 
air samples were taken; (2) random air movements caused great variation in the 
particle concentration at different sites. A number of factors caused these air 
movements, amongst them were thermal currents, disturbances due to opening of 
doors, movements of staff and uncontrolled day to day variations in ventilation. 

Estimation of the cross-infection risk 

The estimated value of a for transfer of particles from one room to another with 
correct ventilation is > 109 when there is no activity (i.e. transfer of particles was 
undetectable) and 9·6 x 103 when the rate of activity is 30 walks/hr. However, 
normal activity in the ward is much less than this and observations in this unit 
indicate a value of 3-5 door openings/hr., about half that found in a two-bed 
isolation room (Lidwell & Towers, 1969) and we have deduced that a reasonable 
estimate of the normal value is 5 walks/hr., i.e. m = 5. This leads to an a of 
3·4 x 105 between correctly ventilated rooms with normal activity. It would seem 
that this should provide good protection against cross-infection due to airborne 
contamination since a value of 1 colony forming unit (c.f.u.)/1. in a source room 
would give rise to a concentration of only 3 x 10-s c.f.u.fl. in the receiving room. 
This estimate of the concentration of bacteria-carrying particles in the room is 
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equivalent to only 0· 15 c.f.u. in the whole volume of the room (5 x 1041) or 1 c.f.u. 
inhaled every three weeks at an inspiration rate of 101./min. If 1/3 m.2 of body 
surface were exposed to contamination by settling and the airborne particles were 
of the size commonly found (settling velocity 0·3 m./min.) then the dose received 
in this way would be no more than 1 c.f.u. in 50 hr. 

If the airlocks do not function correctly then the value of a will be different. 
The results of experiments upon the type of incorrectly ventilated airlockg in­
vestigated showed that in the absence of all activity a' for a room with an in­
correctly ventilated airlock was as much as a' for a room with a correctly ventilated 
airlock when the level of activity was 30 walks/hr. However, a" for such an 
incorrectly ventilated airlock during activity was higher than the corresponding 
value for a correctly functioning airlock. Thus the worst situation for which we 
can derive an estimate will be when the source room has an incorrectly ventilated 
airlock, and the receiving room has a correctly ventilated airlock. With a normal 
activity of 5 walks/hr the value of a would then be 4·4 x 104. Thus if one airlock is 
fnnctioning incorrectly the risk in all the other rooms is about ten times greater 
than nnder correct conditions, e.g. for a concentration in the source room of 
1 c.f.u./1. a patient in a receiving room would inhale 1 c.f.u. every 2 days and about 
5 c.f.u. might settle on 1/3 m.2 of exposed body surface each 24 hr. 

There are two other possible ways in which contaminated air might reach the 
patient. Large amounts of bacteria may be dispersed during bathing in the bath­
room and be transferred throughout the ward. Alternatively the patient might 
become infected in the bathroom with bacteria transferred from another patient 
room. In the first case there is continuous contamination of the corridor from the 
bathroom due to air passing beneath the direct door even when there is no activity 
through the correctly ventilated airlock. But it is greater when there is activity 
and when the airlock is ventilated incorrectly. The airlock, however, was usually 
ventilated correctly, and under normal conditions there was little activity through 
the airlock and none through the direct door. For the purposes of calculation we 
have assumed the activity through the bathroom airlock to be 5 walks/hr. 
although this is probably too high a value. This leads to a value of a for transfer 
from the bathroom to a patient room of 3·9 x 104.In the second case the value of a for 
transfer from a patient room to the bathroom, again assuming 5 walks/hr. through 
the bathroom airlock, would be 1·9 x 106 if the patient room ventilation functions 
correctly and 2·4 x 106 if the airlock is incorrectly ventilated. 

In neither of the above 3 cases is the risk of cross-infection much higher than the 
risk run by patients when in patient rooms, if one room with an incorrectly 
ventilated airlock is occupied by a disperser. 

Conclusion 

It would seem from the above results that, under normal conditions, the isolation 
system was highly effective at preventing the airborne transfer of particles and 
even when the ventilation was not operating correctly the particle transfer was very 
small. Since there has been a considerable cross-infection rate over the past years 
it would seem likely that other routes of infection have been responsible for this. 
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Abstract 

Biosafety Level 3 (BL-3) laboratories are designed 
to prevent the escape of pathogenic microorganisms by 
operating at negative pressure so that if microorgan­
isms become airborne, they remain within the labora­
tory. However, the authors are not aware of any pub­
lished evidence or international guidance on the level of 
pressure differential required for BL-3 laboratories. 
This uncertainty was reflected in a survey of BL-3 
laboratories in the United Kingdom where a range of 
pressure differentials between 30 and 100 Pascals (Pa) 
were found. In this paper, an attempt is made to ad­
dress this issue. The authors have developed techniques 
to quantify the effectiveness of containment laborato­
ries in preventing the egress of airborne microorgan­
isms. A potassium iodide (KI) aerosol tracer method 
was adapted to measure the degree of containment in 
an experimental f acdity and in five working BL-3 labo­
ratories. The level of laboratory containment was ex­
pressed as the laboratory protection factor (LPF). Us­
ing this technique, it was found that providing an ante­
room increased the LPF by approximately one order of 
magnitude. No direct relationship was found between 
the magnitude of negative pressure and LPF. There 
was, however, a direct relationship between inflow ve­
locity and LPF: A volumetric inflow of 10 m3/min into 
a laboratory through an anteroom gave a LPF of 
greater than JOS. The KI aerosol tracer method offers a 
simple and appropriate means of validating the per­
formance of BL-3 laboratories in terms of the LPF. 

Introduction 

Manipulations utilizing category 3 pathogenic 
microorganisms that may lead to the generation of 
infectious aerosols must be carried out within pri­
mary containment such as microbiological safety 
cabinets and sealed centrifuge rotors. Secondary con­
tainment is also required; this involves protecting 
the surrounding rooms and environment in the 
event of the breakdown of the primary containment 
or after an accidental release. The construction, de­
sign, and operation of these facilities are described 
in a range of national and international guidelines 
(Advisory Committee on Dangerous Pathogens, 
1995; US Department of Health and Human Ser­
vices, 1999; World Health Organization, 1993). BL-
3 laboratories need to be physically separated from 
the surrounding environment and specific rules gov­
ern entry to this facility. These can involve passage 
through two sets of doors that create an anteroom to 
accommodate personnel changing from their normal 
clothing into protective clothing. 

BL-3 containment laboratories are designed to 
prevent the egress of pathogenic microorganisms by 
keeping the room at a negative pressure with respect 
to the outside environment and ensuring a high air­
change rate. Negative pressure is maintained in con­
tainment rooms partially by increasing the air flow 
extracted from the room and partially by minimizing 
the leakage of air through gaps between the door 
and door frame and any vents in the doorleaf. In 
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���%���IIr$%�y�Jh~h~̀è~e~a��KTMLj�PM�pQPM[MSLR�TOP�MVMWLPQWKV�M�pQ_[MSL�TOP�[MKRpPM[MSL̂�WOSLPOV�KSX�VKUOPKLOPj�pRMa��KPL�ea��KP̀LQWpVKP�PM�pQPM[MSLRa��MWLQOS�eae~��_MWQTQWKLQOS�TOP�VKUOPK̀LOPj�WMSLPQTpNMRaC		�	��u%�?%��l�@��
��	��A%�\%���In.$%��������	�����
�	����������������
����1	������	��
���	
%��KUOPK̀LOPj�qSQ[KV��WQMSWM̂���̂�.(r&.(s%�k����C%�E%���Isr$%�/�	� ����
����	�)��
	�
�!	
����&�������	��������	����������������%�qMPOROV��WQMSWM̂��̂�#r(&#.r%�{��������@��������-�)�������%���Inr$%��LKSXKPX��ia�JVKRR�yy��VK[QSKP�TVOt��UQOYKZKPX�WKUQSMLPj�%������������k�������
��)����%�{?@�A
���	
%���II.$%�}MKVLY�LMWYSQWKV�[M[OPKSXp[a�e~ecUa��MSLQVKLQOS�QS�YMKVLYWKPM�_PM[QRMR�wMRQNS�WOSRQX̀MPKLQOSR%�,�����
�?k@|%�@������E%��@��+	���k%��l������
�����%���InI$%�-	�&�	��������������+�
��	�������	

�������bKWQVVpR%���� %�?��+�����A�%$��bKWQVVpR%����%�#((&#I#$%�{	+�����
�"�	�)��")���
����� ������%�B%@%�!	�����	������?	���������?)����@	�1��	
%���III$%�bQORKTMLj�QS�[QWPOUQOVONQWKV�KSX�UQO[MXQWKV�VKUÒPKLOPQMR��.���	�%$%�'�
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Cases 1 & 2: Single room 

114 ac/h 
Do 6 ac/h 

EPHNF EPHNF EPHNF EPHNF 
Patient I Patient 2 Patient 3 Patient 4 

Cases 3 & 7: Four-bed. Infectious patient= 1 

l14ac/h 
D06 ac/h 

EPHNF EPHNF EPHNF EPHNF 

Patient I Patient 2 Patient 3 Patient 4 

Cases 5 & 9: Four-bed. Infectious patient= 3 

2 

2 

114 ac/h 
Do 6 ac/h 

EPHNF EPHNF EPHNF EPHNF 
Patient I Patient 2 Patient 3 Patient 4 

Cases 4 & 8: Four-bed. Infectious patient = 2 

1

114 ac/h I 
Do 6 ac/h 

0'----r---r---r-~~........,....,.I ,..._,..__ 
EPHNF EPHNF EPHNF EPHNF 

Patient I Patient 2 Patient 3 Patient 4 

Cases 6 & 10: Four-bed. Infectious patient = 4 
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Direct care Hou ekeeping Mealtimes Medication Misc. care Personal care 

('" 0.31 0.08 0.15 '") C' 
0 0 0.40 

''°) (! 
0 0 0 ,t) 0.47 0.11 0.01 0.25 0.16 

ot 
0 0 0.70 0.33 0 0 1 

0.18 0.24 0.22 0.19 0.16 0 0.17 0.17 0.67 0.14 0.36 0.36 
0.24 0.18 0.06 0.34 0.18 0.05 0 0.64 0.10 0.20 0.07 0.60 0.13 
0.25 0.18 0.12 0.18 0.28 0.27 0.13 0.20 0.27 0.13 0.14 0.14 0.57 0.14 

Direct care Housekeeping Mealtimes 

('°' 
0.28 0.22 0.34 '") (1 

0.43 0 0.29 '") (,!3 

0 0 1 

0\3) 0.14 0.03 0.12 0.56 0.15 0 0.13 0.75 0.13 0 0.22 0.44 
0.05 0.17 0.17 0.39 0.23 0.06 0.19 0.55 0.19 0.19 0.57 0.10 0.14 
0.07 0.35 0.11 0.25 0.22 0.11 0.14 0.35 0.38 0.19 0.09 0.50 0.19 
0.14 0.14 0.16 0.37 0.20 0.23 0.08 0.12 0.42 0.14 0.06 0.13 0.56 0.25 

Medication round Misc.care Personal care 
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Far-patient 

ear-pati ent 

Hygiene products 

Patient 

Equipment 

Left room 0 

0.8 

g 0.6 

:0 ., 
.D 
0 

o': 0.4 

0.2 

i---e- HCW #50 

10 15 20 25 

Surface contacts (n) 

Direct care Housekeeping 

□ Probabi lity handwash only 

30 

0.62 

Mealtimes Medication Miscellaneous Personal care 
round 

Care type 

Iii Probability gloves only o Probability alcohol rub only 
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Direct care Housekeeping Mealtimes Medication Misc. care Personal care 
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Direct care Housekeeping 
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Mealtimes Medication rounds 

10 10 1--Multi- bed room I 
8 -- Single- bed room 
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An outbreak of multi-drug-resistant 
tuberculosis in a London teaching 
hospital 
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Division, PHLS Communicable Diseases Surveillance Centre, Colindale, London NW9 5EQ(2); 
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Summary: We describe the epidemiology and control of a hospital outbreak of multi-drug-resistant 
tuberculosis (MDR-TB). A human immunodeficiency virus (HIV)-negative patient with drug-sens­
itive tuberculosis developed MDR-TB during a period of unsupervised therapy. She was admitted 
to an isolation room in a ward with HIV-positive patients, but the room, unbeknown to hospital staff, 
was at positive-pressure relative to the main ward. Seven HIV-positive contacts developed MDR­
TB. The diagnosis in the second patient was delayed, partly because acid-fast bacilli in his sputum 
were assumed to be Mycobacterium avium-intracellulare. All the available Mycobacterium tuberculosis 
isolates were indistinguishable by molecular typing. Nearly 1400 staff and patient contacts were 
offered screening, but the screening programme detected only one of the cases. Despite therapy, the 
index patient and two of the contacts died. HIV-positive patients are more likely than others to develop 
tuberculosis after exposure, and the disease may progress more rapidly. In these patients the possibility 
that acid-fast bacilli may represent M. tuberculosis must always be considered. Patients with tuber­
culosis (suspected or proven) should not be nursed in the same wards as immunosuppressed patients, 
and should be isolated. MDR-TB cases must be isolated in negative-pressure rooms. Hospital side­
rooms may be positive-pressure as a fire safety measure; infection control teams must be aware of the 
airflows in all isolation rooms, and must be consulted during the design of hospital buildings. Good 
communication between infection control teams and clinicians is important, and all medical and 
nursing staff must be aware of the principles of management of patients with proven or suspected 
tuberculosis and MDR-TB. 

Keywords: Tuberculosis; multidrug resistant tuberculosis; drug resistance; cross-infection; infection control; 
HIV; airflow; isolation; supervised therapy; contact tracing; typing. 
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Introduction 

The steady decline in tuberculosis in Western 
countries has reversed in recent years with an 
excess of reported over-predicted cases, par­
ticularly in inner cities. 1

-
3 There are many 

reasons for this, including increasing immigra­
tion from countries with a high prevalence of 
tuberculosis, poverty and social deprivation, and 
inadequately resourced public health services. 4 

Furthermore, poorly supervised therapy and the 
addition of single drugs to failing regimens has 
led to the emergence of multi-drug-resistant 
tuberculosis (MD R-TB). 5 Because these strains 
are less responsive to standard therapy, patients 
remain infectious for longer. 

The emergence of human immunodeficiency 
virus (HIV) and acquired immunodeficiency 
syndrome (AIDS) has paralleled the re-emer­
gence of tuberculosis. There have been several 
reports of outbreaks of tuberculosis in HIV 
patients in the USA, Spain, South America and 
London.6-16 In most cases these outbreaks have 
centred on hospitals where AIDS patients are 
nursed together, and increasingly involve multi­
drug-resistant strains. 

We report an outbreak of MDR-TB amongst 
HIV patients at St Thomas's Hospital in Lon­
don, in which a major factor was inadequate 
isolation on a ward where HIV patients were 
being nursed. 

Patients and methods 

The outbreak 

St Thomas's Hospital is a teaching hospital 
with approximately 800 inpatient beds, serving 
a large urban population. The HIV outpatient 
unit provides care for 700 regular attenders. 
The hospital has several wings of different ages 
and design; for many years patients with known 
or suspected tuberculosis have been nursed in 
side-rooms, with no known cases of cross-in­
fection before 1995. Until recently, HIV-posi­
tive inpatients were admitted to East and South 
Wing wards, but latterly they were admitted to 
a particular ward ('Ward 1 ') in the North Wing 

A. S. Breathnach et al. 

under the care of the respiratory physicians. 
This ward has 28 beds arranged in five bays, 
and four single rooms with adjacent bathrooms. 

Patients 

Patient 1 
The first case was an HIV-seronegative female 
in her 20s, recently arrived from West Africa. 
In December 1994 she was admitted with open 
pulmonary tuberculosis with a fully sensitive 
strain of Mycobacterium tuberculosis. She was 
started on rifampicin, isoniazid and pyr­
azinamide, and improved. However, she failed 
to attend her outpatients appointment in Feb­
ruary 1995, and in March she presented com­
plaining of cough and night sweats. Her sputum 
showed large numbers of acid-fast bacilli (AFB), 
and the chest X-ray showed increased cavita­
tion. She was admitted to a side-room on a 
ward in the East Wing (Ward 2), and ethambutol 
was added to her therapy. She was discharged in 
mid-April. Shortly afterwards her most recent 
isolate was reported to be resistant to rifampicin, 
isoniazid, clofazimine and rifabutin, and in May 
her treatment was changed to a combination of 
ethambutol, pyrazinamide and ciprofloxacin. By 
June she had deteriorated; she was admitted to 
a side-room on Ward 3 in the East Wing, and 
streptomycin was added. In September 1995 
Ward 3 was refurbished and she was transferred 
to a side-room in Ward 1 in the North Wing. 
By January 1996 the organism had become re­
sistant to pyrazinamide, cycloserine and ci­
profloxacin. She remained on Ward 1 until April 
1996 when she was transferred to another hos­
pital. She later returned to St Thomas's and 
was nursed in a negative-pressure room. Despite 
therapy she died in December 1997. 

Patient 2 
A 34-year-old man with AIDS was an inpatient 
on Ward 1 for four weeks between October 
and November 1995, with a diagnosis of 
Pneumocystis carinii pneumonia. Culture of his 
sputum for mycobacteria at this time was 
negative. He was nursed in a side-room ad­
jacent to that of Patient 1. In February 1996 
he developed fever and cough, with sputum 
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containing numerous AFBs which were as­
sumed to be Mycobacterium avium-intra­
cellulare. He deteriorated and was re-admitted 
to Ward 1 in March 1996. Despite repeated 
requests, he kept the door open, frequently 
left the room and visited other patients. In mid­
March his sputum sample taken in February 
yielded a mycobacterium species, identified as 
M. tuberculosis by gene probing (Accuprobe, 
Gen-probe Inc., San Diego, USA) and he was 
given rifampicin, isoniazid and pyrazinamide. 
One week later the organism was shown to 
be resistant to rifampicin and isoniazid. It was 
immediately concluded that Patient 2 had 
probably been infected by Patient 1. Urgent 
examination of airflows showed that the isol­
ation rooms on Ward 1 were positive pressure 
relative to the main ward. 

Subsequent cases and outcome 
A further six patients with MDR-TB were iden­
tified over the following eight months (Table 
I). Four were identified in St Thomas's Hos­
pital, and two elsewhere. The four who pre­
sented to St Thomas's Hospital were transferred 
to other hospitals with appropriate isolation 
facilities as soon as the diagnosis was suspected. 
All six patients were HIV-positive males. Five 
presented with respiratory or constitutional 
symptoms; one was asymptomatic, and was de­
tected as part of the screening programme. Two 
patients, Patients 2 and 4, have subsequently 
died. 

Contacts between patients 

All the cases had been on a ward at the same 
time as Patient 1, and three also at the same 
time as Patient 2 while he was infectious with 
AFBs in his sputum. Patient 8 was not a 
patient at St Thomas's, but had counselled 
Patient 2 while he was infectious on Ward 1. 
Patient 3 had also been in contact with Patient 
2 in the HIV clinic, and may have acquired 
his infection there. At least one, and possibly 
two infectious were acquired following ex­
posure to a patient in a neutral pressure room. 
The duration of contact for each patient is 
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shown in Table I. Sixty-four HIV positive 
patients were known to have had inpatient 
contact with an infectious case, g1vmg an 
overall clinical case attack rate of 11 % (7 /64) 
in this group (Table II). 

Molecular typing of the M. tuberculosis 
isolates 

Isolates from seven patients were typed by re­
striction fragment length polymorphism at the 
Royal Free Hospital and the Public Health 
Laboratory Service (PHLS) Mycobacterium 
Reference Unit, Dulwich. 17 All isolates were 
indistinguishable, including the sensitive and 
resistant strains from Patient 1. The organism 
from Patient 8 failed to grow and was un­
available for typing, but M. tuberculosis and 
mutations within the rpoB gene associated with 
rifampicin resistance were detected in his spu­
tum by the polymerase chain reaction (PCR) and 
solid-phase hybridization techniques; in view of 
his close contact with Patient 2, he was probably 
part of the outbreak. 

Management of the outbreak 

A committee was formed to define, investigate 
and manage the outbreak. The main elements 
of the management of the outbreak were as 
follows. 

Transfer of known cases 
A soon as the outbreak was identified, the two 
known cases were transferred to hospitals with 
adequate negative-pressure isolation rooms. 

Review of isolation room airflow 
Airflows in hospital side rooms were urgently 
reviewed. It was found that all the side-rooms 
in the North Wing wards were under positive 
pressure relative to the main wards. Side-rooms 
in the East Wing were in balance with the main 
wards. There were no negative-pressure rooms 
available in the Trust, so proposals for the 
conversion of the side-rooms on Ward 1 to 
negative pressure were brought forward. Four 
such rooms with > 12 air-changes per hour and 
en-suite facilities were opened in January 1997. 
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Table I Se,ondary coses of MDR-TB: clinic;al and epidemiological information 

Contact with Contact with Interval to Delay to clinical CD4 
Patient I Patient 2 symptoms diagnosls of 
(days) (days) (weeks) MDR-TB 

(weeks) 
·- ·- .-- --~ - - -- - .- .. ----- -- ~ -~---

Patient 2 33 l I 7 <50 

Patlent 3 2 < I (outpatient) 53* 4 100 
Patient 4 20 6 10 2 <50 

Patient 5 18 JO 11 3 <SO 

Patient 6 12 28t <I 100 

Patient 7 4 33 4 250 
Patient 8 <I < 1 (visitor to ward) 24 <i 170 

All were males infected with HIV. 
* Precise date of initial exposure uncertain. lntel"llal given refers to earliest possible exposure. 
t Time to detectio11 at screening clinic; patient was asymptomatic. 
+ Alive at the time of writing. 20 months after the recognition of the outbreak. 

Chest X-Ray Outcome 
appearances 

R.t hilar and basal Died 
infiltrates 
Rt lung infiltrates Survived:j: 
Lt hi1ar and ba.sal Died 
infiltrates 
R.t apical and hilar Survived+ 
infiltrates 
Lt upper zone Survived+ 
cavitation 
Miliary appearance Survived+ 
Clear Survived+ 
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Table II Clinical case attack rates in inpatient HIV-positive contacts of Patients I and 2 

Source of exposure 

Patient I-Ward 2 
Patient I-Ward 3 
Patient I-Ward I 
Patient 2-Ward I 
Patient I or 2 

Number exposed 

2 
11 
51 
9 

64 

Review of Trust tuberculosis policy 
The Trust policy for tuberculosis was reviewed. 
All patients with signs of chest disease are now 
assessed for risk of tuberculosis and MDR­
TB before admission to hospital. Patients who 
present to outpatients or casualty with suspected 
tuberculosis are kept in isolation while an urgent 
auramine stain of sputum is performed; if 
MDR-TB is suspected and AFB are seen, the 
patient is transferred to a negative-pressure isol­
ation facility. Patients with known or suspected 
drug-sensitive tuberculosis can continue to be 
nursed in neutral-pressure side-rooms as they 
have been for many years; the positive-pressure 
rooms are no longer used for tuberculosis isol­
ation. lmmunocompromised patients are no 
longer nursed on the same ward as those with 
known or suspected tuberculosis. A negative­
pressure room was constructed in the out­
patients for cough inducing procedures such as 
induced sputum collection and bronchoscopy, 
and dust/mist/fume particulate filter face masks 
were made available for nursing MDR-TB 
patients. 

Contact tracing and screening programme 
Because of the length of stay of Patient 1, a 
large number of other patients and staff were 
exposed to MDR-TB: 792 staff, 61 HIV-posi­
tive inpatients and 226 HIV-negative inpatients 
had possible exposure. Screening was offered 
to all surviving contacts, and to all surviving 
HIV-positive patients who had attended the 
HIV clinic between January and March 1996. 
Screening consisted of a health questionnaire 
and a tuberculin skin test; those who were im­
munodeficient or had symptoms were also 
offered a chest X-ray. One case (Patient 6) 

Number infected Attack rate (%) 

4 
2 
7 

50 
9 
8 

22 
11 

was identified during screening of HIV-positive 
contacts, but so far no cases have been identified 
in any of the other groups. 

Antibiotic prophylaxis 
Prophylaxis with ethambutol and para-amino­
salicylic acid was offered to immunodeficient 
contacts; they were informed of its unproven 
efficacy and possible side-effects. Only seven 
patients accepted prophylaxis, and none con­
tinued for more than two weeks. 

Public relations, press release, telephone 
helplines 
A press release was issued at the same time as 
the recall letters were posted, and telephone 
helplines were set up in the HIV unit. Interest 
by the media and public was intense but short­
lived. 

Internal enquiry and changes to infection control 
The Trust commissioned an internal enquiry 
into the outbreak. Their report was completed 
in October 1 996 and was made available to the 
public. Following the recommendations of the 
report, the infection control team was enlarged, 
its practices were reviewed, and communication 
links between the infection control nurses, 
microbiologists, clinicians and the community 
thoracic nursing team were strengthened. Other 
recommendations were incorporated in the re­
vised tuberculosis policy and in the new isolation 
facilities, as previously described. 

Discussion 

Although the dangers of tuberculosis and 
MDR-TB are well recognized; this outbreak 
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illustrates the importance of following the cor­
rect management procedures for these patients. 

Poor motivation, language barriers and social 
isolation may lead some patients to default from 
therapy and present later with MDR-TB. Su­
pervised therapy has been shown to improve 
outcome and reduce the emergence of drug 
resistance. 18

·
19 Patient 1 developed MDR-TB 

during a period of unsupervised therapy. She 
was admitted to hospital and single drugs added 
sequentially to her treatment; subsequent isol­
ates showed further resistance. She remained 
infectious in hospital for many months, and 
was eventually transferred to a ward with HIV 
patients. Staff were unaware that the side-rooms 
on this ward were at positive pressure relative 
to the main ward. The problem was further 
compounded by the reluctance of Patient 2 to be 
isolated. It was this combination of inadequate 
isolation and proximity with HIV patients that 
led to the outbreak. 

In the last decade, several similar outbreaks 
of tuberculosis and MDR-TB have been de­
scribed in hospitals or other institutions, mostly 
in the USA. 6

-
16

•
20 One outbreak involved 357 

patients attending 41 different hospitals. 12 Most 
outbreaks have involved HIV patients, em­
phasizing their vulnerability to tuberculosis: 
once infected, these patients progress to disease 
more frequently and more rapidly than those 
who are HIV-negative. 7 The chest X-ray ap­
pearance may be atypical, and the AFB in the 
sputum may be misinterpreted at mycobacteria 
other than M. tuberculosis, leading to delayed 
diagnosis. Mortality rates of 80-90% have been 
reported in these patients, 20 but rapid diagnosis 
and aggressive treatment can improve out­
come. 21 Factors contributing to these outbreaks 
include contact between HIV-positive patients 
or staff with tuberculous patients, delayed dia­
gnosis resulting in inadequate therapy and pro­
longed infectiousness, and inadequate isolation. 
In some outbreaks, inadequate airflow in isol­
ation rooms have also played a part. 8 This out­
break demonstrated all of these factors and 
underlined how easily tuberculosis can become 
drug resistant and how readily it can be trans­
mitted to patients infected with HIV. 

A. S. Breathnach et a/. 

Even though this was a relatively small out­
break, we identified nearly 1400 staff and patient 
contacts. Tracing and screening the contacts was 
a major undertaking, involving many hospital 
departments over several months. We identified 
no secondary cases in HIV-negative contacts, 
but infection in these patients may not manifest 
for many years, if at all. 

Hospital staff were unaware that the isolation 
rooms in the North Wing (built 20 years ago) 
were engineered to be at positive pressure rel­
ative to the main wards to protect against fire 
hazards. It is essential for infection control 
teams to know the airflow of all isolation rooms 
in their institutions, and to be consulted on 
infection control aspects of new building work. 

During the outbreak, molecular techniques 
were increasingly used for the rapid diagnosis 
of tuberculosis and MDR-TB. These tech­
niques are useful, but only when applied ap­
propriately; they are not a substitute for clinical 
skills in making the initial diagnosis. The out­
break also stimulated us to rewrite our tuber­
culosis policy, emphasizing the dangers of 
MDR-TB and the susceptibility of HIV 
patients. However, policies by themsleves do 
not guarantee good practice; it is the re­
sponsibility of senior medical and nursing staff 
to ensure that those working with or for them 
are aware of the proper management of patients 
with tuberculosis. 

In conclusion, patients who have open tuber­
culosis must not be nursed near patients with 
HIV. The airflow characteristics of all isolation 
rooms should be known by infection control 
and clinical staff, and positive-pressure rooms 
must not be used for containment isolation. 
HIV patients with AFBs in their sputum should 
be managed as if they might have tuberculosis 
until the true diagnosis is made, and the risk of 
drug resistance must be assessed. Patients who 
might have MDR-TB must be nursed in neg­
ative-pressure rooms. Antituberculous therapy 
must be supervised when there is any doubt 
about the patient's adherence to therapy, and 
single drugs should not be added to failing 
treatment regimens. Good communication be­
tween microbiologists, infection control staff, 
physicians and nurses is essential; local infection 
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control policies for tuberculosis should be de­
veloped, disseminated and adhered to by all 
staff. 

Acknowledgements 

We thank the following for their assistance m 
investigating the outbreak and in the pre­
paration of this manuscript: Ms Alyson Smith, 
Ms Martina Dowling, Ms Jackie Wingfield, Ms 
Diane Raynor, Dr Rachel Heathcock, and Dr 
Steven Gillespie. 

References 

1. Raviglione MR, Snider DE, Kochi A. Global 
epidemiology of tuberculosis - morbidity and 
mortality of a world-wide epidemic. J Am Med 
Assoc 1995; 273: 220-226. 

2. Hayward AC, Watson JM. Tuberculosis in Eng­
land and Wales 1982-1993: notifications ex­
ceeded predictions. CDR Review 1995; 5: 
R29-R33. 

3. Pearson AD, Hamilton GR, Healing TD, Ma­
guire HC, Feltham RK. Summary of a report 
of the Working Party on Tuberculosis of the 
London Group of Consultants in Com­
municable Disease Control. J Hosp Infect 1966; 
33: 165-79. 

4. Drobniewski F, Pablos-Mendes A, Raviglione 
M. Epidemiology of tuberculosis in the world. 
Sem Resp Crit Care Med 1997 (in press). 

5. Iseman MD. Treatment of multi-drug resistant 
tuberculosis. N Engl J Med 1993; 329: 784-791. 

6. Anonymous. An outbreak of hospital acquired 
multidrug resistant tuberculosis. CDR weekly 
1995; 5: 161. 

7. Daley CL, Small MP, Schecter GF, et al. An 
outbreak of tuberculosis with accelerated pro­
gression among persons infected with the human 
immunodeficiency virus. An analysis using re­
striction-fragment-length polymorphisms. N 
Eng J Med 1992; 326: 231-235. 

8. Ikeda RM, Birkhead GS, DiFerdinando GT, et 
al. Nosocomial tuberculosis: an outbreak of a 
strain resistant to seven drugs. Infect Control 
Hosp Epidemiol 1995; 16: 152-159. 

9. Valway SE, Richards SB, Kovacovich J, Grei­
finger RB, Crawford JT, Dooley SW. Outbreak 

117 

of multidrug-resistant tuberculosis in a New 
York State prison, 1991. Am J Epidem 1992; 
140: 113-22. 

10. Anonymous. Multidrug-resistant tuberculosis 
outbreak on an HIV-ward-Madrid, Spain, 
1991-1995. Morb Mortal Wkly Rep 1996; 45; 
330-3. 

11. Beck-Sague C, Dooley S, Hutton MD, et al. 
Hospital outbreak of multidrug-resistant Myco­
bacterium tuberculosis infections. Factors in 
transmission to staff and HIV-infected patients. 
J Am Med Assoc 1992; 268: 1280-1286. 

12. Frieden TR, Sherman LF, Maw KL, et al. 
A multi-institutional outbreak of highly drug­
resistant tuberculosis. Epidemiology and clinical 
outcomes. J Am Med Assoc 1996; 276: 1239-
1235. 

13. Aita J, Barrera L, Reniero A, et al. Hospital 
transmission of multi-drug-resistant tuber­
culosis in Rosario, Argentina. Medicina ( B. 
Aires) 1996; 56: 48-50. 

14. Anonymous. Nosocomial transmission ofmulti­
drug resistant tuberculosis among HIV-infected 
persons-Florida and New York, 1988-1991. 
Morb Mortal Wkly Rep 1991; 40: 585-591. 

15. Pablos-Mendes A, Sterling T, Frieden TR. The 
relationship between delayed or incomplete 
treatment and all-cause mortality in patients 
with tuberculosis. J Am Med Assoc 1996; 276: 
123-8. 

16. Dooley SW, Jarvis WR, Snider DE. Myco­
bacterium tuberculosis. In Mayhall CG, Ed. Hos­
pital Epidemiology and Infection Control. 
Baltimore: Williams and Wilkins, 1996. 1200-
1223. 

17. Van Embden JOA, Cave MD, Crawford JT, et 
al. Strain identification of Mycobacterium tuber­
culosis by DNA fingerprinting: recommenda­
tions for a standardized methology. J Clin Micro 
1992; 31: 406-409. 

18 Frieden TR, Fujiwara PI, Washko RM, Ham­
burg MA. Tuberculosis in New York City: turn­
ing the tide. N Eng J Med 1995; 333: 229-33. 

19. Morse DI. Directly observed therapy for tuber­
culosis. BMJ 1996; 312: 719-20. 

20. Anonymous. Outbreak of multidrug-resistant 
tuberculosis at a hospital-New York City, 1991. 
Morb Mortal Wkly Rep 1993; 42: 427-434. 

21. Drobniewski FA. Is death inevitable with multi­
resistant TB plus HIV infection? Lancet 1997; 
349: 71-72. 

Page 424

A48946859



����������	
������������
�����
������������������������ �������!�"�"��#$���̂:.1)M*++*/D)(.8D .̂:&*++YK

_13&3B&)&7&'6:&713F1/6&:/3B6/D;.5/.)&9;(:9'6)4&7@%1:77).8)&363/1:;&/(1/5&13/)6'14F6:1:763(:61R671:7B6/D:(F)&E6(.3D63/()M('6:17&N.1/&/)&1/4&:/K>&4(8)1FD6;1:7;56:6;15E1)6105&3B&)&;(55&;/&7/(;D1)1;/&)6R&/D&;5.3/&)K>).83.3;&F/60656/M/&3/6:81:7>̀ U3.0/MF6:81:15M363B&)&F&)'()4&7B6/D)&363/1:/3/)16:31E165105&1//D&/64&('/D&3/.7MK>).83.3;&F/690656/M/&3/6:8B13F&)'()4&70M/D&4&/D(7('F)(F()/6(:36:=6775&0)((2JP**4&76.4763/)609./&76:F&/)6F51/&;(4F1)/4&:/3<)&'&)&:;&AKU55WT)&F()/&7;13&3('63(:61R671:7)6'14F6:)&363/1:;&B&)&14(:8POQ96:'&;/&7F1/6&:/3D(39F6/156R&76:/D&POQ97&76;1/&7B1)7')(4H&F/&490&)*Y-*++*-/(=1M*++YKa:&F1/6&:/B131:POQ96:'&;/&7:.)3&BD(B()2&7(:/D&B1)7')(4*++,/(*++WK@D&4&1:18&('F1/6&:/3B13XWK*CT*KXbB&)&415&-1:7ccKcbB&)&6:/)1E&:(.397).8.3&)3<@105&*AKa'/D&WJ<+JK+bABD(76&7-/D&4&1:6:/&)E15')(4 7618:(363/(7&1/DB13JJKc71M3K@D&&F67&46(5(86;;.)E&3.88&3/31F)(F181/&7/)1:346336(:F1//&):('=>?@%14(:8POQB1)7F1/6&:/3-3/1)/6:86:*++*1:7;(:/6:.6:8.:/65.̂:&*++Y<[68.)&*AK%M/D&'6)3/c4(:/D3('*++Y-cYb('defghifjklmno jnhklfnpgqmq3/)16:33&&:14(:8POQB1)7F1/6&:/3B&)&4.5/67).89)&3639/1:/Krstuvwxyz{r|}s~�v�~��s�s�~v���~������tv��s��stuv ������ �H&�=15& X+ T*KX[&415& + *TKJ=&1:18& XWK* <cKTA1POQ3/1/.3O:'&;/&7 WT *,,K,POQ)6328)(.FO:/)1E&:(.37).8.3&)3XI ccKcP(4(3&�.15 *, I,KTa/D&)3 c *IKca./;(4&>&1/D WJ +YK+>63;D1)8& * WK*=&1:3.)E6E151'/&) JJKc <*,JKTA1=>?@%7618:(363<6:71M3As�~s��s���v��s~���x

����������

��� ¡¢£� ¡¤¥¦§̈�©ª«¬­®̄ °̄ ±²³ µ́­§¶̈¬¶·¬̧­¹º̈�«»¼̈»­½»­»

Page 425

A48946859



��������������	
���	�����
���	�	��������
�����	��
��
������
�	�������
�	����	�
�����	�������������������������
��������	�����������������
���	��	��
����������	���������
�����	��
����

���� �!"#$%	
���&'�
����������
�()#*+��
��	������������
�����������	
�����&, �&��-$�
��!"#��	�
����).�����������
�
������
����
	����	��&	
������!"#��	�
�����
�����
�
��
����"�����	
����&���
����
�����
���
���
������ /�����&$�*�	
�����	�
���	�
�������
��

�����
������	��
��
������
���

������
������
�������!��������	
01234567389:;:���
����
�����
	���� ��$��
�
������).��	�
������������	�	����	
������������<�����=!'��>���>�?��
����	
����@��
����).��
�
����
�����
��
���	���@�����	��
�����>�A�(	
�
��	
���
	��������� #����#��&�B�����
��B���&$�&>>C().*B��A>�(*�����DE�A>�(FDE ��G�G$�&�A�((�D�&�>��-*���	�@��>>�
��>�A-*
<�	�����
���*���
������������
������������
��	�
��A	D
	��>���
��
����
������>������	
���
���
��	�
��,	D
	������������
��������
�A'	D
	�&����
���������@�����	�
�H&	D
	������*��
����
��
��	���	���������
�
�������������	��	�������&- 
�
�	�������
������������������	����
��	�����������
�����
��	�����
���������
�	���=I���
������
�������	����
�����	�����=I������
����
���������!���������A������
��)�������������,���	�
�*+��
��	��������,����
��	����������������������
�������������������
�
����	���	�������D
���
������J��	�
�������������
���	��	��
������

�����������	������
�����
����	�%�	���	��
������J��	�
�����������������	����
��
�������	��
�������

����������	�������
��
��
�����
���
	��
��	
����
���
������
���	���	��
����������������
���	����
���
��	��
�����
��
���		���������	�����
�����
����	���
���
���	�������
���@�	����	��
�������
�������B��	�
������	��
���
����
�
��
������	���	����=I������
����
����������()#*+�
������
���
��	��� �K�AK��$�����������	
�������	� �&K��K�,$�*+�
������������
���
���
�L�	�����
�����
������M
�	����&���������	���
	��������	��������������������	������
	�01234567389:;:��������������������������������
����	�����
����������*+����
�����
������������
���
���
�L�	��������@�	���M�
���������	����
�����	�����=I������
����
���������������
�	�����
�����
�������
������
�
��	�����������������	�!���������A�����������&�������
	��*+��
���	����*������
����
������ �G�����
���
���H�	����	��$���������
�������������
��K�	���	���
������	��D
���
������
���	���	��
�����������	������
��
������

�����������������	
�����@��=I����

��	���������
���������=I
��*+��
��	����	��	���	
D),�����	�����
��������	
*+��
��	��� *
���&$�+�
	������	����
���
��	������������*+�
���
��	����H'�,-	
����
����
�������
������	����
�����	�����=I������
����
��	
����	����
�������&��A-	
�	���	��
������ N#OH�GP��,�A>�AQ$ *
����$�N
���
����
���
�����������	���	��	����
���
��	�����������

������������	
�����	�����	����
������=I���
������
���������	�
������������=I�
��
��<���������������	�����
�����	��
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Nosocomial transmission of multidrug-resistant 
Mycobacterium tuberculosis 

W.R. Jarvis 

Hospital Infections Program, Centers for Disease Control, 
National Center for Infectious Diseases, U.S. Public Health Service, 

Atlanta, GA (USA) 

Concomitant with the resurgence of tuberculosis 
in the United States have been increasing reports of 
nosocomial transmission of TB. From January 1990 
through September 1992, the Centers for Disease 
Control (CDC) investigated eight nosocomial out­
breaks of multidrug-resistant tuberculosis (MDR­
TB). Over 200 patients were infected; approximate­
ly 75 OJo of these patients died. Risk factors for in­
fection included human immunodeficiency virus 
infection or acquired immunodeficiency syndrome 
and recent hospitalization on the same ward as other 
MDR-TB patients. Restriction fragment length poly­
morphism (RFLP) analysis of M. tuberculosis iso­
lates revealed unique strains were transmitted in each 
hospital. In three hospitals, health care workers 
(HCW) assigned to wards with MOR-TB patients 
were shown to be more likely to have tuberculin skin 
test (TST) conversions than HCW assigned to wards 
without MDR-TB patients. These outbreaks demon­
strate the serious morbidity and mortality associat­
ed with nosocomial MOR-TB and emphasize the 
importance of adhering to current CDC guidelines 
for preventing the transmission of tuberculosis in 
healtheare settings, with special focus on HIV-related 
issues. 

Introduction 

Before 1990, reports of nosocomial transmission 
of drug-susceptible or MOR-TB were uncommon in 
United States hospitals. During 1953 to 1985, the 
number of reported patients with TB in the U.S. 
steadily declined and elimination of TB became a goal 
of the U.S. Public Health Service (PHS). However, 
between 1985 and 1992, the number of reported pa­
tients with TB has increased, with nearly 40,000 ex­
cessive cases over what would have been expected if 
reported TB had decreased at the same rate as be-

tween 1980-1984 (Jereb et al., 1990). Several factors 
are responsible for this increase, but HIV infection 
and AIDS have clearly played an important role. 

In addition, before 1990, MDR-TB, i.e., M. 
tuberculosis strains resistant to isoniazid (INH) and 
rifampin (RIF), with or without resistance to other 
antituberculosis agents, were uncommon in the U.S. 
Most MOR-TB reported was thought to result from 
TB patients with drug-susceptible strains who ac­
quired drug resistance as a result of noncompliance 
with their therapy. Thus, primary drug resistance, 
i.e., the first infection withM. tuberculosis being with 
MDR strains, was very uncommon. 

Most nosocomial TB reported in the U.S. between 
1970 and 1991 involved ;:;, I source-patient with ac­
tive TB, who was not known to have TB and was 
not on therapy, or was on therapy for either a very 
short time ( < 2 days) or had a drug-resistant strain 
(Hutton et al., 1992). In many reports, aerosol­
producing medical procedures, such as bronchosco­
PY, end.itracheal intubation, wound manipulation, 
respiratory tract manipulation or autopsy, were as­
sociated with transmission. 

MDR-TB outbreaks 

Between 1990 and 1992, the CDC has investigat­
ed eight nosocomial outbreaks of MOR-TB (table I) 
(Edlin et al., 1992a; Pearson et al., 1992; Beck-Sague 
et al., 1992; Kent et al., 1992; Valway et al., 1992; 
Coronado et al., I 992a,b; Jereb et al., 1992; Stroud 
et al., 1992). These outbreaks have demonstrated a 
change in the epidemiology of nosocomial TB in 
health care facilities. These outbreaks have involved 
primary MDR-TB infection in immunocompromised 
patients. Outbreaks have occi1rred in multiple states 
and involved between 7 and . J patients. All MOR-

Address correspondence to: William R. Jarvis, M.D., Hospital Infections Program, Mailstop A-07, Centers for Disease Control, 
Atlanta, Georgia 30333. 
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Table I. Centers for Disease Control investigated nosocomial multidrug-resistant tuberculosis outbreaks, 
United States, 1989-1992. 

% HIV OJo Interval. TB 
Time Total infec- Mortal- diagnosis to death 

Facilit)' Location period cases Resistance pattern tion ity (mean, weeks) 

INH, RIF 
Hospital A Miami 1988-1991 65 (EMB, ETA) 93 72 7 

INH, SM 
Hospital B New York Cit}' 1989-1991 35 (RIF, EMB) 100 89 16 

INH, RIF, SM 
Hospital C New York Cit}' 1989-1992 70 (EMB, ETA, KM, RBT) 95 77 4 

INH, RIF 
Hospital D New York Cit)' 1990-1991 29 (EMB. ETA) 91 83 4 

JNH, RIF, SM 
Hospital E New York State 1990-1991 i (EMB, ETA, Kl\l, RBT) 14 43 4 

INH, RIF, SM 
Hospital F New York City 1990-1991 16 (EMB, ETA, KM, RBT) 82 82 4 

INH, RIF 
Hospital l New Jersey 1990-1992 13 (EMB) 100 85 4 

INH, RIF, SM 
Hospital J New York City 1990-1992 18 (EMB, ETA) 88 88 4 

INH"' i~oniaiid, RIF = rifampin, EMB = cthambutol, ETA= ethionamidc, KM= kanamycin, SM= strep1omycin, RBT = rifabutin. 

TB strains have been resistant to at least INH and 
RIF. except for one outbreak where the predominant 
strain was resistant to INH and :;treptomycin. In ad­
dition. most strains have been r~•,;,i~t::rn~ to from one 
to five other antituberculous ageuts. h-1 each of the 
outbreaks, except for one outbreak (hospital E) that 
involved transfer of an infectious MDR-TB patient 
from a prison, the majority (If infected patients had 
HIV infection or AIDS. In ail but one outbreak 
(hospital E), mortality in patients exceeded 70 OJo. 
The interval from TB diagnosis to death ranged from 
4-16 weeks (median 8 weeks). 

Risk factors for nosocomial MDR-TB 

In case-control studies, numerous risk factors for 
MDR. TB infection were identified (table II). These 
included having an HIV :nfection or AIDS. prior 
hospitalization and exposure to another infectious 
MOR-TB patient. MDR-TB patients did not have a 
prior history of TB or TB treatment and were more 
likely tc have had prior opportunistic infections and 
lower CD4-T-lymphocyte counts, suggesting that the 
infections were likely primary infection rather than 
reactivation. Exposure to an acid-fast bacillus (AFB) 
sputum-smear and culture-positive MDR-TB patient 
placed patients at greater risk of acquiring MOR-TB 
than exposure to an AFB sputum smear-negative, 
culture-positive MDR-Tli patient. 

Other factors contributing to the outbreaks in­
clude: delayed recognition of TB in patients because 
of atypical presentation or low clinical suspicion; 
delayed initiation of effective treatment regimens; 
length of time required to perform and repon culture 
and drug-susceptibility results ; prolonged period of in­
fectiousness; delayed institution, inadequate duration 
of, and/or inadequate facilities for AFB isolation. 

In most episodes, i.he MOR-TB patient present­
ed with pulmonary symptoms and fever (Coronado 
et al .• l992b). However, because few patients had 
classical signs of TB, i.e., cavitary lesions or miliary 
patterns on chest x-ray, neither tuberculin skin tests 
(TSTs) nor AFB sputum smears were performed in 
a timely fashion. Most MOR-TB patients had abnor­
mal chest x-rays, however, the infiltrates were often 
interstitial and varied in location. When cultures were 
obtained, there were delays in obtaining M. tuber­
culosis culture (median 7 weeks) and drug suscepti­
bility (additional median 7 weeks) results. This 
contributed to delays in institution of effective 
antituberculosis therapy. Patients were diagnosed a 
median of six weeks after onset of symptoms and 
died a median of seven weeks after onset of sym­
ptoms. The median time from diagnosis until death 
was eight weeks. Thus, MOR-TB patients were often 
culture-positive during their entire hospitalization un­
til death. A subsequent study has shown that with 
earlier diagnosis and therapy. clinical outcome can 
be improved (Edlin et ai .• 1992b). 
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Table II. Risk factors for nosocomial multidrug-resistant M. tuberculosis infection, 1989-1992. 

Human immunodefidency virus infection/acquired immunodeficiency syndrome (AIDS) 
Duration of AIDS 
Prior opportunistic infection 
Previous hospitalization 
Hospitalization (exposure) on the same ward as another infectious MOR-TB patient 
Exposure to an acid-fast bacillus sputum smear-positive MDR-TB patient 
Proximity to infectious MaJR-TB patient 
Lower CD4-T lymphocyte count 

Because of delays in clinical suspicion of TB and 
delays in diagnosis, institution of AFB isolation was 
often delayed. In addition, many ;,&lients either did 
not stay in their AFB isolation rooms (patients visit­
ed lounges. walked hallways masked improperly, or 
went to common bathroom facilities), AFB isolation 
was discontinued prematurely (before clinical im­
provement and three negative AFB sputum smears), 
and/or AFB isolation facilities did not meet current 
CDC recommendations (i.e., air flow systems with nega­
tive pressure in relation to hallway and other rooms, 
six air exchanges per hour, and air exhaust directly 
outside). These factors contributed to nosocomial 
MDR-TB transmission to other patients and HCW. 

Molecular epidemiologic investigalions 

In each of the outbreaks, infecting MDR-TB iso­
lates were obtained and genetically typed using RFLP 
(Cave el al .• 1991; Crawford et al .• 1992). RFLP typ­
ing confirmed a unique common strain (which usual­
ly varied between hospitals) being transmitted in each 
hospital. RFLP was a more consistent marker then 
antimicrobial susceptibility pattern. These molecu­
lar typing data confirmed the epidemiologic data that 
MOR-TB was being transmitted nosocomially. 

Risk of MOR-TB infection/disease in HCW 

HCW also were at risk of MOR-TB infection. In 
comparative studies, HCW on the outbreak wards 
were at greater risk of TST conversion then HCW 
on control wards or at an AIDS outpatient clinic 
(Beck-Sague et al .• 1992). In three of the hospitals, 
TST conversions were identified in 24/108 (22 'lo), 
13/39 (33 Ofo), and 6/12 (50 O!o) HCW tested. At least 
16 HCW have developed active MOR-TB; seven of 
those HCW are HIV-positive. At least five HCW 
have died with MDR-TB; four are known to b~ HIV­
positive. In most of the hospitals, HCW were not 
wearing adequate respiratory protection i.e. partic-

ulate respirators, when they entered infectious MDR­
TB patients' rooms; this included wearing no mask 
or wearing a mask improperly. 

Infection control interventions and their efficacy 

Thus, in each of these hospitals, MOR-TB out­
breaks occurred when current CDC guidelines for 
preventing TB transmission in health care facilities 
were incompletely implemented (Centers for Disease 
Control, 1990). Follcw-up investigations at several 
of these MOR-TB outbreak hospitals reveal varying 
degrees of implementation of the guidelines. At one 
ho;pital, which has implemented most of the guide­
lines, nosocomial MDR-TB transmission to patients 
and HCW has been terminated on the outbreak ward 
(Otten et al., 1992; Wenger et al., 1992). At another 
hospital, where the CDC guidelines have been ••Jess 
fully implemented" (i.e. rapid identification, isola­
tion in rooms even if not negative pressure), MDR­
TB transmission to patients has been significantly 
reduced (Maloney et al., 1992). A recent study by 
Stroud el al. suggests that improved clinician educa­
tion to suspect TB, rapid diagnosis, and appropri­
ate isolation of patients significantly reduces the risk 
of patient-to-patient MDR-TB transmission (personal 
communication). These data support the efficacy of 
the 1990 CDC guidelines and illustrate the impor­
tance of implementing these guidelines to prevent 
nosocomial MDR-TB transmission. 

Status of U.S. hospitals to infection control programs 

A recent survey of U.S. hospitals shows that ; 
(I) MDR-TB patients were admitted to hospitals in 
at least 40 states; (2) HCW TST were usually applied 
upon employment but follow-up or repeat TST 
varied widely afterwards; (3) the number of AFB iso­
latio,1 rooms in each hospital varied widely, ranging 
from O to 99 (median 6) rooms; and (4) hospitals 
reponed nosocomial TB transmission to patients 
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and/or HCW {Rudnick et al., 1~12). These data show 
that MnR-TB is widespread in many areas of the 
U.S. and that enhancement of HCW TST programs. 
AFR isolation facilities, and TB infection control 
practices are necessary to meet the challenge or the 
changing epidemiology of MOR-TB. 

Recommendations 

These outbreaks serve as a reminder of the im• 
port a nee of adequate diagnostic and infection con­
trol practices if MOR-TB outbreaks are to be 
terminated or prevented (table Ill). It is essential that 
clinicians maintain a high index of clinical suspicion 
of TB. TB can occur concomitantly with other patho­
gens, and thus any AFB-positive respiratory speci­
men should be considered M. 111berc11/osis until 
proven otherwise. Newer diagnostic tests, such as 
genetic probt!s. can fadlitate rapid diagnosis (Cleary 
et al., 1992). Other diagnostic tests, such as fluores­
cence microscopy and radiometric culture, and drug 
susceptibility testing can facilitate earlier diagnosis, 
more rapid insti!ution of effective therapy, and early 
institution of AFB isolation. 

Any patient with suspected or confirmed TB 
should be placed in AFB isolation. Effective isola­
tion includes: negative pressure ventilation, at least 

six air exchanges per hour. and air exhausted to the 
outside (Centers for Disease Control, 1990). To in­
sure adequate AFB isolation, the direction of air flow 
should be frequently monitored. Pa dents in AFB iso­
lation should remain in their rooms with the doors 
closed. If the patient must leave the room ~medical 
emergency or essential procedures). the patient 
should wear a mask. Similarly, persons entering the 
AFB isolation room should wear respiratory protec­
tion. MOR-TB patients should not be removed from 
AFB isolation until they have both evidence of clini­
cal improvement and the number of organisms on 
sequential sputum AFB smears is decreasing. When 
a patient is likely to be infected with drug-resistant 
organisms, AFB precautions should be applied until 
the patient is improving and has three successive 
negative AFB sputum smears. 

Because of the risk of TB transmission to HCW, 
an active HCW TST program is essential. All HCW 
(including paid and unpaid hospital workers, medi~ 
cal students, attending staff, volunteers, those that 
have received BCO, etc.) should have baseline TST. 
Periodically, retest TST-negative HCW; in non­
outoreak situations, TST should be conducted at least 
annually; where an outbreak has occurred, in high 
risk areas or groups, and in those with known TB 
contacts, TST should be conducted more frequently 
( E;; 6 months). In hospital A, where MDR-TB trans-

Table Ill. Measures necessary to prevent nosocomial tuberculosis transmission. 

Early identification 
- high index of suspicion 
- rapid diagnostic work-up 

Use rapid diagnostic techniques 
- fluorescent microscopy for smears 
- radiometric methods for identification and drug susceptibility testing 

Prompt initiation of adequate AFB Isolation 
- negative pressure rooms 
- ~ 6 air exchanges per hour 
- exhaust air directly outside 
- keep patient in room 
- doors closed 
- do not remove MOR-TB-patients from isolation until both clinical improvement and three successive 

negative AFB smears 
- persons entering the room should wear respiratory protection 
- appropriate follow-up of discharged patients 

Prompt initiation of effective antituberculosis therapy 

Monitor adequacy of therapy 
- frequent acid-fast bacillus {AFB) smears and culture 
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mission was terminated, TST every 3-4 months of 
ward HCW was essential for evaluating the efficacy 
of introduced control measures (Otten et al., 1992; 
Wenger et al., 1992). All HCW with positive TST 
should be promptly evaluated for active disease; if 
active disease is ruled out, evaluate for preventive 
therapy (Villarino et al., 1992). Of utmost impor­
tance, TST data must be collected and analysed so 
that high risk areas, procedures, and personal can 
be identified and the efficacy of infection control 
practices assessed. 

Conclusion 

The emergence of nosocomial outbreaks of MOR­
TB in U.S. hospitals is a serious public health 
problem ;equiring rapid response. The CDC and 
other PHS agencies have developed a PHS TB Task 
Force and a CDC TB Working Group to quickly 
initiate action to control this serious problem. A PHS 
TB Action Plan has been developed with a step-by­
step approach to reducing TB and controlling 
nosocomial TB transmission. A CDC meeting of out­
side experts was held in October 1992 to review and 
assess the current 1990 CDC TB guidelines. The con­
sensus was that the guidelines needed some revision, 
but that, in general, the 1990 CDC guidelines were 
adequate but not widely implemented in U.S. hospi­
tals. Because of the serious morbidity and mortality 
to both patients and HCW resulting from nosocomial 
MDR-TB transmission, the current CDC guidelines 
should be fully implemented immediately in hospi­
tals so that MDR-TB transmission in healthcare 
facilities can be prevented. 
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Multiple-drug-resistant tuberculosis: 
clinical and laboratory issues 

J.E. McGowan, Jr. 

Clinical Microbiology Laboratory (Box 26248), Grady Memorial Hospital, 
and Emory Uni1•ersity School of Medicine, Atlanta, GA 30335 (USA) 

lntrodurtion 

During the past few years, tuberculosis (TB) has 
become a subject of concern in the United States to 
both healthcare workers and the public (Cowley, 
Leonard, and Hager, 1992). In part, this concern 
results from the recent appearance of Mycobacteri­
um tuberculosis strains resistant to the usual first line 
drugs used to treat TB. This review details several 
fa..:tors determining the current pattern of TB in the 
United States, the clinical importance of multidrug­
resistant TB (MDR-TB), and the increased impor­
tance that MDR-TB brings to preventing nosocomi­
al spread of the disease. The steps needed to control 
TB in the hospital setting will be discussed, and the 
impact of these measures on the laboratory then will 
be highlighted. 

Changes in the pallern of tuberculosis in the United 
States 

In the United States, TB did not receive the 
respect it deserves during the 1980s (McGowan, 
1992). There were many reasons for this. First, TB 

was thought to be a disappearing disease, the sub­
ject of an elimination effort created by the Centers 
for Disease Control (CDC) (Centers for Disease r.on­
trol, 1989). Second, TB by the 1980s had become 
primarily a disease of the disadvantaged - cases of 
TB became a rarity except in United States hospitals 
serving the homeless and the helpless. As these hospi­
tals and their patients tend to be ignored by the health 
authorities and the public, TB was lost to medical 
attention, especially in comparison to new problem 
infections like acquired immunodeficiency syndrome 
(AIDS). Third, virtually all TB isolates were suscept­
ible to the two major drugs used for treatment, 
isoniazid and rifampin. The tuberculocidal action of 
these drugs in combination made treatment shorter 
and easier than ever before. When resistance to these 
drugs was found in occasional strains, these usually 
emerged from initially susceptible strains in patients 
who were non-compliant with therapy, or were found 
in patients with infections acquired in countries other 
than the United States. Thus, the threat of TB seemed 
diminished. As a result, during this period, TB con­
trol programs at the federal, state, and local levels 
were cut back or eliminated (Glassroth, 1992; Bloom 
and Murray, 1992). 
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EVALUATION OF INFECTION CONTROL MEASURES IN 
PREVENTING THE N OSOCOMIAL TRANSMISSION OF 

MULTIDRUG-RESISTANT MYCOBACTERIUM 
TUBERCUWSIS IN A NEW YORK CITY HOSPITAL 

Leonardo A Stroud, MD, MPH; Jerome I. Tokars, MD, MPH; Michael H. Grieco, MD, JD; Jack T. Crawford, PhD; 
David H. Culver, PhD; Brian R. Edlin, MD; Emilia M. Sordillo, MD, PhD; Charles L. Woodley, PhD; 

Mary Ellen Gilligan, RN, MEd; Nancy Schneider, RN, MS; Julie Williams, RN, MSN; William R. Jarvis, MD 

ABSTRACT---------------------------------
ORTECI'IVE: To evaluate the efficacy of Centers for 

Disease Control and Prevention (CDC)-recommended infec­
tion control measures implemented in response to an 
outbreak of multidrug-resistant (MDR) tuberculosis (TB). 

DESIGN: Retrospective cohort studies of acquired 
immunodeficiency syndrome (AIDS) patients and 
healthcare workers. The study period CTanuary 1989 
through September 1992) was divided into period I, before 
changes in infection control; period II, after aggressive use 
of administrative controls (eg, rapid placement of TB patients 
or suspected TB patients in single-patient rooms); and 
period III, while engineering changes were made (eg, 
improving ventilation in TB isolation rooms). 

SEITING: A New York City hospital that was the site 
of one of the first reported outbreaks of MDR-TB among 
AIDS patients in the United States. 

PARTICIPANTS: All AIDS patients admitted during 
periods I and IL Healthcare workers on nine inpatient units 
with TB patients and six without TB patients. 

INTRODUCTION 
Nosocomial transmission of tuberculosis (fB) to 

healthcare workers (HCWs) is a well-documented 
risk, usually associated with highly infectious patients 
with unsuspected disease.1,2 In 1989, nosocomial trans­
mission of drug-sensitive TB to human immunodefi­
ciency virus (HIV)-infected patients was reported in 

RESUIIS: The epidemic (38 patients) waned during 
period II and only one MDR-TB patient presented during 
period III. The MDR-TB attack rate among AIDS patients 
hospitalized on the same ward on the same days as an 
infectious MDR-TB patient was 8.8% (19 of 216) during 
period I, decreasing to 2.6% (5 of 193; P= 0.01) during period 
IL In a small group of healthcare workers with tuberculin 
skin test data, conversions during periods II through III 
were higher on wards with than without TB patients (5 of 29 
versus O of 15; P=0.15), although the difference was not 
statistically significant. 

CONCLUSIONS: Transmission of MDR-TB among 
AIDS patients decreased markedly after enforcement of 
readily implementable administrative measures, ending the 
outbreak. However, tuberculin skin-test conversions among 
healthcare workers may not have been prevented by these 
measures. CDC guidelines for prevention of nosocomial 
transmission of TB should be implemented fully at all US 
hospitals (Infect Control Hosp EpidemioJ 1995;16:141-147). 

Italy3 and investigated by the Centers for Disease 
Control and Prevention (CDC) in Puerto Rico.4 In 
1990, Jackson Memorial Hospital in Miami and Roose­
velt Hospital in New York City reported to the CDC 
outbreaks of multidrug-resistant (MDR) tuberculosis 
(fB). Nosocomial transmission was suspected but 
confirmed only after completion of detailed epidemiol-

From the Hospital Infections Program (Drs. Stroud, Ibkars, Culver, and Ja,rvis), the Division of HIV/ AIDS (Dr. Edlin), and the 
Division of Bacterial and Mycotic Diseases (Drs. Crawford and Ubodley), National Center for Infectious Diseases, Centers for Disease 
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Williams), New Thrk, New Thrk. 
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ogic and laboratory studies.5,6 Subsequently, the CDC 
documented nosocomial transmission of MDR-TB at 
six additional US hospitals and a New York state 
prison.7-13 These outbreaks were associated with incom­
plete implementation of CDC TB infection control 
guidelines.14-16 

Many TB infection control measures are of 
unproven efficacy. In the wake of recent nosocomial 
outbreaks, the adequacy of CDC TB infection control 
guidelines has been questioned. An important compo­
nent of the National Action Plan to Combat MDR-TB, 
published in 1992, is an assessment of TB infection 
control strategies.17 Data on the efficacy of such 
strategies has been used in the revision of CDC TB 
infection control guidelines.18 

Our initial report described the epidemic of 
MDR-TB among acquired immunodeficiency syn­
drome (AIDS) patients at Roosevelt Hospital6 during 
an era when CDC-recommended TB infection control 
guidelines were poorly implemented at many US 
hospitals. Nosocomial transmission on inpatient-care 
units was implicated strongly and explained 13 of 18 
outbreak patients; the remaining five patients may 
have acquired disease in other areas of the hospital 
(eg, outpatient clinics, radiology department) or com­
munity settings. Evaluation of patient-to-HCW trans­
mission was hampered by insufficient tuberculin skin­
test data.19 The objectives of our currently reported 
study were to assess changes in infection control 
policy and procedures made in response to the out­
break and to evaluate the impact that these changes 
had on transmission of MDR-TB from patient to 
patient and from patient to HCW 

METHODS 

To ascertain changes in infection control meas­
ures, in September 1992 we interviewed infection 
control personnel, reviewed hospital isolation policies 
and practices, and inspected hospital facilities. A 
smoke dispenser was used to determine the direction 
of airflow in rooms used for TB isolation. On the basis 
of infection control precautions used, the study period 
Ganuary 1989 to September 1992) was divided into 
three 15-month intervals: period I Ganuary 1989 to 
March 1990), period II (April 1990 to June 1991), and 
period III Guly 1991 to September 1992). 

Case-Patients 
To facilitate comparison, we used the definitions 

and methodology employed in our previous study6 

whenever possible. A case-patient was defined as any 
patient meeting the 1987 CDC AIDS case definition20 

who had a diagnosis of active TB at Roosevelt Hospital 
during the study period, and whose Mycobacterium 
tuberculosis isolate was resistant to at least isoniazid 

and streptomycin (MDR-TB). The date of diagnosis 
was defined as the date of collection of the first 
specimen culture positive for MDR-TB. Hospital myco­
bacteriology and infection control records were 
reviewed to identify case-patients; medical records 
were reviewed to obtain demographic, clinical, and 
microbiologic data. Case-patients were considered to 
be infectious for 15 days before and after having a 
positive acid-fast bacillus (AFB) smear from sputum 
or bronchoalveolar lavage fluid. 

Cohort Study Among AIDS Patients 
A cohort study was performed among all AIDS 

patients identified in the hospital's AIDS center pro­
gram data base who were admitted during periods I or 
II. AIDS patients who had TB at the time of first 
admission, or who developed TB not meeting the case 
definition, were excluded. The risk of same-ward 
exposure (hospitalization on the same ward on the 
same days as an infectious case-patient) was com­
pared for periods I and II. Days of same-ward expo­
sure were determined from a hospital computer data 
base with information on ward and room assignments. 
For case-patients, same-ward exposures <14 days 
before the date of MDR-TB diagnosis were excluded. 
A small number of computer-identified same-ward 
exposures of 1-day duration were excluded because 
comparisons with hospital charts showed that such 
exposures often had not occurred (ie, they were due 
to errors in the hospital computer data base); how­
ever, these comparisons proved the data base to be 
reliable for exposures of ;ee2 days. 

Laboratory Studies 
Case-patient M tuberculosis isolates were tested 

by the hospital laboratory for resistance to at least 
isoniazid, rifampin, streptomycin, and ethambutol. At 
the CDC, antimicrobial resistance testing was 
repeated, and restriction fragment length polymor­
phism (RFLP) analysis was performed on available 
case-patient M tuberculosis isolates.6,21 

TB Infection Among Healthcare Workers 
We reviewed hospital employee health records to 

obtain demographic, clinical, and tuberculin skin-test 
information on HCWs. Skin tests were performed 
using the Mantoux technique (intradermal injection 
of 0.1 mL of intermediate-strength purified protein 
derivative). Employee health personnel or the authors 
performed and read all skin tests. Tuberculin skin-test 
conversion ( defined for this study as ;a, 10 mm increase 
in induration) rates among healthcare workers during 
periods II and III were compared on nine units with 
and six units without TB patients. To exclude reactiv­
ity due to TB exposure during period I, only workers 
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FIGURE. Case-patients by date of diagnosis, Roosevelt Hospital, January 1989 through September 1992. Shading indicates the period(s), 
if any, of hospitalization on the same ward on the same days as an infectious case-patient (same-ward exposure). 

with a nonreactive baseline skin test at least 12 weeks 
after the beginning of period II were included. 

Statistical Analysis 
Data were entered and analyzed by using Epi Info 

Version 5 (CDC, Atlanta, GA) and SAS (SAS Institute 
Inc, Cary, NC). Categorical variables were compared 
by using the chi-square test or Fisher's Exact Test, 
and continuous variables were compared by using the 
Wilcoxon test. Logistic regression was used to assess 
the independent importance of potential risk factors. 

RESULTS 
Infection Control Precautions 

During period I, patients with TB or suspected 
TB were admitted to any available single-patient room. 
Only 1 of 16 single-patient hospital rooms tested was 
under negative pressure. Most patient rooms had air 
exhausted directly to the outside.6 TB isolation pre­
cautions were not enforced strictly (eg, isolation room 
doors often were left open and patients often left their 
rooms other than when medically necessary). TB 
isolation precautions often were discontinued before 
three negative AFB smears had been obtained. HCWs 

used surgical masks for respiratory protection while 
in rooms of patients on TB isolation. 

During period II, administrative and source con­
trols were stressed. These included an increased 
index of suspicion for TB, more aggressive TB work­
ups, a lower threshold for placing patients on TB 
isolation, and a prohibition of patients on TB isolation 
from leaving their rooms except when medically 
necessary. Expanded antituberculous drug regimens 
were prescribed, especially for TB patients who did 
not respond rapidly to initial regimens. In the latter 
months of period II, efforts were made to avoid 
hospitalization of AIDS patients on the same ward 
with TB patients. 

During period III, engineering control measures 
were phased in. From July through December 1991, 11 
inpatient ward rooms dedicated for TB isolation were 
fitted with a pair of recessed wall-mounted ultraviolet 
(UV) lights. From November 1991 through January 
1992, seven of these isolation rooms were fitted with 
fans that exhausted air to the outside, provided ~6 air 
exchanges per hour, and created negative pressure 
with respect to the hallway. However, the number of 
rooms needed for isolation of all patients with TB or 
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TABLE 1 
COMPARISON OF THE CHARACTERISTICS OF CASE PATIENTS BY TIME PERIOD OF MDR-TB DIAGNOSIS, ROOSEVELT HOSPITAL, 

JANUARY 1989 THROUGH SEPTEMBER 1992 

Periods 11-111 
Characteristic Period I (N = 16) (N=22) PValue 

Categorical variables, number (%) 

Male 15 (94) 21 (95) 1.0 
Race/ ethnicity 

White 9 (56) 8 (36) 

Black 3 (19) 10 (45) 0.2* 

Hispanic 3 (19) 4 (18) 

Other 1 (6) 0 (0) 

Previous Roosevelt Hospital admission 13 (81) 19 (86) 0.7 

Infectious 11 (69) 16 (73) 1.0 

Placed in TB isolation on admissiont 0 (0) 7 (44) 0.02 

Died during hospitalization 6 (38) 8 (36) 0.8 

Continuous variables, median (range) 

Age 33 (28 to 45) 38 (24 to 66) 0.06 

Days hospitalized while infectioust 37 (13 to 91) 32 (14 to 135) 1.0 

Days from admission to TB isolationt 6 (2 to 20) 2 (0 to 32) 0.06 

Days from same-ward exposure to MDR-TB diagnosis:j: 67 (29 to 102) 106 (40 to 592) <0.001 

No. of drugs in initial regimen§ 1.5 (0 to 4) 2.0 (0 to 4) 0.2 

* Black versus all other race/ ethnicity. 
t Among infectious case-patients (N = 11 for period I, N = 16 for periods II through Ill). 
j: Among case patients with same-ward exposure (N = 11 for period I, N = 17 for periods II through !ID. 
§ Antituberculous drugs begun within 2 weeks of diagnosis, excluding those to which the isolate was resistant in vivo. 

suspected TB often exceeded the number that had 
undergone these modifications. Isolation chambers 
were used for sputum induction and aerosolized pen­
tamidine therapy, and dust-mist respirators (3M no. 
8715, Minneapolis, MN) were used by HCWs during 
such procedures. Surgical masks (fechnol. no. 47080-
070, Fort Worth, 1X) were used for routine care of 
patients on TB isolation precautions. 

During the study period, 46 patients had TB 
resistant to isoniazid and streptomycin; 38 (83%) also 
had AIDS and, therefore, met the case definition 
(Figure). The proportion of total TB patients meeting 
the case definition was similar during periods I (16 
[16.3%] of 98) and II (21 [17.4%] of 121; P= 1.0), but 
decreased significantly during period III (1 [1.3%] of 76; 
P<0.001 compared with periods I and II combined). 

Compared with case-patients who had MDR-TB 
diagnosed in period I, period II and III case-patients 
were older and more likely to be black, but these 
differences were not statistically significant (Table 1). 
Also, for period I versus periods II and III, the 
proportions of case-patients that were infectious were 
similar. However, placement of infectious patients in 
TB isolation on the day of admission rose significantly 
from 0% to 44%, and the median time from admission 
to TB isolation decreased from 6 to 2 days (fable 1). 

Use of antituberculosis therapy and mortality did not 
differ significantly during the two intervals (Table 1). 

The Risk of Nosocomial 'Jransmission to AIDS 
Patients 

The cohort of 1,356 AIDS patients admitted 
during periods I or II included 32 case-patients (six 
case-patients were admitted after diagnosis of MDR­
TB and, therefore, were not included in the cohort 
study). Case-patients were similar to other cohort 
patients in numbers of days hospitalized during peri­
ods I and II (median, 33.5 versus 28.0, respectively; 
P=0.6). 

The MDR-TB attack rate was 0.5% (4 of 863) for 
AIDS patients without same-ward exposure, 8.8% (19 
of 216) for those with period I exposures only, 2.6% (5 
of 193) for those with period II exposures only, and 
4.8% (4 of 84) for those with exposures in both periods 
I and II. The one case-patient presenting in period III 
had no same-ward exposures during period III. 

Among the 216 AIDS patients with same-ward 
exposure during period I only, the attack rate 
decreased as exposure distance (ie, number of rooms 
from the infectious patient) increased, but did not 
show a progressive increase as the total days of 
exposure increased (Table 2). Most exposures 
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TABLE2 

RrsKoF MDR-TB AMoNG 409* AIDS PATIENTS WITH 

SAME-WARD EXPOSURE TO AN INFECTIOUS CASE-PATIENT 

DURING PERIODS I OR II, ROOSEVELT HOSPITAL, JANUARY 

1989 THROUGH JUNE 1991 

Case Patients/Total 
(Attack Rate) 

Type of Same- Exposure During Exposure During 
Ward Exposure Period I Period II 

Any exposure 19/216 (8.8)t 5/193 (2.6) t 
Exposure distance 
Same room 4/10 (40.0)t 0/6 (0) 
1 room 8/53 (15.l)t 1/49 (2.0) 
2 to 3 rooms 7 /91 (7.7)t 2/59 (3.4) 
4 to 5 rooms 10/93 (10.8)t 1/46 (2.2) 
?6 rooms 7 /132 (5.3)t 2/120 (1.7) 

Total days exposed 
2 to 5 4/47 (8.5)t 0/44 (0) 
6 to 10 5/48 (10.4)t 4/56 (7.l)t 
11 to 20 4/55 (7.2)t 0/55 (O) 

>20 6/66 (9.l)t 1/38 (2.6) 
Ward where exposed 
A 10/79 (12.7)t 4/69 (5.8)t 
B 9/126 (7.l)t 1/70 (1.4) 
Others 1/38 (2.6) 0/83 (0) 

Infectious patient 
exposed tot 
A 9/85 (10.6)t 0/0-
B 5/50 (10.0)t 0/0-
C 5/36 (13.9)t 0/0-
D 4/59 (6.8)t 0/0-
E 4/32 (12.5)t 0/0-
F 0/0- 5/58 (8.6)t 
G 0/0- 4/16 (25.0)t 

* 84 patients (four of whom were case-patients) with same-ward exposure during 
both periods I and II are not tabulated. 
t P<0.05 compared with the attack rate (4/863 [0.5%1) among those without 
exposure in either period. 
t Data tabulated only for infectious patients exposing ;a,4 case patients. 

occurred on wards A and B. Of 27 infectious MDR-TB 
patients, five exposed ;:,,4 case-patients during period 
I (fable 2, patients A through E). 

Although approximately equal numbers of AIDS 
patients had same-ward exposures in periods I and II, 
the MDR-TB attack rate was significantly lower during 
period II (19 of 216 versus 5 of 193; P=0.01). Among 
193 AIDS patients exposed during period II only, attack 
rates were not related to exposure distance or to total 
days exposed, but were associated highly with expo­
sure to patients F and G (fable 2). Offive case-patients 
exposed during period II only, four were exposed to 
both patients F and G during July 1990, and the fifth was 
exposed to patient F during June 1990. 

TABLE3 

LOGISTIC REGRESSION MODEL: EFFECT OF SAME-WARD 

EXPOSURE ON RrsK OF MDR-TB AMoNG 1,356 AIDS 

PATIENTS ADMITTED DURING PERIODS I AND II, ROOSEVELT 

HOSPITAL, JANUARY 1989 THROUGH JUNE 1991 

Factor Odds Ratio PValue 

No exposure 1.0 
Period I exposures 
Exposure distance 
Same room 15.3 <0.001 
1 room 3.9 0.01 
2 to 3 rooms 1.1 0.9 
4 to 5 rooms 1.5 0.5 
?6rooms 0.2 0.01 

Patient A 6.2 0.01 
Patient C 10.9 <0.001 

Period II exposures 
Patient G 40.0 <0.001 
Other patients 0.7 0.4 

A logistic regression model was used to assess 
the independent importance of exposure distance and 
exposure to specific infectious patients. To assess the 
importance of exposure duration, each variable was 
evaluated both as a dichotomous variable coding for 
the presence or absence of the exposure and a 
continuous variable coding for the number of days of 
such exposure; however, the continuous variables 
were less predictive of risk, and none were incorpo­
rated into the model (fable 3). During period I, the 
risk of MDR-TB was related independently to expo­
sure distance and exposure to patients A and C; 
during period II, risk was related only to exposure to 
patient G. Interaction terms between patients (A and 
C) and exposure distance (same room or one room 
away) were not statistically significant and were not 
incorporated into the model. 

A separate analysis was performed to evaluate the 
importance of exposure to case-patients who were 
culture-positive but smear-negative from pulmonary 
specimens. Forty-six AIDS patients in the cohort were 
hospitalized on the same ward at the same time as such 
patients; only one of the 46 (who also had exposure to 
smear-positive case-patients) contracted MDR-TB. We 
also explored the possibility of transmission from eight 
patients with isoniazid-streptomycin-resistant TB but 
not meeting the case definition because they did not 
have AIDS; the MDR-TB attack rate was O of 120 after 
same-ward exposure to such patients. 

Laboratory Results 
Among the 38 case-patient M tuberculosis isolates 

(all were resistant to isoniazid and streptomycin by 
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definition), 26 (68%) were rifampin resistant and 15 
(39%) were ethambutol resistant; of 18 tested, 2 (11%) 
were amikacin resistant; of 19 tested, none were 
ciprofloxacin resistant. 

Of 35 M tuberculosis isolates available for RFLP 
typing, 32 (91%) had an identical pattern (outbreak 
pattern), two (6%) shared a unique pattern identified 
during a nosocomial outbreak at another New York 
City hospital, and one (3%) had a distinct pattern. Of 
the 32 patients with outbreak pattern isolates, three 
also had a second isolate collected on a different 
occasion with a different RFLP pattern. When only 
RFLP-typed isolates were considered, among 26 from 
patients with same-ward exposure, all had the out­
break pattern; among nine from patients without 
same-ward exposure, six had the outbreak pattern 
(P= 0.01). All five case-patients with same-ward expo­
sures only during period II had an isolate with the 
RFLP outbreak pattern. 

TB Infection Among Healthcare Workers 
Although most HCWs had at least one tuberculin 

skin test performed during periods II and III, paired 
(baseline and follow-up) tuberculin skin tests were 
available for only 29 (16%) of 181 HCWs on nine wards 
with TB patients and 15 (14%) of 110 workers on six 
wards without TB patients. Most workers with paired 
tests had a baseline test in period II and a follow-up 
test in period III; therefore, it was not possible to 
calculate separate conversion rates for the two peri­
ods. During periods II and III, the HCW tuberculin 
skin-test conversion rate was higher on the TB-care 
wards than on other wards, although the difference 
was not statistically significant (5 of 29 versus O of 15; 
P=0.15). 

None of the HCWs with skin-test conversion had 
evidence of active disease. However, four other HCWs 
developed isoniazid-streptomycin-resistant TB; of 
three isolates tested by RFLP, all had the Roosevelt 
Hospital outbreak strain. All four worked during 
period I, and two also worked during period II. Two 
were HIV positive, one was HIV negative, and one was 
not tested for HIV but had a normal CD4 + lympho­
cyte count. No active TB was identified among those 
who worked only during periods II and III. 

DISCUSSION 

Our initial report documented nosocomial MDR­
TB transmission among AIDS patients.6 Continued 
surveillance revealed a decline in the number of case­
patients, forming a typical "epidemic curve." The 
usual reasons for such a pattern (ie, the epidemic 
having been caused by a point source or ended 
because of exhaustion of susceptibles) do not apply to 
this outbreak: our investigation suggested transmis-

sion from several source patients and documented 
continuing same-ward exposure of susceptible AIDS 
patients. Although reduced transmission in the com­
munity and in other New York City hospitals may 
have played a role, most of the decline probably was 
due to improvements in infection control at Roosevelt 
Hospital. 

In response to the outbreak, administrative infec­
tion control precautions were stressed during period 
II. Patient-to-patient MDR-TB transmission declined, 
and only one case-patient presented during period III. 
This result documents the efficacy of early identifica­
tion, isolation, and treatment of infectious TB patients. 
However, MDR-TB was transmitted to at least five 
patients during period II, after administrative meas­
ures were stressed but before environmental changes 
were made. Transmission probably was from a partic­
ularly infectious patient; patient F exposed all five 
case-patients, but patient G (who exposed 4 of 5) was 
associated more strongly statistically. Regardless of 
the source patient, this continued nosocomial trans­
mission during period II underscores the importance 
of full implementation of CDC guidelines. 

The last case-patient was diagnosed months before 
installation of exhaust fans to improve ventilation in TB 
isolation rooms. However, before installation of these 
fans, most rooms had air exhausted directly to the 
outside; although this feature did not prevent the 
outbreak, it may have contributed to ending it. 

During period I, risk of acquiring MDR-TB was 
independently conferred by same-ward exposures at 
short distances to any infectious case-patient, and 
exposures at any distance to two specific patients (A 
or C). During period II, AIDS patients continued to be 
hospitalized in proximity to infectious MDR-TB 
patients, but attack rates after such exposure were 
reduced substantially. In addition to the protection 
afforded by earlier placement of infectious patients in 
TB isolation rooms, period II case-patients may have 
been less infectious on average, in part due to earlier 
antimycobacterial treatment. 

These findings are in accord with those of two 
other CDC follow-up studies at hospitals that have 
experienced MDR-TB outbreaks.22,23 Both studies 
showed that use of CDC-recommended infection con­
trol measures resulted in termination of the out­
breaks. At neither of these two hospitals were UV 
lamps installed. At Roosevelt Hospital, installation of 
UV lamps began during the month of diagnosis of the 
last case-patient; therefore, we are unable to assess 
whether UV lamps were protective. 

Ten of 38 MDR-TB patients could not be 
explained by documented same-ward exposures, six 
had no Roosevelt Hospital admissions prior to diagno­
sis, and four had previous admissions but no same-
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ward exposures. The results of RFLP typing suggested 
that two patients had acquired MDR-TB at another 
New York City hospital. The mode of acquisition for 
the other eight (six of whom had isolates with the 
RFLP outbreak pattern on at least one occasion) is 
uncertain. We were unable to evaluate the possibility 
of acquisition in the community or in areas of the 
hospital other than patient-care wards. 

The rate of tuberculin skin-test conversion on 
TB-care wards during periods II and III was high, but 
data were not available on a sufficient number of 
workers to evaluate risk adequately. The minority 
with both a baseline and follow-up skin test may not 
have been representative of other workers. Because 
HCWs must enter TB isolation rooms routinely and 
work in proximity to infectious patients, the combina­
tion of administrative controls, engineering controls, 
and personal protective equipment (eg, respirators) 
may be needed to safeguard this group. 

We conclude that, at Roosevelt Hospital, inexpen­
sive and readily implementable administrative meas­
ures, such as rapid identification and isolation of 
known and suspected TB patients, greatly reduced 
patient-to-patient transmission of MDR-TB and ended 
the outbreak. Although active disease did not occur 
among healthcare workers who worked only during 
periods II and III, tuberculin skin-test conversions 
among workers may not have been prevented by 
these administrative measures. It is possible that 
earlier complete implementation of CDC guidelines, 
especially use of negative-pressure TB isolation rooms 
and provision of particulate respirators to workers, 
would have reduced nosocomial transmission further. 
Full implementation of CDC guidelines16,18 at hospi­
tals caring for TB patients is recommended for maxi­
mum protection of both patients and HCWs. 

REFERENCES 
1. Catanzaro A Nosocomial tuberculosis. Am Rev Respir Dis 

1982;125:559-562. 
2. Haley CE, McDonald RC, Rossi L, Jones J WD, Haley Rw, Luby 

JP. Tuberculosis epidemic among hospital personnel. Infect 
Control Hosp Epidemiol 1989;10:204-210. 

3. Di Perri G, Cruciani M, Danzi MC, et al. Nosocomial epidemic of 
active tuberculosis among HIV-infected patients. Lancet 
1989;2:1502-1504. 

4. Dooley SW, Villarino ME, Lawrence M, et al. Nosocomial 
transmission of tuberculosis in a hospital unit for HIV-infected 
patients.JAMA 1992;267:2632-2634. 

5. Beck-Sague C, Dooley SW, Hutton MD, et al. Hospital outbreak 
of multidrug-resistant Mycobacterium tuberculosis infections: fac­
tors in transmission to staff and HIV-infected patients. JAMA 
1992;268:1280-1286. 

6. Edlin BR, Tokars JI, Grieco MH, et al. An outbreak of multidrug­
resistant tuberculosis among hospitalized patients with the 
acquired immunodeficiency syndrome. N Engl J Med 
1992;326:1514-1521. 

7. Jereb J, Dooley S, Klevens R, et al. Nosocomial transmission of 

multidrug-resistant tuberculosis to healthcare workers, New 
York City. In: World Congress on Tuberculosis Program and 
Abstracts; November 16-19, 1992; Bethesda, Maryland. Abstract 
51A. 

8. Pearson ML, Jereb JA, Frieden TR, et al. Nosocomial transmis­
sion of multidrug-resistant Mycobacterium tuberculosis: a risk to 
patients and healthcare workers. Ann Intern Med 1992;117:191-
196. 

9. Ikeda RM, Birkhead G, DiFerdinando G Jr, Bornstein D, Morse 
D. Nosocomial transmission of multidrug-resistant tuberculosis, 
New York. In: Abstracts of the Epidemic Intelligence Service 
Conference, Atlanta, April 6-10, 1992. Washington, DC: US 
Department of Health and Human Services; 1992:29. 

10. Coronado VG, Beck-Sague CM, Hutton MD, et al. Transmission 
of multidrug-resistant Mycobacterium tuberculosis among per­
sons with human immunodeficiency virus infection in an urban 
hospital: epidemiologic and restriction fragment length polymor­
phism analysis.] Infect Dis 1993;168:1052-1055. 

11. Valway S, Papania M, Richards J, et al. Multidrug resistant 
tuberculosis (MDR-TB) in New York State (NYS) correctional 
facilities, 1990-1991. Presented at the World Congress on Tuber­
culosis; November 16-19, 1992; Bethesda, Maryland. Abstract 
54B. 

12. Coronado VG, Valway S, Finelli L, et al. Nosocomial transmis­
sion of multidrug-resistant Mycobacterium tuberculosis among 
intravenous drug users with human immunodeficiency virus 
infection. Presented at the Third Annual Meeting of The Society 
for Hospital Epidemiology of America; April 18-20, 1993; Chi­
cago, Illinois. Abstract S50. 

13. Centers for Disease Control and Prevention. Outbreak of mul­
tidrug-resistant tuberculosis at a hospital-New York City, 1991. 
MMWR 1993;42:427-434. 

14. Centers for Disease Control and Prevention. Guidelines for 
Prevention of TB Transmission in Hospitals. Atlanta, GA: US 
Department of Health and Human Services, Public Health 
Service; 1982; DHHS publication no. (CDC) 82-8371. 

15. Gamer JS, Simmons BP. Guideline for isolation precautions in 
hospitals. Infect Control 1983;4:245-325. 

16. Centers for Disease Control and Prevention. Guidelines for 
preventing the transmission of tuberculosis in health-care set­
tings, with special focus on HIV-related issues. MMWR 
1990;39(RR-17). 

17. Centers for Disease Control and Prevention. National action plan 
to combat multidrug-resistant tuberculosis. MMWR 1992;41 (RR-
11):1-48. 

18. Centers for Disease Control and Prevention. Guidelines for 
preventing the transmission of Mycobacterium tuberculosis in 
health-care facilities-1994. MMWR 1994;43(RR-13). 

19. Tokars JI, Jarvis WR, Edlin BR, et al. Tuberculin skin testing of 
hospital employees during an outbreak of multidrug-resistant 
tuberculosis in HIV-infected patients. Infect Control Hosp Epi­
demiol 1992:509-510. 

20. Centers for Disease Control and Prevention. Revision of the 
CDC surveillance case definition for acquired immunodeficiency 
syndrome. MMWR 1987;36:3S-14S. 

21. Cave MD, Eisenach KD, McDermott PF, Bates JH, Crawford JT. 
IS6110: conservation of sequence in the Mycobacterium tubercu­
losis complex and its utilization in DNA figerprinting. Molecular 
and Cellular Probes 1991;5:73-80. 

22. Wenger PN, Otten J, Breeden A, Orfas D, Beck-Sague CM, 
Jarvis WR. Control of nosocomial transmission of multidrug 
resistant Mycobacterium tuberculosis among health care workers 
and HIV-infected patients. Lancet 1995;345:235-240. 

23. Maloney SA, Pearson ML, Gordon MT, Del Castillo R, Boyle JF, 
Jarvis WR. Efficacy of control measures in preventing noso­
comial transmission of multidrug-resistant tuberculosis to 
patients and health care workers. Ann Intern Med 1995;122:90-
95. 

Page 443

A48946859



Efficacy of Control Measures in Preventing N osocomial 
Transmission of Multidrug-Resistant Tuberculosis to 
Patients and Health Care Workers 
Susan A Maloney, MD, MHS; Michele L. Pearson, MD; Marcia T. Gordon RN; 
Raebel Del Castillo, RN; John F. Boyle, PhD; and William R. Jarvi , MD 

■ Objective: To assess the efficacy of cont rol mea­
sures in decreasing nosocomial transmission of multi­
drug-resistant tuberculosis. 
■ Design: Retrospective cohort study. 
■ Setting: A teaching hospital in New York City. 
■ Population: 40 patients hospitalized with multidrug­
resistant tuberculosis {case-patients} and health care 
workers receiving tuberculin skin test ing. 
■ Interventions: Centers for Disease Control and Pre­
vention (CDC) 1990 guidelines for preventing transmis­
sion of tuberculosis, including 1) prompt isolation and 
t reatment of patients with tuberculosis; 2) rapid diag­
nostic techniques for processing Mycobacterium tu­
berculosis specimens; 3) negative-pressure iso lation 
rooms; and 4) molded surgical masks for health care 
workers. 
■ Measurements: Proportion of case-patients with 
nosocomially acquired tuberculosis and rate of tuber­
culin skin test conversion among health care workers 
before and after implementation of control measures. 
■ Results: The proportion of patients with multidrug­
resistant st rains of M. tuberculosis decreased after the 
interventions (10 of 70 [14%] compared with 30 of 95 
[32%] patients before the intervention; relative risk 
[RR], 0.5; 95% Cl, 0.2 to 0.9) . Before onset of mult idrug­
resistant tuberculosis, case-patients in the intervention 
period were as likely to be hospitalized on high-risk 
wards containing patients with tuberculosis {4 of 10 
compared with 17 of 30 patients; RR, 0.7; P = 0.5) but 
were less likely to be exposed to another case-patient 
with tuberculosis (1 of 1 0 compared with 20 of 30 
patients; RR, 0.2; P = 0.003). Tuberculin skin test con­
version rates for health care workers assigned to wards 
housing patients with tuberculosis were lower in the 
intervention period than in the preintervention period (4 
of 78 [5%] compared with 15 of 90 [17%] conversions; 
P = 0.02), decreasing to levels observed for workers 
assigned to other wards (4 of 78 [5%] compared with 9 
of 228 [4%] conversions; P = 0.7). 
■ Conclusions: Implementing control measures re­
duced nosocomial transmission of multidrug-resistant 
strains to patients and health care workers. 

Ann Intern Med. 1995; 122:90-95. 
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N osocomial transmission of Mycobacterium tuberculosis 
particularly transmission of multidrug-resistant strains, to 
patients and health ca re workers is a major public health 
problem (1-12). From 1990 through 1992, the Centers for 
Disease Control and Prevention (CDC) investigated eight 
outbreaks of rnultidrug-resistant tubercuJosis in U .S. hos­
pitals (1-6; CDC, unpublished data). More than 300 pa­
tients with muJtidrug-resistant tuberculosis were identified 
during these investigations; most (87%) were infected 
with human immunodeficiency virus (HIV). Their clin ical 
course was characterized by rapid progression from infec­
tion to active tuberculosis and their mortality ra te was 
high (9). Additionally, more than 100 health care workers 
at hospitals where outbreaks of rnultidrug-resistant tuber­
culosis bad occurred had conversion of their tuberculin 
skin test , suggesting recently acquired M. tuberculosis 
infection. At least 17 of these newly infected health care 
workers developed active rnultidrug-resistant M. tubercu­
losis, and at least 7 of them died with multidrug-resistant 
tuberculosis (10). 

Because of the explosive and fata l nature of these 
recent nosocomial outbreaks of muJtidrug-resistant tuber­
culosis, questions have been raised about the most effec­
tive interventions and control measures necessary to pre­
vent institutional transmission of tuberculosis (13-15). We 
evaluated the efficacy of control measures for decreasing 
the transmission of these mul tidrug-rcsistant M. tubercu­
losis strain in one of the hospitals that had had an 
outbreak. 

Methods 

In May 1991, we investigated an outbreak of multid rug-resis­
tanr tuberculosis at Cabrini Medical Center, a teaching hospital 
in New York City. In that investigation, epidemiologic a□ d lab­
oratory data showed the occurrence of nosocomia l transmission 
of multidrug-rc istant tuberculosis to patients and health care 
workers (5) . Risk factors for acquisition of multidrug-resistanl 
tuberculosis by patients incl uded age, HIV seropositivity, and 
hospital admis ion to Cabrini Medical Center within 7 months 
before on et of rnu ltidrug-resistant tuberculosis. Additionally, 
health care workers assigned to the medical or mv ward (pri­
mary wards housing patients with tuberculosis) were identified as 
being at increased risk for tubercu lin skin test conversion. Con­
ditions facilitating tuberculosis transmission included delayed 
identification, isolat.ion, or treatment of patients with infectious 
tuberculosis; lapses in tubercu losis isolation practices; and inad­
equate isolation facilities for patients with tubercu losis. 1n re­
sponse to the outbreak, co□ trol measures similar to those rec­
ommended in the CDC's 1990 tubercu.losis guidelines were 
instituted to prevent further nosocomial lram,mission of tubercu­
losis (16). 

Control Measures 

Numerous measures were introd uced to decrea e transmission 
of multidrug-resista11t tuberculosis, including source controls, en-
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Table 1. Infection Control Measures* 

Control Measu.res 

Source control 
Isolation or treatment practices, % 

Acid-fast bacilli isolation on admission 
Receiving adequate therapy 

Laboratory diagnostics 
Duration 

Acid-fast bacilli smears, h 
Species identification, median (range), wk 
Drug susceptibility, median (range), wk 

Environmental measures 
Venti.lation 

Acid-fast bacilli rooms with negative pressu.re, n/n (%) 
Chambers for cough-inducing procedurest 

Respiratory protection for health care workers 

• NA = not ava ilable 
t P :5 0.01 when compared with preinkrvention period. 

Preinteivention Period 

40 
43 

NA 
9 (2 to 16) 
6 (3 to 15) 

0/10 (0) 
No 

Nonmolded surgical masks 

lnteivention Period 

90t 
90t 

4 to 8 
2 (1 to 5) 
3 (0 to 7) 

16/27 (67)t 
Yes 

Molded surgical masks§ 

:j: Cough-inducing procedures = sputum induction or aerosolized pentamidine administration. 
§ 3M 1800+ Aseptex, 3M Inc., St. Paul, Minnesota. 

vironmental controls, and respiratory protection for health care 
workers (Table 1). Source control measures included improved 
isolation precautions and expanded treatment regimens for pa­
tients with suspected or confirmed tuberculosis and included 
routine use of ac id-fast bacilli smears to determine length of 
isolation and to establish treatment efficacy. To expedite the 
identmcation of patients with infectious tuberculosis and the 
determination of the antimicrobial susceptibility of M. tuberculo­
sis isolate , laboratory procedures were also modified. Thus, per­
sonnel and workday bou.rs devoted to processing of mycobacte­
rial isolates were expanded; a hospital-wide computerized 
database of patients with tuberculo is was developed; a gene 
probe was introduced; and the reporting of acid-fast bacilli smear 
results to request ing physicians was standardized. 

Environmental modifications included installing exhaust fans in 
isolation rooms to increase the number of acid-fast bacilli isola­
tion rooms with negative pressure and included using portable 
Aeroguard (HR [ncorporated, BeUevue, Washington) chambers 
to do cough-inducing procedures, such as sputum induction or 
aerosolized pentamidine administration. Finally, to further de­
crease the risk for occupational acquisition of tuberculosis, the 
respiratory protection worn by health care workers was changed 
from nonmolded to molded surgical masks (3M 1800+ Aseptex, 
3M Incorporated, St. Paul, Minnesota). 

To asse s compliance with these control measures, we exam­
ined the hospital's isolation facilities, reviewed patient charts for 
documentation of initiation and discontinuation of acid-fast ba­
cilli isolation precautions, inteiviewed infection control and lab­
oratory personnel, observed isolation practices on hospital wards 
containing patients with tuberculosis, and evaluated the ventila­
tion system in acid-fast bacilli isolation rooms by testing air-flow 
direction using smoke tubes. 

Epidemiologic Studies 

A case-patient was defined as any Cabrini Medical Center 
patient whose M. tuberculosis isolate was resistant to at least 
isoniazid and rifampin and as any patient whose clinical course 
was consistent with active tuberculosis during the study period (1 
January 1990 to 11 August 1992). Case-patients and al] other 
patients with tuberculosis were identified by reviewing Cabrini 
Medical Center laboratory and infection control records during 
the study period. Medical records of all potential case-patients 
were reviewed to verify a clinical course consistent with tubercu­
losis. 

To determine whether a decrease had occurred in the inci­
dence of multidrug-resistant tuberculosis after the institution of 
control measu.res, we compared the proportion of patients with 
tuberculosis who bad multidrug-resistant strains before (preinter­
vention period) and after (inteivention period) the implementa­
tion of control measures. The preinteivention period (January 
1990 to June 1991) was defined as the time from the onset of the 

15 January 1995 

outbreak until the formal institution of recommended control 
measures; the inteivention period (July 1991 to 11 August 1992) 
was defined as the time during and after the institution of rec­
ommended control measures until our follow-up study. 

Patient-to-Patient Transmission 

To investigate possible patient-to-patient transmission of mul­
tidrug-resistant tuberculosis, we evaluated case-patient medical 
records to determine if case-patients had been hospitalized at 
Cabrini Medical Center within 7 months before onset of tuber­
culosis. For those case-patients who had been previously hospi­
talized, we determined whether they had been hospitali.zed on 
the same ward at the same time or wbether they had a docu­
mented nosocomial exposure to another patient with culture­
confirmed multidrug-resistant tuberculosis during a previous hos­
pitalization. Data collected included age, sex, race, HTV serologic 
status, previous opportunistic infections, dates and resuJts of 
acid-fast bacilli smears and mycobacterial cultures M. tuberculo­
sis antimicrobial susceptibilities, dates of admission and dis­
charge, hospital room assignments, dates of isolation for tuber­
culosis, nursing documentation of proper application of isolation 
precautions, antituberculous medications prescribed, clinical 
course, and outcome. 

Patient-to-Health Care Worker Transmission 

To evaluate whether the risk for transmission of mu ltidrug­
resistant tuberculosis from patients to health care workers had 
been reduced we compared conversion rates of tuberculin kin 
tests in health care workers during the preinteivention and in­
teivention periods. During both periods, the tubercul in skin test­
ing program at Cabrini Medical Center required annua l testing 
of all hospital employees and add itional testing of health care 
worker after a known tuberculosis exposure. A tuberculin , kin 
test conversion was defined a induration of 10 mm or more to 
purified protein derivative in a Cabrini Medi.cal Center employee 
witb a documented tuberculin skin test result that was negative 
within the previous 24 months. Employees without negative skin 
test results at baseline were excl uded from our analyses. Conver­
sion rates were compared by period, by job category (frequent 
direct patient contact compared with infrequent or no direct 
patient contact), and by ward assignment (primary ward housing 
patients with tuberculosis [medical and HlV wards] compared 
with wards infrequently housing patients with tuberculosis). 

Health care workers with direct patient contact included phy­
sicians, nurses, nursing aides, respiratory therapist , and social 
workers; workers without direct patient contact included admin­
istrative staff, clerks, dieticians, housekeepers, engineers, and lab­
oratory personnel. Health care workers with tuberculin skin-test 
conversions or active tuberculosis or both were identified by 
reviewing employee health and infection control records during 
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Figure 1. Distribution ol' patients with multidrug-resistant tuberculosis by date of first positive culture. The numbers 1 to 4 with acrows 
indicate the dates of introduction of 1) improved patient isolation, expan<led criteria for isolation of patient~ (June to July 1991 ) , and 
molded urgica l masks (July J991); 2) improved laboratory services (LS July 199l); 3) acid-fast baci lli isolation rooms on wards with 
negative pressure ysterns (September 1991); and 4) negative-pressure chambers for aerosolized p ntamidine adminisiration and sputum 
induction (October 1991). The months are abbrevia1ed using the first let!er of 1he month. 

the study period. Data collected included age sex, race, history 
of bacille Calmclte-Guerin (BCG) vaccim11ion or tuberculosis 
exposure or bolh, country of origin, job tiUe, duration of em­
ployment, and work location at time of tuberculin skin-test con­
version. 

Statistical Analysis 

Data were collected on standardized forms. en tered into Epi 
Info Version 5.0lb software, and ana lyzed (.17) . Categorical vari­
ables were compared by the Fisher exact or chi-square test, and 
relative risks (RRs) were calculated. Continuous variables were 
compared by the Student t-test or the Kruskal-Wallis rank-sum 
test. 

Results 

Case-Pati ents 

Forty patients met the case definition (Figure 1 ). Case­
patients in the preintervention and intervention periods 
were similar in age, race, sex, HlV erologic statu , and 
diagnosis of AIDS (data not shown). However, case-pa­
tient mortality decreased in the intervention compared 
with the preinte-rvention period (4 of 10 [40%] compared 
with 25 of 30 [83%] deaths; P = 0.0 1). Further, i □ the 
preintervention period, 20 of 25 (80%) case-patient 
deaths were attributed to tuberculosis, whereas in the 
intervention period , only 1 of 4 deaths was attributed to 
tubercul osis (the 3 remaining case-patient deaths occur­
ring in the intervention period were attributed to compli­
cat ions of AIDS [n =2] a11d to suicide [n = l]). 

The proportion of patients with multidrug-resistant M. 
tuberculosis infection decreased in the intervention com­
pared with the preintervention period (lO of 70 [14%] 
compared with 30 of 95 [32%] patients; RR 0.5 (95% CJ , 
0.2 to 0.9; P =0.02). Because hospitalization at Cabrini 
Medical Center within 7 months before onset of tuber-

culosis, particularly on the HIV ward, was identified as a 
risk factor for development of muJtidrug-resistant tuber­
culosis, we next examined tbe location a □d duration of 
hospitalization for case-patients before onset of tuber­
culosis. A similar munber of case-patients in the inter­
ven tion and preinterve□tion period. bad a history of pre­
vious ho pitalization at Cabrini Medical Center (6 of 10 
compared with 24 of 30 patient ; RR, 0.8; P =0.2) (Figure 
1). Furtber, case-patients in the intervention and prein­
terventio□ periods were equally likely to have bee□ ad­
mitted to the HIV ward ( 4 of 10 compared w.ith 17 of 30 
patients; RR, 0.7; P =0.5) and were hospitalized for a 
similar number of days (media□ , 5 compared with 15 
days; P =0.2) before o.nset of tuberculosis. However, case­
patients diagnosed during tbc intervention period were 
less likely than those diagnosed during the preinterven­
tion period to have had an identified nosocomial exposure 
to another case-patient during a previous hospitalization 
(1 of 10 compared with 20 of 30 patients; RR. 0.2; P = 
0JJ03). 

The one identified exposure of a case-patien t to a pa­
tient with rnultidrug-resistant tuberculo i during the in­
tervention period occurred approximately 6 months after 
the implementation of control measures. The putative 
source-patient was not isolated at the time of admis ion, 
and when finally isolated, the patient was intermittently 
noncomplianl with isolation precaution (walking in hall­
ways without a mask) . Of the remaining 5 case-patients in 
the intervention period with previous hospitalizations, I 
wa the partner and housemate of a case-patient, 1 had a 
history of tuberculosi , and poor compliance with medica­
tions, 1 bad a prolonged hospitalization that included 
preintervention and intervention periods and had been 
hospitalized on the same ward as a case-patient during 
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the preintervention segment of tbe hospitalization, and 2 
had no identified source of exposure. 

Health Care Workers 

Of 1567 tuberculin skin tests administered to health 
care workers with previously negative skin test results, we 
identified 48 (3.0%) skin-test conversions. OveralI , tuber­
culin skin -test conversion rates during the preintervention 
and intervention periods were similar (26 of 840 (3.1 % ] 
compared with 22 of 727 [3.0%] conversions; P = 0.9). 

Health care workers who had tuberculin skin-test con­
versions bad a median age of 34 year (range, 23 to 58 
years), 34 (71 % ) were women, 12 (25%) were black, and 
approximately half (56% ) were born in the United States. 
Only 4 (8%) were known to have rece ived BCG vaccina­
tions; none had a known history of tuberculosis. Before 
tubercu lin skin test conversion, these health care workers 
had been in their current positions a median of 5.0 years 
(range, 0 to 21 years), and most workers (36 of 48 [75%]) 
had direct pa tient care responsibilities. 

Health care workers with tuberculin skin-test conver­
sions during the pre inte rvcntion or intervention periods 
were simi.lar in age, sex, race, and BCG vaccinati on status. 
However, health care workers with tuberculin skin test 
conversions during the preintervention period were more 
likely than those with conversions during the intervention 
period to be assigned to the medical or HIV wards (pri­
mary wards housing patients with tuberculosis) (Table 2). 

Because overall conversion rates for tuberculin skin 
tests were s.imila r for the two time periods, we next ex­
amined conversion rates by job category and ward loca­
tion. Du ring the preintervention period, health care work­
er with direct patient contact had higher skin-test 
conversion rates than did health care workers without 
direct patient contact (22 of 342 [6.4%] compared with 4 

"'O 

Table 2. Characteristics of Health Care Workers with 
Tuberculin Skin Test Conversions* 

Preintervention Intervention 
Period Period p 

Characteristic (n = 26) (n = 22) Value 

Median age, y 34 34.5 0.9 
Female sex, n (%) J 9 (73) 15 (68) 0.7 
Race or ethnicity, n (%) 

Black 8 (21) 4 (l8) 
White 7 (27) 5 (23) 
Hispanic 8 (31) 7 (32) 
Asian 3 (11) 6 (27) 0.5 

History of BCG vaccination, 
n(%) 3 (11) l (4) 0.6 

A~signment to medical or 
HIV wards, n (%) 15 (58) 4 (18) 0.006 

• BCG = baciUe Calmette-G uerin; HIV = human immunodeficiency 
virus. 

of 409 [1.0%] conversions; RR, 6.6; P < 0.001). During 
the intervention period, skin test conversion rates among 
health care workers with and without d irect patient con­
tact were simi lar (14 of 296 [4.7%] compared with 8 of 
354 [2.3%]; RR, 2.1; P = 0.08) (Figure 2) . 

When we compared tuberculin skin-test conversion 
rates for specific wards, a change in the risk for conver­
sion also occurred between the pre intervention and inter­
vention periods (Table 3). Before the institution of con­
trol measures, conversion rates in health care workers 
assigned to primary wards housing patient with tubc.rcu­
losis were higher than those in workers assigned to other 
wards; however, in the intervention period, conversion 
rates among workers ass igned to wards housing patie nts 
with tuberculosis decreased to level seen in workers as­
signed to other hospital wards. In contrast, conversion 
rates for tuberculin skin tests among health care workers 
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Figure 2. Tuberculin skin test conversion rates in health care wor kers with and without direct patient contact. Healtb care workeJs 
witb direct patient contacl included physicians, nurses, nurses' aides, respiratory therapists, and social wmkers. Health care workers 
without direct patient contact included administrative talf, clerks, dieticians, housekeeping personnel, engineers, and laboratory 
personnel. TST = tuberculin skin te t. 
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Table 3. Ward-specific Tuberculin Skin Test Conversion Rates in Health Care Workers* 

Variable Preinterven tion Period Intervention Period Relative Risk P Value 

Primary wards housing patients with tuberculosis 
(medical and IITV). 11/11 (%) 

Other wards, nln (%) 
Relative risk 
P value 

15/90 ( 16.7) 
7/254 (2.8) 

6.0 
< 0.001 

4/78 (5 .1) 
9/228 (4.0) 

J.3 
0.7 

3.2 
0.7 

0.02 
0.5 

• HIV = human i.mmunodeficiency virus. 

assigned to other wards in frequently housing patients with 
tuberculos is were similar during the two time periods 
(Tab le 3). 

Active tuberculosis developed i11 two health care work­
ers . The first had cutaneous aaergy and contracted active 
tubercu losis after an exposure during the preintervention 
period. This health care worker (a housekeeper) was l-ilV 
seropositive, had an M. tuberculosis isolate that matched 
the restrict ion fragment length polymorphism pattern for 
the hospital's epidemic strain of tuberculosis, was treated 
with a multidrug regimen for tuberculosis, and died of 
tuberculosis. The second health care wo rker had a docu­
mented skin-test conversion and contracted active tuber­
culosis during the intervention period. This health care 
worker, a physician with unknown HN serologic status, 
had an upper lobe infiltrate on chest radiograph; no M. 
tuberculosis isolate was available. This health care worker 
was treated with isoniazid, rifampin, and pyrazinamide 
and survived. 

Discussion 

Recent reports of outbreaks of mu ltidrug-resistant tu­
bercu losi have documented the risk for nosocomial trans­
mission of m ul tidrug-resistant tuberculosis to patients and 
workers in medical facilities (1 - 10). At one hospital that 
had had an outbreak, Cabrini Medical Center, transmis­
sion of multidrug-resistant tuberculosis occurred at a time 
when the CDC guideline were not being fuUy imple­
mented (5). In response to the ou tbreak, various control 
measurns were instituted to decrease transmission of tu­
berculosis. 

Our data suggest that after the introduction of these 
control measures, the risk for nosocomial transmission of 
multidrug-resistant tuberculosis from patient to patient 
decreased. Decreases occurred .in the proportion of pa­
tients with tuberculosis who had multidrug-resistanL M. 
tuberculosis isolates and in the number of case-patients 
who might have acquired their disease nosocomiaUy de­
spite the similar placement of case-patients on wards 
housing patients with tuberculosis and despite a similar 
duration of hospitalization before onset of tuberculosis. 
At Cabrini Medical Center, the implementation of these 
control measures was supported by expanded staffing of 
the mycobacteriology laboratory and by the introduction 
of a standardized reporting system. Moreover, modifica­
tions such as rapid identification and treatment. of case­
patients with an expanded drug regimen were probably 
responsible for the reduction in mortality associated with 
multidrug-resistant tu berculosis seen in the intervention 
period, despite the similar demographic characteristics of 

case-patients and the similar severity of underlying dis­
ease. 

Our results also suggest that the introduced control 
measures were effective in reducing transmission of mul­
tidrug-resistant tuberculosis from patients to health care 
workers. After control measures were introduced, health 
care worker with and without frequent direct patient 
contact bad similar rates of tuberculin skin-test conver­
sion. More importantly, the skin-test conversion rate 
among workers assigned to primary wards housing pa­
tients with tuberculosis decreased by 70%, returning to a 
rate similar to that of health care workers assigned to 
other hospital wards. The observed decreases in skin-test 
conversion rates could not be attribu ted to other differ­
ences (for example, age, race or BCG vaccination status) 
between workers factors that may confound conversion 
rates (18, 19). These data suggest that the combination of 
source and environmental controls together with the use 
of molded surgical masks were all effective in reducing 
tuberculin skin-test conversion rates among health care 
worker at this hospita l. At present, the efficacy of these 
mo lded surgical masks is unknown, and the contribution 
of their use to the reduction in risk for tuberculin skin­
test conversion remains unclear. Recently, however, other 
models of molded surgical masks have been shown to 
filter mycobacterial organisms with more than 95% effi­
ciency (20). 

Tuberculin skin-testing programs serve two important 
functions in health care settings: l) monitming tubercu­
losis transmission among health care workers and 2) tar­
geting hea lth care workers who need prophylactic therapy 
or treatment of active tuberculosis. Therefore, aU workers 
who might have had contact with infectious patients who 
have tuberculosis should be included in an annual tuber­
culin skin testing program . As our data show, hospital­
wide conversion rates for tuberculin skin. tests may be 
insensitive in determining tuberculosis transmission within 
an institution. Instead, calculation of job- and ward-spe­
cific (for example, musing and bronchoscopy personnel, 
HIV ward) conver ion rates for tuberculin skin tests may 
be a superior means of identifying high-risk groups for 
whom more frequent skin testing and adequate respira­
tory protection should be targeted. 

A lthough our findings strongly suggest that nosocomial 
transmission wa reduced as a result of the introduced 
control measures, our study had .inherent limitations. 
First, results of acid-fast bacilli smears were not available 
throughout tbe entire study period, making it difficult to 
systematically assess tbe infectiousness of case-patients on 
the basis of smear-positivity data. Second, we used the 
lubercuJin skin test, not the person, as the unit of analysis 
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for our evaluation of skin-test data because health care 
worker-specific data for all tests were not available for 
analysis. However, because tuberculin skin testing was 
done annually and because each period (preintervention 
and intervention) was between 12 and 18 months in du­
ration, the test unit is probably also a good approximation 
of tbe number of health care workers tested. We were 
also unable to assess potential community acquisition of 
tuberculosis among health care workers and bow such 
transmission may have affected conversion rates of tuber­
culin skin tests. However, no clustering of conversions was 
noted by residence zip code and, in the absence of mul­
tiple, concurrent community outbreaks of multidrug-resis­
tant tuberculosis, the rate of community acquisition 
should bave been constant. Therefore, it is unlikely that 
community transmission of tuberculosis substantially af­
fected the differences seen in skin-test conversion rates 
during the two periods. Third, it could not be determined 
with absolute accuracy whether some skin-test conversions 
occurred in the preintervention or the intervention period 
unless an occupational exposure was identified. However, 
the substantial reduction in skin test conversion rates 
among health care workers after the introduction of con­
trol measures provides strong evidence for a decreased 
risk for occupationally acquired tuberculosis infection. 
Fourth, because the implementation of control measures 
was associated with a decrease in the number of case­
patients, the effectiveness of these control measures in the 
presence of a high concentration of infectious patients 
with rnultidrug-resistant tuberculosis during a prolonged 
period could not be fully evaluated. Finally, because sev­
eral interventions were instituted simultaneously or con­
secutively, we were unable to determine the independent 
importance of any single control measure in decreasing 
nosocomial transmission of multidrug-resistant tuberculo­
sis. 

Nosocornial outbreaks of multidrug-resistant tuberculo­
sis have been associated with significant morbidity and 
mortality among patients and health care workers (1-8) . 
Our data show that full implementation of a multifaceted 
approach, similar to that described in the CDC 1990 
guidelines (16), can effectively reduce the risk for trans­
mission of multidrug-resistant tuberculosis in health care 
settings and can reduce morbidity and mortality in af­
fected patients. To reduce the risk for nosocornial trans­
mission of tuberculosis to patients and health care work­
ers, similar infection control programs should be 
implemented at all U.S. hospitals caring for patients with 
tuberculosis. 
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0 Dovato 
dolutegravirtlamivudine 

EVIDENCE SUPPORTS THE HIGH BARRIER TO RESISTANCE 
OF DOVATO UPTO 5 YEARS1-3 

CONFIDENCE IN DOVATO >300,000 PEOPLE LIVING WITH HIV 
ACROSS TREATMENT SETTINGS4 - 9 HAVE BEEN TREATED WITH DOVATO GLOBALLY10 

Treatment­
naive 
resistance 
rates, 

DOVATO is supported 

with up to 

3years 

(n=0/1,885)*·4 

REAL­
WORLD 
EVIDENCE 

(n =1 /953)**·1·1.§.S-? 

RANDOMISED 
CONTROLLED 
TRIALS 

by a wea lt h of ev idence, 

w ith t he o utco m es of 

>40,000 people li v ing 

w ith HIV ca ptu red w it hin 

clinica l t ri a ls and r ea l­

wo rl d evid ence, 

NO PRIOR 
TREATMENT 
EXPERIENCE13 

HIGH BASELINE 
VIRAL LOAD 
(>100,000 cop ies/ml 
and even 

NO BASELINE 
RESISTANCE 
TESTING 13 

LOWCD4 + 
COUNT 

of 
evidence5 - 7 

includ ing t hose w it h:4 • 9 ,11 ,12 
(s;200 ce l ls/mm 3) 13 

>1 M copies/mL) 6·13 

Treatment­
experienced 
resistance 
rates, 

• Patients from phase Ill RCTs >40,000 

• Patients from unique real-world cohorts 

with up to 

Syears 
of 
evidence1-3 

(n=l0/35,888)"-' 

REAL-
WORLD 
EVIDENCE 

(n=Q/615) II ,'ll,ll,B.9 

RANDOMISED 
CONTROLLED 
TRIALS 

>100 >500 

2015 2016 2017 

>900 >2 ,300 
>4 ,100 

2018 2019 2020 2021 2022 2023 2024 
Year 

IS IT TIME TO RECONSIDER THE VALUE OF THE 2N° NRTI? LEARN MORE 0 

DOVATO is indicated for the treatment of Human Immunodeficiency Virus type 1 (HIV-1) 
infection in adults and adolescents above 12 years of age weighing at least 40 kg, with no 
known or suspected resistance to the integrase inhibitor class, or lamivudine. 13 

Adverse events should be reported. Reporting forms and information can be found at 
https·J/yellowcard mhra g:ov uk/ or search for MHRA Yellowcard in the Google Play 
or Apple App store. Adverse events should also be reported to GSK on 0800 221441 
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PRESCRIBING INFORMATION 

Dovato Prescribing Information 

Lee;al Notices 

Privacy Policy 

Contact Us 

VITTI 
Healthcare 

ViiV Healthcare, 980 Great West Road, Brentford, Middlesex, 
London, UK. 
ViiV trademarks are owned by or licensed to the 
ViiV Healthcare group of companies. 
Non-ViiV trademarks are owned by or licensed to their 
respective owners or licensors. 
©2024 ViiV Healthcare group of companies or its licensor. 
All rights reserved. 
Intended for healthcare professionals only. 

ABBREVIATIONS 

3TC, lamivudine; CD4, cluster of differentiation 4; DTG, dolutegravir; FDA, United States 
Food and Drug Administration; FTC, emtricitabine; HIV, human immunodeficiency virus; 
ITT-E, intention-to-treat exposed; NRTI, nucleoside/nucleotide reverse transcriptase 
inhibitor; RCT, randomised controlled trial; RNA, ribo nucleic acid; TAF, tenofovir 
alafenamide fumarate; TDF, tenofovir disoproxil fumarate; XTC, emtricitabine. 

FOOTNOTES 

*Data extracted from a systematic literature review of DTG+3TC real-world evidence. Overlap 
between cohorts cannot be fully excluded. 

**The reported rate reflects the sum-total of resistance cases calculated from GEMINI I and 
II (n=1 /716, through 144 weeks), STAT (n=0/131, through 52 weeks), and D2ARLING (n=0/106, 
through 24 weeks). 5 - 7 

tGEMlNI I and II are two identical 148-week, phase Ill, randomised, double-blind, multicentre, 
parallel-group, non-inferiority, controlled clinical trials testing the efficacy of DTG/3TC in 
treatment-na"fve patients. Participants with screening HIV-1 RNA sS00,000 copies/ml were 
randomised 1 :1 to once-daily DTG/3TC (n=716, pooled) or DTG + TDF/FTC (n=717, pooled). The 
primary endpoint of each GEMINI study was the proportion of participants with plasma HIV-1 
RNA <50 copies/ml at Week 48 (ITT-E population, snapshot algorithm). 13 

:t:STAT is a phase lllb, open-label, 48-week, single-arm pilot study evaluating the feasibility, 
efficacy, and safety of DTG/3TC in 131 newly diagnosed HIV-1 infected adults as a first line 
regimen. The primary endpoint was the proportion of participants with plasma HIV-1 RNA <SO 
copies/ml at Week 24.6 

§D2ARLING is a randomised, open-label, phase IV study designed to assess the efficacy 
and safety of DTG/3TC in treatment-na'ive people with HIV with no available baseline HIV-1 
resistance testing. Participants were randomised in a 1 :1 ratio to receive OTG/3TC (n=106) or 
DTG + TDF/XTC (n=108). The primary endpoint was the proportion of participants with plasma 
HIV-1 RNA <SO copies/ml at Week 48.' Results at week 24 of the study. 

11 The reported rate reflects the sum-total of resistance cases calculated from TANGO (n=0/369, 
through 196 weeks) and SALSA (n=0/246, through 48 weeks).8·9 

~TANGO is a randomised, open-label, trial testing the efficacy of DOVATO in virologically 
suppressed patients. Participants were randomised in a 1 :1 ratio to receive DOVATO (n=369) 
or continue with TAF-containing regimens (n=372) for up to 200 weeks. At Week 148,298 of 
those on TAF-based regimens switched to DOVATO. The primary efficacy endpoint was the 
proportion of subjects wlth plasma HIV-1 RNA ~SO copies/ml (virologic non-response) as per 
the FDA Snapshot category at Week 48 (adjusted for randomisation stratification factor) .8 ·13 

#SALSA is a phase 111, randomised, open-label, non-inferiority clinical trial evaluating the efficacy 
and safety of switching to DTG/3TC compared with continuing current antiretroviral regimens 
in virologically suppressed adults with HIV. Eligible participants were randomised 1 :1 to switch 
to once-daily DTG/3TC (n=246) or continue current antiretroviral regimens (n=247). The primary 
endpoint was the proportion of subjects with plasma HIV-1 RNA 2=50 copies/ml at Week 48 (ITT-E 
population, snapshot algorithm). 9 
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Exploring the role of infection preventionists in antimicrobial
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This study explored perceptions of the role of infection preventionists (IPs) in antimicrobial stewardship pro-
grams (ASPs) among IPs, pharmacists, infectious diseases physicians, and hospital executives. Expert tele-
phone interviews, using a validated survey tool, were conducted from November 1, 2016 to December 12,
2016 (n = 28). Participants with clinical responsibilities reported modest expectations of the IP in ASPs. Com-
peting IP job responsibilities and limited ASP role clarity were cited as common barriers to IP engagement.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
Antibiotic stewardship
Antimicrobial stewardship
Multidisciplinary collaboration
Barriers
Survey
MPH, CPH, CIC, University of
Tampa, FL 33603.
nbach).

ion Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
Antimicrobial resistance is one of the greatest public health chal-
lenges of our time. In 2013, the Centers for Disease Control and Pre-
vention published a comprehensive analysis outlining the top 18
threats of antimicrobial resistance in the United States.1 It is estimated
that 20%-50% of all antimicrobials prescribed in acute care facilities
throughout the United States are inappropriate or unnecessary.2,3

Antimicrobial stewardship programs (ASPs) have demonstrated a
decrease in the development of antimicrobial resistance and are criti-
cal components of ensuring patient safety.4 Previous research has
shown that infection preventionists (IPs) are important contributors to
hospital ASPs.5,6 Although ASPs warrant a multidisciplinary team
model, the role of the IP is not well defined.7 The objectives of this
study were (1) to assess multidisciplinary perspectives of IPs’ contribu-
tions to ASPs; and (2) identify perceived barriers to optimal participa-
tion of IPs in ASPs.
METHODS

Expert telephone interviews, using a validated survey tool, were
conducted from November 1, 2016 to December 12, 2016. Two IP
leaders and 2 (non-IP) ASP leaders were recruited to assist with vali-
dation of the survey instruments prior to use and establish content
validity. The interview was conducted with each leader as if they
were actual participants. Subsequently, a copy of the interview
questions was provided to these individuals for review and feed-
back. Survey materials were assessed by this group for content
appropriateness, item formatting, usability, and clarity. Expert feed-
back from the survey instrument validation efforts was incorporated
prior to use in participant interviews. Reliability was assessed
through calculation of Cronbach’s alpha using analysis of variance 2-
factor without replication within Microsoft Excel (Microsoft, Red-
mond, WA), resulting in a value of 0.468. This mixed-methods study
used participant interviews and a survey framework to collect data
on (1) facility demographics and ASP characteristics; (2) IP role char-
acterization in ASP; (3) barriers to optimal IP engagement in ASPs;
(4) metrics for measuring ASP success; and (5) participant demo-
graphics from a convenience sample of health care personnel within
the professional networks of the research team to include IPs, infec-
tious diseases (ID) physicians, pharmacists, and hospital executives.
A truncated, 1-section survey was developed for use with participat-
ing hospital executives to assess perspectives on the state of their
own ASP, perceived ownership of ASP among clinical roles, and anti-
microbial stewardship as an organizational priority. The study was
approved by the University of South Florida institutional review
board. To facilitate validation of the surveys, 2 infection prevention
and control (IPC) leaders and 2 (non-IP) ASP leaders assessed con-
tent appropriateness, item formatting, and clarity. Characteristics of
each ASP, IPC involvement, and barriers were analyzed using
descriptive statistics including frequencies and rates. Qualitative
feedback from participants underwent content analysis for themes
highlighting ASP characteristics and IPC engagement. Interview
notes and audio recordings were reviewed, and codes were assigned
to classify observations and aid in data summation and analysis.
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Thematic summaries for IPC involvement and experienced barriers
were defined to categorize perceptions on IPC engagement.
RESULTS

The study sample was comprised of 28 individuals across 10
states including 8 IPs, 6 ID physicians, 10 pharmacists, and 4 hospital
executives. The vast majority (86%) of participants held a master’s or
doctoral degree.

Sixty-three percent of participants indicated representation from
IPs on the antimicrobial stewardship committee. The majority of the
IP participants spent either no time (12%) or up to 5 hours per week
(63%) on ASP activities, whereas 25% reported ≥5 hours per week.

Table 1 summarizes barriers to IP involvement in ASP activities.
Forty-two percent of participants indicated that IPs have deficiencies in
antimicrobial stewardship knowledge. When asked whether political/
social tensions hindered IP involvement, 38% indicated yes and were
mostly physicians (21%). The most common barriers cited were antimi-
crobial stewardship as a lower priority (58%), time constraints (54%), IP
staffing levels (46%), and communication difficulties (46%). Interest-
ingly, several participants cited that antimicrobial stewardship is not
part of the IP role (33%) and some (21%) suggested no barriers exist.

The qualitative content analysis revealed 3 major themes. First,
most non-IP clinician peer groups expect IP involvement in ASP to
focus mostly on contributing data on rates of Clostridium difficile
infection and multidrug-resistant pathogens. Second, there was little
expectation that the IP contributes to the ASP through patient-level
review, consultation, or intervention. Finally, hospital executives
viewed IP involvement as “necessary” and “supportive” to the mis-
sion of their ASP, but not as critical as the ID physician or pharmacist.
Table 1
Barriers to IP involvement in ASPs by participant role (n = 24)

Barriers n (%)

Deficiencies in antimicrobial stewardship knowledge 10 (42)
IP 4 (16)
Pharmacist 3 (13)
Physician 3 (13)

Political/social tensions in the hospital 9 (38)
IP 3 (13)
Pharmacist 1 (4)
Physician 5 (21)

Time constraints 13 (54)
IP 5 (21)
Pharmacist 5 (21)
Physician 3 (13)

AMS is a lower priority relative to competing activities or demands 14 (58)
IP 4 (17)
Pharmacist 4 (17)
Physician 6 (25)

IP staffing levels 11 (46)
IP 4 (17)
Pharmacist 4 (17)
Physician 3 (13)

Communication difficulties between concerned groups 11 (46)
IP 3 (13)
Pharmacist 3 (13)
Physician 5 (21)

Outside of IP role definition "It's not my job" 8 (33)
IP 2 (8)
Pharmacist 2 (8)
Physician 4 (17)

No barriers exist 5 (21)
IP 2 (8)
Pharmacist 2 (8)
Physician 1 (4)

For n = 24, items were multiselected, resulting in some participants selecting no bar-
riers and some more than 1 barrier.
AMS, antimicrobial stewardship; ASPs, antimicrobial stewardship programs; IP, infec-
tion preventionist.
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DISCUSSION

The optimal engagement of IPs in ASPs is being challenged by
varying expectations among ASP clinician peer groups. Additionally,
the absence of a role definition for IPs in ASPs is likely hindering IPs
from contributing in consistent, meaningful ways. The revised 2017
Competency Self-Assessment and Professional Development Plan as
part of the IP Competency Model from the Association for Professio-
nals in Infection Control and Epidemiology outlines a future-oriented
IPC domain that encourages participation of IPs in ASPs.8 The Certifi-
cation Board of Infection Control and Epidemiology also indicates
antimicrobial stewardship as an IPC strategy within its examination
content outline.9 In concordance with Manning and Pogorzelska-
Maziarz,7 summary analysis of our qualitative feedback revealed that
current IP engagement in ASPs is predominately focused on provision
of data tied to health care−associated infections and multidrug-resis-
tant organisms. However, our study results also suggest that IPs are
currently contributing to ASPs in some undefined ways. Clarifying
the role and responsibilities of IPs in ASPs would help to define and
recognize specific contributions.

This study was limited by the small sample size and may not be
representative of all US acute care hospital stakeholders eligible for
participation in this study. Adding more items to the survey instru-
ment in future studies may raise the value of Cronbach’s alpha, and
thus increase instrument reliability. All participant data were self-
reported, and it is possible that not all participants were fully aware
of the spectrum of ASP activity occurring within their institution.
Despite these limitations, this study provides valuable insights on the
current state of IPC engagement in ASPs from the perspective of sev-
eral hospital stakeholders who share common interests and responsi-
bilities in antimicrobial stewardship.
CONCLUSIONS

To our knowledge, this is the first evaluation of perceptions
among multidisciplinary hospital-based peer groups of the IP role in
ASP. Additional studies should further explore the barriers identified
by IPs and other ASP clinicians. Removing these barriers and estab-
lishing more definitive roles may better facilitate IPs to become inte-
gral contributors to ASPs.
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TAIBLE 1., Aiir cMn1gesllil1our (ACH> anal 1!iime requiiirod for 
airbom1:1-contami1ru,11i11t n)11111oval ofiicillmcios of99% and 99;9% 

Time iliime 
(1m,i11J req,u Im el (min} 1req,ulredl 

·r·or 1removal kU emoval 
.A.CH Elrf iclenc,y ot 99%. Elificiency o.t 99.9% 

2 ',t 138 207 
4 69 mi 
6 IHI 69 
8 35 52 

10 28 411 
12 23 35 
15 18 28 
20 14 211 
50 ·6 8 
Sou1rces .• CDC. G1111de111nes l'or preventing the na11.sm1sslo11 of 
Mytie'.ib.actetrum tubi!!rc.ulosiS 11'1 IKl>alm-care laciill les. MMW1R 1994;43(No. 
RR-13). 
American Coo,rerence ol Govemmer11c1I tM :strt H'f'gle11ls1s. HVAC 
com1po,n.ents. 1unclliO'!l,S and maJIIUllC:tiOllS {Topl,c &•4). Ill: IMl!lStrilal 
ventllalh:m: a manual or recommended 1P<rac1J:oe. 24U'i ed. Cindnnaitl. OH: 
A!marlca11 con!'eranoa o1 G.ovemmel'ilal IMUS1irlai H~lenl:sts, 2001 . 
Muteihler JE. f'r1ndples of ve11111a1 on. 111 : NIOSHL TM 11ne1uslric1I 
environment - 1·1s ev IU!a'lt,011 and eonlirol. 1,i,1.aS!hlng11on, DC: llJS 
De,panme.nt of Hear111. Educauoo. anel Wettare, IPubllc ttea.1th Sel'\l\lce, 
rn,73_ D,HHS pulbll,caliOll lM . (1\110.Shl) 74-117 . Avanab1e at tlit lp:/1 
\\l'IM,Celc.govlnlosh/74· 117 .html. 
Note: Boid enlirles OOl'lote 1requenn11 cllM ACH for par enl-care areas. 
• V. u.es were Cle:rlveel rom ·1he IOirmula 

tz - t1 = -(I' {G2 / C 1J /{QI V}] x &l. Wi~h, 11 = 0 
Where 
t1 = lnlllal tlmepoint ,omrn) 
1z = llna:1 llmepo:lnt (min) 
G 1 = lnilla'.1 ccnoenlrMIClfl ol COfllilmlMnt 
G2' = 1inal co«llCefllrallon ol' COlltamlnanl 
c~ I c, = 1 - {rem0\lal1 e1t1ciencw100) 
a = air llow raJe 111 .c;IJbl-c feelffiour 
V = room volllme 11'1 Clllbic lael 
0/\l=ACH 

v. u.es app111 to an empty room wlllil 110 Mi'iO'SOl~gana:raoling so111M. With 
a person, present and gooeratlng1 aero.soi. ~his tatte would no1 ~~­
Otl'ler eq,ua110ris are avalfallle ma1 lllCIUCfe a constant ge:nera11ng1 souM. 
liowGi.rer, certain dls,aase.s {e.g., tnfectlol!J.s wbarou~) are Mt llkel~ 
to be aerosolized aJ a ~n-stanl irate .. The limes gt,ven assume p811ect 
1mMrt;,:J 01 me r wllllll11 lhG ~ce {Le .• ml ng iactor = 11). However, 
1P8lil'e,cl mloolng1 usua.1ly does 001 occ:111r. ~miO'Va.1 limes wl I i,e lort;,:Jer In 
rooms or areas w,llh lmperl.oot m i:>:ll'lg 01r r Slagnatlon,. Caul Ion ~ .otiel 
100 exercised In 1LJSirt;,:J ll'lls tab'.le In &icim :sltuamoos. For lxiolhs or other 
11oca1 ventlla:uon e11cllCl-surns, manulacturer.s' lnstn.10Uons si~1otll!<:I t)e 
consul led. 
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FIGURE 1. Example of pa&iitive--;p~&SSUl'(l roam CO'lil~J'o'II for 
pl'Dtecti:0:111 f,,om 1111rbo:ma e:nvlranm(?n~al mi1:rab11Stf 

Monitor 

Ba!hl'O:)m 

[SJ 

tt 

source;: Adapled lrom Heatl ng/Pl1plng/Alr Goncnuonlng {HPAC} 
ngl-11"9, Oclooor 2000. 15enloo Media, Inc. 

Noter Stai::i<oo ttacli: bCIJ©S rapre.sool pal~nl'S l)OO_ Loog Of)Qfl box W,llh 
c:ross-Mtc:h l'Elpras.enls supply a.tr_ Open boxes wt'll'I s lng:te, ,:ilagonall 
siasnes represant r exl-laust regi,ste:rs_ Arrows inchcarta dtr:ecltons of 

11row_ 
•Possi~le uses lnclu(le immunocomprnmlsed pauenl rooms (e.g ., 
lhemal~polettc stern call t ransplant or Mllld o.rgan ·1ra.rnspl!ant p.mcai:lu re 
rooms), and o fi,opoolc opar: 'ng roo:rns. 
Poslllve-prassura room engln~lng featuras I clMe 
• posli e pressure (greal&:r s1-1ppiy man eJd'laust al r vorumt1}; 
• p:re-ssure dllleranuaI1 range of 2-5~ f'a (0_01- 0 _00-ln.. waler gall~}. 

l,:ieal al 8 Pa; 
• IUOW dl11ere.nllal ;,. 125-cim supply '19JSUS exhaust; 
• s~{l(I roo:Jl'I, approximately OJ5•sq_ n_ lealka~; 
• clean, l:O Cllrly a.1ru~ 
• moti!Oirlng; 
• .e!.12 air oh!anges/hr (ACHt aool 
• rel flil air Ii relllilere(I _ 
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1B,OX 1 .. P,otentlal sampling slites for Legionella spp. lln hiealiHl • 
care faclliltles 

Potable wate1r system 
. . . 

• mcommg wat•er mam 
• ¥ater softener 
• holding tanksi cisterns 
• v ater heater tanks (at the inflows and outflows) 
PotaJble water outlets, especially- those in 0 11' n erur 
patient rooms 
• fuuce _ _ or taps 
• howeirs 
Cooling tower, evaporative condenser 
• makeup water (e.g.~ addedl to replace water los because 

of evaporation drmfi , leakage) 
• basin (i.e .. ; area under the tower for collection of cooled 

wared 
• ump (i.e., sec ion of basin from which cooled water 

re-urns to heat ource) 

• heat ources (e.g.~ chillcrs) 
H 1unidi:6ers (e.g.,. nebulizen) 
• bubbler for oxygen 
• , , rater used for respiratory therapy equipmen 

Other sources 
• decorative fountains 
• iirrigation equmpmen -
• fire sprinkler system (if recently used) 
• whirlpools spas 

Source: BarhareeJM, Gorman GW, M artin WT, :Fields B , , oniU WE. 
Proux:o] or samp]ing envi11onmental sites or fogionella . Appl Environ 
Microbiol 1987;53: t:li5 - 8. 
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TA.BLE 2. Microblolog1ic limits for hemodilatysls f luids 

Hemodl1alysils Huld 

Present standards 
Product wateri 
Usedl to pIrepare dlia.lysate 

Maxilmum totall 
het:e:rotrophs 
·tCFUfmlL ") 

U sedl to reproce.ss dialyz.eirs 
Dialysate 

200 
200 

2,000, 

Pr,oposed standa1rids11 

Product water 
Dialysate 

200 
200 

Mlaxlinmm 
endotoxln level 

(EU/mlt) 

No standard 
5 

INl,o standard 

2 

2 

So,urees: American National! Stand!ards llnstiitute, Associiation for the 
Advancement of MedicaI11Instrumentation. Hemodiallysis Syste:ms .. AINSI/ 
AAMI IRD5-1992. Arlin.gr on, VA: Associiation fo1r the Advancement of 
Med ca ll lnstrnmentation, 1993. 
American INati:onall Standardls nstltute, AssodiaUon fo1r 1he Advancement 
of IMledicall lnsb' t11menta.Uon. IReuse of he modiallyzers. AINl S IVAAIMI II IR D·4 7-
il 993. A1rlington, VA: Associatiion for the Advanceme1nt of Medlica l 
I nstni menta.tion,, 1993. 
* Gol'ony tor ming units/milliliter. 
t Endotoxin units/miil llliliter. 
§ Product i.iva.ter presentliy includes water usedl to prepare dlial¥Sate and 
water used fo·r repr,ooess1ing dial1y.z:e-rs. 
ora11ysa.te fo-r hem.odia.lysis, IRID52, under devellopme:nt, American National 
Standards Institute, Association for the A-dlvancement of Medica l 
lnstru mentatio:n (AA!MII). 
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IF11:SUFliE 2:. Ex11rnplo uf ail'illol1110 infectio1111 isalaitia111 (Al , 1roam wim a:ntDtaam a:ndl 111101.11tra1 a:nturoarn* 

AH only 

Cmridor 

All and 
iiimmunooompramlised 

Corridor 

All and 
ii1mmunooompmmiised 

Cmridor 

I 

Anteroom Moni~or 

INleu~ral anteroom Moni~or 
t>-<I 

+ +++ 
C:;J 

Anteroom Moni~ar 
r---------;;:_ I 
t 

+++ 
C:;J 

Source; u.soo wim permission rrom Andmw JI. Streilel. M..f'H, Uni\/ers11v or Mlnnesola. 

-1111 

~+ 

-1111 

.. 

IB!)IJU'iroom 

.J. ~ B!)IJU'iroom 

w 

Ba~liroom 

cs;J 

tt 

IW.0-1:e: Top diagram ndlcale.s alnr.ow pall&ms wlleri patienl wi1ih only alrbom.e Lnlectlol..llS dt-se ooc~l.es. room_ ~ '.die and botlmm diagrams I1001-cate 
mcommendecl alnlow pa.Uems. when 1room, ~s 0001.1pie;d lby lmmunooomproml:SSCI paue.nl wlll"I al~oome irttectlous •Cllsea.se_ Staekedl bl'ack lboxes rep,res,enl 
palile.nl boos. long open, looxes wllh aoss-ha!ches ~-nl s1.1pp~ air_ Open boxes wilih slt)QtQ, diagonal sfastie.-s represe.nl al emalllSt reg stet's_ Amows 
indlcale recllons Of' alr11ow_ 
T All lsolallon room wrlti anteroom 9tlQIMe.rlng foatur,es lndlLJde 

• pui,ssurg d1m~re.n1talI ol 2-5 1Pa (0_011-ifli. water ga~e); 
• air11ow dlltM8flllal > 125 elm .s'-"ply V91rS-llS 9lltiaust; 
• sealecl room 111hh, ap;pm:,:lmately O.5•sq. n. leakage; 
• Cilean 10 d rt.y aJ fl low; 
• ll!lilOtl lilolitlgl; 

• ~J 2 air exchimges/hr (ACH) ne.w or re.nova.Uori, 6 ACH e:dst g; and 
• arit&room a111row 1p-alklims 
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BOX 2 .. Procedures for c,o,lllle,ct iln,g and p1rocessin,g 
envllronme:ntal specimens fo,r Leglo·ne.lla sp1p 

l. oUec wa er (1-lmtter samples; if poss'ble) in sterile, 
screw-top bottles. 

2. oUec culture swabs of ·n ernal urfaces of faucets, 
aerators , and shower heads in a steriille, screw- op 
con ainer (e.g., 50 ml plastic cen rifuge tube). 
Submerge each swab in 5- 10 1111 of ample wa . er taken 
rom the same device from which he sample was 
obtained. 

3. Transpor san1j1les and process in. a laboratory proficient 
a . cul· uringwa .er specim,ens for Legi.onella pp, as soon 
as possible a1i er c.oUecdon. · 

4. Tes . samples for l1e presence of Legionella spp. by ing 
semiselective culture media using procedures specific 

h 1 . . d JI + . f L ' l' L . t§ o t e cu tivatwn an ue eo wn o egione lli pp. 

Soul'ces.; Barba:r•ee J , Gorman G W, M artin WT, Fields B , MoniU 
WE. Pl'o~oco] for sampling enviromnental ~ites for legiond.lae. App[ 
Environ Microbi.ol 1987;53d 5 •- 8 .. 

D . Proced ures for the reooverx o Legicmelia horn the nvironm nt. 
Adanta GA: US Depai.rtm.ent of th and Human ervices, Public 
I ea:hh Service, 199 :1- 13. 
Ahry MA, JoJy JR. Co,mpa.rison of Cllltu re m ethods and an 
.im mun?fluor scence a~ay for the: de_tect~?n of Uf[ionella pneumopbil.t .in 
dom :me hot wa:t r dev1ees. Curr rvficrob1col 199.2;24:19-. 5. 
Vicke.rs RM,. St-ou t JE. Yu VL FaiJure of a djagnostic m onoclonal 
immun o tluorescent ceagent to detect Legionello. pw:umophifa i n 
env.i.mmn enra! samples. Appl Environ · icrobiol 1990;56:291 -4. 
Flournoy DJ. Bdobuydic: KA, Sillberg · L, Lawrenc C I, Guduie PJ. 
Fah;e 12ositi.ve Lf!gfondla pnomwphila direc.t tm mllnofllloc see.nee 
monodonal anttbody test caused by .Bttcillus cereus spores. Diag Microb.iol 
Infect · js 1988;9:123- 5. 
Bej AK, Majbubani M H, Adas RM. Detection of viable Legiondfa 
pneumophifa in water by poJymerase cb.ai.n react.ion and gene pr•obe 
methods. Appl Environ Iviicrobi.ol 1991;57:597 00. 
* Sa.tuples may be tra.11..,;;po-i:ted a.t room temperature but u-mst be protected 

from temperatm extremes. arn.ples not processed within 24 hours of 
collection sh ou ld be refrigerated. 

t Detection of Legione!ltt spp. anti.gen by the di.met fluorescent anti ody 
_ tedmiqu . is not suitable for envi.ronmenra.l sa.mpl ~. 
~ Use of polymerase chain react.ion for .identification of Legir.mella spp. is 

no t r commended until m ore d.ata r gar-ding the sensitivity and 
specific ity o di.is procedure a.re avaifabfo. 
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F1IGURIE. 3. Exampl:e of negatlive,,pr,essu1re room control for 
airborne infection ilsolatlon (AH)*t 

mo:nir1or 

btilllroom 

comidor 

Source! Adptedl frnm Heating/Piping/Ai1r Condlitioning (HPAC) 
Engineering1, October 2000. Penton Media, Inc. 
Niote: Sta.c!ked black boxes represent patient's lbed. lLong open box with 
cross-hatch represe1nts supply aiir. Open boxes with singl!e, diiagonal 
sllashes represenit ai1r ,exhaust r•egisters. A.irro1,ivs indicate direction1 of airflow. 
* Possible uses include treatment or procedu1re roomis. bronchoscopy 
rooms, and autopsy. 

t Negatirve-pressu1re iroom eng1ine,ering1 featu1res 1lnclude 
• negative pr,essure (grreater exhaust than supply aiir vollume),; 
• pressure differ,entf!al of 2.5· Pa (0.01-iin. water gau:g:e); 
• ai flow dlifferentia II > 125scfm supply rve rsus ex1haust: 
• sealled room. appro.ximate1¥ 0.5-sq. ft. lealkage; 
• dlea n to dirty airflow; 
• mon1itoring; 
• ~12 air exchanges~hr {ACH) new ,or renovation, '6 ACIH existing1; and 
• exhaust to outside or HEPA-filteredl if rec rcu l!atecl. -
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BOX 3 • G '11era11 steps for clea111 in9 and 11111ainrtaiini111,g ic& 
11111achines, dis1xmse:rs, and storago chests• 

I . Disoonnecl nnh fr-om power supply. 
2. Remove and discard ice mm bin or swrage che.~1:. 
3. Al.low uni{ co warm ro room cemperacure. 

Disa..~semble removable parrs .of ma hine dim: make 
co11 racc wid1 warer ro make ice. 

5. Tboroughly dew 1Tu1chine and tpar with w:airer and 
derergenr. 

6. Dry external s-urfuces of uemo~ble parts: before 
reasseml::il ing. 

7. Check for :my needed re~ir. 
8. R.ep la e feeder lines as appmpri:ue (e.g ., when 

damaged, old, or ditll ult ro d e,rn). 
9. Ensure pre.~ence of a.n air ~C€ in cubing leading from 

warer inJe,c: inm warer disu:iburion system of machine. 
10. Inspect for mdenr or insect infesrations nnder the 

u 11 i c and cre:ir as needed. 
11. Check door gaskecs (open comp::inmenr models) for 

e'lidence ofleakage or dripping inro the srorage hes,;. 
12. Clean the ice-storage hesc or bin wid11 resit war.er 

and derergenc; rinse wid1 fresh rap w:airer, 
13. a.nitize m:achine b)• irculadng a, 5 100 pari;s per 

million (ppm) solurio n of sodium hypochlorire (i.e., 
- 8 m L sod·um .hypod1lorire/ga llon of w::icer} 

through rile ice-making and si,orage sysrems for 2 
hours {100 ppm soludon), or 4 hours (50 ppm 
ofotion) . 

14. Drain sodium hypochlorire solution and flush with 
fresh 1;3 p warer. 

15. Allow all suufac s of equi pme1n ro dr y before 
reuun ing ro service. 

Souroe: Ada.p FL>d f1rum M.ana.ng.11 LP, A,.J.r.tun RI.. ArJu1no MJ, uml 
WW. & niuryc.o ond,111.ai,m,n.-ncl:!of ice-srnr.11~,ed;eirs a,.d i.:.!•rnal;:ing 
n,aehinei ill !.e..ld, ctr~ fadli1ic . A ... J [11fou1 Cun1.rul 1.998,2.6: l I J.2. 

h. ~ gt,a'lr!ral In frlluti<)rl!l JuJLt ld. 6~ u!it!d only 111h.,;~ lil:<1i<1 fii:1u n.'r• 
... .:umm~JL,J ,n~hoilil .aml f. PA..r<!gisr~reJ disinl~o:: t .. nti :i. nor 
;Wa.ilabl . 

--- · -- -
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�<C�<<���	�=�DEFGHEIJKLMN	IMGJKEMOFPLP	��	Q�
��ARS
��	T�����@<U	VWWX�%� ��	��!�0	YZLP	KJ[FKI	ZHP	GJJ\	EFKKJEIJ]	H\]	KJ[OHEJP	IZJ	JOJEIKF\LE	̂_̀ 	aJKPLF\	IZHI	bHP[MGOLPZJ]	F\	_JEJNGJK	cde	fddgh�JEFNNJ\]HILF\P	H\]	�J[FKIPi�#�'(��	j6,	k665	l	5mnoopqrsp/pmp >���
���	��>
;�	tu	v��<��U	>AwU	x
;���	tu	x
C����U	�>QU	��yA
��	zu	{
��C
�y�U	�wU	�����	���|��U	�ww�?�<���	�=	B;���y;��<�<	}��C��
����U	~
����
�	S�����	=��	Q{�U	TBwU	
��	B�	>��?������BA�	C
����
�	��	�A�<	������	���@��
���	��	�A�	~
����
�	S�����	=��	Q{�U	TBwU	
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����U	������A	:u	S
<���U	�wU	w���y���u������-��.���	-��- ���0	>
;�	tu	v��<��U	>AwU	w�?�<���	�=	B;���y;��<�<	}��C��
����U	~
����
�	S�����	=��	Q{�U	TBwU
��	B�	>��?������U	��WW	S��=���	��uU	~}U	�T	}R�WU	t��
��
U	:t	�W���u	B����A����	�W�R���R���W�	z
��	�W�R���R��W��	}RC
���	�����y�yu@�?u T;CC
���\	����e	�_�	[MGOLPZJ]	IZJ	�ML]JOL\JP	�FK	̂KJaJ\IL\�	IZJ	YKH\PNLPPLF\	F�	�DEFGHEIJKLMNIMGJKEMOFPLP	L\	�JHOIZ��HKJ	̀HELOLILJPe	����h	YZJ	�ML]JOL\JP	bJKJ	LPPMJ]	L\	KJP[F\PJ	IF	��	HKJPMK�J\EJ	F�	IMGJKEMOFPLP	�Y��	]LPJHPJ	IZHI	FEEMKKJ]	L\	IZJ	�\LIJ]	�IHIJP	L\	IZJ	NL]����dP	H\]JHKOD	���dPe	f�	IZJ	]FEMNJ\IHILF\	F�	PJaJKHO	ZL�Z�[KF�LOJ	ZJHOIZ�EHKJ�HPPFELHIJ]	�[KJaLFMPODIJKNJ]	�\FPFEFNLHO��	FMIGKJH P	KJOHIJ]	IF	H\	L\EKJHPJ	L\	IZJ	[KJaHOJ\EJ	F�	Y�	]LPJHPJ	H\]	ZMNH\LNNM\F]J�LELJ\ED	aLKMP	���¡�	EFL\�JEILF\e	c�	OH[PJP	L\	L\�JEILF\�EF\IKFO	[KHEILEJPe	��	]JOHDP	L\	IZJ]LH�\FPLP	H\]	IKJHINJ\I	F�	[JKPF\P	bLIZ	L\�JEILFMP	Y�	]LPJHPJe	H\]	g�	IZJ	H[[JHKH\EJ	H\]IKH\PNLPPLF\	F�	NMOIL]KM��KJPLPIH\I	��_��	Y�	PIKHL\Ph	YZJ	����	�ML]JOL\JPe	bZLEZ	�FOOFbJ]PIHIJNJ\IP	LPPMJ]	L\	���f	H\]	���de	[KJPJ\IJ]	KJEFNNJ\]HILF\P	�FK	Y��L\�JEILF\	EF\IKFO	GHPJ]	F\H	KLP 	HPPJPPNJ\I	[KFEJPP	IZHI	EOHPPL�LJ]	ZJHOIZ�EHKJ	�HELOLILJP	HEEFK]L\�	IF	EHIJ�FKLJP	F�	Y�	KLP ebLIZ	H	EFKKJP[F\]L\�	PJKLJP	F�	H]NL\LPIKHILaJe	J\aLKF\NJ\IHOe	H\]	KJP[LKHIFKD�[KFIJEILF\	EF\IKFONJHPMKJPhYZJ	Y�	L\�JEILF\�EF\IKFO	NJHPMKJP	KJEFNNJ\]J]	GD	�_�	L\	����	bJKJ	LN[OJNJ\IJ]	bL]JOD	L\ZJHOIZ�EHKJ	�HELOLILJP	L\	IZJ	�\LIJ]	�IHIJPh	YZJ	KJPMOI	ZHP	GJJ\	H	]JEKJHPJ	L\	IZJ	\MNGJK	F�	Y�FMIGKJH P	L\	ZJHOIZ�EHKJ	PJIIL\�P	KJ[FKIJ]	IF	�_�	H\]	H	KJ]MEILF\	L\	ZJHOIZ�EHKJ�HPPFELHIJ]IKH\PNLPPLF\	F�	�DEFGHEIJKLMN	IMGJKEMOFPLP	IF	[HILJ\IP	H\]	ZJHOIZ�EHKJ	bFK JKP	����P�h�F\EMKKJ\I	bLIZ	IZLP	PMEEJPPe	NFGLOL¢HILF\	F�	IZJ	\HILF\£P	Y��EF\IKFO	[KF�KHNP	PMEEJJ]J]	L\KJaJKPL\�	IZJ	M[PMK�J	L\	KJ[FKIJ]	EHPJP	F�	Y�	]LPJHPJe	H\]	EHPJ	KHIJP	ZHaJ	]JEOL\J]	L\	IZJPMGPJ¤MJ\I	�d	DJHKPh	̀L\]L\�P	L\]LEHIJ	IZHI	HOIZFM�Z	IZJ	fdd�	Y�	KHIJ	bHP	IZJ	OFbJPI	KJEFK]J]	L\IZJ	�\LIJ]	�IHIJP	PL\EJ	\HILF\HO	KJ[FKIL\�	GJ�H\	L\	��gce	IZJ	]JEOL\JP	L\	KHIJP	�FK	fddc	�fhc¥�	H\]fdd�	�chf¥�	bJKJ	IZJ	PNHOOJPI	PL\EJ	���ch	�\	H]]LILF\e	Y�	L\�JEILF\	KHIJP	�KJHIJK	IZH\	IZJ	�h�h

Centers for Disease Control! and Prevention 
CDC 2'4/7: Saving I.Ives. Protecting People.™ 
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�����	�������+	T�����	K�!����!�	*J�	Q������
	������!��	���S  !
������
	-�����	���	2��
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	3�����	���	2���	-,J�	���	,K1����������	3J3�	(�
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Minutes required for removal efficiencyt 

ACH 99% 99.9% 

2 138 207 
4 69 104 
6 46 69 

12 23 35 
15 18 28 
20 14 211 
50 6 8 

400 <1 11 

;,-This table can be used to estimate the time necessary to clear the air of 
airborne Mycobacterium tuberculosis af:ter the source patient leaves the 
area or wihen a.erosol~producing procedures are complete. 

tiime in minutes to reduoe the airborne conoentra.tion by 99% or 99.9%. 
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1 previOWl l T re.1,ub 
PttViow negntiw TST rci.uh (documerncd ur not} 

> I - m.011du; before new C111~·ment 
Prn-lous documen t~..! ncgati.,'t" TST re.suit s-11 montb 

before new empla 11f11cnt 

Sing!~ TST nccd~.d fr0r b..m,! lm: (csl ing.; th.i.s test will be tfrc 
secon d-5tcp 

o!:2 prcviau:i; do~mcnt~ nq,;arh't' T~T.s but mo!it recent iaglcTST; two--nep tnti ng L!i not nc~ry (J(;'S11lr \\<oukl 
lu,vc. alr-t.idy baoru:d l > 1 m nm~ Qt1; II W mp!oym~ni: 

Previous doc:um nttd ;positive: I ' ~J, 
Previous !.mdJJCUment d po.sirwc T · - n:suk 
Prnvim1!i- R , t \'.:ICdn:;itlon 

Program.Ii lh~t u serial B 

b~liru: TST( 
fl b:iSJ lin ( 

7 -. mcm, f · · 
(onhc pfi ·ow: · f5ion M.. ni~,,Jo,11 i in , (1-1. ,, '5) 

• fur 111.-wfr hil\'<l h.::aflb.anr -ihr..anil d!tr P:,IWl!l, Ylflo ,IJ bo! 1l!>1al a1L1 Nlillin<! b~iS (i:.r.,, ~itll!nL<OJ .!2!£ r,I aim,:ritJrm.l ~r Ju, -1ank::mdlb:ili.1~),. ~ 
~ TS'"I i> 1101~m~lta.Etidiatk,1110 ~ ~dcttl TS , '1flks, Ill.,= vru ~ 'Kith l.nttl!' bltt1111ic~ or .1.1~fll,:,L,nic .!iod. ..bid, arr: ,ul;.,wi1.i2llt 
ulll! ;1,:h-c~ C g13. If I□~ p~"KIIB Li,-c TS"f rl'lllil ., l1!llf dix:1u111:1nro. :idmi~baer 1'11,1>-IUp ·r r,nr offrr 8.,\.,\fl. SO ES, 11, llffi ~ll:'Ur. [ii mi:lh1 
pur,liod prmnn dcn~--aiiw (M.unowc) T~ d~osuc 1rnt~11. 'foron1 O11mio. C1.n-.m.J.; A~ffllii l'Mtntn 1001 . McWr Plu.rnu,;:-c111i..·ili.. ;\PU.SOL 
(Tuherrul[l:i pu.t:if"11al pru!ll!ill dd"walil'l!, diliJ[<'!il l•r.abibml s,;l111iamll-- D~a!ll~.i.n~t . ittua..lft111.tl - · _ intt ~ R o.tct, Ml! ~"1tlr l'tu=-i~ 
~ Ftoesdili; J ; R:iJb,,if\ FL lllcll }\:).I_ lo, rnt.Jb1c hyp<fidl.:;tM~ l'\.~ioos ~ttt " 111~tuli11 .Jae 1eoli _ Oih lt1f,:.i1 D·,; 200 '·l ,E L.2-3. 

' B3£ilk ~te-Ou..'ria. 
f ii!nw -.y [!;if M~·..,,, ,rt1,qr.,1,y4 

QllllltrrERO~.'l'll 11!i1.. 
"Q_um1lFERON•.1-p (.(I tm. 

r,11(:fl;ilt,IQ!ogy l;aOQra 
Mt ll'JOm Iii Al room 
All roocn••tt 
.-.nopsysuiltl 
BIU'Jtllo:scopj mom 
6mergeooy ~ a;oo raifKil09)• waillnjJ raon\!; 
Opera~ rwm tll"!!itl~ rwm 

Mlnl'mum 
ml!chanlea ACH' 
- -- - -

e 
10 
12 
12 
1.2 

l2-15ff 
,s 
25•·· 

Mnmuin 
O!Ull:loor ACHr 

.Air movef!l'IBRt ni'hlllve 
to aatacen~ al"E!a-S 

Ill 
INOil 
n 

IIY 
Cid 

r e11hrau lifed 
d racui, 01Jldoo~t-

SOUAl:ll:S-: CDC. G~ tl-i' ~ng U1i8 rar,sml~ o, Myt:Obacretium /1JD8J-CWOS1S In 1'18allh-Cate rac es. 11194_ PAIWA 1W4;43{NQ. flR- a}. 
Ameri:>an Sodely □ 1-leallng. ~ t1geraflr9, &ldA r-Coo:i1boolJ!lg i;;~ lntLl--lea h care facl~!Je$ IChapteJ 7J- 2003 A.S~E ~: HVAC app11c3 t!cn!i .. 

, GA;~ SOCillty 01 HealiJl,J, ~~ng. and /l~r,(lltlcnlng ~. l"1C,; l!IJW,;7.1-7. t ~ 
• Alf Cl"t8nges r htXlf. 
t U i!; nol ~~ 10 e-:wmutt all Iha a.ii b:I 1M OIJtdiXlcs In ""~ or I~~ lat.ii~. ll'le Cati M radleula!M aflst ~ !Mlug/'1 · I allllciancy 
par~ airj1"1~) Ion. 

t At:i'P-riean NaliOml S1andards 1Mt!lu1e {ANSI 1\meri SoaelJ or 1-#afilllg, fle'fl19.ela1Dj, aJ'ld All-Oondltioning ~ nc.. {ASi--lRAE}-- 3tlndard 
82- 2004, l.i'efl!Z..'lllon for Acoep!able lriCIQor .Air Orialiiy. 5h(lufd' be ~ ~ oulslde a. ~1.1111nll h arear; lnal aJe not ~l!e:l SOURCE:: 
ANSVASHRAE.. Slandlfflj 62.1-2CG4-\>ef'ltjlaltoo ror ao:epat:tll lndoo! I 'j. A1!an . Gk-A.SHRAE; 2004. 
AJrtJorne mfectlon ~OM. 
se~ w,tn N!Sflng All rooms snou1e1 nave an i111t1b,t,, 01 ~6 rnl!Cttan!C;!II ACH; >Cleaning OO'IIIC8S can ii>! usei:l b ll'ICrnas-e Ina aqulllaf!llnt I\GJ--L 

tt Pa1ients ~ a pl'OteciJ','9 enwonfllcfil room (a.9-, ~rely lmmul1CJCOO"\Pf001lsed pa.llenls) who aJsJJ have TB disease ret:JUlra pro,£dtln t1D111 comrmn 
iil!tJom ~IIIIJol'QQfg~ 

it Reoot'm:!enoalion o lhe Al1'lerlcan sutute ol eds fAI Haw Is reci~OO ll'lrOu,j'I EPA lilten;}. SOURCE: _ Gu~ l'On1esi an.1 ocns:ruc--
tllll1 or nospitllil Bl'lQ '1ea! care i w 'l'lll'iglOfl, Dt: Al • :il001. 
Rec:cKm:,el'ldallfoti o1·A.St-1RAE. ( OO'll. Blhauslj_ SO\IRCE: AfWASHRAE Slanda:d62_ 1-20M----wn on lor ~ il1dox alr quality: Allanla, Gk 
ASHFIAS;2'004. 

• • RBr.olm'le~IOl'I ~ ASHRAE ( IS roo ~ ough HEAA ffl.lJrs). :SOURC • AN ASHRAE. Standafdl 62. ~lltallon far~ rnaoor 
air , 1t,1!a.nta. GJ\!ASHAAE: 2!)0.,I. 

QFT- (i!$11lt 

Pu iLi.rc-
f:5AT~ • CFP·JO" rupon iven , dec<Jru--d 

cgacivc 
Na F. AT-6 ;md FP-10 rc.spon.sivcn :s:.5 

cl-ct.wed 

MJrvbirutr/11111 r111Nmti<r1/.I infection prob3blc 

M. mbtm1!tnlr infi ci 11 u.nlikdy, bllc cm n t b C'XC'lur..loo, ~po:faUy 
whc.n 

I. a.ny iBn coniisrenc wiih TB di=se. and 
2. the liktlll:mod of progres.sion to TB disCIS~ is in-creasoo (e.g., 

b«.1:1 Dfimmuno.mpprcssi nl 

l~t no[ i,m~ p~CJ.b 
-,.,__,iiy o I Wf<'!, .i.ni:l LFP-111 ill 11).,kD:. r:ulwir ltl!bte p,mlcil!. 
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trng, 

2. Se-ri..I 1emngwithout known O pasu~ 

TST 
1..,dO mm i~ ~omid~rcd a JX>5irivc r,;1.-ul, 

{cithe-r 6m- r nd.~, p): D-9 mm is 
1u:ld red a J1cg;irh.-c rest1h: 

2. ln cre.ase of~ 10 mm ls conslcfaM a posl-
tivc result CTJ1m·crsio11l 

3-~~ mm is con "d red. p,: icive 
rsom who h-11-· ii. ~ltn T • 

of mm: :a..n increa.~ of 210 mm i 
nsldered ii. po.11ti\'1: r uk in p,e-rsoru;; wilh 

a n ~~i\lle bw:I inc: T T l'l.'ffllt r re\0i00a. 
follow-up ning TS:r re~ulrnbO mm 

2..Ch::mu from lil~~tive lo 
positive (QFT rnm-ersion 

• -11.-in · t positiv 
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Months ,of 
Drugs duration 

lllson iazid (I NIHI) g,t 

IIINH 6, 

IRifampin (RIF} 4 

RifampintPyrazinam · de 
(RIIF/PZA or RZ) § 

Interval 

Daily 
Twice weekly 

Daily 
Twice weekly 

Daily 

§ 

Minimum no. 
of standard 

do,ses 

270 
76 

180 
52 

120 

§ 

... SOURCE: .American llhoracic Society, ODO. Targeted tubercu [in testing and 
treatment of latent tuberculosis inf,ection. MMWR 2000;49{No. BR .. 6). 

fNline mon~hs o· INH is preferried, but ·6 mon~s of INH or 4 months of 
rifam pi ·· 1 are acceptable alternatives. 

§,G,enerallly should not be offered for treatment of LTBII. SOUIRCIE: COG. 
Update: adv,erse event data and revised American Thorade Society/ 
CDC recommendations against the use of rifampln and pyrazinamide fo,r 
treatment of latent tubercullosis infecbion- lJlnited Stat,es, 2003. MMWR 
2003; 52:735-9. 

• Hurnan i1nn11modefidency virus infecr·on or acquired 
immunodeficiency syndro1ne 

• Im.munosuppressive drugs} ind uding those used for 
managing organ transplarnation 

• TNF.--a 
• O-iabetes mellitus 
• Silicosis 
• Chronic renal failure 
• Certain hen1atological disorders (e.g. leukemias and 

lyn1phon1as) 
• Other specific malignancies (e.g. , carcinoma of the head 

neck, or lung) 

Tumor necrosis factor. 
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ST m51llb . lllffl 

lsposith-e 

• Pt ru; infuaed ~ ilh 
H1 
Rec m m:icu fo 
~l'SiDn ,virh mbrro1-
l0&1:i; (I~ diiiea'IC 

Pt:nons w iih 6hrotk 
dungp5 Dll d1.c:st 

rndingr.1ph consi c ru 
whh p.cviQU 1l 
di~ 

Orgirri tTa11Spb.n1 
recipic,m :i!ld nth 
immunDs11 ??rFC¥ d 
pe-n.on ( .g.. pc:rwn 

i ing lS nwd,Iy 
f p,r nisonc for ;: I 

momh)~ 

TB ~us. -i;;S;' 

~ Rcreru in migrants (i.e., wichio ch pre'Wimis 5 yttJS 

liwn ,owmi with a igh incid ~11« of di~ 

"' P·mmq hc.tnjm il l1dt dmg:; 

·• lks:idcnt5 and cmplQ)' (induding hcalch-c.1.rc work-
ers [I'..! '~Jr· o th tollnwi ng CQrigr~g:.n .cr,ings 
- hospitals and oth r fw:ilrh-ca{C fuciliric:-
- J ng•{ rm-<aJre fa ililie.s ( .g., hospi and :dti.lt(J 

nur:sii.g facilities) 
- n:siclcntfaJ fociliti<="S Fo.- paucntswith Alnst OT 

the immu11o,;ompromi$in<> ndi1inn 
rrecrion~t fa ilici.:.s-

- homda5 :s:!hdt~n; 

r.uory pcrsonn~ 

• l\'.p:on.'i. with any o {h fullowin"" di11ical 11di iom 
Ql' immunooompr m·~ing condi.ri.~ll dm p!acc ll;1i;m 

high ri k fi 11l di~ 
-dia1bcr("S mcllh-m 
- ~ifkoi 
- chronk i:= .1! f.i aun; 
- ce-rt:lin h~mato!ogic cliso:r&r.. I _g,. l:cukcmias :and 

!ymphoiuas} 
-oclil r p,ccific mmgruinci ~.g., arcin m.t frhc 

head, m:c:k, or lung) 
- u.11cxpl.tt ncd w rghr !ms .: t · id I i>ody 

"'·dgh 
- g.-,_•;tne;:1omy 
- ieju mii1~.i.l byy.iss 

• I\'. om- Jiving in~ wjth igh inc.idea of TB 
diselse 

'" Childrffl ag ' < r n 

, In .mr.-.. c'hild ri, :111d :1.dol n ~ m ;iduJts 111 

high · k for <I \'d p-in.,, TB d. 

~ J..ocall · idcntint'd gnn1p:s; at high :risk 

is podti.ve 

• !Penon wtrb no km:,., n rwc 
.:teco~ for Tl d~ 

• H s who ilfe i:nhcr.1/ 
iu low Pisk fur TB di=.sc 
;ind who od,·cd b!l.Sdino 
,~ing .i., the bc,gi rmirig ~f 
mploymem ,IS pa_rt {) 
B ning progrn.m 

• -1 J,c,11.]u ~•s IIIRl i, ~tin:ll, •Jtr,'.1!11!.. lh ,_ .h111il1J r«lfi\, a ,ympton:,¼Cfllo!l .. cd ,l □ 001,ie,;J b<'mr<,cl..at,iIL 1ilL')<a.ii.:,ul.£!11e=tu:md foc1ll 

~ - :mt! i J~ !.etda,h,,l, clle,.• .!tc11IJ leuJTa,,J ti'l"ztt!ertl !i.tktmt 1nfi !1 (L] ll! lfll,,. ~ 11ucuttiblndln6o!i ta U"'1mL'l'I . 

' 1-T11m;in ~mIIIIID~JKY"lllll. 
\ -ih r' . 01'" rB .r-in pi!CJO I~ wlrn l'OnioooSICIOlaJ ]ll(~ ,tb hi~.:r da5C! ,111d J llll;CI" dl!ralJOill of (OJU(OSl:l"J(lid Wl!, 

. l'el>l:llb l>litb ·~"" TI} J~ all bot! U'cli..J t-J. !>ft W ttwd.ial JM ~~ E\"zllt.JJ. II, ~ ll':1> C, · d,. ! l' z,,,,11J1L 
•• for HLW,,.-bo ctlllCfe i.,,.,. rulfor 131 :ac11l t"ll;icttico Im I J....,.... ifi..f~'<l .tmJ wb11 r..,$,..J l,o,d;..., 1ntin •t dre b.elm•u .. of ec1plopnc;m 

p.m , ~ lll ,ofh,-oo-,_--,,mrof Kfffll•~ PJOl:l'im, a °ITT rciwl ..: I j mm (lruitm □f ii: iO mm) is mrisidrcnl te1 pn1iit:l'T. lOOlll:;.h :;i r_l, .,f ;i: 10 mm 
WI lwdin,,; r • lrnr-11p lcstifl& Is ,-i:m.1iJMd J pc»ili 11."!\II for HCWs - r 1.h.r pci~ ,( rd~ml fi r m....d:lcl'.1 Jr>d d~ 'il!Wk>o, .f ah~ TST uli ii 
I l mrn Oil. h=lifl DI !uJ p tmti!J it,. l'ddtil!J: d iDiiti•c cn.ii,:f,l £JUI fmJCUmt."?ld lli,:.Qlllli:fl[Qr IJDL IJRCE-: ( hr>b SJ. Sall = J. l'Oliil.c}n Ir. 
Utilin mf di.ml ~ h I.I Ill l'.iJjlc ~ lih sli.11 t\0$1 rQCtiDl!IS ,r 10 ·~ 1,. min in bc:,llh..Q/<' 11;.-r:, 111 llllcf Hll'f' .pitl"11JJ<>i 20(Jy.2 :821- , 
,·\,;:qu ml 111mi11nod licim..-;r ~dro!Ilf. 
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~ 

A 

B 

'-----+ 
~ 

E:xha.ust 

/.·. --------.... \ 
._---------1! Exhaust ------~ 
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0 25 !JO 

Manorneter 

Smoke in= 
negative press re 

75 200 

rn, (cubic feel/mi u e) 

I""".,.,;;..-_ Openl g beneath 
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Exhaust 1:o o utsidc,i 
for f'lega1ive pressrure if 

room has no other 
medhan ic:al ventilation . 

-
I I 

0) 

HEPA lllter andl blower 

/ 

.,--- Door 

-

Pireis.ure 
indicator 
,(c:ndoa 
·framse) 

-

,_______F -4' _-
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Door 

Clean 
(filtered) air 

HIEPA filter 

Contaminated 
air 

• Wall sign for upper-air UVGI 

CA · TION 
ULTRAVIOLET ENERGY 

SWITCH OFF LAMPS BEFORE 
ENTERING UPPER ROOM 

• General warning posted near UVG I larnps 

CA 1 TION 
ULTRAVIOLET E ERGY 

PROTECT EYES AND SKI 

• Warning posted on the door of air ha1ullers where lNGI 
is present in ductwork 

CA , TION 
ULTRAVIOLET ENERGY I D1UCT 

DO OT SWITCH OFF SAFETY BUTTO, 
OR ACTNATE IANIPS WITH DOOR OPE 
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Resistance to 
effic iency fi lter 

degradat ion 

Filter efficienc i,es+ 

100 (99.97%), 

N (Not resistant to o:11} 
IR (Resiistant to oil) 

N95 
R95 
P95 

99 
IR99 
IP99 

N100 
R1100 
P100 IP ~Oil proof} 

... Code of Federal Regulations. 
t The pementages in parenthesis indicat,e the minimum alllowable laboratory 

filter efficiency value when challenged w i~h 0.3 µ m particles. 

Setl.lA,g 

Triage only; lnillal evaluabl 
01~~ tr.an r 
ID anO'lhar sec:1ng 

Admlntslratlw C1Jnlro1:11· Elwltoomental 11:oobot11f Re-&plra.1:c:uy.pm - ct:lon cotllrotslli 

11h suspeotod'or Conllrmod lnl'tc:Uw tTUbtie!JlGS'.11-ff!! Dlten<M · NI not axfl!C!! to bo Erieotmt · 4 

, •~ a M ln~t!IJI • Se•Jngs In wM::h palie.its wfll'l • Se1f!ngs In whlci, pabMJs wlll1 
plall br ~ 'Jf pall Mi W1U1 W5pl!l.ted Qr w~ 18 GI~~ ~ or 0lllllll:med TB !SeB~ 
5Uspeel!!;i1 or 11mad TB ll!Se&se-. ara raiel>J seen .mil 1'11:M lraated rue !Brei)' saen ilnd IIOl l rea'le-d do 
Upoate 1'U11'11Ja"'J. a'o ~ need an al4'oroe 11\Won oot ~ a r~ IJl)',P~ 

• ~ ~e and trans,ar tsola1iafl (All) room. ~m. 
p.allents. ~u~ Of • Place any pa.lie~ wlth ~ed or • ir l.l1i\l ~tlenl ho,6 ~ or ~Plom:!i 
conflri'i'oili!I TB cJ s:(!Me o, a lae1m coolilmed TB ~eara in an I roc:m o1· • acilw!; TB ~ {p::,git;va 
ll'let lrewi ~ !Mlh 'f9 tj~ ilv.!M@le Qr In a sep,ua:e IQQm ,1e1t;l,I~ ~"' !AFB) spu!lum ~, 

•· Beforo lransfl!',rnng 11'18 lliinl GUI ;,,11t1 tt1e dOof Closecl, .li'i' 'J rm resul ), CiOOSlaer lmrlng 1ne paliienl 
lhls setting. hQld !ne ~Jeni lr;i olhers and oot a wai , r;i a:rea wear a surgical Qr proceo!Rire mask 

an area Mpata.11! h:l:ffl neaM-cara • Alt-d~l'ffl9 tilehnolOgJ,as- {e,9 .• l'llgn ( pt;es 1a3 dulil'ig transpoli. In 
""orkem fMCW~j EIDl QtiJ,er pers;oos. ~ par1J _ e ~r [He.PA] waitllJ!l area:s, er wneo o~ are 

ra11111,,n allCI ul if!OI 9{lfmlCioal p(nenl. 
lrradiatton (UVGII t:an be us:ed "lb 
~~ ll'MI ntJlllb0! 01 equlval8nl 
air d"~ per hoor [ACH]l ( ~. = oomel'lt!IJ 
Conlrols), 

l 11sp · lent Sellln!f-5 tn Which PaUant'iil with Sui.peclB!il or 1ConfllillM!d lnfe,c,tloi,raffl ro seatliS · 1::iipec1ed to be Eni.1oim'lered 

?atlenl AJOmS 

Perlliltm .in anruaJ -MSBSSrtll'!nl 
IOrl'Je&ltlrtg. 
I~ a wrlll:en lnfedloo-oont 
Pl1Jn to.' !he i.ellD',! anrJI evaluet.e ~no 
upU!e, annu.l -

• ~ fB !r-alnmg cruca11CC1, ana 
&Cn!«ling IOI 1-K:WS as part ¢l ll"te 

1eclio!l-conlrol ~n. 
• E~ ~ IOI protll 

e,,.il!.!B.11Qo, 
• 'tlen p!mille, pos~ ~ 
~ures rnat mlgill pit ,J.!CW!i 

l ,c., ~exposu IC 
I. w~~:1 ~I r,a.;ientcS are 

Cfalllfmlned o nOI Ml'.Q TB dlse.wl 
rn ate ncninfectloos. 

• CO!labora!v 11 state or loc;&j h 
i;fEparlmer:it-s 'l'l'l1efl a,pp«:lfJfiafe., 

•· P1ace pa1lem Wf1h :suspec1et,1 or 
COil lmie.!T6~ Ill a.n /!Ill 
mom. 
- ffltCIOli - fedG(J 'Nf P'10018/l 
~ftaeney \llrus 
11-11111 or wno tiive omer 
ltnmmocornpr.misl"ng oondltians 
:;;txi1,11,;1 ~auyai.,ot,J~ to 
j)!mOf'!S 11o·Jtn1TB alisaa:!i8. 

• In SI'!~ 'Wlli'1 a, MIQti Y.OIUme 
01 J nts W1 r, susp«llld or 
IXll'!fmledTB liseasa, al: leasl MB 
rwrn &!'!outa meel reqtll~ 
IGl al'I I too (~ Stipp/lfimMt, 
Enl,iromier, ¢entrol . 

• Alf-ciaal'llng b!!el'!nologias te--9 .• 
HEPA ll!ra Ion :anu UVC!4) can be 
used to Iner Mi 1M number 011· 
equ~t AOH [see SIJP!llemen 
EJlo,ifOmlenlll:J COrnrols), 

• Al l2'a.!il one inpalJen.l room shCll.ifd 
meet r~lremen"~ iol" !lfl Al I [OllOl 1);I 
Cle u~ lr.tr ~n!E wfth suspec:1ed 
or cmlrrnea · actlous Til OlsellSfl' 
jsee ~. ErMromlenl!al 
Qori1TQ!jl 

• i!i!H:k!~ng i:ectmologles {e-.g., 
I-IEAA _ II 11:d'! ii.OIi OVGI) t.all be 
~ o 1ncraas.e lhe nuf'rtlQr ~­
eqQMlJent ACH [T,ili:e .2). 

• FofHCWS, \liSil:O<l's, and OIMrs 
611 enmg IN All l'00JPOl11 p,1111 n 
wt suspecle:I Of conllttned 
~~TEI~~. al leti!> 1>100 
!iSp0Qt!Ja l'!!<Slllratort ~ b& 
wom. 

• Jr 1N peflenl has tlgoo or ~ptPrnS 
oi eotlou!i TB~ o~r 
h!lvtng ll'MI patilNll - r a su g1ea11 or 
~ l\fiil-sk, I ~I • (e-.9., 
· pauen1 r,s n« liSlng a tl!l'ea.1tling 

cir J mmng ll'ans;port. In w;utln 
arWfW!n s r prase . 

. , For C:Ws, vtillws. and oihef"s 
entering tile M !WITT or II patlel'll 
'M1ll St.!5p'2de;I on:oo ~ 

eell00$ TB -sea , at least 'N95 
dspos.abla tesplraltirs m:nit l:!e 
'f/Qfn. 

• Jr Iha ~tienl haB s.igfls or S'J'l"lploms 
111recttous re~~-~, ­

AFB~u · mieat resulJ, oon&lt:lef 
lk3.vtng 111e-pa~ weau surgical or 
prot.aifl!llle mask, if poi;.~ltt, (&..g .• 

p;r.lteJJI t:, ~ U51ng 11 ~hlngi 
cirasl} dl:lnng lrilNaJ)Ort. rn wa:ltlng 
a:reas, OI" M1'!!n otlle~ are presenL 
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SI n;g Envllonmo I l con ro.rat, 

Bnargancy depaf ,u an don•ocntml • 1n ~ngs em~~ a1> ~ n~. • For ocw .,.iSi rs., Md Olllt>m 
t£~ , pfan roe ol pal.!enls w,Jh ot pd ongOfng ~ enterlJ'l!I tlJe I room al a p.ilienl 

Jn~ ca:rr.1 units {!CL.IS) 

$LISl)OO!e(I O con&irm!MHB ai~. al lsasi. one room 5hould mael "Yi I, SIJ!pecied OI OOO!llmed TB 
Ugdala aaruia.lly. lll!qUiremerJli ror 81'1 All roool lo be d ~e. 131 le,~[ N95 d~~ 

• !'4U&m .. :n Signs ot r.y"Tfl:(oms used lbr palienls wnn susproad ~ ors ffl:ll.lld oo wom. 
Dl llrileclK!U& TB ll!Se;u;e shoul be or eQf'1t rmed In IIOO:S 'fiB dlse.ase • 11 lhe pa11at11 has signs 01' 6)'111Jl1oms 
movoef lo II room a.s soon as [i;ee Supplel'nenl . Bw,rorunemai or lnNtl:ti:>!JS TB di~ · ~ 
possibfe. Co rdS,; ~ 2}. ARB si:ulHTI s/nB3r rnsul1J. oonsiil2r 

• Pt.ca pa.lie~ Ylflh Bil~ Of 
eonr.cmod! 1nreet,aos IB dis:83S(I n 
an A1I room, saparalB from HCW!l 
~no:I Olnell ~tlents, 1tpo:;.slble. 

• scnadula a pa!l9nt wl1n suspeti!M 
CK ('00,flrmed TS o~ for ~rgery 
Wt'le.rt min11111.1m numboJ 01 HGW 
.ind oihe1 patients are pr , e!JJ 
11S ll'le las! al a!M Of IM !lay 
to m~ 1he lime avalla!E lor 
remD\1'111 of ailborne conta.l!in.il Ion 
!see ~ , 8m1ronmental 
COrll«il5;Ta~e 1). F1)r ~t.opef"8-
recovery, place patlentt III a roam 
tllsl rrlilE!'i~ r:equlramenti, IOI lill'1 Ail 
r'OOl'i'l, 

• Alr'-CMilliilng I~ (e .g., 1111!1,ng p.!fleril wear- a ~I or 
~PA r ang, UVGI) Ci!ll be proce411.1re mast;, ii _pcssllll!!, {e.g.' 
IJSa!Kl to il)Cf81!S0 IM numb(Jf 01 I[ rpaJJent ill riot using a bf{l!llt!IQ;! 
equhll'Blecli ACtil (see SuwJ drtliil) dulm,!I b'an!;porl, 111 walling 
Enll1COM'l!!n~I COAlrd&]. a~liiS'. or when O:hera are presenl. 

• I11nt11ngs wnn a .... ~ or 
J:,a1 mis WlDI ~~peelatl iX ccnllnMCI 
TRdlsioos I Onflil'OOffl 
~ meet reql.liHln1.en!t; fOr an AIJ 
room lobe wed dorsuch J;lll1le.n~ 
1&ie Sl.lpp!emanl, BWl!tlM'lfflal 
CO ·r~ Tullle 2}. 

• Baeml1aJ llllffl fflOtJICI oo ~ 
11!Ullnet; In bre.a1tlfnsl1 CEI.II~ of 
Pll'UOOli ~Ii} peoleo 011 amnimec 
lB di~ ;1nd 1,t1ould fill'ef 
par!lde$ 0.3 pm In slzG lfl ldo&tJ6d 
and ICad!!Q Sit.Ua.lJons W1ll1 a :tef 
el'i'iclency 01 2,95 , 

• I a. ~al !;Uite h~ an qperabng 
room (OR} an arnatOl!ffl, tMI 
l1l0m ~ Ile used for1"EI aa!x3. 

• II SU[§ ry 1£ ~ use.a rlXlf1'I 
or suite 01 rooms Iha.Ii ~ 
req1.1lremeflls ror All rool'l'IS (see 
SL.1Ppl8rrll'f11. Bwlnn'n:ensl 
OolllrdsJ 

• II an All or~~ ro«n 
Is not 'll'l;l~ble for S1Jrg.tl)' Ol 
p:,s!OpelaliW Q0\il!I)', air-el . nlng 
tearn□ logles !e·-9,, HleP-A IIOII 
aria U\IGIJ ca._11 be usecl o nerease 
1he nUlroc'l al eqwhalM! ACH 
tsoo Sl.lppremen1. Bwlronmedil 
co rdS-}. 

• I Ille nea.titK:are ~tlilg t\ile !:lll 
Biilamom. !'EM'rslble flmit rooms I~ 
orisOletillnl i!rec nc/1 ~meo;led 
by 111.e M'leliean lt"ISfflu':9 01 
Areflltects or .Amecooan Societ~ 
~lll'lg, Rmrl!)ll!'alil\g !ll'ld · 

lonlng Engine~ Inc:.. 
~ i38c.1el'lal 1lltllfS SMIJICI be Lised 

lllUtil'let; in ti~ ci'eult!; 
or pa1i111U .,.,'Ith _peclacl or 
c«ifirlllEld rad~ and Should 
Ntef panicles 0.3 µm in ~ lill an 
LlnlOadacl and kJaa&!UltJ.Iaflon IJU 
liter ~Qt~ 

• Far H:CW!f. ~15!Wr11,. aoo olhers 
on OOll9 U'III All r:oom 01 a patJl!l:II 
l'lill'l 1Saspecied o;r G«l!iuned 
lnr~ f8 !lliit!-a.11/J-, BJ Fe"<l~t l-l95 
dl~ l.a.i□rril i!hoUld be 
\Wffl, 

• 1 1na pa:tiMI mt gigni: 011 S)'fflfltom!; 
ol lnlecbous TB disease and 1,,;1 

s.uspecied 01 !being cootagious 
(Po •r.-e ArS 5l!U imeilf re:suft}, 
oonsider~ IIMI pa . r 
a surg ca.1 at proeedure mask, II 
posstl:lkl [e.g,,, ii pa t IS no usq 
a t>.reallif,g muit} durfng 111insporf, 
1n waiting a,e,i!$, <1r· wneri o1J'Je,'5 11-re 
presem. 

• For H.CW-sj)~ IIWirlg $1Jr,gety 
o a p;iilelll wtth 5USpE!C1e,;I Qr 
connrmoo iruedloUs TB Clisoase. 
lei!!'.l. N95 ~le f~lle Of!i, 
un eel. t.1\oUld IN! -'Offl . 

• Sl:ainditid sur-glc,al or p!OCEldure 
lnil.lile, ·°' HCWs mlgh ~ ti;aye 
lit1119 □f .enng capaclly or 
aaequete puiledlon. 

• 11 ltie 1iet'll s SignS Of" &)'ll'lploms 
QI ln~l,IS. TB Ol~ii! f,pc!SI.JVe 
APB spu'!lltii ~ ~ ). ocnsiiiel 
hawig lhe ~nt wear ii !;111"~1 or 

proce!IUI; ma • 11 ~- orn 
amf alter bie procedura 

• \lillvOO Of pesl "'9-p!eSSI.U8 
respsa1nrs shoold ooi be used 
because 1tJey ~ !'!Cl prcKe!ci lhe 
SU!rtle- Sl.ligfeai efd. 
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Sil,t!JnQ Ad'.lnln1sli'atlve: controls" Er:wl rtlnli'lilntai cootrotait 

1nllilllim'I SaHln!f!i ln,.Whlc!h f>iali1mt11 lfllth 511!P'3clad or Confkmed 111e,c;tio:us TII Ol 11ea&e are Expeciecl lo, be, En:eounl.i!red 

. , Gonduci <1 ~IDl'lp'-~1IC Ff~ 
B~,nenl. 

•· 11'1 general, l:Jiosalel)' le'l'8I (BSt}-2 
~:;I. proced'ilf~ conli!inrnen 
e,qug:,metlll, a.nt.l 1ltdlilles a~ 
reqiwed to. nonaerosd-pmdtl!:lng 
manlpi.J ans 01 llinleaJ spe,cur.ens. 
B.:Sl-3 praulces, proced>.irelS, and 
CQO lrlll ecppmen might 
MCessaJ}' fOf cet aeJOSOl­
gooarallng or 118f(l,SOI l)f'OfJt.roflg 
IMiiiPIJratl~ 

• u.se a d@odtca:oo room 10 poo'Ollm 
b':oocilOSCOfJ)' pr-.QCl;!l;IUre-,. 

• 11 l!l. paUffll WI S1.lli?f!dacl Cl 
con rfil'iE'!I Inf~ TB sease 
mu. ooaergo ~py, 
l!lttli!llule the· prooellUIE 'tMIBfl a 
mlnlmlm l1UIJlbe1' of rfCWs 
olJiaJ: palledi: ara ~~ il.i'lll 
~ Ille len al !he end ol 
ll'ledar-

•· Do . anow another proeeiJuie ·IQ 
IHI pmbm"oll<I In M blOJllftl~ 
suite unl!I sulll'cierit IJrne ha,s. 
etapsed ror adeq\late J'Effi:ll>'al 01 
M. w~J'S--O'.lnt3mlnaled air 
I able n 

- - -
• 1rrpemem a WflPeri 111rec1101),CQ1tro1 

p4An In lb!!, M11lng. lJP<f,at!l annuall'f. 
•' Use 8 dedicaiecl room lo ,ier'.onn 

pun.m IOOl,IC\lon li'1 Ian 
1nerapy. 

• Sct\.ed1 ~ lnduc on Bncl 
lalloo lherapywhen a minimum 

JIUIJiber ar HCWs. il'OO er p.Ulents. 
are pre:sent. end sciledui&lhe 
Pl!llen i!.. lhe eDll Cl •tie ,:la,)', 

•• Di:> not pet10rn1 amltl ~ 
In a t,oott) DI room where spurum 
~nor inl'ialat!M erapy 
(lll a pll.11~ with wspecte(I or 
conrlnood fnlaciious TB cls8as-.o 
was perbmad 1mlll BUfflderil time 
hMi ~ l'Of aaequate ~OO't3Vnl 
of M_ ruben!!uhsl's:--oon.1811Kna.1ed .al:r 
(Tobie >, 

• Envtr~ conuol:s shoulil 
meet raqull'Bm9fllg IOI I 
~ laoora1orfes In 
ll«~ ,:;e w11n ~171' 
8/o:sately In Mlcroo'lologlc;U and 
Slome!lllca! Llooralorl · [BMBL) 
andlJlieAIA 

rloJm Sll l'n!lrllpl.llllUoo . t:lllnicel 
~et'ls at ci'.dil r,E5Ull In 
~u\loo ln a~~• 01 
II biosa:rety c:.lb!M,l jBSC)_ 

• B¥o'1Chosooj;ry ~:es~ ~at 
niq,ue menlt !Or ao A.II room to b 
U9Bd 10r pallenl:s. witl'i ru~ 
II!' eoollrmecl ln1'ectlo!Js TB d'ISO!LS41 
{Tiible: 2}_ 

• Atr-crean1119 technorogles 111.g., 
EPA !Ion and UV<Gl) can 

useiJ lo inc:rease lhe nurrcer 01 
IMI ACl-f (tel! S~tlamant. 

E.!wif1:lfllJleflial Controls). 
• Olasiclg WfflllalGI)" Ci&Ulllyand 

mnl Ing opening ot st.li:fl clrcul!ry 
ol lnlubat!ld ond lnllci'18rllcdy 
'iUililak<d patients mlghl rnlnlntte 

~ 
, ~p pa1Jetl1 s \t\1h :suspected or 

eoor.one,;i tn~ i6 di~ 
!NI OJ;O~ SUll9 un 

ooughlng i;oti~a 

·- -
rlOOn 1,pLituffl lndt.Jetlon nd 

idlala:llon !heraP'J fn boo'lhs with 
~ 'l@fllfl -n, 1rposs1~. 11 
broolhs BIB no1 allaUatie, spa .um 
~ orri!ialBtlxl,iU.: 
IOOiM sMdll maet reqtjnmisru, for 
1111 ltlll room to tie- useo tor pmtem 
with ru,spectea OJ i:onfun-ecl 
lnlectlous TB ,jse~ (Tet,ie .2)c 

• Aff<lealling b!lebrlologllfl'S !e.g .• 
t-tE_PA raft!Qn iID\! VVC!lj c.in be 
ll!590 IO llllmase 'IDB nul'T'tlel DI 
~lentACH [i;.e,e S~efll.. 
EnY1roomtlf11al COl'IITOIS). 

· Keep pa~ h su.pef;ted or 
conlllmll4 lnrodlous re a~ In 
Iha ~n.n lnaucoon « tnl'ia atloo 
etier:epy rwin 91til spull.lm ~IQn 
or inhafa . · thf'r.lpy untJ ~ 
~~ 

• Fe! raoot ocy iirolkel!; wno 
~n!pulate l;incal ~ {1n~m 
pelfen'ts wlU'I SUsped.8<1 Of C:,01\ med 
lntectJous, TS di~) ou~lde o 
a ,asc, 11.1 !BMf C!J:gpoSl!blB 
=piratersshouldlbe worn. 

• For HCWs present ourlng 
bnlJJcilo~ prooeouree OI a 
paUl!int ~Boll cw cmnffl'll!ll:I 
lnle(;tlous, T8 lliseari;e. al ieasl 
ms cf,spo$illlle rMl)trlllCQ 51:lou((I 
be· wom !Pro1l!C.'tlon greate- lhml 
nN95t ,g., 11run-~, 

!llag!_omerie r~ ar pcwer:ed 
elr-p.i~ r~r;rt,;ir [.P~]) 
&tiruld 1:Je OlmSHl'eled. 

• rt' lhe ~~~or iiymp10ff1$ 
a ltll~U.S T8 ~cas>I! (pMIUW 
AFB spu!IIR smear result}, oonsider 
nawng !he pa1lel'II wear a m{lieal or 
procedure mas.:, II pooslble, l:lefore 
e.nci a er he pr~ 
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~tllng Adm1nls!mllve cl!llllrot'B' 

~ ru~ • Enstll'O proper eoo • natai 
l>elwee11 1111e@n!J P¥h;ian($l aoo 
palnQ!QgiS[{sJ for propet 1n1ect100 
con:rot aoo ~fmEll oollectlori 
wring pi,ieS rformect on 
bodter. ~117 so~ or confinned 
ll'llectlous TEI Cf llli8&S8. 

Einbamng rooms 

- Allow · enUlrflB !Iii elapse 
lor ~ rem:IVill o M; 
!Ubeml'bsJ:H:OOlarrmal~ aJr 
(l ·lJI O bckire pertomuilg anO(ner 
pmcedura_ 

., IITJ'lemenl a wn infedicn-oonlrol 
plan In too se11lng. u amua!y. 

Envlror,rmenl.111 conl.rolst .Resplratory.pro!Bcdoo cclltrolil 

• ~s:y SU11es Sl10\Jlt'I mCKII ACH ., For ll\0$8 p, n1 oong autopsy m 
reqwem~ 1or an M rwrn lo lie boQtei;. 11 ~ed Qr coofnned 
used for ll>:Xl9'8 With ~ Qf iRl9cUws TB diMll!.se, 11 f8Spll1 or 
oonrirmed Til disease {Table, 21, wrth a lavet ol pro!ectlon Cil a1 lsas.1 

• ~ ~,es, { g., mi 1'-196 should WOTII P,olectlon 
Hel"A. frl!TallOO anp UVGIJ mn be ~iilet ·~ an N'},S (e;.g .• a fut-
US6(J, 10 .-c so e numoer or f11cep e111~0'f!Ol10 rospl/8rof or 
equlvall!nl ACH f5eB SqJlll£,m , f>APR.} smJlcl be c(ln!ade~ (&ee 
l:IIY1roninenl!II Cori ll'!!) . SvwJemecid, Aespl~oay Pro ecUon). 

., Co~ 11s1ng tooal exhau:.1 especlally il aarm;o] 9ffii:1atlDn Iii 
Wl'ltll8.11ofl to ilVdlJce e~wl1:'li 10 ef\'. 
in!t\tllOU:!i 8arott..lt and \iap0i"!l ftom • II al'IOIMr ~{! eati'IIDI ba 
f!lilb<!lmlrig ll1,1ld$. ~ l.lnl:il 5111fllclE111 llroe ~ 

~ IOI ad'aquale removaror ,t 
lfl~-<Ult.aminetad e1r, $a11 
fflOwld ~n~ -ing rMplratGl)I 
protec'\l,iin ilb:Je [n Iha room 
[ratll811. 

- Emi;lalmlng rooms ~l!ild meal A.CH 
· ll!fflMnl:Sl'Or All room to 1:19 
used'lor!Jodles iGh ~~ or 
llOfl trlOOd B ~e e 2J. 

. , -~ ll!dlflOtlg:8 {e.gs. 
HEPA 1Ull tJon ooi:t UVGIJ n tJe, 

ct lo lll&Ceasll the nwtier 01 
ecplM!lenl JI.CH 1see ~. 
E.ffi1rOl'lllleA'llll COn.'l'CtSl-

• Far .sta · ~ dl..im9 emtia1nmg 
~ OIi tlOcliMi WI 
su~ad or oorillnned nfeclious TB 
dis a ~splffiler , level 01 
PJ1>~fflinar a: ~I N95 :Y:JOIJ!d bl! 
wom rro1.0e11or1 ,gromr inan M ~.s 
te.Q.. a luD,l'a(e ece ~ 
fesptralor OI PAPnl $houi.C1 be 
roM!d9t'ed fl,Eg ~e1T191'11, 
Fi ~rstoty Prot.eetioPJ, ~ry 11 
~~ g~m.tton ~ ty. 
II ert()lher Jlloi:eW'e C,1IR)Qt be 
dlllye(I until Wllld.enl l1mO tlas 
~ for iitJe,;itrale ferno'l'!II gj' M 
l!JtlefclllOffl-eontmina!OO ali', st , 
shot,tdi ronlinue we-anng rasplratOl)I 
protocnon ~ 11111 r00m, 

Elq)ocl.cl 10 bt Enoo,un · red 

• Envlrormen'lal llOOltds; sl<i.:dd be 
lllllltemeri ad bll~ on lllil typei 
aclnrit,es lh,ll a:re parli:mn:d. 

• Pa rrrs wni,, lilUSp«le<I or 
oonfifmed lntectiot.tt; TB liSea&e 
~ transp«I ~Iii IJe 
~ at diiSCUMEd tiafow 
i.merEme~ t..ledleal Sennces 
EMS), 

• For HCW;i;, vMon;., an:I others 
eoloong n J'\11 roam of a pra11en1 l'l 
su~ad or oorrfirmec:1 k"lfecib:as 
le disaase, al I sl N9S d[$1)ose.t:le 
resptra!«s Sllculd be worn. 

+ II the pa11e11i tis.e $grn;, or~ 
01' lnfecilous TB ~ {PC!Silve 
AFS~um ~, r~. ~ 
M\tlmg 1M p nlWM! .!l llJl'!)CAI 
or pc.tceciure: 1111;1sk. · pos&ll:ie {e.g., 
ii pallffl IS not using a br83ffilng 
c1,curt1- crunng tran~pon in Yi m.9 

ro s.. Iii' w OCh/.lrs ·ar present 
• II n5k aSS!!i.slTIEfnl lndic.ale:; 

ll'lal respltatoljl' pmt«UOO ~ 
needed. drivera or HC'W's MK! ere 
1r~ru;ponl0ll Pl tents w1 wspect:w 
Of OORflrmed 111fedtOUS TB ~s.e. 
a:n ll'ldosoo !Cf& soouia wo r 
lea&! an r®5 d1s,posabile resptralllol. 
To · a.s~ etKIY~c~r 
lh8 po!Mllal 1'0!i Wif(!(I etr. 
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Slltun91 Adrnllill:tni'tlw eoolrois" Enillrofi.lhiet.l iii cGnlrol 

TB~ 

M~omcegana 
B ~!)'-Care 

!Jfml/SIS IJ!'1 s 

Plir,Sleally ~le 
~ llents rom 

lhose will\ ruspeciad or oonlmted 
IIJ!eo':klu~ T6. 

• Scl'IMIJIII a~tffl,;if!R avoid 
~ Hl'i;4l1f or o· r 

S!Mltt!Pjlnm.i~ 
~ to U. llll!erou1Q$11S_ 

• I~ !Ii wtllL lnl'ecbafl. 
i;:onhd plan in lhe ~ ng, tpdate 
MRJa _ 

• Sci'lc®le !:l[ftlyStJ 101 pill4!n'IS 
wit TB tllsea.se when a lllllliTTDlTI 
~otHIC!,~i,l"IQ iiei 
pa1I n~ a.r:e p;esent and at 'IM na 
oflne o i' k> m !mile 111e 11m11 
1!.IIGti lOr~l tll fM 
cool.amlna:ion (Tal:lle ). 

• II pa TB iflsG~ ~ 
l~in e cllnlo, ll-1 lll3sl OM 
,oom i;hould meet reqwernentslor 
1111 II.II rQO!Tl (Tut:ie 2' 

• ~ t.!!(lhnologle$ (l'l_g,. 
HEPA l1f-c! loo anll U\IG1) can be 
11Sea 10 tni;;rease the nwmoer 01 
~tl'ICI-I (~ Supplemen 
BWlronnwiruaJ COnlrntsl, 

• Fler/Qlm I CQ!.19,'1•1ncfuc ng Qr 

aerosDl"98Ml'.llllng PfOCOOl.11'9S ~ 
~ng ell'ilronmemal oomtro1s {a , 
l.lo:lln) or Ill all.All raam,. 

• Keep patten~ Jn Ille bw1n or All 
room IRll oougning~. 

• Do ooi. a1Dwi aooOta pa 1.0 mie, 
ll1e boottl WAIi «lOITI Wlll 
lime hall el'apsep ~e 

movat Of M. ru06'ICU.Jostj. 
oonlamlnafa:I air [51!8 ~lemenL 
E Ni'i/Tlmen\11 Controls; Ta 1 ). 

In IMC!li:lal ~ Iii' i!mrulal.~ 
ear,e ~i;. whera ~~is wtth 
TB II.Sease am lleatM. a l ea1;1 one 
1Wcn snould meet req~ iQr 

All room fill tie Llteel ro, p1111e111S 
with suspe ed or oonfimled 
lnl4Kfl0us TB aisease· (Table 2'}:. 

rlClfm Ciit~ lllf U 11 . WI 
suSpec:lle'1i or mBII ~ 
re cJse~ 1n e JQOfll lhat ~ 
reqmements lar an All room 
(iatiie2)-

-d.eaMg ~hnoiogias te..g. , 
HeM 1iu-a11Qn ;oJ)d Li\l'Gl) can be 
U!58Cf lo ll'llllftlilSa! Ina nun1)f!t 
e,;pvalent i'!CH (eee Sl.lpP!emen , 
BMl'Cffll!.!l"llal OOntrcis) , 

- ral.ory.prolaCtlon eootro.!d 

•· f;Or HCWs. WSftoni anti< olN!m 
llill'fQtlng 1118 All KIOm 01111 1loo 
wifh .susp,edeo:I Of Goollrrned 
inli!ClttJUS TB ~se, a fea!>t N9S 
~la ~tofSma(j,1 M 
WQID. 

• 11 tne palienl tias Sign&. ilr ~pioms 
di nleehOU!l T8 ~e lposltn.re, 
;.;FB spi.ium sm rBWIJ, CCR!lcw 

V111g 1~p<illentwei-.Jnl ~gle;i1 ~ 
protel'.M8 , , If possible. d1J 
lransport, lnwa,llng are!!&,«~ 
oth 5 ilJ8 ,Pr8Wfil. 

• FO Hew!; in ~ Offll:M Of 
aml;N.Jtaloiy case !iieUing~ Yii1h 
pab13nll; s~ed o-1 O;)(llfrmed 
tnl~ TB ~se, 1 lei,$l 95 
<kpor; J8 resplrato!UMd d M 
wom. 

• 11 tne pa.lien! has srgns. or syrnploms 
ol lnfect1ous TB disease I~ 
N'S SJ'.IULl!n smoor ~ ,. coMkler 
111a11tng 1he pallerll wear :a ,surgical or 
procga-11111 II posslbltl, OlJAAg 
lranspon., in waJ!lng a reas, or l'Aleo 
o1heri are pre 

"' For HCWs, 1/'lsruml. ancr o111et\!; 
mt.ecing lbe All room or :a pa.!ienl 
wfai i.u~ ~ emlll'ml:'tl 
infeotioos TB sa, at lea.st 95 
lli!ipos@le ~!'litor'5 ~ be 
wonn. 

• It the g,a lei,! na~ ~ns or ~:,,rip!~ 
fllelloUs TB liS . ~ -(pO!S 

8 ,spuum &mear r..,s l, wns r 
h!ll'lrig 1rM! pabent r a su glcal 01 
~e m!l~. If PWslble. dl..111:lgl 
1r11~rt. In ~ng-111ran, « IIDtffl 
$erij ere pre~ 

·• II , . 3SS0SSmllim nllle!.!H 
need lorlEIS~IO.fypI~Il, 
O(!\fl)fHJf HC~ 'ffllO ar 
lranq:,o.rtmg pslJera1l; !"l.itn 1iUSpec1E(I 
01 connmw.ocr llllteQUous ra se 
111 an~ val'llda shOIJld 
vtear m le\!5"1. an · 5 d~ 
iresplrator_ The ( assessrne.irt 
Sl'!ol.!111 consider ll'le potffi!lal tor 
stwedaJr. 
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~!tin I Admtnll ' ti E~ronll\llffllll i:on toltJ llon C:O , lr'Olsft 
Ou:tpailnnl Setting~ fn Whllch Patle11t11: wllli Smp,e,cted lmled tnl'i!ciloue '1iB Ols~ase are E11:peelad 'lo be . DCIOIIII 

Deiilal-care ~ • lljiili;s.silE, posfp0rit3 den 
pr,xe0w~ o1 pa~ ~ ltl 
wspecle(f or ool1Citm2d inlectl,cus 
T8 ~ un the leri• · 
de ~ nal! t.:i have TB d'iseasa 
er~ Doe no,J!nieetJou~ 

N<ll'ilradllJaliAI Ft!Clllly•Batet:11 S-altlnQ$ 

EMS 

• flerlorrn a111;1m11:ral ri ~~ 
re., !he s:ettmg. 

• ~ ~ lrrplemer!II wrttren 
lnl@O~ ~ 'IM Kl11fi'19 
Elnd' evaluate ano upd;,~ annually. 

• Pl'O'ilda TB !raining, educa.lioo, and 
~eentng tor H~ 11 par! a,l tl1lil 
ln~~fd j!!l,an. 

• ~t:l:i5h prvll-;loc4 b proolem 
evaluailon. 

• ~a,~ 1:J1 e or loctll heaJin 
a~s wnen appropnaM" 

• lnc~LIM ~ ~ncy rnectlC'aJ 
H'CWs In lhe ~on i;t llwestlr!IOrl 
olpatienfl'; MlhTBdiseasil I 
ll□mif"ll5lrallW, {ffl'll~r,j .an!J 
r~:ol')"~n controls ro TB 
!11rectio11 ~ were no fol~. 

T iea.1 palle i; wiln rusped:ecf or 
0011r.med lnl'ediou, TS~ Ina 
10CK11 ll'lat meets reqwsments roe an 

I N;l\)ITT (T<!Ue 2). 
• AJr-dgadllg ~~ (e.9-. 

liEPA , tra110n nu U\IGI) Ci!II be 
llS81:l' 10 rnciease Iha l1lID'lber or 
~lentAC~f&ee~, 
En.\'frot:menial OOntrds). 

• Envt~¥1l CQf1 rus shecM be 
~lernMle!l ba5ed oo ll'le twes 
QI ii ltle51tr.l i!fe pelleimet:l 
(gaa ~ Em.il'Ol'WM!Uld 
CQrltrols)-

• Paflerrt.S WI wspeci:edor 
QQflf. ined Int UioUs TB~ 
~mg ~t mrlCJld l:l(! 
lran!jporte,:I Bio dr,;:i;;usse:l In l)]e 
EMS sedion. 

• Pa 'i'illl'I ~oo at con~ 
In~ TI!~ requlr1n9 
transport~ t,a, ltan.~;•ortact Iii am 
BJJ'lbul!ifice \MtJerleWf po;ssiblril- ' 
~ ~liltl:lel SyGtMi ghookf 
be~ In !he noo-reol~f'l9 
mode.. and Im l'l'mifl'IIJm al'lioonl 
cM outwcralr~be pi~1o 
lacllita.11! <fdu r !ht! ... ~ halt a 
ie;;ir~ha~ Ian, use -~ten Offll'n9 
banspcirt. AJrrJo,w :shoukl Ile Ir 

ean (rwni tir de), over .Ile 
r,a_:lefll, ant:1 OYC tne riMI ema!J!il ·ran. 

• II 1111 illI!bul!lnce ts nc;i4 ~. tie 
wnlila':Jan system IOr the ~hide 
SllolJltl 1r,g In as ll'HJCh ootoooi 

asp~. and me S)•Slam 
i.hoald tie 51!1 liJ llQfl-rei;f[l;IJ]ellng. It 
~~11)1'1 'athacati 
Jt>m 1tw re,!;,1 Ille nlcle iWd M'le 

1M an.ltlllfitll&l:iar:I(_ 

For defl!aJ ~ta1'1 peilOrn'ing 
prooedllres an II palieril •Nilhr 
.susp«;1Sl!IOtCONli:meG ~US 
TS d~s.e. :ill 1~51 l'l95 01$p:!Siat11 
re~M stiollltl be wom. 

• FOi 1-iC\Ys. v!Sltols, ilnd ~rs 
.en!,eting the J,JI m«n ot a pallenl 

11 l!W~ or oonf1mle() 
1n1«1JoU:na ,jfSM~. a . 61 95 
tliopo:;;ab/e ~Iii~ $1QU!d be 
Yl'Om. 

• r ttie pai.ert !In~ or ~tern~ 
ru JntaciiOIJ$ TB ~ga tpasli\'a 
AF8 ~ ~r ~It). C(tmlder 
ha-Mg the pa!i!itll wear a surgk:>al 
tir J:'f~ rriaslt, Ir ~- [e.g., 
II patlMI I!. not usng a tltt!Qltling 
weu I, during 1!W1$p0rl, In \'141thg 
areas. ot when oiMl-5 ara pie-sent 

• lf ~~II)!! 

need for ~5Pf"1QIJ J)ro'!ec!loo,. 
dlWE-r&or HCWS wno 818 

tt~,Jng piltlefl s h w:;;pee4e11 
Cf «il'lfltmed ln~t; T'B ~!<e 

!11 an-~ ~Ide ehoUld 
wear a.I le~t an N9i5 ~ 
r~l'it1.IX. Tile 115k es~ 
Sf\.oo.ld 0~1 the, r,01 iaJ or 
~aJr. 

• ll lhe p~t ha!>~ or ~tans 
c 1n1e0 IOUi l'& wsene {poslfl.\l 
AP8 !"ipUUlf1'1 ffl'!Mt l'Mllllj, CM!iidal 
h;Mng (he pa,1ienl li:l!lll!f ii rurg~ Qr 
pmcea□r:e mas ll ~- ounng 
anspocl, In w log ar or "LmEfl 

ornei- are p,resenl. 
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Satllng A!:lmln1s lri1fioa C-oilttolii • 

Mem:::al se gi. 1n • FolaiK re,oommendafuns lor 
waedltJRiJJ racililtes I11pa11ent and 01:llpallonl ~~ 

Home-based health..i;ara 
anu ouireacn Sl;lllhq;i 

M ~m In walfMl\'I f'OOl'M er· 
ere.is, follow r~1f- lor 
TB lreatmen l.;ieilitiels. 

• II possll:Jje, po5,lpQlne Iran.porting 
• nts. lh siJSf)OClllcl or 

confumeo:i lnl'eciklu5 UI dtwase 
I lh8y 111~ Cl&1orn-.oo r.ol 

kl haYe TB, disease or to be 
l10lllo1ec!lclils. 

• Patlenu, Bflll house dd memiief"!; 

!il'JWlrl be ~ted "'9<'-rdlDJI 1he 
impodance □ r W ng ~ 
~lra!aylwJeflle o:I~ 
~iqu Im proce!!uret. anct pmpar 
medical ewh,ralJoo. 

• II poSSlbte, postpone ltans,poi ll 
flli)E'nt:s, with suspEde!:I □r 
CO!'i med ,lnleclk!IJ$ TB dlse. 
IJl1bl lhey 11re ~-alTTilne(l no.l 
l:O tl Til dis0asa 0i' 10 00 
l'IOAnlactloo&. 

• Ce~ paflents ~n be lriSIIUC!ed 
10 iemaln ru IKlfM urnll 11'11!1'.f' ate 
!Je(erm1QE'U l'iOl lo Juve ire ~is.e-a,se 
OJ 11) be ~1tlciiOU:!t 

.EinvlrolirtK!nllll. control t 

• At e111,l one room.should meet 
requ1r~5, for <11'1 All room 
~2). 

• Alr~anJng ~ (e.g., 
HEPA ~illlland UVGI] cat! b8 
LJ5ed tQ lm;1>;,?$e· me numoer or 

lvalanl ACH fSO!I ~. 
Enwornnerrtal Ccnlrc4S]. 

• vunen IJ8f\S.POl1lng ten' n 
~.eel« oonfim\ed lnf~ous 
Ta IJ~ ill a vehlCIE! j~eaffy an 
lllrilular.(:Bl, II pcmtlle. ph~Ly 
t&atil.' 01a ea (tne rro l'l'cn1 
ra1.1 OI IM 116hle@. nava ina pa.~nt 
sil rn 1he ~ sea and open the 
11,'lndDWs. 

• [)(I not pedoon~mdoc,ng 
or a.erosol-geneffl~ pr~~ 
unlae:s. <1Wropila'le envlronmenlal 
coo.irolur.e Ill p1aee (Slile 
&IJl)IMMl'II. EA M'Mi\' 
0:m!IOIS}, □r partonn 11:Jose 
pn:,ced ~ OOI~, II po:!;Si11a. 

For HCW.Sor athers,entemg the 
All room ot II pal r h !1~00 
Of 00l'1 t!t::I ' 001foot; TB~. 
~ IB!'s.1 85 ~!lbie ~ra!Q[S 
Q'IOOltl be worn_ 

• 11 the pa:lleni nas cigni; or~= 
of lnrecoous TB ~ (pool 
AFB Spu'lum smear r~j. oonst,jer 
l'lll"l1l1g too pa . nt wetf B SIJrgl~lll or 
p.roce'lbe mask. ,r possbls, du~ 
lra_roport, ill" altkigi areas, Of ~ 
otflefs are preseM.. 

~ For HCW:s eJ11:e1lng !he h□!JleS or 
pa~s 11 !51.i~ea er COl"innned 
mfedrovs TB <ii;.ea,'Se. al 111$111195 
01~Te~a10r~ iillOUIO tl'll 
Wllffl. 
For HCWs lransponlng pa ls W!lti 
~ Cl er ccnl!mled trtectlou 
TB dlse,i!se In a vehldle. coosk!er m 

sl an 11195 d 5ip0saablll r~mto,. 
• 11 the pa.lien! nas slgn6 or s~□mS 

or 1111rectious m GtSOO.s {POSl , 
AFBSf!Uum Si'liear resdlj. c-.o.nskler 
NIVU19 11,e pa!:lent ~r 11 51.!r cal or 
proc8(ln 1M5k, if pos:s!bl8, i:klmg 
lransport, Ill w.a;mngi areas. or 11,fJen 
otM{g ilffl !'(800nl.. 

• f-'ll ·ems · ~or • Do 1'Klt ptIDQm1 COUQ,h,lldlcillQ • 111ne ren tliHlgnsorsymptomli 
con med lnledhous m dlsea~ or aerasol..gene~ pmcedure& o1 lnlei;:llous 18 disease (pO:SilM! 
should ool be lreatei:I n tong• urllesas ~ii ln1ecilon co rds AFB spuium !I' r6SUI), ~ 
term--cara salfil'tg, onle~ ?rop!lf aie 1n, place (see Suppl,emenl, l'1.l'w:g IJ\le pa.tierrt we.ar a SI.Jl"Bk:al or 
a~lnl!o1i;slive and ei:!'liromu;m Errvtr□nmen1a1 Corllrus). QC i;ielWfll'l procewre ll'lil$II, Jf po~:s!Ole. i;rumgi 
oonLrols al1d 11. ~ratosy1-1rolec· on ~ ~ ur~ outsJOa, 11 1rantiport. n "·~ areas., w lo\1'lerl 
rxogram are a, p!aQe. ~1:lle. o1t1el!J sre present 

• Adni_f1iSlfatto\il c;oolrolS mtJSt oo ~ntei:1 to onsu~ ~wneiss or olWlronman:il con1r01s and spifa.lOl'fp!Otoe11on programs, and 1!hOtAd oo 
jllaue lbr . ~ngs whe.-e pa.llarrt:s wllh ~ □r oontlmiacl TEI dli;ease are expoo!E!(I ro tie enoounterad. Mnillstlillf,'E! coolrali;; lnclude a Wflllen 'TB 
lnl>!dlo~IOI ~n jwl'liCtl snoot:11 b«l · a~ a'l I Sil annual!Yl, i!!SSlgnmt!nl or i!Spllffllbllll'.,1 fO! !00 pl;tr!. 11tOiJ (J.Sll 8AflS!;men.1, HC'W It Cla$­
slfualloo, HG\ltl Im nirlg and ~boo, aoo a 1B screemng pr□gram la tesl HCWs IOI inledlon with M. rubm:ubsl.s. 

' ~!'Ql'll'Tfflll! «1ntro1s ln,cll.i;:Ji local d13 I andgene,al \\ertll tlorl (i.e., illtlhl8!1il1gl nega!Ne ~llll':e), ~ All rooms, ano lr'iCfelanlng mell1Qcj (l • 
H.EPA tJalJon and UVGf}. 

i Pill eeil!ligs wtiere ~tienls Yii ~ 01' CQO'l,rrre:l're ~ tie t'f!COUntereu llee\'.Jto'lla'!'e ~~Ion progrwn.A respffllQrlj-pt\llectlofl 
program mgtll nd l>e r~ fOI ss~ WMte pa:iient-s TB ~ a~ mt ncountOO!d or Wl'ltllm a tioceilu!m e- · fO! !he prompl 11.ansim 01 
pat,;!n!s "1t/! SUS~ Qr CQOI ,~ 't'9 dtsaase IC- a "$E'IIJng IMlere they l!:2fi be~-

OfS ti 'S~ or 01XU!rmerJ TB Cli M ~ not COO, Cl pan ts, tncrv:llng 4Xlllctil.GI 
dlsesase. 

~ Laooratorf9S I aro net b!l.sed In lripa'IIM ~s ShcUCI OOS4llW lbll s.:anw TI! [nlllCIJofl.eontrol measures as laboret.011&11n inpfl!' 
Ii Cetlaln ~ ~BS all!! bulll 10 have pos El pressura. 
M ~ he~ ot ~ w.Jlngij afll ~ OJflsideJW ~ nt: !hey mlght be ~rt oi lnp,a.llenl ~e~ 111 cer. ~ 11 w. ~ tne 

rE!OOITTl1endalillr.s ~r 61par..:ti: ~ b patrecil moms. 
TB ITea_imel'I! dll !j can Jnctude TS el'ncs, ilYee · i:1~ et,n1C$, oq:11.1!~\il,lj' Clinics. 
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TIIIS model work'Sneel Sl'IOllld D9 COMid(lrl!d for US-8 In pemrming TB liSk l'!SS41$S1118nts fer Ila n-car& MIilings ;ffl<I nontra Iona! la ly-ba.Hd S81tingS. 
Fa las: Mlh mora lhan aie lype □ se'lml9 need 1o apPy lhi'S tatle fo eac:h se'l!ing. 

! Soorlng: ✓ or Y "¼ls. )( or N ~ ~ NA" N□I Appl~ ! 
t lm:ld1mce CJ! TB, 

a , WMl iS lh& lneklenee oHB In ~our connunily (C04lllly o, fl!llJIM seM!d t,y 1h11 tleallh-ca/ 
&alUt'lg}. ancl now does 11 compare wttn tne stale m:i n&11.onal 1t11'!lrag 'I 

lb, 'MJ.111~ me, Q;tQ"e,ioe ~ Ta 1n ywr y rrna ~~ ietlll}3:;, en now® tl105e ~ 
C(fflp;lre'? {ll'lcadel'ICe IS; 1ne l'l~r OI T8 CSISH In ~ur ~1'111,y QL,lrlng it'Je pre.olOU5; ye,ar, 
A orm cases P4I' 100,000 pelWf!S 5hlM!l ~obta!fl«I rorcompan,on,]"TI11$ illlOfmaUOn 
Ollfl tie rotalrM!CI rrom the sta or IOall l"leaJtJI a panmont 

o.. Am patient& Wi · suspeci.8<1 or conlUmecl TB ll&aas.e 9!1CO!Jnt~ In ','CUI geDig (Inpatient and 
outpa.1ienl)? 

~) rr yes, llOW marl)' are treated Jn :,,our ~-care 5-ei: Jng 11'1 1 yean tFl~'labol: ory 
aala, 1rw dJQQ-CQnll!JI record$, 11ni:1 Cfdllllllml$ comaJJllllg dlsctlal!Q6 ~ r M 
lnlomtiltl011.) 

2] II nQ, does ytNJr he.alth-,;:are settmg nsve <1 pbn tar 1he lllage ol p.i~ with wspeated or 
CQlll1m]elJI TB ll'Sea:.e? 

<I. Guren1f\l, ooes your h£oa.'lli-care se!tmg hara a dusteJ ol pemon& fl con med TB IISea:s;e 
'th3.l mgtil iie a result or ongoing bansJ111551on ol MV!=-obac'811t1m iubeiw.bllts? 

2. Rillie Cl1111sf:tih;allon 

a_ lnpaliert set!Jngs 
t ) HoW marr; lnpe lont l)e(ls are IQ 'ffM lrtfilllilmt ng1 

2) Mow man; patients with TB dlSease are enoomleroo In the lnpatiern setting In 1 ye.ir? 
jReY\EM' oorat,;wy 1Ja.1a, ln~trvl recxiro:s. ,i.rlll rfam~ llOl'll.imng aJscmrge 
diagnoses.I 

3) 09pcnd ng ai lihB numbel ol blld:s aoo TB pa1lerl s 11l'!eOIJll1oroo 1 )' r, what Is D"III k 
e!.miriealiOn fOI' ~Uf l~llem S8 ing? 

4) Does. your tlellttn.air:e se~ h.a'le a ~ ror tnagng p !ents w1tn wspedletl or eonl\lJJled 
'reasease1 

b. Ornpatlent seCJngs 

1) How ll1M'i TS patlenls are 8Ylllua.10d al your ootpallerrt s,e Ing In 1 y,ur7 (fl8\llaw 
ratloJelDry data. lllleaton-a:n'lrol l'ICOfUs. aoo oatamses comainlng disd'.1111'99 dlagnOSBs 
t:ir ffi rorma1ion.) 

2} b ywr hei!""°CIIJle ~ ~ Ti9 einlc'l' (I ye:;. .i ~~on o {It leP5' medJurn r1s ~ 
~ .} 

3) DoE>s Ell'idenoe eD!il Iha! a hi~ lncidenca ol T8 ~a511! has been obsel'l'Bd .-. Iha 
oomm1.mdy ihal Iha nealllH;ae i;e,.>ttng 5ewes.'1' 

4) Do9S !Wldli!ne4! l ol p@fSCM.o-;perscn lr1111Smis$Jon al M. ti/Ml"CutosJs In lh8 hlt.allh-
care ~ (lae irlfOrma'lion rrom caU' reports. De nine 11 any TST or blo0d assay ior 
M. Nlborctlbsis l8AMT1 eon;,;or:s;ons haV9 OCCUfflld among l'loal WOOON'S iHCVl'SJ,) 

5) Does ii!Y1Cfeflce ~ IJlllt oflgQlng a.- unre50Mld neal:l'l-ca!f&-li$sociated ~ tia~ 
QQCllJffe<ll ill I/le ~-c;ire se;tl1191 (ba!iie'J an l;e!le ~? 

6} Does a ligh n:id'erce d ~-Ol'l'ISl!!d pllikft!; « IHCWs In Iha~~ 
em? 

Rate 

CoJDJ1unlty -------Slate ________ _ 
atlonal _______ _ 

l"a.l:ittty ________ _ 

~artmenl1 ··------­
Oepert~-------
Oepartmen! 3 ______ _ 

No.. patients 

voar su.pocltcl corrtlrmocl 
1 year ag□ 
2 years a.go 
!iyeersagi) 

~~--------
f'reyjOl!JS .,. _ ______ _ 

5yeaffiago ______ _ 

Lowri6k 
Medil!lrTinsk 

_ Potst.lal ongoing lransmis.sl□n 

F'reviOU$ ~ -------5yean; ago ______ _ 

7} Have pal!ent:t Vil :n ~~ant T8 ~ Mn ncooo er-w lrl your l'leaftn.Gfll'e se og Year 8/JCl:'.Mnlared. _____ _ 
. ithln UWI prevlolJs 5 - ars? 

11) When wa.-s ihe IE.'I !lme a rlst cias.sllkabon W3.-s d□ne klr your llealtl:i-u11e s.enJng? e or Cl:!ISSI IC!llion ____ _ 

9) ~~ 1hB Items eJ:Jo,,,e,. WDU);I your l'IGaffi-cate sett!oJ na9Cil a l'lli;ner ~ ciassifiaa.'leo1 
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10) Depenu!~ on ll'le numoor or m pa11enrs w11111a1 eu ln 1 Yffl', ~ iS rtSk d8ssi1leallen 
(or )'01.lr outpatlern settll'ig (Appena cp 

I) 000! ~ ooa11n-caro r;emn,g Mi!Ve a p1a11 kif 1h9 tnagg or patll!l'lls SU$pec:lad or 
c,on rl'rleCITBdl~? 

c. NOO:raattlaoal laclllty--ba5ed ~mop 
11 aw manyTB pallent!;are etllCllllnl:emd ,atpa- Eei!ln9 ,ln ~ 

2) ooes ~ axlst 11/lal a, hlgt\ il'lcidence or TB 41Sease Ila~ Ileen ooseM!CI In 1M 
corMll.lllity that Ifie se1ting senres? 

31 ooos e.toenc& st or porson-to-petSOO transmission 01 111. woomi!Osls h semng? 
4) Have ariy rec.:n1 TST or BAMT con,,e!Elons IXlCIIITl!d amoog s1B ll!l rtienti;? 

5) s: th!!te a 1'1Q11 inCldl!clce llil ~romlsecl patiellli. or Hews ~ 1119 settrng? 

6) Have patients l'iith arug. SlltrJITB llssase IMln oncounl8rocf n )'OU! '1i8<a!lt1-C11Je ~ 
W1 he Pf8Yl0uS 5 rs7 

71 When was 111B ~r.;li 'ma a risk eias.sll'JcsllDn was done 1br your sa ng1 

ll j Considering 1he itam!; abow, v.'OOd :,our seltng ['Elquft'E! a trig~ r eta; · • ma ion? 

9) ooes rrour scttog i'lave a plan br Iha tr1 ge or paljefla wttn suspeetod or oon mlKI TB 
IIMlc!se? 

10] ~ t111 lnelUJtlerot~ts'I\ TB ~v.t);lare enctJU"lterw In i;i IWJlltra lonal 
se ng In 1 year, wn&.I ts ltle Ii cla!iSI le 10n I your se ng IAwe'ndl~ C}? 

3. SUH ng ot K.CW• ro.r M. wl),D{eu/o.m i.011on 

a 0oes Ille heaJtn.car.i $e'ttng have -11 TB ficreenng program tor MCW-S? 

11 ~ . "" Cti Hews are lnduol'.!tlt In lliil TB .9!:raening p~ [ctio!!d!. an ll'lal aj'.l\'.l&f) 

_ f>l'll'!itians 
_ Mid-llMII p,a.druonors 

(nurse pr.ictmoners [NPJ am 
~cian"s asslt:tants IJ>All 
N!ll!ies 
AdmlnlstraLnn; 

_ LaboraiOI)' wtJCkers 
_ Rasplr.alllly lt]eraplS1a 
_ F'hvskal ihefapisi:.s 

COO!rad el,a.!f 
~ or renovaUOn wo~ 

serv1cewo ors 
llltOrllll 

onance or ngineerlng Slal 
_ Tt~lon sta11 

- ~rysta:f 
- Rect>p~ 

Trainees and students. 
\tllunteem 
otheriS ________ _ 

b. IS tmelin& f, , 19s g perlbl'1TMK1 !Yftll t tep TST HCWt.? 

l,L Is baseline, e!;Alng performed wlltl Ow~Fe:~ • T8 or ~lhe,J BA IT for IHCW(i? 

d HO'N lreque~ rue HCWs , ~ fOr M. tu°'9f'cu/osis lnledioo? 

e M, rulJerctlloS!t lnrectlon tesl recoius main l'l8ll IOr HCV~i? 

t Wl'lere sre ~t rectfllS ior HC\'15 nllli~ 

!J- \Mio mainlalm, !he racords? 

h. II too l'Wl5 II serial 1B ~oollllng program fCIJ HCW1l lO flSl IOI M. 1'.Vl>tl'CIJIOsJ:l: lnlilli:tioo, 
WMI 1M C0ffi9l'Slon rlltl!S la Jl(IMOIJS'r!Qi!rs? 

L Hi!s · e es.I ioor!VOf on ior M, WbtlfCUlos1s inrectioo oaen crnaslng or d!!Orea.sing, 01 !'las 
r«nalM:I Im sam over 1M pr-evlous s ~? (eheck cine) 

i. . 11SII 
Medlumr 

_ Poton ongoog ransmin!On 

F'redoosyear ______ _ 
5 'elll'Sago ______ _ 

Vear eooounleled, _____ _ 

Da OI Clll!l:SI! . t~ ____ _ 

LOW 11$1! 
MeUhJm~ 
Polen ~ ransffllsslon 

Frequerq ______ _ 

LiocallQn _______ _ 

me ________ _ 

1 year ago _______ _ 
'2 )'ell~ !i!gQ -------
3 )'ears ago ______ _ 
4 )'~r·:11,190 ______ _ 
Sr r.sago ______ _ 

- ll'ICl:~:!iing 
_ DtlliersaSing 
_ fl."i) ehange Ml ~ 5 yMrt; 
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I- Do BnY areas a,1 the heaJih-care se1lalg (e_g., wa'1ing roomi or dnlcs) or any group ol HCWs 
(e.g,, laboralo!y wott.ers. emerg~ department e;JB , ~ralOi)' ~sti;, amd I-I0-,1/s wtio 
~ ~pies) ha>1e II le51 con~n we iQr M. tv.tiercumls tnl'ectbl t ~ 
~ heailtl--1;,ue, se D31s annual a"'a!rage? 

It. F'or HC'Ws who have posl!ille 1Bs1 resull<s lbr M. iub!!mu.bals ln!ecilan and who lea...a 

~ at lhe heal 5e1ling. aie elrort5 made to COITUTJU'VQte t"eS'l re~lli and recommetd 
h:JIIClllMIJ) a1 ta:. 't TS ,ecllan lreatmenl with ine local he;;.aJ!h 0Et1Brtlnenl or tllelr pnna,y 
pny~an'1' 

•· m In r.ltcin-Conlr,c1I Program 

a. Dolls ltlii< he nn-care se · 1ng h8're Wlfflen re ~lon-eontJO! p1an1 

b. iMao 111 resp005lble for lhe 1n1eotl1J~ pr,;,grSID? 
c.. Vlmen was lhe TB [nlec;JOn-OOO!rol plan rsl writ! ? 

111. wnon wa.s IN! r a ln1DCOori-cornr01 i:as l'(NlilWIM! or UJ)dal.oo? 

e.. Does 1he Yi :ten lnfeclion-oonlrOI plan need DD be updele<I baSied oo lhe tining al lhE! pcE!!.noos 
~te [I.e., > l ~ . ctiitnglng T8 eplQtemlOlogy Qi tie Wl'Tllll!lnlty QC ~Ing. the QQ)Utrenc-e OI 
Ii TiB outb . enange In 11ta1 Of IOCill TB policy. or o1rel' ractors elilil<I to a change in 11; lor 
ll"ansmf5-5ion o1 M. u.oe1c-u,1:1sis:j'/' 
Does !tie hea:un-<;eie selilrlg ~e sn lnl'Ec~ntro1 oommlttee (CII" anoioor CXIIIIIITintee h 
lnrecbiJn-oontml iaspmsibffilies)? 

f) II yes, ~ groups are ~ on Iha inred!cn-oontrol c.cmn,t!ae? (dleck all Iha.I a;iply) 

_ F'l'lfSIClans 
~ii 

- 8plden1CloglSIS 
_ Engineers 

Pharmacists 
_ L.aborat(lf\' pGrtOl'IMI 

_ f,l~ith ancl i.atety s~ 
AtJmnlstrator 
!fll · 8SSE!5-Sffienl 

_ Quality cor, rC)ll 

_Ol~f~"ly') 

2l I no. wnat IXlfllffll lS mspoosible fOf ton Cont.rel In 11M ~ Ing,? 

Ii. ln,pfemenia,kln, of TB lnil!,clloo-(:flllllro1 Pfan QQl!d an 1Revlew by llnlecdon-Ccmlml Camr:rlllll!!II 

a. KM li perso:n tM!efi oa!ignatl!!Cf to bi! m!IJX)nStie kif i~ g ln~rd p In 
'ftllI health-cara selllng? I · res- Us'! !he name. 

b. Based on are.18WG1' Iha~ 'eeo!ds, wtlal Is ltre 8'1'-ef\198 JIIJfIDIN'Oldays rotU!e ~ 
__ PTeselOtien 01 pa1Ient unrn cOlladlon or sp,!!CirMn. 
__ Spodmen rollec:tlon un rocerpt by tiora10,y. 
__ Recetpl or spem,en Ii)' lab«ali'.ll'J' smear ~ are pr~ o naalttH:are p(O',taef. 
__ Dlagnotils unld lnilia'l!on !:ii i51andald . · bhberCllJ!;c;sls treallii'BllL 
__ Rec.elpll of specimen by lebacatory un cu!!ure resul s ar.e ~ Co heaflh--care 

provioer. 
__ RBCe4J!1 of specimen D'f laboralory un d~lity l"eSults are pm"1lied lo heallh­

G;lre pmYlder, 
__ Rere,p Ol drug·5USOE1l y resull.5 will Bid 5trnen; of arru U!Jerctbls trea.iment; ~-

D'.Jtc!!red. 
__ !Wml~Ofl or patlem to, tio:spllal wilt pia,,cement In ailbDme l!IWlon 15QfaUon (11111, 

c.. Through ""'1ai means (e.g", rewew of TST or 8AMT Cllffl'!I!~ ralE5, pafjj l medlea:l ieoords. 
end llrne Brmp.;llal) are•~ In lnOe.l:Uon oontral r~ed1 

1:l. lMl.LI mem.tnJ&ms are · place ID correct rapsss in illl'9c1ior'I oomrOl? 

e. Ba5ed Of\ me'cl:suremem In rQUt ne OC e)le~l;;eSi. Ii me ~IQn.wmlQI i;k;n ~ ~ 
l~led1 

f. la mgolng ralnJng and educatloo regan:llng T9 ~r,.,ron!ml praclilles pmvldeid lor HCW&? 

Ra.le ________ _ 

llysS, lisl. _______ _ 

_ al applicai:le 

~---------Dale _________ _ 

Dal 

Olml'nlllM _______ _ 

Ue11.m:, ---------
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. Lab:Jlaioly ~ olffl.Rekiec:ISpecm!ns, Tesfe,amd ,Rewts. Ba!ll!d on l..ab;x,atlJIYAlr.1ew 

El- ~mi(:11 oJ l'oll<Jriwl91~li .a~ ellner ~ ' ln-ro <I , :,"CM" ltJ.Ci!le -1ng·,_ 
tabQfalX!f)' QC 5efll out to .i r1a~ ~Qly? {ttle · ~ 1hai ai;,ply] 

-t)O\jM ~n out 
ACIC4asl oo.ta (AJ"'B) smo:a~ 
CUllllllt "8lng Q(f jOO~l} {1<.g ' Ba 
CUtnn Ing $Ollll mii'dlll 
Drug-~','~ 
Nudelc aclda~n tesmigi 

b. ','bl IS 
ArS!!iQ'lear, 

transp01tlimD ~ ~s Lo~ 

and P.Ul-8.ael) 

C ure llf;l llqulc media (e, , Bill!:tee, "19-BacT) __ 
C!:alute u:smg&:fld media __ _ 

D~~tsSii~--
~lc ati:I ampU\1cation lesflng __ _ 

o:n&r(~fy) __ 

c. Does ihe ~ al ~ beilttb,C11re se;itng C111he ~ iaborev;q tlSed by ~ ~ 
rara selling rapoo AFB 6rooar ri!!SUlts r all paW!1l!; ""'ithln 2'1 l'loo~ al ~ Ill t;pedmen? 
\'mal 115 file prc11;emna IDr ~1 

7, Erwt~nmanl ConilOIII 

a ~ ernlmnrTl=ffBl oonJiohi are In ~ In you, ne-.ililH:atB 5ellb{' {c;flec:f,; BD ha! appty ilDd 
dllscntJel 

EQ,,Jmormo!fll ctflUQl 

IIT)Qll!S 
Laca'I EIXf)aus.t verrtilaboo [eni;bijng de!l1l::e.s 
and e:d'BriOI deyj,:;~ 

Gener.al ren'tilaoon (e.g .• sirlgle-pa5s oy:!;b!!m, 
~llon~MI) 
AJ1-deanil'lQ mllll'lods (e,s .. hi'g elllciM:y 

itlctC8., air IJiEPAl ra110n &Ad Ultlll'llalll 
germldctal iWGll) 

b. 'Mia! am rr:ir varloUs ~ rn tne ~1 

c. WNch QI ~'¥19 locl1l ~erl<H' or an~r,g ~ ~ ~ a;:heu '.'er.(8~ ~ 
ilfe ~ lrqour Pl re !ie1111'1g1 jcl'led!; en tilat~ 
- Ub>QI'~ hQo::5 
_ ~l:l!llllr,wunm, lnou~on 

T, or hoods klr ~ pa!Jenl or prooeillll'e 

lj. What general vetUatlon sys.lems ere used In y,:iur i'Jeaii:111-<:are sefflng'? ((:tied( all llla~aw,1)1) 
_ Slligle--pa&s i;ysmm 

\iariat!le alr l>Olmne 
- Coosan'! alrirol~ 
_ Recfn:ula!lon ~ atiat _______________________ _ 

e_ What alH:'lea:nlng rtlethodsi are used In :,ow- healln-care sealng' jailed! ali ll1a1. appt;) 
HE~ lt\!!100 ~ 

_ F1x.ed IOQl!r!llr ~1011 ~emi. _ Oul;l ifTHlallorl 
~tlle room- ~n,;u;;i 100 i.ysl\ll1:1$ _ IJWel•Blr ~;;m,IIOO 

Port.able ~.air~ 
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t ow many All rooms are 1n h8alth-taro soltlng? 

9- Whal 'lelllllabaA rne'lh:xls are used IOI AU IIIOITlS? (cnedc BIi lh.ll app;) 
Primary (9~ ven:Jletlcnj: 
_ S!r:igte-pa:5~ neatlng, Vet'! lil1lrig. an(! iilr CQfll'.!:;!Qnlrig {MV:AC) 
- ~rcuatirJg 1-{l//lC systems 
~a,y [melllO!:IS b:I Inc~ Dgl.if . 141fl! 11,CH); 

Flxec room redrt1.1 lrig ldra 
_ HEPA ration 

UVGI 

_ Otlitlr i~----------------------
11. Ooes ~r ~ i,-ca;re ng .rrplO'j; l'lal/8 !!t:()8:.-S to. or coll borate Wlttt an enYtrOf'il'llllllllal 
~r fe.g,, proies5J!:inal engtne,ell or otner profess!~ wnn 11µproprlete expe 
(e.g .. ceflme(l ll'MlUSallf I l"ryg l'll~tJ 1or COMILltll.llCil'l on de$lgn spec,11caoom. lns.lallatlOl'I, 
maJntenance. oo tM!l!JaliOA Cl en'l'lronm&nlal con rcts'.I 

I. Are enW"ClffTiental 0001101s regu!art; ch~ and ma!ntalned yi, i'J r~~ ~ea 
ma!n~IO!?? 

j. hi lni! diractiooal alrllarN in I rooms. chedk.ed dillly wheti lfl use wi:ti smobl lube'S or 111Sual 
cheds'? 

Are IIM!<Se n!!Sulta iffdil)r avallatile7 

I. Wl1II prooe!l!Jres, dre In pi!tt;e tr 11'1! All room ~~ Ill nQI neg;a ~? 

RL Do All mo1R9 meet the reoommEmded pres.sure dr.l Ell1lal o CU)I m;il waler oolumn negi3.Cill'e 
IQ sum;N.Jm:llng ~11,J,;:lure~ 

8. RI.-ptralt>ry-PNlteouon Program 
a. Does yow ~Ith-care settlng ha'o'e a ww..ten resplra!o!y-protecllon program? 

b. IMlt;h HCWS ate h"ICbJed in Ille respiraklrni,otedlon p,rogram? (ci'lect al 1 <WI~ 
_ Ptr)'51i::llln$ 
_ Mld, lil!\lel practltlOl'lers [Nf'S 800 PA.I) 

Nul':!>91: 
AdmlnlSlrators 

- L.aborataly p!!rgoc'!n@I 

Conlraelstan 
Construct:Joo or fEfHlWl.lrn :s'll3 

_ SE!Ml;e pen;.oonel 

Jan r1SI itll1f 
M nance 0( onglneetb;J s.1a11 

- il'llnsportalJ01'1 Se&'l'I 
- IJMla,YS 

Stu:IMl.s 
_ Olnim (~i[)I ______ _ 

c. Al~ raspirators used in Um; s.e ing for HCW's wtirklng with TB patl~l&1' II yai;. klciuda 
manulactt.t~ r, maoel\, aoo spe,cmc ~..a110n (~.g-, ABC mooel 1234 rm 1'ronct»soopy mi 
D'.5F mod'~ 5678 l'Or toeltiM llOtl~ 'llllll in~ TB paliarils]_ 

c. i:5 arn.iaJ res,ptralorffl eello!'1 1m1nJ119 ror 1'iC\l'll's performed ti')' a person 1mh ae!Vanoe,d 
11'alnng In respiratory pm1ecboo? 

e. Doos yow health-care :se ng pro'tida ln.1lal fit testing ror HCWs? II yes. oM1en 15 oonducied? 

f. Do9s your ooann-c:are s ng pro'i'kl pt}flOIIIC fi 19Sling IOI' HCWs? II yes, h8n and '10W 
~['J IS f • CORl:IUCled? 

g. \l'\lllal melhod m 111.esung Is used? 

h, Is !fiar w te 119 u~ 

j, i,s qua.mltaiIYe e5llng fr? 

OU&~V--------

Date _________ _ 

O!lte _________ _ 

f~-------
Me-•=----------
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9, Rea&aaiiillfliinl O'I TB Rl'illi. 

Iii, I-tow 1requenlt)' 1M TB 11Slo: ~ COl'l!:11.Jcied' OI up<Ja,eil In 1he l1ea ti-care se11JJlg1 

ti. iAlbell was !he las! TB risk assessment o:induc!ai? 

C. Wllal prdlfernS we/9 klantilfad oorlng ll'le ,Pffl\'IOUS TB rlSk a.ssessmen11 ,, 

1;1, wna ;i,r;tiQ1"15, were t:a~ ;,;i i!.Qi:!lesi;. th!l ptQtMems l!Jen1l1le,;J aunng tile~ TB liSII 

asse5;sment1 

I) 

2) 

3) 

e. []id Iba risk clamfi::alion need In lbe nMSed as a lle<Slllt oi !he las! l'B ,risk assessm.enl? 

Ffeque~-------
Da,:s ________ _ 

• 11 the fX!pulB Jon 5.eM!d bylhe health-care l'aclhly 15 not iepresenta.llM! o1 lhs canmuruty rn whlcfl he lacltify iis localed. an alternate oorrpar1600 pq:iulalion 
mign 1:1e awroprrate. 

tTesi ~rslon rate i'6 caJculaled by Otvitlling UIE! oombel' Ill COO'o'erslons among HCW& b; l'.IOOllief Ol HCWS i,,,bO were tested Md ha,d p1'$1□ui; oogah~ 
rostlls doong a Qlft.!11 penoo {MIi supp11eenen1, su e ana Dete::tioo 01 M. ruoercr.ril:ISSs rn tons In He •Clml se ·ngs}. 
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lnppl.iffll ~ b60S 

~ . BflQ 
oomadillcmal 
lielll ~ 

TB lre.itmenl 
la<;ffll:ies 

l...ab:m!IOrlM 

R&lk ela:&~flc:atloni 

'LOW l'l) 

<GTBpallent 

.i:3 cl pall nts,year 

~Ip which 
·• ~ who I be treaiM l'lallE! beell demon&IFeted l:O 

nave ~ rd TB ~lcin (LT811 am ~Ti . c 51e-115e 
• ~ Is In ~ to prompfly dalaet anti Ir! ge parsi:m 

wtiQ l1il1IB signs or 5'.)fflPl:llllS of TB dlsea~ to a secin9 m 
wtifCitl p«soos W1ll'I TB d'isea.se are 11'9ateill 

••· DO 001.19n-lndudng or 11ei:osd-g;;.neraoog procedure.s are 
p!N'lorml!JCI 

Lab«al'GliOO w'hieti CtinlCal spildl'Mi'IS !Ml mgni eon 
K jUbe.rw.ltlS'i.!i are ool manlpulaled 

6 1B patientsiYe~1-

2:i T8 pat~r 

Se IDis In \ffll!;h, 
• peraoos lliilll TB dfSe.as:e 

are epc;oun.ereli 
• cti1l!M rar !Ow r m no 

olher~ mel 

U!Nlra1or!M'. ii Vlllld'I dlll,:;dl 
~ns tnal ~ i'lt C<JRialn 
M. woo~rs rrng11 -oe 
ilila~ 

ReiclillllJllllndatlons for Serieenl'!Q Fteq~nq 

e.aserine lwo-~ 
Tiff orooe BAI. 

5enal TST or 8/1,P!.fi 
scn!fflfng ol HCW~ 

~ ru all HCW~ tlflM hlta 'l'e:s, ~ all He.We upon , ire 

Polen1Jel 
o.n,gllilng trorr:nl. ronf 

E'lfidGrlt@ Ol mgoog 
M. wbe.<c:uSosl.!i 
transmission, reg:arcll 

SE! ng 

Wis. ror all HCWi; upon 
ljf 

kf!E!eoded lll lne 
nleSllga1Jon ol poO!m'IJ.il 
~ raiismt~ 

TSTor ,aM{T 
IO!r HCVIS upon 
~ij(J 
a;cpowre to 

i"el10rm 1:1 eooi8d ~11110dl (t.11.. dmtol ooo TS or fJNiCT' u soon pa time 0.1 o:ipos.u na, fr 1 r 
Is. ngga!We, gi~E- a E.eccnd rest [TST or BMIT. w211chevar was used fOr !lie · sl les'Q e-,o weeks a1lt!r 1M end of expmrura to 
M. tub8/.w~) 

A. r.uba,cu,wi§, 

• The !Erm 1-leaJ!h-caJe wnrkels jHC ,Vs} re ers kl all paid and uapakl, peirons woMng 1111 neaJttH:are 58- ~ 'l'tho nave 1he pdtentlal for ~ra lo 
M. rubereulosfs lhi'OUQl'I arr spa.ce marlld pen,om. wflh TB di!ea.$,1!, 

t Settings ina1 ser;e COOlllMI'Jes v.llh a ~ lrtd1ii!nce ol T8 111~ or 1na.1 lre.a.1 ~ Bl high (e.g., th~ '°":ti h.llllilll lr.mlurodeljcjepcy vl[ljf, 
~ ar oltl ~stng ~ or rut palillflCS !Mlh IDUg,leSISlilnt TB ~ mlgJ'II nooo ,o tie c-\-lssi1i00 as rnoa1um f1Slc. 8\'00 

tllBjr~ 1M ~c~ia.. 
t A d;lSSjl]Qji)n oc p,:IWl'illal OAi0lnQ 1nlnarnlS'Sion Sl1QUlcl 1:18- applle(l 11) il ~ ric group or HCW& 01' to ,t sp8CdlC . Ol lne ~ S!81fi In Yt1lid'l 
~°'ongoing tral'ISl1l.'S6[on is appaie stJch a !lJOUP or araacan be Ide~ Olllerwise, a, elas,slficahoo of po:ential ongoing lrar.slltssloo should 
be IIC)pll;;O o-1be liffllre ng. Th s cia lee-Ilion 5tloull;I be 16fli1p,;,ra!)' na · nts Im~~ ~on IUld OOll'e'- 5!es:is - a ootemiriat!on ~, 
~ IMda · nat ongOIAg trai\Mi&aton has ooasect. Tne sa l'IJJ slioUk1 ba ~ a,:; li'li!l!:llum · and Iha re.'.:Ofmiai'ldaci bllll!liDITil!I till ig ni!!di>.Jl'n 

~11on fS Sil yoo,. 
Al HCWs upon hu'e, 'ShWd M a a doo.rrnen'lad baseline lwo-slep lumeini . In test (TSTl o/ ooe ttood ai;,;ay 10! M. rul!M;ulosts: (BAMI) rerutt· al eac::h 
newneaJtn,cffle ng, ~ r tile 1r,g ~ oetamilnea to De lOW ~ l !'I c,ert.iln sePlgll, o ~~--be rnilllJe 10 w per:!Ofm Oil Ttl ~~ or 
gai1aJ TB tc anlng lot HCWt w1'lO I w M\lal M 11'1 conba.it'l - Of t.haltlll air tpae@ - pa.lJMl:t; Wl'IO ha TB CIIMaM (e.o..., ~l!l,Pl'IOM ~tal«I! 
wtio 'l\!Olk In II 51BpGl'il ~ ng uam pe.l!erits-"/ Ct" 2j never bill lri comact cwic:af ~ns 1naJ rrigt,t ~ M, t:10ertlutosils-. ~lllisnment of a 
,~ ba.1eline ~,1 can be beneleial -SllltJ!;eq1llall'Jt saeenll"IQ neM!!O alllat an ~ e;,;porue :o M. w~Si? • 

•• HCWs In Sla!il1n9s clE!liiSl ".ed a"!l kw;- RSI! do l1QI need 10 be lrw;.uo;ie,;I 11 the &emil TIB ~ pro,JCem. 
Thi! rfl!q~ 01 ~ IC! nklcllon M. w reu.lOS1/l bl! 0rnmad by 1b9 - n.-n.110r lne seltlng and OO!itminael 17J 11'19 lnlecf.lDn 
CQfnrQt 

W Ol.lrlng an rn.es1193wn OI poten , ong01ng 1ranwsslon or M'. rubelotiJosis, II!'.!i'ting l0f M. III~S' fll'l:i!Klb1 Sl'Jcdl b9 pe110rmecr e,,,ery s-ro "1eeks 
mlil a de~liion has t,eel1 milllfe tha.1 ~ tr~ 11ag ceased. Then lbe ~ mg should be rE(:iae;sll'ied as medlum l'idl 1br al teas; 1 yi,ar. 
ProaidlJoos !Or contad !nWIS:igQliaM" sbctlld nQC be COfllU W111l 1wo-S, TSTs, Whlcll 31'11 ~ l'0C tiasatlne TST bl kl!' ~ l'llrm Hews. 

'fY1pe of 
e nYlronmenta/1' ,coolrol NoJ 

Lee !lon lnllle 
llea'll~ re, salting 

I 

' 

I 

I 

I 

I 

I 

Mow Off.en 
evaluatl!'.d""'' 

t 
,e,,.11l'uallon dale 

• SOl'll!I selngs II not bB oNa lo rom.pl,lltl all parts OI ta!ll&. L/$1. MlllrOl'IIMflllil control& In (l or \l{il'18$S.. 

Nexl 
Wlh~1ilo"l"I 
due -date 

For~ , Ull!'8.-w:iel ge1IPddill ll'l':itll!lltlm filJVG'), ~encypollk,'U!alJ r (1-m"AJ · , orll!rt!Ome lrlf8dlol'l iSolal!On•(AII) !lXlffl 

t Nmtief QI U\1'81 Uli HEPA ~ ~nd AfJ ~ In eac'h tQca11oii ot ne heamJ,,c;are, sertJng. 
For el2lllple, irpa1 e l1'.lllmS, emewgency d!e;,artmenl:!J, llroo.:tlosoopy :5tJlle.s. spJtum lndudlon moms, ou!pai ant areas.. and wa llmg ~ 
Dally. - , monlnt;'. annually, 0i' otr,er ll9QL19ncy (C!escffbe). 
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COC .,.-.. m--•·--.. ·-·. -·· .. --·--·-· ...... -----.. ··--·--··· .. _ .. _ ... -.. -....... _ .. b!lp'Ji'IV#W.!Xle.QOY 
Dttdtllon or T ubNOlllos!S Ellmlnatlen (DlBE] ..... M ........ _ .................. M •• _ ........... ., .. .,_ .......... _ nllJX/fWWWJxle.gwnti 

MajO! TB 6 ~ ··-···· .. ····-.. -·······--··· ........ ..... ·-··-···-····--· ·-··········- · ···-·-····-- lllp:.I HWn1C.go'l/ncnSlp/lh,~L.9llldlUUm 
Sia TB P'l'ogram CCXlllad. lnllo!ma.llon .. .., •. m ........ - .................. M.-.... _ ...... _._,,_........... .. dNiNW.cdcplndll ~m 
TB EdUC!ilOn and Trelnfng Resot.lrtt\S, .. _ ................................... , ....... -~, .... ---.. ---· .......... l\ttp"J/'lltt,iWjind~rce&..Ofll 
TB Program ........... ........... ........ .................................... ........................................................ h:lp:/lwt.!w..iide .govl11ah6tj:l/lhllbwe?is; . ·im 
DiVlsloo cl A.JDS, STD, and 'liB labooL.'ory Reseamh .... ................ _ .... - ......................... ,... . • ilwNw.cdc.90Yillddld/m's trBldelautLhlm 
Na rial C0111.al' fOt I~ DiseaEe!; (NCIDI ........... ·······•······•· .... · ................................... h:lp:/, HW..COG.goYlridid 
Ne Aal lns.l!IIJla lcr ~oral Safe . and Health I IOSl-ll .. ·-· ........... ........................ "1p:.I MV..odc.9DY/nlo;sh;~Jtlml 
J:11;1~or ln/Qonatlc,tl ......... ,_ ... _._ ........... ..... - .. ·---•·· .... ~ .............. ~ .... ·-•·-· ... _.~ ........ n:t?:iffl'WW..ale.gi;w~ap!C5f1~plratora 
CDCJNJOSH c:ertlmd e!q_!lapmenl Li£t [Ca. j ............................... ·- · ...................... , .. ..... -... i:tp1.www..cdc.gOY/nloshlng:pil,1opics,'Iesplraloo;,•,::el 
CDCtNIOSH~llppv,'e11 ~s.itlle P~.e FIE!5-i;1Cr.rtori ........ •--· ..... ,. ......... - ............. __ li~ ) fWWW..cclG,g:QY~I~~~P' _p.irl;' 

(Flllllrlng f~es) . r !Cltsthtml 
0 I\liSIO!lO Hea:lt1Ci116 Qua] 'j P!Cfflobon ... , .................... ,.. ........... m ......................... . ......... ~p:!lwww.l:QC.~.lnddoa,1llp(erMro.' ulae ITl 
Emergency Fl'repmedl'lf!SS and ~ .. ··-····· ...... ,. .............. ·--· ............. ~ ... ·--·~........ -Jmww · .coi::.gpY 

Ot:h.e~ U.S, Fedel'BI Govemmimt Agenr.:l'es 

:!I . 11'1/ltM ol Hnalll'I ( H} ........ - ..................................... _ ... ·-................ - .. . ••. .... cJNINW.nll.p 
llllorlBl art, L.u.ng lll'JC BIOoa I~ . •m .................................. - .............................. _ I p;J/WWWJ'fj .n gov.~ 'lr l~~.hlm 

N:11 tl0Ml 11'1811~ 01 All8Jg'J MCI lnl9ctioUS otsea.!!ieS { rD) _ ........ _. ···-···,. ...... _ ................. ltlp;//WNWnal!l.nlh.gov/drl'illll~Oi!ils 
AIDS:irllD ..................... , ........ --. , .. - .......... - .................... . - •• - ............ --··· .. ··-·... ...... .......... I NW~ .p /~l'IBS 
~ sa1111y and He ~tr&1Ion (OSI-IA) .... - .... ···--· •M_ .............. _ ............. htlp'.JhW.lw.OGha.go11; www.001a,gov1qna.p:ll 
TLitierCd06iS (OSl-!Al .~ .................. - .......... - ... ·-·····•·=····•·=· ........... -.. •... - ...... -....... .... p-.llwww..osn ffO'l,'SITG/IUDEireulosls'1Nl!!X.lltml 
R~ng (OSI-/ ...... ·-····-· ................... ~ ......................... - .................................. - .. ll':ip:/Jwww..osha.qmrlSITOkespfralm,rpmteciioMndex.htlR 
R~ory Proiedloo (OSHA) ......................... -.......................... ·- · ............... _ .. __ ........ :l!w-Mw..osoa.gavfrec,:m:Jite:png 
Ryan While care Ac1/Wlaconsln LVIAlDS Prngram ............... _ ................ ....... - ....... _ ...... - .. lt'llp:llwHw..dhfs.slale."'.us/A!OS-Hl\liRe\Sou~Nl!Jilffil' 

AlDSHIVJ'ltm 
FOO!l 11811 On.ig M l'l'lfnlSt ron (FDA) .. " .................. --.............. ,.,................................ ...... p-JflVIAY,1ila.gov 
S:tl9ty lnl0rma1lon tln:i AdY8rM Eire~ l'lepor g Syslem {FDA-A.ERSj ••. - ....... - ... -. .......... sl/lW,fWJCla..go'i,O'moctmel"i 
FDA and CDC FVlll¢ Heallll Mvl$0!yr nl'8cilol'is lll:ml Endoscopes .............. - ......... ·······... :INrNW.lda.gc,viedr '.l'~l'OC8$$.tltml 
lnad~;!lefi/ fk1:ll'OCJs6Sadl by an .Aularrat!!d .Endosoope Rept~ng ~ 

R!9lGn!!I Tl'allll.lng ·nci IGII com !alien cenl ... 
F~ J . Cl.If!"/ NatiOnal Tuben:uosl:. ce er. San frencis«I\ CaJIIOmla. ........... _ .. _, __ ..... h:tp:1/IWIW - 1iill'laltt,Oen,er.edu 
Haart1anc1 Rag]Ol1,;ll TraJnlng cen • san ~ r, ...... , ...... ·--· .... - ................ - ....... _ .. ~ JNfflW.dsrls..:!.1aU1.tx.US111':id.iooueatmctr.stmn 
New~ Me&al School Nanonar Twe.rtulrt$i1; Oetiler Nav.. NBw Je~ ·---- · ...... - . :llwww..umdtlj,.edu.ll'llbcw.8b 
Soo'iheast ~ Training oencer. 6~. Florlcfa ............ ·--· ... - ..... --.. - ...... - .. h:ip"J/sdo.rnediclne..ull.edll'llldi!'Lliim 

oomo.sttc orq nl itlons 
Amerl(:;!n ~ Asso,;:la.!lon (Al.Al ........ _ . .. ............................. ....... . ,.._,. ... ~ •. , ................ l(tp'.!Mww~igttlse11~ 
tPUTie1'1cin lnol'lldc So::lety {ATS] ... .,.................................................................................... p:.!,'inl,lwAllQl'a~ 
~tlon 1or Plv~onals In l~lon C<inlml ~no E'plde~ Inc. (APi(:] ...... -...... :/.W,,W. I0-0'9 
Hl.111' Orug lnter3Ctlons O~tlor! .... ., ..... m......... . ........ "~ .... ·--· ·"_.,., ......... n............... ap-/ l'l'r>'IWJlJIV-<tf\.l nleracliQrllS.org 
lnleellCUS Ot:il!Nlse 8oci8ly 0l Amel'lcalBl «olism Ind ln1brmll1l0fl l'WIOl.lrces (IOSA) ..... nllp1fl'l'HW~t~lm 

airienal ~~ [nfofm&lkln N9twork ' PIN) ...... Mu .. •n-••· .... - ................... _ .. _ ......... llllp-J lwww,cdc:r,pin.otgl&ript511~sp 
ADJ TutlereU106ilt Conl:IOtle!'s ASSQCillal:ian (NTCA) ................ _ ...... m ............ ·--· ...... .... NW.nlea-tb.q 

Pl\a mwei,; 1Rapk1 scrneni#lgi or Tul>e~ s P1'1ia m ceutieails .......... u ................... u ......... nnp-1 NW,i:fta~ti.~1111:J<ary.lpltaroW,~ib. ml 

!I 
TubelruloSi!s and LUng Disease (IUATI..D) - ..... - ..... - ...... - h>ltiw.ua'lld.OOJ"luJJ..pldU~ramesetJ!rames.al.p,tl'rd 

!;!rip T8 lnttla.tt- ... ........ ..... _ ............ .......................... - ... ~..... ·--· .. .......... ~ .•.. ·- --·· ... - .. :t."Www.stq)lb.Dlg 
Tutie!rdosis Research Ce.riler. Ind ................................... - .... 0..... .................................... lw'ww.lro-cilennaLDnJ 

orld Hea Org,1111:zaiioo HO] Glooal TB Program ............. ~·--··~--... - ..... ·-··-· .. -·. hi!p'J/W'nw.who.ln'i•'g:o 
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Alabama -···-·-·--··-·___ pJ.,\wM• ,CJl!ll 
M:zona -··-· ·-· ••m•-· ·-· prlfWIIWfu.stalfl.ez.us.'pmlo~~ndeichlm 
ruktlnsas______ _ _______ ___ 11!W.epl.alasliagCll 

C,a!i!Qrril.i ·"""~-.. --· p:Mwtv;·.~-pl'p~CEl/lublncJe:r h 

C®-111a0 ··---·-"""" n p:ll'WIIW.Cllptle-.t.lale.c.o•.U5,'®.'IDl1bh(.'ll'le.a.sp 
COl'lnl!ldlcut............. p,:llwtlw.clpll sla -d.us 
Oetn·,a ............. ... p,;/'fW ;.11a1· .Cle.Us,'lll'l5'S,'~1\l'dJI0"1I.WWICS1lU-llml 
Rorkf.!I ···-·'"'-··-··· -· ~.oottS1af8.II.Wdlseastr_elMIW~,'2004/l'l'T020041Nfn. ml 
6~~--•---•-· ·-· illp-JlWiM'.Mallll.stala..g!l.US'epl 
Hir -··-----·-·-··-· M!ro11~wvi'.ll!l•.:vaJ1.QO'lli~ stillrt&'almm_~daJf_rntm 

dlana.. _______ , __________ h'np.; "M'l'.ngo;,.1~rn&ll.b 
Iowa ·------.. ·-·-·--··-·___ ilip· _ _ f¢.h.51at.e.la.u5/cMb_conirol.a~ 
~ -----,,,., ____ ,,__ J;)'), i;ihl;!..slale. !i.vsAhi n4e:,c. 

KB.ntlX:l!y--------··-· ·-· nlliJ'}ll'i'l'.w.ohs,Ei'!Bltl.lly.USl'puOllmea.:'tnl'TB..11tm 
1-oU;;.lana ----··-... ,-- h' :llwww..i:iph.QM.i,laie_ij.!f.sAuber,;ulosls/l~. ml 

itlrie ..... --·"'·"'"... ~.owtlne.gov,'lftt~bilrcUI~ m 
ill)'Jand .... .... _.,,. . p,:lflWIW.e:lcp.~ Ml:ml 
as.w~s-..... h pi.l/WtYVr.518 .rrm.usi'q)l'lfCal:fU) 
ldi'gm .............. ... p-JfWIYW.ml~l'lltl.Olgl 
lnnesola ···-·····-· ·-· pdln'M'r.lM! illS•JWlllS. 

MontaM·--·-·--·-·... p-1rwww.dflN}s..slal8, 1JS 
NeeDriW:a __________ ___ v-.1, ·M'o'..l'h!l:.sta1a . u i::oaffubelt!Jb5JE.'l&nlk!x.Mm 
Nsllllrla _____ .. __ ,. _____ ·-· p,!hlwM.~h2k.:sta.!B.!N'Jls 

"4ew 1-ia~e--- ·-· I\ -~-dlhs. ~ 8.llftl.JS/Ot,l~S,tli-b-lS_~llim 
New Vmk aty .. -··-· ___ •11W.fJl"C..gav/himL'oohiTlfrnl'1hltt)Jllml 

1117 C111~11 ~-.. -, ll lwww.achs-i!iCale.ro.usJ~l . 
rll'I 0a);Qla .......... irJ\'Wilw,~~ 

Ohio ........................ n pet/www.odh.!i1lite.Oh-llll 
O!o:li:lt'tOl'TIII ••••-•... • ~JlVfflW ti,; te ct.W 
Ollgan. ................. _. p;JlwNw.lhS.stll.1~.0i'.us/j)IJ:llclli!alnm:) 
PeMs'jtvanla_. ____ ·-· p,-.ltwMl0.cls1..MaJ111.sia~pa.us 
1>ue110 Rleo... ............ p--Jo\WIW.ahai:Lgov,pr 
Rhod~ Island·····-··-· lltp.. - \hMlll'Lri.gO'il/da;!!~IMl:tMb_dala.l'llm 
Socth Carolina-···... p:llwt.!w.5Glhec.:nat'1lsldlseas.eoonlJ!b;lllflll 
Sou!h Oa~ ·- ·-· ·-· pc/llWM,!Jli.la.s1:I_U!,1tdolllt1:J 
Tmne~e ·--· _____ ·-· f>:llwwvi'2.slata.ln.1.1a'heallh/CEDSillld'et.lillm 
Texas, ,.,-•-n-n--rn•-• W/WWW. l,s, •.i . :tx.usAdcu'OJ~ 
Utah ....... _ ..... _ ... ,.... p,:1mea1 UW1.goyfel$1NValo~g,ee.nJJn1 
Vl,gl .... - ..... _ .. ,... IWt.lW.V\lfL\llrg.l'li.a.QQ'depil'ltl 
W :shlng!Oll ,-.• -. .. . p-J 000.wa.goWelMb 
If~···------·... p--J/Gll~WIS-::0MM.go',\'111 
WY"min!l-•~---·--·· ·-· p-llWMitJ1/111'i.s~ e.wy.u 
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Da ______ 11' « ,ac oy, ___________ Y'lt.n llJJ __________ _ 

I Scadnq: tll"'I' :,:}as Xw Ill" NQ 

1, Pl'lllmlM 
__ Uses a~roprla hand trvgl ne ~ b8loli!' mrling. 
__ SicOOeM i:,a. Jon.I rGr oootrailll:IU1100S {S@Yfil! 8dv1l~ 

~Ions: tci pr,ev\Qtls TSn, • 
__ u~ aJe_a, 

2.. &yrlnQ!I I lllNI . llh ~ H lly 0.1 m'L o '5 11 :tMrailln unns {TIJI 
piaffled prnlaln detlvalMli IPPD) Mi~ -nt 
__ flafTl01.!6s an~n vial mm rBlrigaraiJoo and conllrms lli,al rs 

s 1\1 f'P'O ~ · 
__ cniti ~ !ll'Kf• · n i:1:a:o OJI 
__ .~ ~ ll Ofl muJUdt)oo 
__ RIIS I~ I)" removoll rom 111rngerano 
-- Cll!ru!S vial S~f wllh antl&af:KJC swal).. 

-i; s needle m1D synnge lo eRSUre llgnt 
__ Removes [lBedie iguerrl. 

lnsarls. needle no1be 
Draws 511 ly over 0 .1 ml ol 5 TU P?O lnio 51·rlnge. 

__ Re~ ~5!> ~ or ii tJY~ tQ exiJi,tjy 0.1 mL Qi 
5 iU PPD mil nee ,9 ~QS '\l1al . ll\lllii:I WM< 0, 

a~ 
Re~ rieedie ·lnJrn vtal. 
R rm. ,m~ri vial IQ lhe !Vlrlgeti ;or immlli'l!a1ety a · ~ 

3. TST 1111ml I 1nmon lltt Hle~ted MCI ctoaMCI 
__ Sie\Bcis UPfX!1' lNtdl ,1r rorearm pa ~ 'l!l. lnd't8s. from 

elbow, Mkl.or otner~ion site.·• 
__ $elec!!. s.'le lrea l'1om ~ I~ heavy r, tru!ses, 

scars. Mid m.isd& ncr99. 
Cleans the site anl!SeptlC swab ~ c.troulal rnouon 
ft-im oen!Er 10 outslf;le. 

__ 1141ows site 10 dry ~hly bel'ore ~ru~ an lgen. 

4, N di I ll'tod p(opli'ly lCI IHl niln~ Ilg n 
__ Reru; affll on rm, well t suffaoe. 
__ Sffll m!S Shin Sllgllll',', 

HOkl l1i9Mlo ~ andl lip at .s•- 5" angle IO 
-- lngrJfU neoof in 1rsf layer Ol . In Will P, \11Slt6!1 Ila h S 
-- Ml'aRoos U!1ll . ~ iS L.nlSer lne l!fll layllr 01 

Flel!!ases grelci'i~ 
ln~ts eiillre dCSiHkw.1v. 

__ Forms Wlliea1, a~ liquil'.1 iii ~ -
f\emCMit; needle, houl pr,et.slng araa. 

__ h:bval,ei, salety tea.lure ol de,,loo per m:anulaclurer's 
recaml'IIIIOOil.Uons, 11 gppllcallle. 

-- P'lace.!I US&(! nMdla a.na syll i~ In puMhD• 
reslslanl oorn'ama lM1ooul recapping nredle, 

__ 1~1e1y ~res ~11!1 ensure &-TO mm inOlame'.$ 
{Ao uaJ wh I measu fMfll __ inn). 

-- II Dloodi Ot lluJ(I iS pre.saN. t,ol'S Site fl{lnJli, wl gaute 0t' ctltlon 
~ . 

__ 0~ 11sec ~ 01' WltonlbiJII ~ IOcil1 rlOll1U 
p~utJons. 

__ II fl'le TST is athlnl:slM!cl :it;Q1'19cif1J f!Oo ~ w !CO 
S!'lilll';lt,lj MIi e ""llelil IS inltaequate (..S ~J. a new TST 
Sl'ladd ti@ l'iae@dl lmmall!M . ApfllijJng Iha G.eeond TST on 
lhe otha arm or II\ a di erell: area od Iha seme ii1!1J1 (ill leai;i 
2 lfK:l'les rran 1ne m Site) rs ~ Mi tMl m TilT red 

be eaiiler to realJ. 
__ Oocu,~ ilfl !fiformatico requrrea b}I lf1e sectng (e.g., wte 

nCl1 Ima 01 TST plaoe.n-em. pe,son Wl'IO plaCed TST, tooal:!Cn 
of l11Jecllon $Ile alll;J Jot nunw ol UbereuDJ). 

__ Usei. ~oprta.te 1'1.!ntJ ilygleM melli!Xf~ arler pf.ilclng ·TS . 

5. ~ Ian UOII to tih!ll dlt.lill .regard1ng ca , lnt:IJU0110M tor rt'i 
l:nl,'.e.ctlon 11lte 

__ The mie,a1 (blln;p) ts llQ,lllaJ ill1d wt11 fi;IIIBln BtlDlJI 10 m!nute~ 
__ Do not too!;h whea • a,;old '!;Cralr:hlng. 
__ ~ ~~or~ge oo lnjecllQn 
__ l'l@,e IIXal d1&:om1or1 anel lm"11101l ooes no1 ~ q; natment 
__ May wasn wftM s~ 11na wat8r ('w1!1'10u pre,s1,1rel al\ef nout. 
-- 1110 kM1ons Of llqWIJs on SI , ll(ll0i!pl tor 11:gnt wa as aboW 
-- l<&ep appoln~ 1'of n!adng. 

• Stniere ;i,:mirse read!oos lo lhe TST ate rare b!J! n:fode ulceralloo. ~ vasl::ulalioo, or bollae aUhe lest &l!a, or ampl'iyt3dllc :s;t111di;, \\oflil:h ts sub­
Wlfllt<!I 'lire. The~ rel!~ ·e ine Ollly ®CJ ~li! Ill ti.-"1119 a $i iWfl)I~ 
Use a 1,,- ~r,ttl .27~u.;i,e needle or tner, d~ 1llbetam {J:lre!Bratf; a ~} syrtnga. 

i Pl'~ ~ Ii not reQQ~. f~tln Ii~ in w~ l!fflQUnts l)y ~ fill/Jplall4Jos. TQ m!nlmiie r~ ro ~ ~ til'!oula 
oe ~ as &000 a: Ina g,,•ringe: nas oeen fifed as posSibla. FO!lrMing 11\e!ie procedures a o Mtp a'lad ~uon. Tesl ooses Sl'lould 
ti~ be rerTl0ll'eo lrom he ytll] llll(far ~~ ~le D(n!:l.1iQns. sn,:J 11a ~ liO'lutlon :shoull:I rel'!llW rei~abl loo 1rC1Zen}. ~rcu!ln ~I!! be­
s:~ in the' · :a&:. much as~ and~ e, lo &l1Dng 1 shocJlt be a\'Oided. SOURCE: American Thr.raclc SOdel)', C0C. I~ I~ 
~~.,, otlllI!efiCil. ~ starli;lar® .ina t1a~1t;:a1lon ol ~i; 1ra ~ ~rlll ~ AUi J ~ CIM ~ Med 2000;181: 1 ~ . 
~ IUl:l@!'Cul ~ an.1 ~ (9..Q Ta Olddl mtSMllin!Slra!lon rs iff1ll0tlan Me-a&ures SAOltd U]Ud@ ~I ~.llon 01' rPfrfgm.toopcod,­
OOli;. carekll 'l'i9ual !Aspect]on and reading labels., pr~ o PPO bi ~ent U!oe ooly al bme, Di ~ and ~ recoo:11!~ ol ruriQerS 
of a~ns. ~ . and OtMr ¥!able pmdue!&. SOURCE: CDC. lnad\fertal'it l~l'MI a.dnmtstra!IO!l 01 tetanus~ nlng ~ !Mlea~ 
o ~ ~n ~ Mll'IIR~004 -~ . 

·• I · '11111 norann , cu,~ !Or 8Slln9, 011nunot11oor ~ a gooa altiamil!o TST oomlnl!lraUon 
SOlJRC-~: Narilna! Tuben:ucsis CooirolleJs A.mciallon, Nallona,I Thbernu1usls Nwse Ctinsullarli Coalioon. TuberctJh:Q ; .nu!51ng: a G001prEihensb.!a gulcleo 
to patfenU,118. sm,ma, GA; Olonal T1i>lli~IOSI$ C08llOllei!$ Ass - IOl'I; ~7. 

tt Stri!!ch skin by aG1rig nonc1ommant lmrl ol h-caJe<'ftllfksr tl-lCW) oo pa1telilo6 for.aarm llel!JW ma neeote · rllon polnl anti tt,s1 BflPIY!"9 lract)On fn, 
tile opposl'l0 dttictlon dlllle M8l1l8 mctllOII. Becatetul IIOi [O~OII Ille~~ o.1 IM9 HCW q:;posite l"8 &a~uon needll II paljlfl1. 
Is bkely1□ move dumgtl'le~ure,, whlchrnlahleau:se an~ need~-slk:l(inJury lheHCW&. In cl"tkli'l!'rl and otha~who,are u' kl111c1tedur­
lTIQ pr~ cer trainers pl@lel' ~~ tlMI n 1M q:posll8 oJAld:]q ol Irle PINMl9 •l"l:Jillnlon t,y ~ ine nondonWJll h!ID:I o 100 HCW 
under Illa pa_!ieflf& lbtBann. 1bl!; ine'hld Should nol be- used for pem:m wtth poor lwgpr:. 
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Ouality Cooln1I fQC) Pooi;,ad'ural ObUrv.ii oo Chei>k:ll11l far ReadlnQ, TuOO<l'laulln Stl'n Tl!'.!l.t ,(TST) Fl'ellull:& - P.ef,pallon Mell'lod 
Ila ____ _ Trll (QC: tlV) ___________ Tnlllfl fl[ST plllGH bVI-----------

IP'tellm[lliii'iJ 

__ Uses i!Wl1:ofl0Ble ham:ll'!mf!!nemel~bet:He E.1l311ln;J­
-- Keeps llngem ~ ~hortar lnan mgerljps to mo m&sreai:ling 

TSf i.,wJL 
__ Koops 1ST ~ ~ 1 l'lllncl ( lnet pi,ncil 0f 

bafpc,il'I pen,· and mer). 
IJ.5e5 well· il,ea. 

__ ln5f)il'ct5, ror e ot ltle jec1101'l. 

2. p - p,ata- •fill fig margin nd~ 111 :n~} 

__ PaJpa.tes:l'lttl'I armoeru el elbow UI 00" ~,e. 
__ Uit, '/ !.WBaJlS 2 -lnch O:;ameleJ lrom njao1loo sill! In fOIK 

o~. 
-- uses llQZilQ f@a~ l®ci1, 
__ Aepsat~ ~lpalllln IJ:'I arm t!Ml. at at a 45" angle tG 

- rrn!ne ~ or sb!ience o 1m1ura Ion. 

11 1'1/durallon Is pl'Kllonl, eonllnllll Wllll IM\N i.paf: 

1 _ IP:1aclng mlfJks 

__ Held!: ?aim a,,er ~ silB. 
__ ¢lean!a'B s/tei mah .anl!sE',pt>'; ~ab Us;.'flg cirwlaf ID0lloo from 

C8l1tl!f to autsroe:. 
__ ~ ffnilerup.sto ind IMrgin!: 0T111~ ur:aBon. 
__ Markti. 1iJe lndt!rallon by J:hdng: miaJ1 dab; on bo3l sides al the 

inWrllJIOO 
__ ~ do , pe~tll l1ngff n»rM IDWBl'd ria1.mnM 

mar-g n, end atjjuells dlot5 If needo:d. 

4, Pi111dn:g and read n:g ruler 
_ _ ~ the "O".., ne I a Ille edge o1 lhe eit dl:Jl. ~ 

11'113 ruler line Inside tight 001 ettg9 (u~ lowei· i'l!!!!a&ummenl i 
· n two gr~ on mlll er ~e) (Rgur~ 1'), 

__ ~ awoprta han,j tiyg1~e n,eiho,:Ji, ~ er~ ST 
result 

S. Oocume,nll,ng iresuli!i 

~ el TST rewhs In ~ef$;. even !rose ~ile4 
~!: nega-11-..e. Doe& no racM1 only as ~IWe- ot •~ --
~ seoeeorlnal.lration.is"O • 

__ Ce~ 1ec01tJ;; ~u~ i 11 rrun: 00,Y sl · Jnea:&U'e<J 
l;ndurafioo 1n mm should be ieoorrled. 
Trainee',; rnea~ ___ rnm. 
Tflliner'$ (g,;ilcJJ ~ndard) l]]f!<lSUr,emef11 ___ 111111c 
Tlllln res111t W11n1n 2 mm CM ~ 5\aJ'ld'MCI reading~ 

Yes 

NOllh In ~ re L~t\lnte~. Irle' rew;llor, mlgtft be 1Wre1e ( IQl;ll81lol\ 
!OOeta • or nea:os.is or the • l-R!?!!(l(t ~ act~r:se evenll. io 1119 
FDA Meowatcn Ad~ Events Reporllllg ~m !A.E~S), te/ejmoe:· 
8.00.FDA- 1088: llliic BOO-F!DA-017B; l'l'lqtJ JdagCJWmec!Wa~ report 
iorm 3000, ~ans' Dest( fill'l'tlrooce. 

• A IM-llppl!o:I ~! pencil or ~Int pen can 118 u~ as"' mMRat. An ,eyeliner pencil IS 1.15,9:IJI IOrTST ua1111ng am !Of l:IIU'ldea ~ctent ~lJCa! · 
re.i~ j8.ID~) bei;.g.lJSli! he doli; a.1'$eas'J to ferl'llffll w1 ~ do! Qf lClneanl (a.~, baby all}. All;emalwe 1ST !B$Ul re~11:!ii:19 ~~ m.ye been~. 
b.'.:ludoJ lhe pe · ~hod. 
11 lnd1Jlfttlt{I Ii pr~. ~ttil11'ST ~Ult a.i (I mm all!I gp the f;lflr;I Cl Ulli Mm~ ng rew J, 

liR,r example, IM TST lr:llli'IGr reaos. TST resull llh!! gola standard rQ3dli'lgl i!!l lflM, ,~ tr nees TST re~ thould Ila Mlv; 9-1 a mm lo Dt! 
l;lQri,;,der~ corrwt. 

Page 687

A48946859



����������	�
����
���������	���������������������
���
���������	��������������������	���������	����	�������������	�����
��	�
������
��������	�
����������
������	��������	���������	��
��������������������
�
����������������
�	����������� ���!"!����	���������#���� ���
�#�����"�	
����!$���	������������%�������������� ��&���	�����	���	�
�
�
��������	
�������''()�	��
�	����
�
������������������	��������
�	����������� �����	����*��������	�� ��	��	��	������������	�� ���!"!�����	���������#���� ���
�#�����"�	
����!�����������	�������������	�� �����������������������
����� ���������!��$+��

	�����������
����''()���	����		���������� ��
������������������!,���''()�#-.+�
�	����������	��������	�������	��������
�	�������	�����������
��������!�- ������
�	�������� ��	��������� �	����	��	�����������	���	�����		�	������ ��#-.+�
�	����!����	���	��	���		�
����� �������	�������/�
�	����0 ����11���!�
�!��
1���	2���
1�	�� ���	�������''()�����	��������	��	��������
�	��������������������3�������	������
������!�,���	�����������	���������� �����������������������
��	���� ��"���	�����
�������������������!"!�4�
�	������	�������5������04�52��6�� �������������7��%8�9:;������ �����0���2��:�%:<��!���������4�5���	���		�����	����!==>����������	����������	���	
�����		�	�������	��������� ���
�����

	����
�������	?@�
�!��
!

; . Today's ilele _______________ _ 

2. Your mrre 
!3. Your age !Co neatesl yea~ ___ _ 
<1. Sex Ma.le Female 
5. \four heigh! __ Iese lncfles 
8. Vour~tg,il ____ pPUf11lij 
1. VDt.Jr!Cb IJ1fe _______________ _ 

B. A plOOEI oomber'Nh3reyoo can be raamed lriihe nea!UH:are 
l)rc!les.s!Ollllf wno ret11~ QUes®nriatre [lllcilrJe a!W oooel 

a,. The tle'r,t time lo pliarie yoo al 11va IJIJlriJer ______ _ 
1 Q_ 1-t;!:s, your em,;:to'yBf 1old yoo ho!N kl~ tna hea1th-care 

pro!e8$l01'1DI WflO ~l!f fBIMW ltlls ~leclNIIN~7 Y ~ No 
11 . Check ip 01 res,Ptratol }IOO wm ose (Cllleci\ au 1r,m ~) 

__ N-. R-, or'f'-di~~f oq ~ 
rJOflCartrloae type 

__ Ha~facepieire type 
-- fuli,.feoeplec,e type 

Powereo i nfylng ~rawr (PP.PR) l'lgJ)l• Ing 
-- f'Af'R - k!Ose·l.lllng 
__ Oloor 1'JP,I {IRiJij:lled 0( 1-QIOtalllOCI brea'ltq ~ 

12. Ha-.• you woma ~mtor? __ ves __ No 
Ii j'eS-." l t~ ____________ _ 

NQ 0.,HI O!IMl!II 1-0r l.lee1'5 ,o.T N9S Re-- plr!!lOl"S 

t. Doyou-rurrently or fla'ie :(C'!-1 Slfflll'!ed r&acoo crurfHlg ins 
'o'll)usmoo.'ll'I, llj'&S'" 

a. A] wna ag,;i e11a '.)'OU smohir!g7 __ 
ti. How long ago did you qu11 MIONl'IQ? __ 
c.. Hc!w' IMlly pack:!; p!!'l' day dlel or do )(It.I mia 7 

2. all9 \!Oii 8\19r h!ld any ot lne 'IOll0\'M;I COOllilms 
a_ sa&ures ( J 
.I>. !Mbe'les. isugar disaa.sel 
c_ A11erafc readloos lhal lnlarfera wtfh )DIJJ limathlng 
cl Oauslruphobla [fasrdl~-lnplacss) 
e_ TKQl!e iffi>:ilmg odol:i 

:1. Have you El\'l!r had 8[1)' 0: Iha lollowtng pulmonal')' or 1ung 
~ems? 
a. ASl)M.~ 

t>. Astrima 
e. Chror:iic br~~ 
a.~ 
e_ Pre.11111:mla 
t 'nii:lerCJ.1tos1~ 
g. $llfcosjs 
h. Prlet:Jmol:tlQl(lll: {c;Qlf;lpset;I lung) 
I. LUJ)J ei!-'.f'ICElr 
J, BJ\llll;n nos 

My ctiesl ~l'les or si.irgene-s 
M; •r 111'9 problem ot i/CMI 1lml b n IOll:l ll!)C1.lt 

• DO)'Q~aJ!Tfln nwre ilfl)'Olltl ' OI~ syrnptom5ol 
pwnona,y or lll'l9 Rlness.7 
a_ Sl:lol11'lE'S& o timani 
b, ShQr!~i;; ~ ~atti !ffl11lfl walldng tt!Jfl;t:I)' oo l~I 

grouM or w lli1g up a s!tgh nut or ""rie 
e_ sn~ 01 ~ WMn miking -n ouw ~ 11:1 

an, oruuwy paw Qn ~ 9101.1rtt;I 
Cl. l4iWe lo-~~ roe bfe&IJI Wl1ll;;fl MnJg JJt }Qllf 0-"lm 

pa~ M ~ grrona 
e_ snortness □rbreat11 ·1'111Eflwasfllng ar~yourael 

- I'm 4 lOOll.11'11$d) 
L Shorllless al bteBJh Iha! ffT erl'ei:tls 111 yaur jab 
~ Coughing lhal ,~ ~ {lllldl: sputum) 
~ 0oUQhlng 1tl8 'flll~ )'QU e8Ji1y 111 tl'le Jl'J!)mlng 
1-~ oo::um ~\mEfl you .ifE lying dawn 
~ (;Qugt,Ing vp ~ In 1~ Iii , ITIQfllll 
IC. V.'n68ZDlJ 

Wl'I ~ lhal In "'1 11 )'Ollr jllll 
m. Cl'16stpa]n WhenyotJbl'O!WJIII dooply 
rt. Al't/ owir Qfmplll !hat !,'OIi ~ M mlatf!l:I IO 

talgproblems 

S. l-la..e ~ever had ~ di !he, f□llowng cardiovaSOJ or 
l'leart PfOblems, 

HeaJt 
t>. Slrok.8 
c._ Aa'gl'la 
ct Heall fallure 
e. s 1ng i1 ~ 1e9.s (If l'l!el tool cau;;.ed tr;c 'MllklQID 
L Maart anhflhmia (hear! beaJI~ lrregala1ty} 
9 t,ilg_htiOQdr;ireli~ 
n. Myotllerhel!rtpOO!emthiltyouhave~lold~ 

8. 1-leOJe :p!I ever .hili;l ~ Irie- l'otlCMing ·cerdiQV!!~r or 
ooatl 5YTTPI.Orn$1' 
EL ~ pain or lighl~ In you, cM\SI 

tt.. Pain 01 llgl'llnM!!: In ~ i:lmt <krilg p/¥;1Cal t!atool)f 
c_ P.!lflar~ Ill ~Cil9sl ll"lallnl.arleras wttn.,.ir}m 
dl In lhe pre.lous a' yBaJS,, ha'l'e you ooilced )'OUr h.eatt 
j~ Ol rrtsm:Q II beAt? 

o . oolfbUrn or ~n 11'1a Is nol ~ to ng 
L Any ~Mr symp!Oms lhal )-00 INl\k mlgh1 be [Bta!e.1 kl 

or el:w\alioo proo;ems 
7. Do 1JOU curen1ly ·lai;e medicallan fix wiy ol 1he n9 

pn.t,lums1 
a. lilntallilng, or 1mg pr~ 
t,_ Heall UOUtlle 
Cl, Bioli!d plilSal:le 
(11_ seil!utes (US} 

8- i you haw used a re&pualllr, l\a.11e y□u 8\l'EI" had en, iOl 1118 
rol!QWilgprQC!erriS? ll•YQ!.! have~~ 11 ~. 
Ched!. nere _ anCI go 11'.1 quBStJon !1..1 
a_ E.ye lmtafloo 
bl Sl,;Jn alle,gles or liIBhes 
c_ Anxiety 
dt. General w.eakneas or 1alig\la 
11. 1'Sf/ Oltier pr~~• rter~ """111 'f'M' IJ!;e ~ a 

respiraraf 
9. ~ amenW twilllg any me.1lca0ons? JI)' · h8f 

_ _ 1R Woull1 you k.a 10 laJk wiln Ille Mali~ ('.!mfaSSfomJ 
Ylt10 _ ~ ew • II QU13$1l0fll!;iiJ,e ®D~ ~! lll:1!,,--W I'S to 
1nlS quesln]na:lre? 

Plea!se exptatn 'BS" ans,1,r@:s (USa: batk 01 l«ln ir ~} 

----- -- -

Page 688

A48946859



���������	��
��������	���	
�������������	����������
���	���	�����
������������������������ ����
��!"#$�% �����������&�''()�%   &�������� ����	���*���
�+!"#$ Page 689

A48946859



���������������	�
�����
����������������
�����������������������������������������������������������������	� �����!�"�#$%&'()*%+),-./0(,1/,2,34567%%+82/9'1%):;+/<%(=/)4>,=&/)'25?2'=3,@5A0,)2'+B5;C!#$%&'()*%+),-./0(,1/,2,345D>AE'+'(F=:/(%5A0,)2'+B5;C"#A0:,,2,-G&&2/%BA0/%+0%=58B/+17(3:D'&/%(;+/<%(=/)458B/+17(3:5A0,)2'+B5;CHIJKLMNKOPQG()/02%:/=),(4RS��������TU�����V!W!!S����������������
���!XY���Z!W!![�������!\Y���Z!W!![��������������![����!W!!]������Y�����C%4@,(B=R[���̂���������������������� ��������������_����Z���������������������������������̀���������a����
HbcJIHLJd'0F3(,7+BR�������������
���
���������� ������������������Z����Z����V
��������������e
�����V������������������Z�V���������
�����Z����
���������f�
�������
������������g������Z���������������
�����
�������Z�����Z��������h1i%0)/<%=R�Z���� �
�Z����������������� ���������������Z������������
�
��������
��������������������ĵY�#�����
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AN EVALUATION OF HOSPITAL 

SPECIAL-VENTILATION-ROOM PRESSURES -Nancy Rice, MPH: Andrew Streifel. l\lPH: Donald Vesley. PhD 

A.BSTRACT-----------------------------------
OBJECTIVE: To quantitate the magnitude and consis­

tency of positive (airflow out) and negative (airflow in) hospital 
special-ventilation-room (SVR) airflow. 

DESIGN: A room-pressure evaluation was conducted dur­
ing two seasons on a total of 18 rooms: standard rooms, airborne 
infection isolation rooms, and protective environment rooms. The 
pressures were measured using a digital pressure gauge­
piezoresistive pressure sensor that measured pressure differen­
tials. With doors closed, the rooms were measured a minimum of 
30 times each for a cooling season and a heating season. 

RESULTS: The standard rooms showed the least amount 
of variability in pressure differential, with an average of -0.2 Pa 
(median, -0.2 Pa), and an interquartile range (!QR) of 0.4 Pa. 
Airborne infection isolation rooms showed more variability in 

Pressurization controls for hospital ventilation sys­
tems play an important part in protecting employees and 
patients from airborne infection hazards. When these sys­
tems fail, disease outbreaks can result. An example of this 
occurred in 1991 in a New York hospital, where a highly 
infectious patient with multiple drug-resistant tuberculosis 
was housed in hospital rooms equipped with improperly 
functioning ventilation controls. Three patients and one 
correctional officer who were in the hospital at the time 
developed active multiple drug-resistant tuberculosis; two 
patients anc . '. -. orrectional officer died. 1 

Another study of airborne-infection (Al) rooms in 
seven midwestern hospitals showed that nearly one half of 
the isolation rooms had air flowing in the wrong direction. 2 

Instances like these underscore the need to ensure that 
ventilation systems are working properly. 

In this survey, three room types at the University of 
Minnesota Hospital were monitored for pressure stability 
from June to August and September to December 1996, 
which allowed room pressurization to be observed under a 
variety of weather conditions. One room type, the standard 
patient roow w:ice n,.,t designed to be under any particular 
pressurization. l nese rooms were constructed according 
to 1981 Guidelines for Minimum Requirements for 
Construction and Equipment in Hospitals.3 The second 
room type, the AI isolation room, was designed to be under 

pressure. with an average of -0.3 Pa (median, -0.2 Pa) and an 
!QR of 0.5 Pa. Protectiw environment rooms had the greatest 
fluctuation in pressure. "-ith an average of 8.3 Pa (median, 7. 7 
Pa) and an !QR of S.S Pa. Dramatic pressure changes were 
observed during this e\·aluation, which may have been influ­
enced by room architectural differences (sealed vs unsealed): 
heating. ventilation, and air-conditioning zone interactions: and 
stack eiiect. 

CO:SCLUSIO~: The pressure \·ariations noted in this 
study, which potentially afiect containment or exclusion of con­
taminant,. support the need for standardization of pressure 
requirer::ents for S\'Rs. To maintain consistent pressure levels. 
creating an airtight seal a.1d continuous pressure monitoring may 
be necessary (Infect Co1:!r,;l Hosp Epidemiol 2001;22:19-23). 

negatire pressure in order to contain infectious agents, The 
third room type, the protective-environment room (PR). 
was designed to be under positive pressure to prevent air­
borne contaminants from entering the room.4 

Given the degree of ventilation control on each room 
type, it was expected that the PR and AI rooms included in 
this study would hold pressure at fairly constant levels for 
the duration of the obserration periods. while the standard 
rooms would show frequent fluctuations in pressure. The 
objecti\·e of this project was to determine which, ii any, of 
the rooms would fluctuate in pressure, and to attempt to 
identify possible reasons for any large fluctuations that did 
occur. 

METHODS 
Room-pressure measurements took place on the 

fourth. fifth. and sL,1h floors in the northeastern wing of 
the eight-story hospital building. 

The studied floors of the northeastern wing of the 
hospital had a total of 12 rooms, with 4 rooms on each of 
three sides of the ,,ing (Figure 1). The fourth, fifth, and 
sixth floors all had 2 .-\I rooms, whi-L. ,.-prp located on the 
northwest and southea5t corners 01 eacn noor. 

On the fourth floor, all of the patient rooms in the 
northeastern wing functioned as PR for bone marrow trans­
plant patients. Two rooms on this floor, PR 4a and PR 4f. 

From the Division of Environmental and Occupational Health, School /J{ Public Health, University ~i.\!i,111tsof11, J\fi11,u11polis, Minnesota. 
Address reprint requests to Donald Vesley, PhD, Sclrool of Pub/i,• Health, C:r.i,·trsily of Mi11new:11. Box 807 Mayo, 420 Delau·art St SE, 

Minneapolis, MN 55455. 
11,e authors thanlt Dr. Dorothy Aeppli, Dr. Frank Rhanie. Dr. Timotliy Church, ar.d Joh Marshall _i;r t/ieir assistance u·it/1 this project. 
99-0A-163. Ria N, Streifel A, Vesley D. An evaluation of /rospital special-vtnlilctio11-room pressum. [nfect Control Hosp Epidemiol 2001:22. 

19-23. 
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FIGURE 1. Loca~on of the sampled rooms in the northwest wing of the hos· 
p1tal. The sampled rooms were located on the fourth, fifth, and sixth flo>rs of 
the wing. 

were intended to serve patients requiring both infectious 
and protective isolation. These two protective-infectious 
isolation rooms had anterooms, while the other PR die not 
have anterooms. The patient rooms on this floor were 
designed with constant air-volume ventilation systems, 
which provide a consistent airflow rate to an area, with tem­
peratures being altered as needed for thermal control. The 
hallways were designed with a variable air-volume system, 
which maintains temperature at a constant level while alter­
ing the airflow rates to an area for thermal control. 

On both the fifth and sixth floors of the northea~.tern 
wing, there were 10 standard rooms (with no special "enti­
lation contrnl) and 2 AI rooms with anterooms. As on the 
fourth floor, the patient rooms had a constant air-volume 
ventilation system, while the hallways were designed with 
a variable air-volume ventilation system. 

A total of 18 rooms were sampled for this project, 
with 6 arbitrarily selected rooms sampled on each of the 
fourth, fifth, and sixth floors. The sampled rooms were 
selected so that they would be located directly abo1'e or 
below sampled rooms of another floor, in a column cc,n.fig­
uration (Figure 1). This helped to ensure that the rooms on 
different doors would be subjected to approximately the 
same environmental conditions occurring outside of the 
building, s ... d, as wind and temperature. The 2 AI rooms 
were included in the· sample of each floor. The other 4 
rooms on each floor were chosen to include 2 adj,1cent 
rooms in the northeast corner of the hospital wing. and 2 
non-adjacent rooms located in each row of 4 rooms on the 
northeast and southeast side of the hospital wing. 

Pressure readings were taken three times per week 
in the early afternoon to obtain representation of room 
pressures at approximately the same time each sarr piing 
day. Rooms were sampled in approximately the same xder 

each time, \\ith alterations made when activities in a partic­
ular room prevented immediate sampling. Occasionally. it 
was necessary to omit a room for 1 sampling day, due to 
nurses' request or circumstances that prevented closing 
the door to the patient rooms. 

The first group of readings was collected from June 
5 to August 16. 1996. with 32 sets of measurements 
obtained. The second group was collected from September 
25 to December 20, 1996, with 37 sets of measurements 
obtained during this time period. 

Pressure differentials were measured in Pasca!,; 
([Pa) 0.25 Pas0.001 in water gauge (wgl) with a 
Minneapolis Digital Pressure and Fan Flow Gauge (Energ:: 
Conservatory, Bloomington, MN). This self-calibra:i;:5 
instrument had a sensitivity to 0.1 Pa (.0004 in wgl. Tr.e 
probe to this instrument was positioned under the cl0,:t: 
door for sampling. Samples for both the rooms and a:i;::-­
rooms always were taken from the hallway side of the coo:-. 
For consistency, the probe was placed under the cJ,j,:e-~ 
door about 20 cm from the hinged side of the door. pc­
pendicular to the plane of the door frame. In the event o: a:: 
unplanned door opening, rooms were allowed tin:e i,:.:­
pressure stabilization after the door was reclosed bi:i·u~e 
data were recorded. Each sample consisted of 12 co::,;ec· 
tive 5-second readings. which were averaged and reco~:;;-: 
as the pressure differential for the room on that day. 

Windows and bathroom-door positions were no: c,.::­
sidered variables in this project. as the v.indow:; ·., c~-:­

locked and sealed and the bathroom doors were ur.c:-:-~,-.. : 
to allow for unrestricted airflow. 

Weather variables were analyzed using multip\· L:-.. 
ear regression, with room pressure as the dependei:: ·.::::-:· 
able and weather values. centered around their mea::;_ :,, 
the independent variables. Dummy variables were t::-<:'-:'.: · 
indicate wind direction (N, NE. E. SE. S, SW. W. or \1': .. 
with "l" coded to signify wind from a particular d:rc::: -
and "O" if the wind was not from that direction. 

RESULTS 
The data collected for this project showed th.:.: ::::­

pressure stability of the rooms varied by room type t,<:':­
Table). 

Standard Rooms 
Standard rooms (Sa to 6d) were the most sta':J'.e c,: 

the three room types. with an overall mean pre:;,:u:-e c: 
-0.2 Pa (median, -0.2 Pa) and an interquartile rar:~c> 
(IQR) of 0.4 Pa (see Table; as a point of reference. -0 :.:3 
Pa=-0.001 in of water, which ,s the 1994 Center:: f;:­
Disease Control and Prevention [CDC) recommendati0n 
for AI isolation room pressure5). There were small t1u.:tt:.:.· 
tions in pressure in most of the standard rooms oi a':Jc·.:~ 
~0.4 Pa, but the standard rooms usually had consim•r.::)· 
weak positive (O:s.x:s.1.0 Pa) or weak negatiw 
(O;;.-x;;;i, -1.0 Pa) pressure differentials throughout tr.e 
sampling period. This consistency in pressure of the ::t;;.:1-

dard rooms would result in consistency of direction of a::-­
tlow in these rooms. 
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TABLE 
SDL\!.W ST.'.:-iillCS FOR :\LL ROOM TYl'ES 

Mean Median Interquartile Minimum Maximum 

Pressure Pressure Range' Pressure Pressure Range 
Room Type Readings (Pa)* (Pa) (Pa) (Pa) (Pa) (Pa) 

Standard roo:n 533 -0.2• -0.2 0.4 -1.4 0.8 2.2 
Airborne ir..:'n:c:on isolatio:i room 274 -0.3 -0.2 0.5 -1.3 0.7 2.0 
Protecti\·e ea,ironment roo:n 551 8.3 7.7 8.8 -1.1 21.7 22.8 

Abbreo-.i.itior.· ?--.:.. ?-..... ,--al. 
• 0.25 Pa•O 1.• : :.: .:.: -..atl!r. 
+ tnterquan:.:: -,;.;-.i~ Ql-Q3( 14·herc ~: .s !he median of ob::,,er,:ations belov..· lhe median and Q3 is the me-diai1 of observations above the medi.il\. 
i ~eg-ative r,·_=-:':--::;~ :..~c!icate nega::-.-:: ~~ni.Jre (afrflow Ln.:o the room). 

Infectious Isolation Rooms 
The four AI (AI 5a to Al 6b) rooms showed more 

pressure fluctuation than the standard rooms, v..ith an aver­
age pres5ure of -0.3 Pa (median, -0.2 Pa) and an IQR of 
0.5 Pa (see Table). Unlike the standard rooms, where some 
rooms had consistentlr positive pressure and some rooms 
had con;;i;;tently negatfre pressure, most of the AI rooms 
and their ac.:ompanying anterooms had an overall negative 
pressure diiierential. as intended. Of the 274 total sample 
readings taken of AI rooms, there were only 10 readings 
(3.6%) where both the anteroom and the patient room of an 
AI room had slightly positive (0.1 Pa) or neutral (0 Pa) pres­
sure difierentials. Howe,·er. the magnitude of the negative 
pressure diiierentials varied over time. Adequate negative 
pressure. a5 suggested by the CDC. is -0.25 Pa (-0.001 
in wg)_; Oi the 274 pre:::sure readings for AI rooms, 186 
(68%) oi the readings showed compliance with the CDC 
recommendations. 

,\ir-balance data obtained from maintenance and 
operation records for these rooms showed that the rooms 
all had appropriate numbers of air changes per hour 
(ACH) . .-\JI sampled i::-olation rooms had greater than the 
minimum oi 6 ACH required by the CDC, but less than the 
12 ACH that the CDC recommends. Although only one 
room, AI 6a. met the CDC recommendations that air be 
exhausted from the room at a rate of 10%, or 50 cubic feet 
per minute (cfm), greater than air supplied. two rooms 
were '-'ithin 5 cfm of this requirement and the other was 
within 15 dm. 

Protectit-e Isolation Rooms 
The pressure differentials of the six PR (PR 4a to PR 

40 were much stronger than the Al rooms or the standard 
rooms (see Table). The PR pressure differentials also fluc­
:uated ;,) a much greater degree than the other two types of 
rooms. The average pressure for the PR was 8.3 Pa (medi­
an, 7.7 Pa) \,ith an IQR of 8.8 Pa. There currently are no 
required positive pressure levels established for protective 
environment rooms. While the other types of rooms were 
relatively stable in pressure over time, the PR showed a 
large number of fluctuations, with a few sudden, dramatic 
changes in pressure. 

The pressure differential of room PR 4d, for exam­
ple, locatt-d in the middle of a set of four rooms, suddenly 

' .• .... .. . . . 

·/ ---·--~'1• .. -.... 
.... 

.,. ... . . · ... ·., .· : . 
, . 
' .... :--

FIGllRE 2. Pressure fluctuation in a protective isolation room (PR 4). 

dropped from 16.6 Pa to 2.0 Pa between two sample read­
ings, taken 2 days apart. Twelve days later, the pressure 
drcpped further to 0.0 Pa for this room (Figure 2). The fol­
lov.. ing day, after notification of hospital maintenance staff. 
the pressure in this room was restored to 12.0 Pa after the 
fan belt was tightened. Sudden pressure increases or 
decreases such as this occurred in five of the six sampled 
roe ms, with an average pressure change of 10.1 Pa, and 
rarging from 3.7 Pa to 14.6 Pa. The two PR that did not 
experience sudden pressure changes, PR 1 a-r and PR 3. 
showed gradual increase or decrease in pressure over the 
enl ire sampling time, with overall pressure changes in the 
magnitude of 10.8 Pa and 3.4 Pa. respectively. 

In most rooms, the rate of air change in the PR was 
somewhat lower than the original design of 15 ACH.~ 
Hcwever, the differences between the supply and exhaust 
rates were found to be 125 cfm or greater, which would 
he .p to ensure the room maintained positive pressure. 

Roam Pressure and Weather Variables 
Analysis of weather variables by multiple regression 

sh :,wed little correlation for all rooms between the atmos­
pheric pressure (P>.05) and room pressure, relative humid• 
ity (P>.05) and room pressure, or wind direction and speed 
(P>.05) and room pressure. One influencing factor on room 
pr~ssure. in terms of weather. appeared to be outdoor tem­
perature. with a slight statistical correlation (R2,;;0.5) for 11 
of the 18 rooms. The effect was negligible in a practical 
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sense, with an increase in room pressure of less than 0.01 
Pa for each 1 degree Fahrenheit increase in outdoor tem­
perature. Physical explanations for this association are not 
clear, though they may involve air movement \\ithin the 
building associated with stack effect 

DISCUSSION 

This study demonstrated room-pressure fluctuations 
for the three types of rooms sampled using a method that 
quantifies the pressure differential. Because most of the 
studies use a qualitative analysis method vis-a-vis smoke 
stick, the degree of pressure (airflow direction) has been 
subjective. 

The standard rooms in this study, which were not 
under any special ventilation control, were expected to 
have the greatest degree of variation in pressure. The 
results show, however, that the mean standard room pres­
surization during the study period was similar to the mean 
Al pressurization. Likewise, the IQR also was similar for 
the two rooms, although only ·about 30% of the readings for 
standard rooms would have met the CDC's 0.001 in wg 
requirement for isolation rooms, whereas 68% of the Al 
rooms met this requirement 5 The similarity of the pres­
surization for the two room types, along with the inconsis­
tency of pressure magnitude, gives evidence of a need for 
better pressurization control in isolation rooms. 

Some authors have suggested the need for greater 
pressure differentials for isolation rooms than the 0.001 in 
wg (0.25 Pa) that is recommended by the CDC. 5 These sug­
gestions have ranged from 0.005 to 0.05 in wg (0.5 Pa to 
12.5 Pa).6-9 The American Institute of Architects reportedly 
will recommend in its 2001 guidelines for hospital con­
struction that isolation rooms be constructed to maintain 
pressures differentials of 0.01 in wg (2.5 Pa). Greater pres­
sure differentials may help to establish and maintain better 
infection control. but rooms still will need to be monitored 
closely. This is evidenced by the sharp fluctuations in the 
PR in this study, which maintained large pressure differen­
tials, but occasionally experienced sharp drops in pressure 
differential. Therefore, while magnitude of pressure differ­
ential is an important factor for the special ventilation room 
(SVR), other factors need to be considered as well, includ­
ing air tightness (seal) of the room, careful maintenance, 
and continuous monitoring of rooms. 

The level of pressure due to the offset of ventilation 
(supply vs exhaust or return) in an SVR may be obviated 
with a room designed with excessive leakage. In fact, the 
areas in hospitals are designed to include smoke-barrier 
:.Latus, which means smok1:: sh,;..la not be able to pene­
trate such areas, according to code requirements.10 Such 
a basic consideration for making an area airtight alread}· 
is incorporated into healthcare design; however, little 
attention is paid to the detail necessary to seal a room 
completely to prevent leakage of air. The leakage occurs 
naturally around windows, utility connections (plumbing. 
electrical, and gas connections), and basic construction 
detail. To control air leakage and better maintain consis­
tent pressurization of SVR. considerations for an airtight 

design should include solid ceilings, caulked connections, 
and sealed windows. 

During construction of the hospital studied, consid­
erations for an airtight design were followed for PR. 4 but 
not for Al. When selected rooms of each type (PR and Al) 
were tested with a pressure test device (blower door) for 
routine maintenance, pressure was applied to 50 Pa. The 
airflow into the room at that pressure was monitored, with 
the AI room allowing for 1.500 cfm leakage while the PR 
allowed for 150 cfm (personal communication, Andrew 
Streifel, MPH, 1997). However, the leakage around the ceil­
ing panels in the Al rooms proved excessive. Until such 
deficiencies are corrected. control remains inconsistent. 

It must be recognized that maintenance procedures 
should be conducted on ventilation systems, including 
adjusting dampers, tightening fan belts, testing fire­
management systems. and thermostat adjustments. 
However. all of these maintenance operations potentially 
can alter the ventilation intention of an SVR. For example. 
we detected large pressure changes in a PR due to change 
in the position of a room return damper. Such a change was 
a result of an employee inadvertently moving the damper 
while cleaning dust from the surface. which resulted in an 
increase of airflow out of the room. In another instance, a 
fluctuation in pressure for an Al room was thought to be 
the result of tightening a fan belt; hence, making the 
exhaust fan more efficient by moving more air. The rooms 
with minimal pressure gradients are prone to such 
changes. which can result in the change of room airflow 
direction. 

Fire-management tests required by the Joint 
Commission on Accreditation of Healthcare Organizations 
also may result in altered SVR pressurization if dampers do 
not reset. The common use of variable air volume in corri­
dors may also change airflow direction in AI rooms that 
have minimal pressure differentials (<0.25 Pa) due to ther­
mal comfort adjustments brought on by the thermostat 
demand for change of temperature. 

These potential factors for altering airflow indicate a 
need for close monitoring of pressure variation. 
Unfortunately, pressure-monitoring devices have addition• 
al problems associated with nuisance alarms, often due to 
low pressure differentials. The PR in this study were 
equipped with Velocitrol (Honeywell. Minneapolis, '.\l:o-;) 
pressure monitors that were available during the design 
and construction phase of the University of Minnesota 
Hospital and Clinic.' These monitors would sound an audi· 
ble alarm if the airflow to a PR became too low, although 
the monitors were not equipped to provide quantitathe 0r 

logged data. The advantage of such continuous monitoring 
is that it identifies changes occurring in critical ventilation 
systems that may alter the intended SVR purpose. For 
example, in the hospital studied. when a fan belt would 
start to slip, the alarm for the room at the end of a duct run 
would sound, indicating a problem with the airflow. Thi:s 
alarm would help to dictate maintenance schedules. 

The results of this study indicated changes in tht' 
room pressures that at times altered the SVR ventilation 
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intent, which potentially could result in an infectious event. 

With the tuberculosis ventilation regulation. the Al are 

required to be evaluated before admission of a potential 

tuberculosis patient. There is not a regulation for PR. 

Continuous monitoring of SVRs is necessary to assure 

consistent airflow direction in critical patient-care environ­

ments. Hospitals should be designed to identify special 

ventilation needs with specification for ventilation control 

parameters. 11 Without detailed SVR standards. especially 

for creating an airtight (sealed) room, ventilation control 

may be inconsistent. 

USDHHS. Guidelines for minimum requirements for construction and 

equipment in hospitals. In: Guidelines for Design and Construction of 

Hospital and Health Care Facilities, 1996-1997. Washington. DC: AJA 
Press; 1996. 

4. Murray WA. Streifel Al. OUea TJ. Rhame FS. Ventilation for protection of 

immune compromised patients. ASHRAE Transactions 198S;9-l: 1185-1192. 

5. Guidelines for preventing the transmi:;sion of Mycobactm·•m tubercu/{}­

sis in health-care facilities, 1994---CDC. :-:otice of final re,isions to the 

"Guidelines for Preventing the TransrrJssion of Mycobac1m·um tubercu­

losis in health-care facilities. 1994." Fed Regis/ 1994;59:54242-54303. 

6. First l\-fW. Ventilation for biomedical re,;earch, biotechnology. and diag­

nostic facilities. In: Liberman DF. Gordon JG, eds. Biohazards 

Ma11ageme11t Handbook. New York. :,;y \larcel Dekker, Inc; 1989:4!>-72. 

7. Nicas M, Sprinson JE, Royce SE, Harrison RJ, Macher J\I. Isolation 

rooms for tuberculosis control. Infect Control Hosp Epidemiol 

1993:14:619-622. 
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Chile Establishes Law to Control Antibiotic Use 

Jaime Labarca 

Antibiotics commonly are sold over 

the counter in Latin American countries. 

Bavestrello and colleagues from Hospital 

Dr. Gustavo Fricke, Vina de! Mar, Chile, 

recently studied antimicrobial use and relat­

ed costs in Chile and reported on how these 

data were used to implement a governmen­

tal policy mandated on prescriptions. Using 

antibiotic sales in Chile, per year, either in 

grams of antibiotics or in sale units, they 

reported a significant increase in the daily 

defined dose (DDD) per 1,000 person-<lays. 

From January 1997 to December 1998, they 
reported a 49896 increase in amoxicillin, 

309% increase in oral cephalosporin, and a 

473% increase in oral fluoroquinolones. 

Chloramphenicol was the only antibiotic 

that decreased (18%) during this period. 

A number of groups, including the 

Chilean Scientific Societies, Ministry of 

Health. \' ational Health Institute, and the 

Health Commission of Congress, met to 

re,iew these data It was agreed that a law 

requiring medical prescriptions for antibi­

otics was needed. Since it was anticipated 

that the law would bt'. unpopular, a national 

educational campaign to rally public sup­

port was developed with assistance from 

:he Chilean College of Physicians, the 

Chilean College P1armacists, and the 

National Consumer ~iervices. 
One year after the intervention, a 

second study was :lone to evaluate the 

change in consumer behavior and trends 
in consumption of antibiotics. This second 
study compared th1· use of antibiotics in 

two trimesters, during the same calendar 

months. the first ore before and the sec­

ond one after the intervention. (October­

December 1998 vs the same period in 

1999). The consumption and sale of amox­

icillin decreased 36.,, ampicillin. 56%, and 

erythromycin 30%. This change resulted in 

a $6.4 million (US) savings for the period 

of 1998 to 1999. 
The studies show how scientific data 

can be used to influence governmental pol­

icy to optimize antibiotic use and to help 

prevent antimicrobial resistance. A collab­

orative effort among scientific societies 

and the go,·ernment contributed to the 

success of this program. The researchers 

note that Chile is the first Latin American 
country to establish mandatory medical 

prescription for controlling antibiotic use 

in the outpatient setting. 
FRO~l: Bavestrello L. Cabello A. (I) 

Ft.rst evaluation of the impact of the regul; 
tory measures on antibiotic use in the out­

patient setting in Chile. (2) Trends of use of 

antibiotics in Chile in the last l O year.. 

Presented at the XVII Annual Confen"nce of 

the Chilean Infectious Diseases Sociecy-: 
August 2000; \-tfia de! Mar, Chile. 
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Summary A comprehensive literature search of epidemiological studies and reports of
transmissions of disease from feral pigeons to humans was performed. There were 176
documented transmissions of illness from feral pigeons to humans reported between
1941 and 2003. Feral pigeons harbored 60 different human pathogenic organisms, but
only seven were transmitted to humans. Aerosol transmission accounted for 99.4% of
incidents. There was a single report of transmission of Salmonella enterica serotype
Kiambu to humans from feral pigeons, and no reports of transmission of Campylo-
bacter spp. The most commonly transmitted pathogens continue to be Chlamydophila
psittaci and Cryptococcus neoformans. Although feral pigeons pose sporadic health
risks to humans, the risk is very low, even for humans involved in occupations that
bring them into close contact with nesting sites. In sharp contrast, the immunocom-
promised patient may have a nearly 1000-fold greater risk of acquiring mycotic disease
from feral pigeons and their excreta than does the general population.
Q 2003 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

High numbers of feral pigeons live in almost every
large city in the world and they are frequently
encountered by humans.1 However, the health
hazard that they pose has not been adequately
assessed. Clinicians are confronted by the need to
educate people about the risk of contracting
disease most often when they are clearing feral
pigeon excrements or culling them from buildings.
However, many people have casual interactions
with pigeons that range from feeding them in public
parks to handling tamed birds that nest on window-
sills. In addition, immunocompromised patients

need advice about limiting exposure to potential
vectors of zoonotic diseases, even when it concerns
seemingly innocuous traditions such as feeding
pigeons in the park. Extermination that is intended
to greatly reduce pigeons around human popu-
lations does not appear to work as well as
restricting feeding,1 are protested by those sensi-
tive to the plight of animals, and most importantly,
may pose increased hazards to human health from
disturbance of the nesting environment and hand-
ling of carcasses. On the other hand, animal
protection activists sometimes deny that pigeons
pose any health hazard.2 In spite of the large
distribution of feral pigeons and their successful
acclimation to humans, there are no reviews of the
scientific literature on this topic. This paper aims to
give clinicians information that will help them
assess the risk to human health from feral pigeons.

0163-4453/$30.00 Q 2003 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jinf.2003.11.001
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Methods

The review of older literature, which comprises
sources not readily accessible to clinicians by
standard scientific publication search engines, was
accomplished by perusal of bibliographic refer-
ences in Italian, French, German, Dutch and English
publications (Tables 1 and 2). More recently cited
sources were collected by searches with key words
like ‘pigeon’, ‘dove’ and ‘Columba livia’ in the
medical database PubMed. Only those papers that
showed confirmed, or in the case of one large
outbreak presumptive diagnosis of disease in
humans,3 are included in this review (Tables 1 and
2). All published reports of transmissions of
pathogenic organisms from feral pigeons to humans
were included for analysis and tabulation. For the
review of food-related infections, the commodity
term was used in conjunction with the terms ‘food

and outbreak and human’ (Table 3). Commodities
chosen for comparison ranged from extremely
common sources, such as milk to infrequently
eaten specialty foods such as snake. For this
evaluation, each publication was not perused
individually for applicability to food related illness
in humans, and thus, it only indicates relative
frequency of reports of outbreaks for each
commodity.

Results

Epidemiological investigations

Seventy-seven epidemiological studies of feral
pigeon populations identified human pathogenic
organisms coming from 60 cities and regions.
Analysis revealed that feral pigeons harbored a

Table 1 Pathogenic organisms identified in feral pigeon
populations

Viruses
Western equine encephalomyelitis (WEE)23

Rubella24,25

St Louis Encephalitis23,26

West Nile virus (WNV)21,22,24

Influenza24

Bacteria
Clostridium perfringens12

Listeria monocytogenes27

Salmonella enterica
serovar Anatum28

serovar Anatum var. 1515

serovar Derby28

serovar Arizonae29

serovar 1,4,12:27: g,[m],t:e,n,x29

serovar Java30

serogroup E31

serovar Enteritidis30

serovar Kiambu11

serovar Typhimurium12,16,29 –33

serovar Typhimurium Typ 69025

serovar var. Copenhagen25,28

Yersinia spp.25

Campylobacter jejuni13,14,16,17,31,34

Campylobacter coli13,17

Escherichia coli (STEC, VTEC)35–37

Coxiella burnetti24,25,38,39

Chlamydophila psittaci8,24,25,30,32 –34,38–55

Fungi
Allescheria boydii56

Aspergillus spp.56,57

Candida albicans56,58–63

Candida glabrata59,60,63

Torulopsis (Candida) glabrata29

Candida guillermondii59,60,62,63

Candida humicola63

Candida intermedia62

Candida krusei56,59,60,62,63

Candida lambica63

Candida lipolytica63

Candida lusitaniae60,62

Candida parapsilosis62,63

Candida pseudotropicalis60,62

Candida rugosa60,62,63

Candida tropicalis59,60,62,63

Candida zeylanoides63

Chrysosporium spp.56

Cryptococcus albidus62 –64

Cryptococcus laurentii62,63,65

Cryptococcus neoformans29,58,62,63,66 –76

Cryptococcus terreus62

Cryptococcus uniguttulatus65

Debaromyces hansenii65

Geotrichum spp.59,63

Geotrichum candidum56

Histoplasma capsulatum77

Hansenula anomala63

Kloeckera apiculata63

Paeciliomyces spp.56

Pichia membranaefaciens62

Rhizopus spp.56

Rhodotorula spp.56

Rhodotorula glutinis63

Rhodotorula rubra29,62,63

Saccharomyces cerevisiae62,63

Saccharomyces oleaginosus62

Saccharomyces telluris59,60,62

Scopulariopsis spp.56

Streptomyces spp.56

Torulopsis candida62,63

Trichosporon beigelii63

Trichosporon capitatum63

Trichosporon cutaneum56,62,63

Trichosporon pullulans63

Protozoas
Toxoplasma gondii30,78,79

Total 60 pathogens as designated by genus and species.
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total of 60 different human pathogenic organisms
(Table 1). Five pathogens were viruses, nine were
bacteria, 45 were fungi, and one was a protozoan
(Table 1). However, only five pathogens were
routinely transmitted to humans (Table 2). There
were single case incidences for transmission of
Salmonella enterica and Toxoplasma (Table 2). In
general, there was a notable lack of transmission of
pathogenic viruses and bacteria to people from
feral pigeons.

Confirmation of the link between pigeons
and fungal disease

There is a long-recognized link between pigeons and
fungal diseases in humans, and, indeed, almost all
(17 of 18) investigations of feral pigeon populations
were positive for Cryptococcus spp. Review of the
literature indicated that Cryptococcus neoformans
and Chlamydophila psittaci were the most

widespread zoonotic pathogens in feral pigeon
populations (Table 2). C. neoformans caused
diseases in immunocompromised as well as in
immunocompetent patients,4 but primarily in
immunocompromised patients (Table 2). C. neofor-
mans was acquired by 11 patients of whom seven
were immunocompromised (Table 2). The Centers
for Disease Control (CDC) reports that in the United
States Cryptococcus spp. result in 0.2–0.9 cases per
100,000 in the general population per year.5

However, the CDC also reports that AIDS patients
have a 1000-fold higher risk, with an annual
reported incidence of 2–4 cases per 1000 persons.5

The pigeon is not an amplifying host of Cryptococ-
cus, but its excrements offer an ideal environment
for its growth.6 Therefore, it appears that the risk
of illness associated with pigeons from Cryptococ-
cus is now largely a function of the immune status of
the human population rather than from people just
having contact with birds. This is not a new
concept,7 but the emergence of AIDS over the
past 30 years and the associated increase in mycotic
disease reiterates that a change in the human
population rather than carriage rates by feral
pigeons has occurred overtime. Similar to the
situation with Cryptococcus, Aspergillus and Can-
dida infections also appear to implicate a decline in
human immune function as the primary risk
factor for contraction of illness from feral pigeons
(Table 2).

Chlamydia and Histoplasma infections in humans
did not necessarily show an association with
immunocompromise of the host (Table 2), although
it cannot be ruled out without full knowledge of
each individual case. An outbreak of Chlamydophila
psittaci infection involved at least 35 persons and it
was due to human contact with feral pigeons that

Table 2 Association between human practice and illness contracted from feral pigeons

Pathogen Number of illnessesa Description of contact

Salmonella enterica 1 Environmental exposure11

Chlamydophila psittaci 29b Environmental exposure41,42,44,45,80–82

10 Handling a sick or dead pigeon40,47,82 –84

8 Pigeon feeding42,82,83,85,86

Histoplasma capsulatum 23 Environmental exposure3

68 Exposure in a hospital setting77

Aspergillus spp. 13 (13) Exposure in a hospital setting87–90

Candida parapsilosis 12 (12) Exposure in a hospital setting91

Cryptococcus neoformans 5 (2) Environmental exposure67,92–95

5 (4) Exposure in a hospital setting75,96

1 (1) Wound inflicted by a pigeon97

Toxoplasma 1 Environmental exposure78

Total cases 176

a Number of patients who were immunoincompetent.
b Additional cases are reported, but not enumerated39,98 (Haag-Wackernagel, unpublished).

Table 3 PubMed references returned for outbreaks per food
commodity

Milk 168 Goat 18
Egg 112 Juice 18
Fish 96 Hamburger 16
Vegetable 96 Horse 14
Shellfish 92 Rabbit 11
Fruit 79 Wild boar 10
Chicken 79 Deer 6
Cheese 73 Duck 5
Beef 66 Pigeon 0
Dairy 64 Alligator 0
Pork 48 Snake 0
Turkey 37 Ostrich 0

Searched on October 22, 2003 at www.ncbi.nlm.nih.gov/en-
trez/query.fcgi. Search terms were ‘commodity and food and
outbreak and human’.
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varied in intensity (Tables 1 and 2). According to the
literature, C. psittaci has a worldwide average
seroprevalence of 45.8% as determined by review of
33 epidemiological investigations. An earlier 1965
review suggested a seroprevalence of 28.7% in feral
pigeon populations in different cities and regions.8

In preparation for this review, sampling of feral
pigeons in Lucerne revealed a mean prevalence of
56% seropositive feral pigeons (H. Wackernagel,
unpublished results). All investigations of feral
pigeon populations have been seropositive for C.
psittaci (Table 1), which suggests that this organism
is commensally associated with the pigeon host.
However, there was no evidence that a high
prevalence rate in pigeons is necessarily associated
with a high probability of infections in humans that
encounter pigeons. Two reports describe infections
in humans with Histoplasma capsulatum (Table 1),
which was the pathogen associated with the highest
number of cases in a single outbreak. Because all of
the fungal pathogens, including Cryptococcus,
Chlamydophila, and Histoplasma, are known to be
transmitted by inhalation of aerosolized organisms,
the data suggests that 175 of 176 (99.4%) of
described transmissions resulted from airborne
excreta, which includes dried feces, ocular dis-
charges, and crop milk.9 However, other methods
of transmission are possible if close contact occurs,
as evidenced by one report of primary cutaneous
cryptococcosis of a HIV-positive drug abuser follow-
ing injury inflicted by a feral pigeon (Table 1).
Contact is sometimes brief, and the patient does
not always recall any encounter with birds.9

Pigeons are not reported to be a common
source of food-borne illness

Only two reports describe transmission of Sal-
monella enterica (S. enterica) to humans from
either domesticated or feral pigeons, one of
which occurred outside the general time frame
of 60 years for this review. Illness in 20 soldiers
in the Dutch army occurred in 1933 that clearly
implicated S. enterica serovar Typhimurium
variant Copenhagen as the causative agent that
contaminated lemon pudding made with eggs
from domestic pigeons.10 It appears to be the
only case of food-borne transmission from
pigeons to humans in the literature. Feral
pigeons resulted in a case of salmonellosis
from S. enterica serovar Kiambu11 (Table 2).
Given that S. enterica serovar Typhimurium
variant Copenhagen and Campylobacter, which
are common food-borne pathogens, are fre-
quently recovered from feral pigeons as well as
from domesticated pigeons used for food,12 – 17 it

is surprising that there are no other reports of
food-borne transmission to humans from pigeons
in the literature.

To pursue the idea further that there is a low risk
of transmission of common food-borne bacteria
between pigeons and humans, an independent risk
assessment was performed. A feral pigeon popu-
lation of around 5000–8000 birds that was sampled
in Basel, Switzerland in preparation for this review
harbored C. psittaci, Campylobacter spp., S.
enterica serovar Typhimurium variant Copenhagen,
and Aspergillus fumigatus (Haag-Wackernagel,
unpublished data). However, records from the
Department of Internal Medicine of the University
Hospital in Basel showed that there were no direct
transmissions of disease from feral pigeons to
humans between 1997 and 2003 (Flueckiger and
Haag-Wackernagel, unpublished data). In addition,
a search of the literature revealed that, other than
the 1933 outbreak, there were no reports of food-
borne illness from either domesticated or feral
pigeons since 1933 (Table 3). This finding is
unexpected given that contact between pigeon
and human is a frequent occurrence as compared to
what probably happens with wild boar, snake,
ostrich and alligator (Table 3). Illness was noted
to occur in the literature base for rabbit, which is
another feral animal that is sometimes domesti-
cated and bred for food and kept as a pet.
Therefore, it appears that the risk of transmission
of food-borne disease from pigeon to human is
comparatively low, in spite of pigeons being
frequent carriers of common food-borne
pathogens.

Other suggested associations between
pathogens and feral pigeons

One case of Toxoplama gondii is reported (Table 1),
which occurred in an elderly woman. Therefore, all
immunocompromised patients, including pregnant
women who are at higher risk for contracting
toxoplasmosis, should be advised to avoid feral
pigeon populations and their nesting sites. Cur-
rently, there is no experimental evidence that
pigeons are an important vector for the recently
emerged viral disease of human pathogenic avian
influenza18 and the epidemiological association
between feral pigeons and humans in regards to
this disease is only speculative.19 Although it
appears that feral pigeons are seropositive for
West Nile virus, there is no epidemiological evi-
dence that they are an amplifying vector as are
crows.20 –22
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Discussion

Epidemiological screening programs of animal
reservoirs often identify pathogens that have
never been, or are seldom, transmitted to humans.
In regards to zoonotic disease transmitted from the
feral pigeon to humans, all viruses, Yersinia,
Salmonella, Campylobacter and Toxoplasma are
in this category. Therefore, the results of many of
the epidemiological investigation herein reviewed
were only relevant for assessing the health of the
feral pigeon populations rather than for assessing
their hazard to human health. Thus, the mere
isolation of a pathogen from pigeons does not
justify their extermination, although people should
be educated about the risk factors for acquiring
mycotic disease. The low number of 176 reported
transmissions in the literature that spans approxi-
mately 60 years underestimates risk, because many
cases are not published or the sources of the
infections are not recognized. However, in spite
of the worldwide distribution of feral pigeons, the
close and frequent contact they have with humans,
their use as food, and the high prevalence of
carriage of human pathogens, zoonotic disease
caused by feral pigeons is infrequent. Healthy
people who are exposed to feral pigeons and their
nesting sites, or who have increased exposure from
hobbies or occupations involving feral and domesti-
cated pigeons, should be informed of these risks
and advised of appropriate ways to protect them-
selves. These methods include wearing coveralls,
face masks, other respiratory protection, washing
hands and by disinfection against excreta dust with
antiseptics. If possible, sick pigeons should be
avoided, or at the very least, handled with great
care to prevent exposure to excreta. The literature
reiterates that the immunocompromised patient is
at considerably higher risk for contracting oppor-
tunistic disease from feral pigeon populations.
Since opportunistic pathogens have a multitude of
vectors besides feral pigeons, disease prevention is
probably best attained by educating the immuno-
compromised patient to limit contact with all avian
sources and to follow guidelines for maintaining
hygiene under any circumstance where close con-
tact with pathogenic organisms might occur.
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The aim of the study was to determine the exposure of workers within

biodegradable waste processing facilities to bacteria and fungi to identify

any exposures of potential concern to health. Occupational measurements

were performed in six composting and three bioenergy (bioethanol or

methane/biogas) producing facilities. Bioaerosols were measured from

breathing zones with Button aerosol or open face cassette filter samplers,

and swab specimens were taken from the nasal mucous membranes of the

workers. Aspergillus fumigatus, Bacillus cereus group, Campylobacter spp.,

Salmonella spp., Streptomyces spp., and Yersinia spp. were determined by

real-time polymerase chain reaction (qPCR). A. fumigatus, and mesophilic and

thermophilic actinobacteria were also cultivated from filters. Bacterial airborne

endotoxins collected by IOM samplers were analyzed using a Limulus assay.

Bioaerosol levels were high, especially in composting compared to bioenergy

producing facilities. Endotoxin concentrations in composting often exceeded

the occupational exposure value of 90 EU/m3, which may be harmful to

the health. In addition to endotoxins, the concentrations of A. fumigatus (up

to 2.4 × 105 copies/m3) and actinobacteria/Streptomyces spp. (up to 1.6 ×

106 copies/m3) in the air of composting facilities were often high. Microbial

and endotoxin concentrations were typically highest in waste reception and

pre-treatment, equal or decreased during processing and handling of treated

waste, and lowest in wheel loader cabins and control rooms/outdoors. Still,

the parameters measured in wheel loader cabins were often higher than

in the control sites, which suggests that the use of preventive measures

could be improved. B. cereus group, Salmonella spp., and Yersinia spp. were

rarely detected in bioaerosols or nasal swabs. Although Campylobacter spp.

DNA was rarely detected in air, as a new finding, Campylobacter ureolyticus

DNA was frequently detected in the nasal mucous membranes of workers,

based on partial 16S rDNA sequencing. Moreover, especially A. fumigatus and

C. ureolyticus spp. DNA concentrations in swabs after the work shift were

significantly higher than before the shift, which indicates their inhalation or

growth during the work shift. Microbial qPCR analysis of bioaerosols and

swab samples of nasal mucosa allowed measuring exposure in various work

operations and during the work shift, identifying problems for health risk

assessment to improve working conditions, and evaluating the e�ectiveness

of preventive measures and personal protection of workers.

KEYWORDS

bioaerosols, bacteria, exposure assessment, fungi, microbial DNA, urban waste

management
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Introduction

Microorganisms in biodegradable waste can cause

infections, acute toxic effects, allergies, and cancer, which has
been considered as a serious health problem in the increased

recycling of waste material (1). The most common route of entry
for biological hazards is inhalation as bioaerosols. Workers

may be exposed to bioaerosols when microorganisms are

released into the air during the handling of waste. Exposure to

bioaerosols in waste management is associated with a wide range

of health effects. According to interviews and follow-up studies,

workers in the waste management sector experience more

work-related symptoms and illnesses than other occupational

groups (2, 3). Respiratory symptoms and lung impairment

are the most widely studied and probably among the most

significant bioaerosol-associated health effects. In particular, the

aerobic treatment of waste in composting facilities is associated

with adverse acute and chronic respiratory health effects for

workers, such as pulmonary irritation and inflammation,

chronic bronchitis, and occupational asthma (4–6).

The assessment of exposure to bioaerosols has traditionally

been performed using culture-based methods. They are

suitable for the simultaneous identification of many different

species and are sensitive enough to detect spores of fungi

and actinobacteria. However, cultivation is of limited

utility in the quantitative assessment of exposure to many

pathogens due to non-cultivability or even loss of viability,

although cellular components may still induce adverse

effects. In addition, pathogenic microbes can be hazardous

at extremely low levels that cannot be detected by culture-

based methods. Molecular-based diagnostic techniques have

much better sensitivity than classical culture-based methods

(7, 8). In the real-time polymerase chain reaction (qPCR)

method, microbial deoxyribonucleic acid (DNA) as a cell

component is a marker for the specific and rapid detection

of microorganisms.

The nose is the primary entry route for inhaled air, and

the first region of the respiratory tract to come into contact

with bioaerosols. Therefore, qPCR detection combined with

nasal samples from workers’ mucous membranes could be used

as a tool to assess exposure to airborne bacteria and fungi in

waste management. PCR assays in studies of respiratory viruses

and bacteria have provided similar results from both anterior

nasal swab specimens and samples collected by nasopharyngeal

aspiration (9, 10). Previous studies of nasal fungal and bacterial

findings in occupational environments are scarce. Alsaleh et al.

(11) have found mold in some nasal samples, when studying

respiratory viruses in infants, despite using commercial swab

tubes with antifungal agents. They speculated that the fungal

findings were due to factors in the living environment of

the infants. Furthermore, the carriage of livestock-associated

methicillin-resistant Staphylococcus aureus to pig farmers and

healthcare workers has been demonstrated (12, 13). Mbareche

et al. (14) have shown correlation between the nasopharyngeal

bacterial flora of swine workers and the biodiversity of swine

barns bioaerosols. These studies demonstrate the transfer of

microbes from the work environment to workers via inhalation.

Against the above background, the presence of endotoxins,

and airborne microorganisms in composting and bioenergy

facilities processing biodegradable waste, and then in the nasal

mucous membranes of workers was investigated by cultivation

and/or qPCR, with species identification by sequencing when

necessary. A. fumigatus was measured as an indicator of

workers’ exposure to fungi, as it is a well-known cause of

infectious mycoses, such as bronchopulmonary aspergillosis

(15). Actinobacteria of the genus Streptomyces are Gram-

positive bacteria, which produce resistant spores that can be

infectious. Actinobacteria can promote the development of

respiratory diseases together with fungi (16). Bacillus cereus

group, Campylobacter, Salmonella and Yersinia species can

be pathogenic bacteria especially in animal waste (17–20).

The hypothesis of this study was that waste management

workers become exposed to fungal and bacterial pathogens when

inhaling bioaerosols through the nose, while the null hypothesis

was that no exposure occurs when preventive measures are used.

The relevance of the study was to characterize bacterial and

fungal exposures for health care, which would lead to improved

guidance in waste management companies, where the recycling

of waste material is constantly increasing.

Materials and methods

Description of studied facilities

The occupational environments in which this study was

conducted were six full-scale composting facilities, and three

biogas or bioethanol producing facilities in Finland. Composting

is an aerobic treatment in which organic biodegradable waste

is recycled into soil fertilizer. Bioenergy facilities produce

renewable energy from waste, after which the organic material

can be further recycled into soil fertilizer or landscaping.

Biogas, mainly a mixture of methane and carbon dioxide, is

produced in waste management by anaerobic digestion, and

bioethanol by waste fermentation. The facilities treated waste

consisting of source-separated municipal biowaste, organic by-

products from various agricultural and industrial (bakery, dairy,

sugar production) processes, animal manure, and/or wastewater

sludge. In the facilities, the transfer of biomass from one site to

another was done with wheel loaders equipped with cabins to

protect workers. The early stages of composting were indoors,

followed by maturation in outdoor windrows (21). Sampling

was performed in waste reception and pre-treatment, processing

facilities, handling of treated waste, and then in areas with

increased protection, including wheel loader cabins, control

rooms, dining areas, and outdoors (field edges, parking sites).

Frontiers in PublicHealth 02 frontiersin.org

Page 731

A48946859

https://doi.org/10.3389/fpubh.2022.789861
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Kontro et al. 10.3389/fpubh.2022.789861

Sample collection

Bioaerosol samples from work environments were collected

from different stages of the waste treatment processes at fixed

measuring points approximately 1.5m above the floor as close

as possible to the process, from the workers’ breathing zone,

and from the wheel loader cabins. Reference samples were taken

from presumed clean and safe work environments, such as a

control room or outdoor air, at a distance of more than 300m

upwind from the composting area.

Bioaerosols were measured from workers breathing zones

using a filter collection (22). Inhalable bioaerosols for cultivation

(18–25 samples/microbe) and qPCR (44 samples) analyses were

collected using a Button Aerosol Sampler (SKC Inc., Eighty-

Four, PA, USA) at a calibrated flow rate of 4 liters/min in a

sample pump with mixed cellulose ester filters (MCE, 1.2µm, Ø

25mm, SKC Inc.). The volumes of air samples collected ranged

from 0.22 to 1.05 m3, the sampling time being the same as the

duration of the work phase. In addition, inhalable bioaerosols

were collected for cultivation (20–27 samples/microbe) and

qPCR (65 samples) using open face cassettes with polycarbonate

filters (PC, 0.4µm, Ø 37mm, Whatman International Ltd.,

Kent, UK) at a calibrated flow rate of 2 liters/min. The volumes

of collected air samples varied between 0.11–0.54 m3 depending

on the duration of the work. PC and MCE filters used for

microbial cultivations were processed within 24 h of sampling,

while filters used for qPCR analyses were stored at −80◦C

until analysis.

Altogether 48 nasal mucous membrane samples from both

nostrils of 19 workers (27 samples from composting facility

workers and 21 samples from researchers collecting the samples)

were taken with nylon flocked swabs (Copan Innovation,

Brescia, Italy), first in the morning from the nose of 17 workers,

and then after the work shift in the afternoon from the nose of

31 workers. Parallel samples were taken from both nostrils. The

swabs were rotated inside the nostril against the internal anterior

walls and then placed in the provided transport tube. The swabs

were stored at−80◦C until qPCR analysis of bacteria and fungi.

All procedures involving humans, including environmental

sampling, were conducted in accordance with the ethical

standards of the institutional or national research committee,

and the 1964 Declaration of Helsinki and its subsequent

amendments or comparable ethical standards. The Ethics

Committee of Helsinki University Hospital approved the study

protocol (HUS/41/13/03/00/2011). All participants provided

written informed consent prior to their participation.

Microbial cultivations

Viable bacteria and fungi were cultivated for 3–14 days

at specified temperatures on the following culture media.

Thermotolerant fungi were cultivated on Rose Bengal (Hagem)

agar (PC filter, 19 samples; MCE filter, 19 samples; 40 ±

3 ◦C); thermophilic actinobacteria on half-strength nutrient

agar (PC filter, 23 samples; MCE filter, 18 samples; 55 ± 3
◦C); and mesophilic actinobacteria (Streptomyces spp.), and

other bacteria on tryptone-yeast extract-glucose agar (PC

filter, 26 samples; MCE filter, 25 samples; 25 ± 5 ◦C) (23–

25). After the incubation period, colonies were counted, and

Aspergillus fumigatus and Streptomyces spp. were identified by

microscopic examination of morphology. Concentrations of

viable microorganisms in bioaerosols were expressed in cfu/m3

(colony forming units per cubic meter of air).

Measurement of endotoxins

All gram-negative bacteria in the waste contain components

called endotoxin in their cell walls. In this study, four parallel

endotoxin samples were collected from air at 55 different

sampling points using an IOM Sampler (SKC Inc.) at a

flow rate of 2 liters/min (26). Biologically active endotoxins

in air samples were measured using a validated kinetic

chromogenic Limulus amebocyte lysate (LAL) assay (Kinetic

QCL, Lonza, Walkersville, MD, USA). The collected glass fiber

filters (1.0µm, Ø 25mm, SKC) were extracted with 5ml of

non-pyrogenic water for 1 h, after which the extracts were

centrifuged at 1,000 x g for 15min. Supernatants were diluted

1:25 (vol/vol) and analyzed in duplicate for the presence of

endotoxin. Standard curves were performed by reconstituting

the endotoxin standard of Escherichia coli O55:B5 in non-

pyrogenic water. The spiked samples were analyzed to determine

if inhibition or enhancement affected the endotoxin assay.

Results were expressed in EU/m3 (endotoxin units per cubic

meter of air).

Real-time PCR

Real-time polymerase chain reaction (qPCR) was used

to detect the DNA from cultivable and non-cultivable cells

of A. fumigatus, Bacillus cereus group, Campylobacter spp.,

Streptomyces spp., Yersinia spp., and Salmonella spp. using

the same experimental schemes as described in Rainisalo

et al. (21). Bacterial and fungal DNA was isolated using the

PowerSoil
R©
DNA Isolation Kit according to the manufacturer’s

instructions (Mo Bio Laboratories Inc., Carlsbad, CA, USA).

A swab or filter was transferred to the PowerBead tubes

instead of soil. Tubes were incubated at 70◦C for 10min

to inactivate DNAses, followed by cell lysis for 3.5min at

50Hz using a TissueLyser LT bead mill (Qiagen, Valecia,

CA, USA).

To monitor A. fumigatus, a 136 bp fragment of

rDNA internal transcribed spacer 1 region was detected

using primers AfumiF1 (5′-GCCCGCCGTTTCGAC-3′),
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AfumiR1 (5′-GTTGTTGAAAGTTTTAACTGATTAC-3′)

and probe AfumiP1 (5′-CCCGCCGAAGACCCCAACA

TG-3′) (27). B. cereus group was followed using primers

Pf 5′-GAGTTAGAGAACGGTATTTATGCTGC-3′ and Pr

5′-CTACTGCCGCTCCATGAATCC-3′, which detect 409

bp fragment of the cereolysin A gene (17). Campylobacter

spp. (primers C412F, 5′-GGATGACACTTTTCGGA

GC-3′; and C1228R, 5′-CATTGTAGCACGTGTGTC-3′;

fragment size 816 bp) (18), Streptomyces spp. (primers

StrepB, 5′-ACAAGCCCTGGAAACGGGGT-3′; StrepE,

5′-CACCAGGAATTCCGATCT-3′; fragment size 519

bp) (21, 28), and Yersinia spp. (primers Y.16S-86f,

5′-GCGGCAGCGGGAAGTAGTTTA-3′; B.16S-794r, 5′-

TACAGCGTGGACTACCAGGGT-3′; fragment size 749

bp) (20) were monitored using PCR primers that detect

the 16S ribosomal ribonucleic acid (rRNA) gene (16S

rDNA). To detect the Salmonella species, primers 139

(5′-GTGAAATTATCGCCACGTTCGGGCAA-3′) and 141

(5′-TCATCGCACCGTCAAAGGAACC-3′) were used to

amplify a 284 bp fragment from the invasion A gene (19).

The detection limits based on the lowest positive results were

≤7 copies/PCR, corresponding to 101–1,853 copies/swab,

and 890–4,069 copies/m3 depending on the filtered air

volume. Internal amplification controls (IAC) were from kits

designed for the microbes studied and purchased from Okepem

Ltd (Finland).

The 20 µl PCR reaction mixture contained each primer:

0.5µM (0.1µM probe; A. fumigatus)/0.1µM (B. cereus

group)/0.4µM (Campylobacter spp.)/0.4µM (Streptomyces

spp.)/0.23µM (Yersinia spp.)/0.4µM (Salmonella spp.); 1x

DyNamoTM HS SYBR Green qPCR Kit (contained hot start

version of modified Tbr DNA polymerase, SYBR Green 1,

optimized PCR buffer, 2.5mMMgCl2, dNTP mixture) (Thermo

Fisher Scientific Inc., Waltham, MA, USA); 2 µl of template

DNA; and 1 µl of IAC. Real-time PCRs were performed using

iQ5 Real Time PCR Detection System (Bio-Rad Laboratories,

Hercules, CA, USA). At least four real-time PCR analyses

were performed on at least two DNA isolations from filters

and swabs. Controls in duplicate for each PCR experiment

were as follows: reagents without template DNA and IAC (no

amplification); reagents and IAC without template DNA (IAC

amplified); and seven quantification standards in duplicate. The

result was evaluated as negative when, according to melting

curve analysis, the IAC was amplified without the product of

the microbial primers.

To confirm the occurrence of Campylobacter spp. in

the nasal samples, the amplified 16S rDNA sequences were

sequenced as a purchased service at a DNA sequencing

laboratory (Institute of Biotechnology, University of Helsinki,

Finland) as presented in Pukkila et al. (29). The 16S rDNA

sequences were compared to those in the gene library using

the Fasta program. The 16S rDNA sequence accession numbers

are OP432221-OP432236.

Statistical analyses

Data were analyzed using SPSS Statistics for Windows,

version 28.0.0.0 (IBM Corporation, Chicago, IL, United States).

Endotoxin concentrations, and microbial DNA copy numbers

were statistically analyzed using two-factor (operation, type

of facility) Kruskal-Wallis test (KW) followed by pairwise

comparisons using Mann-Whitney test (MW). Cultivated

microbial numbers in composting facilities were analyzed

by one-factor (operation) KW test followed by MW test.

Differences in DNA copy numbers due to sampling methods;

due to the high-efficiency particulate air (HEPA) filtration

systems; before and after the work shifts; and in nasal swabs

between facilities types were analyzed by MW. Differences in

colony-forming units of A. fumigatus and actinobacteria due to

sampling methods (Button aerosol or open face cassette filter

samplers) were analyzed by t-test. Non-parametric statistical

analyses were used, if the equality of variances (Levene’s

test) and/or normal distribution (Kolmogorov-Smirnov test)

were not fulfilled. Pearson’s two-tailed correlations for positive

logarithmic values of colony-forming units and copy numbers

were calculated.

Results

Endotoxins, and cultivated A. fumigatus

and actinobacteria in bioaerosols

Endotoxin concentrations in bioaerosols were high,

especially in composting operations compared to bioenergy

(biogas or ethanol) producing facilities (KW/MW p ≤ 0.004;

Table 1). Air endotoxin levels in the waste reception and

pre-treatment were higher than during waste processing, and

in wheel loader cabins and control sites (KW/MW p ≤ 0.034).

The highest air endotoxin concentration of 16,000 EU/m3 was

measured during the handling of the treated waste. However, the

variation of air endotoxin concentrations was large during waste

handling (<LOD−16,000 EU/m3), which is why this process

stage did not differ significantly from the other operations. Air

endotoxin concentrations in the wheel loader cabins ranged

from below the detection limit to 33 EU/m3, with the exception

of two poorly protected cabins with levels ranging from 1,600

to 8,400 EU/m3. Endotoxin concentrations in the air clearly

exceeded the occupational exposure limit value of 90 EU/m3

in all studied composting facilities. In biogas facilities, this

limit value was exceeded only once in indoor waste reception

and pre-treatment.

High numbers of A. fumigatus (up to 5.7 × 105 cfu/m3)

and actinobacteria (up to 2.5 × 106 cfu/m3) were cultivated

from composting facility air samples, regardless of sampling

method (t-test, p ≥ 0.378; Button aerosol vs. open face cassettes;

Table 1).A. fumigatus numbers in the air of composting facilities
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TABLE 1 Ranges of variation for endotoxins; for plate counts of A. fumigatus, and mesophilic and thermophilic actinobacteria; and for copy numbers of A. fumigatus, Streptomyces spp., B. cereus

group, Campylobacter spp., Salmonella spp., and Yersinia spp. DNA in composting and bioenergy production facilities.

Operation A. Waste reception and

pre-treatment

B. Processing C. Handling of

treated waste

D. Wheel loader

cabin

E. Control room,

outdoors

Endotoxin (LOD 1–8 EU/m3)

1. Composting (EU/m3) 670–2,900 (5)2,B,D,E 3–390 (7)2,A,E 62–16,000 (4)2 <LOD−8,400(20)2,A,E <LOD−4 (3)2,A,B,D

2. Bioenergy production (EU/m3) 8–370 (4)1,B,D,E 1–20 (3)1,A,E <LOD (2)1 <LOD−8 (3)1,A,E <LOD (4) 1,A,B,D

Aspergillus fumigatus

1. Composting (cfu/m3) 4,914–20,915 (7)D,E 8,598–572,801 (9)D,E 311–23,804 (7) 172–8,785(13)A,B 1,195–1,783 (2)A,B

2. Composting (copies/m3) 5,099–62,767 (11)3,B,C,D,E 0–242,844 (13)3,A,D,E 0–7,137 (8)3,A,D,E 0–8,444 (8)3,A,B,C,E 0–120 (15)3,A,B,C,D

3. Bioenergy production (copies/m3) 0 (3)2 0 (8)2 0 (4)2 0 (4)2 0 (7)²

Mesophilic actinobacteria

1. Composting (cfu/m3) 53,681–2,479,339 (7)B,C,D 129–63,174 (9)A 307–21,418 (8)A 123–17,193 (20)A 996 (1)

2. Bioenergy production (cfu/m3) 158–309 (2) 262 (1) ND ND 81–499 (3)

Thermophilic actinobacteria

Composting (cfu/m3) 54–2,380 (7)C,D,E 4,435–118,256 (7)C,D,E 54–2,380 (7)A,B 156–3,361(15)A,B 548–3,782 (2)A,B

Streptomyces spp.

1. Composting (copies/m3) 51,526–1,645,675 (11)2,B,C,D,E 0–404,760 (15)2,A,E 0–70,885 (8)2,A,E 0–302,855 (27)2,A,E 0–3,981 (19)2,A,B,C,D

2. Bioenergy production (copies/m3) 0–5,289 (3)1 0 (8)1 0 (4)1 0 (4)1 0 (10)1

Bacillus cereus

Composting (copies/m3) 0–430 (11) 0 (15) 0 (8) 0–1,054 (27) 0 (19)

Bioenergy production (copies/m3) 0 (3) 0 (8) 0 (4) 0 (4) 0 (10)

Campylobacter spp.

Composting (copies/m3) 0 (11) 0 (15) 0 (8) 0–802 (27) 0 (19)

Bioenergy production (copies/m3) 0–15,986 (3) 0 (8) 0 (4) 0 (4) 0 (10)

Salmonella spp.

Composting (copies/m3) 0–2,341 (11) 0 (15) 0 (8) 0 (27) 0 (19)

Bioenergy production (copies/m3) 0 (3) 0 (8) 0 (4) 0 (4) 0 (10)

Yersinia spp.

Composting (copies/m3) 0–2,068 (11) 0–2,739 (15) 0–8,624 (8) 0–11,781 (27) 0 (19)

Bioenergy production (copies/m3) 0–20,055 (3) 0 (8) 0 (4) 0 (4) 0 (10)

Samples were collected from waste reception and pre-treatment, processing, handling of treated waste, wheel loader cabins, and control rooms/outdoors; number of samples in parentheses. Superscript numbers indicate significant differences between

composting and bioenergy production, and superscript letters show significant differences between operations (Kruskal-Wallis/Mann-Whitney, p ≤ 0.05).

ND, Not determined.
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were highest in waste reception and pre-treatment and during

processing, while significantly lower counts were cultivated from

the air of wheel loader cabins, and control rooms/outdoors

(MW, p ≤ 0.040). Similarly, thermophilic actinobacteria in

the air of the composting facilities were most abundant in

waste reception and pre-treatment, and also during processing,

while significantly lower numbers were cultivated from the

handling of treated waste, wheel loader cabins, and control

rooms/outdoors (KW/MW, p ≤ 0.040). The concentrations of

mesophilic actinobacteria in the air of the composting facilities

were highest in waste reception and pre-treatment compared

to lower quantities during waste processing and handling of

treated waste, and in wheel loader cabins (KW/MW, p ≤

0.040). In contrast, A. fumgatus could not be cultivated from

the air of bioenergy facilities, and the numbers of mesophilic

actinobacteria were low (81–499 cfu/m3).

Microbial DNA in bioaerosols

The results of the qPCR assays correlated very well

with the results obtained with culture-based methods for the

identification and quantification of A. fumigatus (R= 0.696, p<

0.001, n = 25) and Streptomyces spp. (mesophilic actinobacteria

R = 0.778, p < 0.001, n = 33; thermophilic actinobacteria

R = 0.620, p < 0.001, n = 27) from air samples collected

with a Button or open face cassette aerosol sampler. The air

sampling method did not affect the DNA copy number results

of any microbes (MW, p ≥ 0.084, Button aerosol vs. open

face cassettes). A. fumigatus (up to 2.4 × 105 copies/m3) and

Streptomyces spp. (up to 1.6 × 106 copies/m3) DNA levels

were of the same order of magnitude as the concentrations

of cultivable microbes in bioaerosols, and their levels in

composting facilities were higher than in bioenergy production

(KW/MW, p < 0.001; Table 1). No A. fumigatus gene copies

were detected in the air of bioenergy producing facilities, and

Streptomyces spp. DNA was only found at the waste reception

and pre-treatment.

The number of A. fumigatus gene copies in composting

facilities was highest in waste reception and pre-treatment,

lower and about equal during processing and handling of

treated waste, low in wheel loader cabin, and lowest in

control room/outdoors (KW/MW, p ≤ 0.037; Table 1). In

composting facilities, A. fumigatus DNA levels in well-sealed

wheel loader cabins equipped with pressurization and high-

efficiency particulate air (HEPA) filtration system were lower

than in other wheel loaders equipped with poorly designed

equipment (MW, p = 0.012). The highest Streptomyces spp.

DNA copy levels in composting facilities were also observed in

waste reception and pre-treatment, lower concentrations were

detected during waste processing and handling of treated waste,

and in wheel loader cabins, while numbers were lowest in control

rooms/outdoors (KW/MW, p ≤ 0.004).

DNA from B. cereus group, Campylobacter spp., Salmonella

spp., and Yersinia spp. was rarely detected in air samples from

composting and bioenergy producing facilities (Table 1). B.

cereus group and Yersinia spp. DNA was detected once, and

Salmonella spp. DNA was detected twice in the waste reception

and pre-treatment air of composting facilities. Yersinia spp.

DNA was detected in the air once during compost processing,

and twice during handling of treated compost waste. B. cereus

group and Yersinia spp. DNA was detected in the air from

the same wheel loader cabin where the highest endotoxin

concentration was measured, while Campylobacter spp. DNA

was found in two other wheel loader cabins at the composting

facilities. The DNA of these bacteria was not detected in the

control rooms or outdoor. In bioenergy facilities, Campylobacter

spp. and Yersinia spp. DNA was detected only once in waste

reception and pre-treatment.

Microbial DNA in nasal samples

As the qPCR analysis of microbial DNA proved to be a

reliable assay for air samples, the same methods were used

to analyse nasal swabs. These samples were taken from the

noses of 19 workers and sampling researchers before and after

the work shift. In the composting facilities, A. fumigatus DNA

was detected in the nasal swab samples of 9 workers after the

work shift, and in only two samples before the work shift,

the difference being statistically significant (MW, p = 0.042;

Table 2). In the bioenergy producing facilities, nasal samples

were taken from 10 workers, and only one worker produced a

positive nasal finding for A. fumigatus DNA.

More workers in composting facilities had positive

Streptomyces spp. DNA findings than in bioenergy facilities

(MW, p = 0.020; Table 2). A positive result was also observed

in most composting plant workers at the beginning of the shift,

but the mean amount of Streptomyces spp. DNA was about

4-fold higher after the work shift. In composting facilities, 8

positive results for Streptomyces spp. DNA were obtained from

16 nasal samples taken before the work shift, while the number

of positive swab specimens after the shift was 18 out of 22. In

bioenergy facilities, the proportion of positive Streptomyces spp.

DNA swab samples was only three out of ten nasal samples.

The number of workers with a positive Campylobacter

spp. DNA nasal sample was 17 of the 27 studied, although

Campylobacter species were detected in only three air samples.

Of these workers, 19 worked in composting facilities and

14 of them has a positive nasal sample. The quantities of

Campylobacter spp. DNA in nasal samples after the work

shift were significantly higher than before the shift (MW,

p = 0.029; Table 2). Altogether 15 partial Campylobacter

spp. 16S rDNA sequences were sequenced from nasal swab

samples. All sequences were 99.9–100.0 % identical to the

Campylobacter ureolyticus sequence. Partial 16S rDNA sequence
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TABLE 2 The averages ± S.D., medians, and ranges of DNA copies of A.

fumigatus, Streptomyces spp., Campylobacter spp., Yersinia spp., B.

cereus group, and Salmonella spp. in nasal swab samples collected in

composting facilities before and after the work shift, and in bioenergy

facilities.

1. Composting (copies/m3) 2. Bioenergy

(copies/m3)
A. Before B. After

Aspergillus fumigatus

Average± S.D. 13± 40B 118± 193A 8± 25

Median 0 0 0

Range 0–149 0–722 0–77

Streptomyces spp.

Average± S.D. 394± 6082 1,569± 50132 99± 1691

Median 66 319 0

Range 0–2147 0–23,887 0–465

Campylobacter spp.

Average± S.D. 4,261± 6,834B 37,477± 937,784A 3,655± 5,780

Median 2,051 4,547 861

Range 0–21,406 0–415,745 0–18,433

Yersinia spp.

Average± S.D. 73± 290 107± 502 Not detected

Median 0 0

Range 0–1,160 0–2,356

Bacillus cerus Not detected Not detected Not detected

Salmonella spp. Not detected Not detected Not detected

The superscript letters indicate statistically significant differences before and after

shifts, and superscript numbers indicate significant differences between composting and

bioenergy production facilities (Mann-Whitney, p ≤ 0.05).

of Campylobacter sp. DNA in an air sample from biogas

production from pig manure was 99.9 % identical to the DNA

of Campylobacter lanienae strain 15991b.

Yersinia spp. DNA was detected in the nose of only one

worker, and no B. cereus group or Salmonella spp. DNA was

found in nasal swab samples (Table 2).

Discussion

Microbial bioaerosols in air

Biodegradable waste provides a favorable substrate for

microorganisms to live and reproduce. These microorganisms

can be spread into the air by physically handling the waste,

and a large portion of the bioaerosols can be present in the

ambient air, as the results showed (Table 1). Bioaerosols formed

from waste at composting facilities contained large amounts of

mesophilic and thermophilic actinobacteria (Streptomyces spp.)

and thermotolerant fungi (A. fumigatus), all of which play an

important role in the transformation processes occurring during

organic material decaying (30). Fungi of the genus Aspergillus,

and actinobacteria have often been identified as dominant

species at different stages of composting, often in the same

quantities as measured in this study (7, 31–34). However, in

this study, A. fumigatus was not detected in bioenergy facilities,

although previously up to 1.2 × 104 ITS genes/m3 have been

detected mainly in waste reception and shredding, as well as in

storage and output sites (35).

DNA of the other studied bacteria, B. cereus group,

Campylobacter spp., Salmonella spp., and Yersinia spp., was

detected in the air only rarely, more often in composting

than in bioenergy facilities (Table 1). Nevertheless, Bacillus has

been reported to belong to the dominant genus in compost

bioaerosols (36, 37). In bioenergy facilities, Yersinia spp. DNA

was detected only once in the air from the waste reception and

pre-treatment simultaneously with Campylobacter spp. DNA.

In composting facilities, B. cereus group, Campylobacter spp.,

Salmonella spp., and Yersinia spp. DNA was detected only

in operations involving compost turning, either in the air of

the composting space or in poorly protected wheel loader

cabins. The concentrations of all studied microorganisms in

the bioaerosols of the composting facilities were the highest

in waste reception and pre-treatment, and among the lowest

in the handling of treated waste, where concentrations could

still be quite high. This is consistent with previous results,

where bioaerosol concentrations have been highest during

on-site agitation activities, such as turning, screening, and

shredding (3).

In connection with microbial counts, it is important to

recognize that only a small portion of microorganisms are

cultivable or viable under bioaerosol sampling and culture

conditions, resulting in lower numbers of colony-forming

units than the actual total number of microbes. At the

same time, large quantities of harmful biologically active cell

components, such as endotoxins, can remain in the bioaerosols

of composting operations (7, 8). Identification of common

composting biomarkers and the causal relationships between

bioaerosol exposure and disease outbreaks, as well as defining

exposure limits are future requirements (8, 38). As large

variations in microbial numbers were observed in this study,

in agreement of other published results (3), it may be utmost

important to recognize that the quality and treatment history of

the waste material affects the microbial numbers and bioactive

component quantities in bioaerosols. As unit operations in waste

treatment can be difficult to standardize reliably, health risk

assessment should be based on the highest commonly occurring

concentrations in each operation.

In this study, bioaerosol levels were much higher in

composting than in biogas or bioethanol producing facilities

(Table 1). Dubuis et al. (39) have also shown that human

exposure to bioaerosols in biomethanization facilities is lower

than in composting plants. No legally binding limit values have

been established for occupational exposure to bioaerosols (8, 38).

However, data obtained from the assessment of occupational
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exposure to endotoxins, which serves as a marker for the whole

group of Gram-negative bacteria, indicate that adverse health

effects can be expected after chronic exposure to concentrations

above 90 EU/m3 (40). The highest endotoxin concentrations (up

to 16,000 EU/m3) were measured when compost was turned

(Table 1), which is known to increase bioaerosol production

(32). These results support previously published data suggesting

that composting site workers may be exposed to high levels of

bacterial endotoxins and microbial bioaerosols (31, 39, 41, 42).

Bioaerosols are a health risk, especially when waste is

handled openly in the proximity of workers (32).Working inside

a sealed cabin with air filtration had a major impact on reducing

exposure to bioaerosols. Schlosser et al. (43) have found that, in

particular, a pressurization and HEPA filtration system in the

vehicle cabins of composting facilities can provide more than

99.9% protection efficiency. Their study emphasized that vehicle

cabin protection systems reduced airborne endotoxins more

than fungal spores. A similar observation was also found in this

study that endotoxins were easier to remove than actinobacteria

and fungi from the interior air of the cabins (Table 1). Regardless

of themeasurementmethods, the concentrations ofA. fumigatus

and actinobacteria in the wheel loader cabins of the composting

facilities were always significantly lower than in waste reception

and pre-treatment. Still, the concentrations of endotoxins, as

well as A. fumigatus and Streptomyces spp. DNA in wheel loader

cabins were often higher than in control rooms or outdoors,

suggesting that the hygiene could be better maintained.

Microbial DNA in nasal samples

Composting plant workers had more A. fumigatus and

Campylobacter spp. DNA in nasal samples after the work

shift than before the shift. The difference in Streptomyces spp.

DNA concentration in nasal samples before and after the work

shift was less clear than the difference in A. fumigatus DNA.

Most of the workers in composting plants had Streptomyces

spp. DNA in the nose already at the beginning of the work

shift. This means that workers may have been exposed to

Streptomyces spp. elsewhere. Another possible explanation is

that the concentrations of Streptomyces spp. DNA in the air (up

to 2.5 x 106 cfu/m3) and compost (21) in some waste handling

operations were so huge that the nasal cells did not have enough

time to disinfect the bacteria on the nasal mucous membranes

between work shifts.

The most surprising result of this study was that

Campylobacter spp. DNA was very common in the nasal

mucous membranes of workers at composting facilities

processing biodegradable waste. Cambylobacter spp. 16S rDNAs

were sequenced to confirm their occurrence, and the most

common species was C. ureolyticus. In Southern Ireland,

molecular studies on the prevalence of various Campylobacter

spp. in patients with gastroenteritis have identified C. ureolyticus

as the second most common Campylobacter species (44). In

other studies, this strain has been isolated from a wide variety

of human samples, including superficial ulcers and soft tissue

infections, urethritis, periodontal disease, and human feces

(45, 46). C. ureolyticus has also been detected in the direct

sequencing of 16S rDNA from template DNA isolated from

human skin (47–49).

Campylobacter spp. DNA was detected in an air sample at

a biogas plant processing pig manure. The 16S rDNA sequence

of Campylobacter sp. in this air sample differed from those

observed in the nasal swab samples. The bacterial DNA in the air

sample was identical toCampylobacter lanienaeDNA previously

isolated from food-producing swine (50). Airborne cultivable

Campylobacter spp. could not be recovered from bioaerosol

samples in another agricultural study, although four of the 35

nasal flora samples from hog producers were Campylobacter

spp. positive (51). The reason for this rare occurrence of

Campylobacter spp. in air samples could be that, as preferentially

anaerobic bacteria, they are easily destroyed in the air, especially

during sampling. In this study, Campylobacter spp. DNA levels

in air samples were low, close to the detection limit of 1.2

± 0.6 x 103 copies/m3 (1–5 copies/PCR). The workers may

also have been exposed to Campylobacter spp. through skin

contact with contaminated hands. Human campylobacteriosis is

commonly considered to be a zoonotic disease with infection

transfer being mainly mediated via the fecal-oral route (52).

Exposure to bioaerosols may have promoted the nasopharyngeal

growth of C. ureolyticus naturally present in the body, if not

derived from bioaerosols.

Whether or not Campylobacter spp. are the leading

cause of intestinal infections among workers in the waste

management sector requires further studies. It is known that

Campylobacter spp. are the major cause of foodborne diarrheal

diseases in humans, and among the most common bacteria

causing gastroenteritis worldwide (52). In both developed and

developing countries, they cause more cases of diarrhea than

Salmonella spp. (53). Therefore, Campylobacter species must be

more common in the environment than is known. Our study,

and new data from other studies suggest that C. ureolyticus is an

emerging Campylobacter strain whose clinical importance is still
underestimated (45).

DNA findings of other pathogens in nasal samples were
sporadic compared to Campylobacter spp. DNA. Yersinia spp.
DNA was detected in the nose of only one worker, who also had
high numbers of Yersinia spp. DNA in the breathing zone in
the cabin, collected by the air filter. In previous studies, Yersinia

enterocolitica has been infrequently detected in both bioaerosols

(2/18) and nasal secretions of hog producers (1/35) (51).

Detection of bioaerosols by the molecular qPCR assay was a

sensitive method to assess workers exposure. Using nasal swabs

in combination with the qPCR assay may be an even better

choice for studying human exposure than taking air samples
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alone, as the ambient air is constantly inhaled through the nose.

The air sample often represents only one part of the entire work

shift. The importance of preferring the collection of nasal swab

samples is supported by the observation that the difference in

the microbial DNA of the nasal samples before and after the

work shift was clear. In most cases, A. fumigatus DNA was not

present in swab samples taken from the human nose before

the work shift. In particular, in workers who did not work

in waste management during the days before sampling, no A.

fumigatus DNA was detected in the morning. Madsen et al. (54)

have observed similar results; they measured the presence of

fungi and bacteria in the noses of greenhouse workers using

nasal lavage. They found that the concentration of fungi, β-

glucan, and bacteria in the nasal lavage on Thursday at noon was

higher than that onMonday morning. In addition, upper airway

inflammation markers have increased in nasal lavage samples

of composting facility workers after exposure to bioaerosols

from Monday to Thursday (6). Thus, combining bioaerosol and

nasal lavage microbial assays with the analysis of respiratory

track inflammatory markers could improve human health risk

assessment in waste treatment.

Conclusions

The results showed that workers in biodegradable waste

processing are exposed to bacteria and fungi that can

be harmful to health. Especially in composting facilities,

endotoxin concentrations in the air often exceeded the chronic

exposure limit value of 90 EU/m3. Further, A. fumigatus and

Campylobacter spp. DNA levels were significantly increased, and

Streptomyces spp. DNA quantity was elevated in nasal swabs

taken after the work shift compared to the levels before the shift.

Workers’ exposure to microbial hazards was high enough to lead

to long-term respiratory diseases. Although the concentrations

of endotoxins, A. fumigatus, and actinobacteria/Streptomyces

spp. in wheel loader cabins were typically lower than in

waste reception and pre-treatment, the levels were often

elevated compared to the control rooms or outdoors, suggesting

that hygiene could be better maintained. Waste management

workers should be trained to take better care of hygiene, use

appropriate protective equipment and all available preventive

measures to preclude exposure to bioaerosol-related harmful

microbial infections, such as campylobacteriosis.

Composting is well suited for the final treatment of organic

process residues, although it has the problem of high bioaerosol

concentrations. The number of harmful microbes was low

in bioaerosols from closed bioenergy production processes.

Therefore, composting could also be developed toward more

closed processes to reduce worker exposure, while using wheel

loader cabins with properly maintained HEPA filters and slight

air overpressure. The studied facilities were simple in structure

and the transfer of compost from one site to another was

based on wheel loaders. Automation could reduce exposure to

bioaerosols, although workers may face additional hygiene risks

from process maintenance and repair interruptions.

The significance of qPCR assays is that they create

new applications for determining exposure to pathogenic

microorganisms, such as the new finding on the common

occurrence of Cambylobacter spp. in waste treatment was made

in this study. Sampling of workers’ nasal mucous membranes

shows the actual inhalation of microorganisms that may pose

a potential risk to their health. These nasal samples can

also be used to evaluate how effectively respiratory protection

equipment protect workers from bioaerosols.
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5.6.6 Air Quality  
 
Shieldhall Waste Water Treatment Works 
 
The works are situated approximately 400 meters from the proposed development (see Figure 28).  The works are the largest 
Waste Water Treatment Works in Scotland, serving 800,000 people (this is very large). 
 
Conversation with Scottish Water have revealed that there are issues with five storm tanks each of which hold 1,000,000 
gallons of storm water.  In adverse weather, all water and raw sewage is diverted here.  It then needs to be processed but the 
tanks are too large for odour to be contained and a lot of odour is created and released.  This generates a large volume of 
complaints, especially in the summer. They have attempted to empty the tanks at night but are often compelled to empty them 
more frequently to allow for more storm water. 
 
All normal sewage inlet channels are covered but money for more comprehensive odour control such as containment of the 
storm water tanks requires significant capital investment.  There are plans to upscale a project injecting an enzyme into the 
sludge which is claimed to dramatically reduce odour.  Scottish Water is looking at options for containment on the site or even 
relocation but there is no certainty with respect to either scope or program for this at present. 
 
HAI-SCRIBE (Healthcare Associated Infection System for Controlling Risk In the Built Environment):   
Odour does not present a direct infection risk, but may force windows and ventilation intakes closed, and this in turn may 
increase the risk of HAI in the healthcare facility.  Clinical areas require good rates of ventilation to provide dilution of 
pathogens generated within the hospital and to control odours within the hospital. 
 
Odour is unpleasant to patients and visitors. Staff are more likely to become tolerant to the smell as they are continuously 
exposed to it. 
 
The improvement of air quality in healthcare settings is a constituent of modern airborne hygiene procedures.  The vast 
majority of microbes are associated with particles and air filtration is a solution to preventing spread of infection.  The air quality 
requirements in healthcare settings vary from department to department and, often, even from room to room.  Some areas 
require high-efficiency filtration of airborne micro-organisms to protect patients, staff and visitors (e.g. in operation suites, ICUs, 
TB isolation rooms), whereas other areas require the filtration of gaseous contaminants, chemicals and odours to provide a 
safer and more pleasant working environment (e.g. in laboratories, autopsy rooms, dental surgeries and pharmacies).  It is 
thus essential that only very-high-quality filters are installed in these environments. 
 
Increasingly stringent national and European environmental legislation on air quality has resulted in the development of new 
filters to remove and reduce odours and chemical fumes from the workplace.  These filters combine a blend of high-grade 
carbon and alumina/ potassium permanganate that destroys odours, corrosive gases and fumes such as ammonia, arsine, 
ethylene, formaldehyde, hydrogen sulphide, nitrogen dioxide and oxide and sulphur dioxide as well as contaminants normally 
treated with standard carbon products.  These Air Processors run with near-silent fans, are odour-free in operation and create 
a healthy and productive environment for everyone's benefit. 
 
 
An odour problem will be present at times on the proposed site of the New South Glasgow caused by the waste water 
treatment works at Shieldhall.  Odour is best treated at source and measures to control odour at this site could well be 
implemented by the Scottish Government and Water Authority.  If odour control at the hospital is deemed necessary, activated 
carbon filtration is the most suitable technology both in terms of effectiveness and cost.  However, it would rely on a sealed 
building with a mechanical ventilation system throughout any odour treated areas. 
 
 
It is proposed that mechanical ventilation systems are fitted with activated carbon filtration to remove odour from ventilation air.  
The buildings are to be made air tight to reduce the infiltration of untreated air. 
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5.6.7 Acoustics and Noise  
 
External Strategy: Environmental and Inter-Building noise 
 
General Considerations 
 
The development of the existing hospital site should not have an avoidable adverse effect on the neighbouring noise-sensitive 
properties (particularly residential).  Current planning policy guidance (e.g. PPG24) states that planning authorities should not 
place unjustifiable obstacles in the way of development.  However, they may wish to consider the use of appropriate 
conditions, insofar as the development of the hospital may adversely affect future residential developments in the area.  A 
normal condition is that the average predicted noise level from the newly-developed site is less than 10dB below the existing 
background noise levels at the nearest noise-sensitive façade.  BS4142:1997 suggests that satisfying this condition will result 
in complaints being ‘unlikely’. 
 
It is recommended that a full environmental noise survey of the existing site and surroundings be undertaken to establish the 
existing conditions in which local residents live. 
 
Compared to a small domestic development, a large site consisting of a number of buildings renders the term ‘environmental 
noise’ ambiguous.  The environmental noise impact on the site from adjacent existing and future roads, rail, waterways and 
aircraft needs careful consideration.  However, the impact of one building on another building also needs to be considered, as 
does the effect of visitors, deliveries, blue light routes and waste collection. 
 
BAA publications and site measurements suggest commercial aircraft noise is not likely to be an issue.  However the air 
ambulance helicopter landing location is likely to have an impact on the site internally and local residents alike.  The landing 
location atop the Adult Hospital renders it relatively unshielded from local residences, except for the effect of the edges of the 
building itself.  Therefore, a barrier at the perimeter of the helipad and roof is proposed to increase the shielding.  The 
helicopter landing pad will be vibration isolated from the roof structure such that the landing impact does not propagate 
unreasonably into the building.  
 
Testing and Noise Survey 
 
For purposes of break in, suggest LAeq,30mins at selected locations around the site, deemed to be representative of the local 
noise environment. It is a very large site and significant variations in noise level are likely to occur, so results would have to be 
read in this context. 
 
For break out noise implications, we suggest taking two 24 hour surveys LA90,15mins at separate locations on site boundary to 
establish background noise levels. 
 
Surveys to be conducted in accordance with BS 4142:1997. 
 
Plant Noise Around the Site 
 
• Generators 
• Air handling equipment 
• Fans, pumps and compressors 
• Pipe work around the site 
• Specialist medical equipment 
• Transformers and switch rooms 
• Vacuum pumps in theatres 
• Ultrasonic washers 
• Kitchen equipment 
• Lifts 
 
Internal Strategy: Noise Transfer and Room Noise 
 
Motivation for Consideration 
Noise in real-life operating theatres has been recorded (e.g. Boulter 2007) to exceed 70dB LAeq (well above HTM2045 
recommendations).  A long session could potentially exceed the action levels of the Noise At Work regulations, and result in 
long-term effects on the hearing of staff.  High noise levels (e.g. from equipment) is reported to be one of the most likely 
reasons for complaint by hospital staff. 
 

Studies have also suggested that a good acoustic environment could reduce the likelihood of rehospitalisation (particularly of 
heart patients). 
Communication (English as 2nd language, hard-of-hearing, new/complex information to process) 
 
Privacy issues (maternity, consultation etc) are critically important.  Protection of personal health information is implicit in the 
Human Rights Act, suggesting possible legal recourse, although not many precedents yet. 
 
The possibility of Music Therapy? 
 
Establishing Design Parameters 
 
Suitable upper limits for indoor ambient noise levels from HTM2045-2. 
 
Prediction of source noise levels (external and internal) gives structural sound insulation performance parameters.  The care 
taken over the structure needs to be reflected in the details of doors, windows and structural junctions as well as the 
constructions generally.  The requirement for heavy acoustic doors will be balanced with the ability of users (e.g. 
patients/children) to use them. Services voids can act as useful buffers between floors, in which sound can be absorbed. 
 
High reverberation time adversely affects internal noise levels and speech intelligibility.  Reverberation times can be lowered 
by including acoustic absorption in the spaces, but it is important to establish any areas of concern regarding cleaning of 
acoustic absorption, as it is usually inherently porous. Many products are cleanable and designed for use in the healthcare 
industry. Required reverberation times will be taken from BS8233 and HTM2045-2. 
 
Suggested Design Parameters from HTM 2045-2 
 
AREA      Max  unoccupied ambient noise (NR) 
 
Lecture theatre     35 
Operating theatre     35 
Private office meeting and consultation room  35 
Multi bed ward, waiting room   40 
General office     40 
Staff room, recreation room, cafeteria  45 
Corridor, laboratory    50 
washroom, toilet, kitchen    50 
 
with mechanical services achieving levels at least 5dB below those specified above. 
 
Location       Recommended Privacy Factor 
Maternity, nursery, A&E      80+ 
Operating theatre, single bed ward, multi-bed ward   80 
private office, meeting and consultation room, lecture theatre 
Laboratory, staff room, general office    75 
Waiting room, corridor, wash room, toilet, kitchen,    70 
recreation room, cafeteria 
 
Reverberation time in critical spaces to be controlled to 0.6-1.0 seconds depending on room volume and activity. 
 
Impact sound between occupied areas L’nT,w not to exceed 60dB on average. 
 
Vibration criteria to be confirmed in relation to BS6472. 
 
See the glossary for an explanation of the terms. 
 
Significant Noise Sources 
 
• A&E  and outpatients 
• Psychiatric 
• Maternity and nurseries 
• Boilerhouse/laundry/workshop/goods 
• Any areas of construction/demolition around the site – to be managed by Contractor 
• Waste disposal 
• Drawers closing, footsteps, ring binders, trolleys passing over discontinuities in the floor 
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• Medical equipment 
• Raised vocal levels due to ageing population 
• Cardio-training treadmills – impact noise to below 
 
Significant Noise- or Vibration-Sensitive Areas 
 
• Children’s 
• Maternity 
• MRI 
• Wards generally for sleeping and recuperating 
• Library 
 
Design Considerations for Internal Strategy 
 
Sensitive areas generally will be physically separated as far as possible from noise/vibration producing areas.  Either with a 
physical gap, or a buffer zone e.g. corridor, other circulation area or store. 
 
Noise transfer via corridors will be minimised with absorption and lobby doors.  Noise within corridors will be reduced through 
use of acoustic absorption. 
 
Noise transfer between rooms for privacy means careful planning of doors and windows as they are usually weak links. 
 
Acoustic detailing on joints and penetrations, and cross-talk in ducts will be assessed and controlled. 
 
Impact and airborne noise from kitchen facilities – locate kitchen on level below wards. 
 
Advisable to centralise dishwashing and sterilization facilities for large areas and provide attenuation between them and the 
wards they serve. 
 
Vibration-isolation of MRI and other super-sensitive equipment e.g. microscopes/labs to manufacturers’ specifications. 
 
Audiology (especially vestibular function test facilities) in particular will need to be isolated with care. 
 
Testing: Internal impact and airborne noise levels and transfer measurement tests, plant noise, internal reverberation time, 
public address intelligibility. 
 
Acoustics in Relation to Environmental Design 
 
Exposing areas of structure with high admittance, as thermal mass, helps to reduce the requirement for mechanical cooling by 
damping out the peak temperature fluctuations in summer. To work properly the thermal mass needs both line-of-sight into the 
space for radiant cooling effect, and convective access to the air in the space, for convective cooling effect. There is a potential 
conflict with acoustic absorption which has poor thermal mass properties and is normally mounted at high level, obscuring the 
thermally-massive substructure. This can be mitigated in a number of ways, including: mounting the absorption at the 
perimeter of the ceiling; or high level on the walls; or as baffles suspended from the ceiling to allow a free air path around them; 
or integrating the absorption with suspended services elements such as light fittings. 
 
The choice of predominantly mechanical ventilation is advantageous acoustically, as it affords better control over openings 
between inside and outside. For instance sound propagation duct routes can be attenuated with attenuators or duct lining. 
 
Design for good daylight can result in tall spaces (with high windows) to enable daylight to penetrate further into the floor plan. 
This has the adverse acoustic consequence of increasing the reverberation time, as the volume of the space increases. The 
advantages of better daylight need to be traded off against the potential requirement for larger areas of acoustic absorption. 

GLOSSARY OF ACOUSTIC TERMS 
 
A-WEIGHTED SOUND PRESSURE LEVEL, LA (DBA) 
 
SPL values are weighted in a way that approximates the frequency response of the human ear and allows sound levels to be 
expressed as a single figure value. 
 
EQUIVALENT CONTINUOUS A-WEIGHTED SPL, LAEQ,T (DBA) 
 
Energy average of the A-weighted sound pressure level over a time period, T.  The level of a notional continuous sound that 
would deliver the same A-weighted sound energy as the actual fluctuating sound over the course of the defined time period, T. 
 
DAILY PERSONAL NOISE EXPOSURE LEVEL, LDPNE (DB(A)) 
 
The measure of sound ‘dose’ used by the Noise at Work Regulations. The value is the sound energy equivalent a constant 
value for 8 hours. E.g. 90dB for 8 hours has the same value as 93dB for 4 hours. 
 
SOUND LEVEL DIFFERENCE, D (DB) 
 
The difference in sound pressure level between rooms on either side of a partition.  D varies with sound frequency. 
D = LP1 – LP2 
 
WEIGHTED STANDARDIZED LEVEL DIFFERENCE, DNT,W (DB) 
 
A value calculated from the frequency dependent values of the standardized level difference, DnT, according to a weighting 
method described in EN ISO 717-1.  This allows the sound level difference of an element to be expressed in terms of a single 
value. 
 
WEIGHTED SOUND REDUCTION INDEX, RW (DECIBELS, DB) 
 
A value calculated from the frequency dependent values of the sound reduction index according to a weighting method 
described in EN ISO 717-1.  This allows the sound reduction of an element to be expressed in terms of a single value. 
 
PRIVACY FACTOR, PF (DB) 
 
The sum of the apparent weighted sound reduction index R’w and the internal ambient noise criterion (usually NR). PF>80 is 
‘inaudible’; PF<70 is ‘clearly audible and intelligible’ 
 
IMPACT SOUND PRESSURE LEVEL, LI (DB) 
 
Average sound pressure level in a specific frequency band in a room below a floor, when it is excited by a standard tapping 
machine as defined in BS EN ISO 140-6.  
 
WEIGHTED STANDARDIZED IMPACT SPL, L’NT,W (DB) 
 
A single value calculated from the frequency dependent values of the standardized impact sound pressure level, L'nT, 
according to a weighting method described in EN ISO 717-2.   
 
ABSORPTION COEFFICIENT, ˜ 
 
The fraction of the incident sound energy that is absorbed on contact with a surface expressed as a fraction between 0 and 1.  
The higher the value of the absorption coefficient, the more sound that is absorbed by the surface. 
 
REVERBERATION TIME, RT (SECONDS) 
 
The reverberation time of a space is a measure of the rate at which sound decays.  It is the time taken for the reverberant 
sound energy to decay to one millionth of its original intensity (corresponding to a 60dB reduction in the SPL). 
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5.6.8 Thermal Comfort 
 
General Considerations 
 
High levels of comfort are required for all users; in particular staff and patients.  This will have an effect as to how the overall 
building and the health care provided is perceived, affecting staff performance and patient well being. 
 
Many clinical areas require close control of the room environmental conditions to make the spaces functional.  This tends to 
lead to spaces with air conditioning and/or comfort cooling.  Temperature, humidity and air distribution are all carefully 
controlled and can provide good levels of thermal comfort. 
 
For other areas broader environmental conditions are acceptable and there is the possibility of natural ventilation and 
mechanical ventilation with or without comfort cooling.  To achieve good thermal comfort good zoning, controls, operation and 
maintenance are essential. 
 
Natural ventilation can provide good thermal comfort throughout the year.  For a naturally ventilated space people tend to be 
more tolerant of high summertime temperatures and their comfort generally.  Contact with outside and higher summer air 
movement improves comfort.   The design of ventilation openings is critical.  Good solar heat control and exposed thermal 
mass are pre requisites for natural ventilation to provide satisfactory thermal conditions. Openable windows are often used as 
part of the natural ventilation strategy, and it is necessary to ensure that other, often contradictory requirements such as 
restricting openings for safety reasons, are met.  
 
For mechanically ventilated spaces there is less contact with outside and usually little or no direct user control of the summer 
environment.  Often the comfort expectation is raised.  The heat gain from fans and duct gain raises the temperature of 
ventilation air above ambient.  In our view for mechanical ventilation systems to internal areas or areas without openable 
windows peak mechanical comfort cooling is required to provide adequate thermal. Missing a word at the end of the sentence?  
 
 
HTM(03) places a space temperature limit of >28deg for less than 50 hours in any year as a measure of acceptable thermal 
comfort. 
 
This type of measure does not recognise the adaptive nature of comfort in relation to the external climate and temperature.  In 
our view, a better measure is of the internal temperature in relation to external air temperature.  For naturally ventilated spaces 
the building should be designed with good solar protection, adequate thermal mass and adequate well designed openings for 
ventilation such that the mean internal temperature is as close to the mean external temperature as is possible and that the 
internal peak temperature does not exceed the peak external temperature.   If this can be achieved the building will be 
perceived to have good levels of thermal comfort. 
 
For air conditioned and comfort cooled spaces seasonally adjusted control temperatures should be used.  The building should 
be designed as if it were to be naturally ventilated or so that for perimeter rooms at least it is possible at some future time to 
successfully naturally ventilate the space  Good solar protection and adequate thermal mass reduce the cooling load 
substantially.  The mean summer internal temperature should be at the mean external temperature and the internal peak 
temperature two or three degrees below  the peak external temperature is required for the reasons described above (higher 
expectation, poor user control) for the building to be perceived to have good levels of thermal comfort. 
 
 
The summer weather is variable in that some years and hotter than others. During hot years this the HTM(03) limit  are difficult 
and expensive to achieve as they are unrelated to external air temperature.  Climate change will make the achievement of 
these criteria more difficult over the life of the building particularly for natural ventilation solutions.  For PFI contractors the 
HTM(03) limit  present an unacceptable technical and commercial risk which leads to a mechanical ventilation solution with 
comfort cooling in preference to natural ventilation solutions. 
 

5.6.9 Operability 
 
General Considerations 
 
Mechanical and electrical systems shall be automatically controlled.  Controls shall be robust, battery backed and distributed 
as far as is possible so that each system or plant has it’s own integral or local controls for resilience. 
 
For clinical areas full system controls and control value presentation will be provided in a secure staff location. 
 
For staff and patient areas, user controls are to be provided to allow trimming of the environmental conditions within the 
staff/patient space.  These include: 
 
 temperature adjustment + or _ 3 about set point, return to set point next reset or start point 
 ventilation rate adjustment low, high, boost, return to set point next reset or start point 
 light switching and dimming for single room/bed head fittings 
 window shading and day light control 
 
For patients control will be available from the bed position. 
 
 
Room/space conditions will be centrally logged on a twenty minute time base to a system database.  Real time display, 
graphing against time, database retrieval, and archiving software will be provided. 
 
A building energy metering, monitoring, reporting and targeting SCADA data collection and management software will be 
provided for energy management.  Metering will be divided according to zone , building function and service, eg lighting and 
small power will be separately metered; large equipment loads will be separately metered, zone by zone heating and cooling 
will be metered.  This is to allow energy targeting management and monitoring to be carried out on an ongoing continuous 
basis. 
 
Building Record/As Installed documentation will be centrally help in a digital format arranged, indexed and maintained to be 
available through a common access portal over the hospital IT infrastructure using standard software.  
 
Operating Plant monitoring, condition management and maintenance software will look at plant and system operation, 
condition, operating hours and maintenance intervals to determine and program system maintenance requirements.  
Maintenance shall be automatically planned and logged to form system and individual items, maintenance records include life 
cycle costs.  Maintenance tasks and records shall be communicated with WiFi communication to operator smart PDAs. O&M 
information shall be linked to Record System & Asset Information so together they provide an integrated and up to date record 
of the of the system at any time. 
 
Boiler and chiller plant efficiency and heat output will be continuously measured and logged together with key operating 
parameters to allow optimisation of operation and efficiency. 
 
Energy and space/room efficiency, availability and time within control parameters are to be collated and presented manually as 
a system report. 
 
 
All control functions management systems and system data shall be interconnected on an Ethernet backbone and data servers 
so that it is available across the hospital IP backbone to PC users with correct permissions.  Management software will control 
access, reading and editing rights in addition to recording usage.  
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Section 6 – Design Proposals 4 – Compliance, Build Quality and Engineering 
 
6.1 Fire Strategy 
 
The complexity and size of the new build is such that a detailed fire strategy will have to be developed. The TA Team have 
advised the Board to engage the services of a specialist Fire Consultant to comment on the proposals and work with the Team 
to help develop the design. This will have to be considered during the next stage. 
 
The Stage 1 PSC has made certain assumptions in respect of both means of escape and fire fighting access but these have 
not been developed or tested and need further development. 
 
As described above the adult ward arrangement adopts the dual corridor solution to provide alternative horizontal escape from 
the peninsular ward. The ward is then subdivided lengthwise into two long compartments with fire doors across the links. It is 
envisaged that these doors would be help open during normal operation with the releases linked to the fire alarm. The end stair 
is accessible from both compartments independently. The arrangement effectively allows continuous horizontal alternative 
evacuation to an adjacent compartment and from there into a further compartment and so on. The provision of corridor in each 
compartment would be sufficient to allow the beds from an adjacent compartment to be accommodated. 
 
In the case of the Children’s wards alternative routes are provided with wards again divided into compartments and sub-
compartments. 
 
Fire brigade access is possible to all four ground floor faces of the building. Fire fighting shafts within the building will be 
required. It has not been possible to determine whether dual-use lifts would be acceptable or if dedicated Fire Fighting lifts will 
be required. This will be subject to agreement with the approval body. 
 
The adult ward plan assumes the end stairs are primarily for escape and fire brigade access. A fire fighting lift is indicated at 
each of these four locations. Given the distance rule from the fire fighting shaft to any point on an upper storey, it is assumed 
that one of the shafts in the central core will also have to double for fire fighting access. 
 
The size and scale of the development will also require an engineered approach to resolve access to the base of the fire 
fighting shafts. It has been Avanti’s experience on other projects that the distance from the ground floor entry point, to the 
vertical shaft can be extended subject to the route being fully protected using pressurisation and other enhanced protection. 
These issues will require further consideration in the next stage. For other M&E installations associated with Fire Strategy see 
below. 
 
6.2 Structural Strategy 
 
6.2.1 Introduction  

In order to develop and provide all necessary supporting information to establish the Outline Business Case (OBC) for the new 
hospital facility, an overall civil and structural engineering strategy is required to outline the requirements for the detailed 
design and construction of the new hospital and associated developments for the site. This Design Substantiation Report 
(DSR) presents and discusses the considered engineering strategies based on the constraints and restrictions of the existing 
conditions at the site as far as they are known and the information available to date. The information referred to in the following 
report also provides relevant input of the design aspects for the public sector comparator (PSC). 

6.2.2 Geotechnical, Geochemical & Environmental Considerations 

Sinclair Knight Merz has reviewed geotechnical information from a number of past site investigations undertaken over the last 
30 years, with the intention to assess and summarise any potential geotechnical issues, ground conditions and foundation 
options that will be relevant to future development proposals for the facility, and in particular the proposal to build a new high 
rise structure with basements and subway access.  The positioning and extent of previous investigations is summarised on 
drawing EK02355-S-001-P1. 

6.2.3 Review of Available Ground Investigation Reports 

The site is situated on an alluvial floodplain approximately 500m south of the River Clyde in Glasgow. Of the nine previous 
ground investigations carried out at the site, approximately a third of the site’s area was covered to depths proving the location 
of bedrock. The ground at the site consists of made ground that is underlain by alluvium, which is in turn underlain by glacial till 
and Carboniferous Coal Measures bedrock. 

The made ground consists of a mixture of cinders, ash, sands and gravels, and brick, and ranges in thickness between 0.3m 
and 1.75m. The alluvium generally consist of soft to very soft clays and loose to medium dense silts and silty sands, of 

approximately 20m total thickness, but locally thinning to approximately 16m. The alluvium was generally found to be of high to 
medium compressibility. In one site investigation report it was noted that differential settlements had adversely affected existing 
buildings at the site. 

The glacial till is described as stiff to very stiff and varies in thickness from less than a metre to approximately 15m, with an 
“average” thickness of approximately 6m. The upper horizon is often weathered but strength increases with depth. 
Compressibility of the glacial till was found to be low to very low. Bedrock was found at various depths ranging between 
15.5mbgl (metres below ground level) to 25.5mbgl. Bedrock was found to consist of inter-bedded layers of sandstone, 
siltstone, and mudstone with occasional thin seams of coal. A thin layer of igneous rock was found at one location in 
association with evidence of a fault zone or discontinuity. The strength of bedrock ranged between very weak (coal), 
moderately weak (mudstones) to moderately strong and strong (siltstones and sandstones). 

From desk-top studies undertaken as part of the previous site investigations, no evidence of shallow mining was recorded in 
the ground investigations and the Coal Authority confirmed that they have no knowledge of mining activities previously taking 
place beneath the site. However, two reports confirmed that a mine shaft was marked on historical maps within 70m of the 
investigated areas, but suggested that the position is not related to the existing hospital site. There is also indication of a trial 
mine shaft more centrally within the proposed site, but it appears only on early plans and is not referred to elsewhere or known 
to the Southern General Hospital’s Estates Team. Further investigation into the location or existence of historical mine shafts is 
recommended to be carried out. 

Groundwater and perched groundwater exists at the site at depths ranging between approximately 1.0 mbgl to 4.0 mbgl. 
However, where the drift deposits are relatively impervious, groundwater was not encountered until near-bedrock depths. 
Water strikes at these depths generally produced sub-artesian groundwater rises of between 6m and 10m. 

6.2.4 Geotechnical Considerations 

All the previous reports have concluded that the soft alluvium underlying the site has the potential to induce excessive 
settlements if structures were founded on spread foundations. A range of bearing capacities between 60 to 100kN/m2, 
depending on drift geology, has been suggested. To reduce settlement some reports have recommended the use of large 
sized spread foundations and raft foundations for low rise buildings, but it has also been noted that settlements in excess of 
25mm would still occur. All the reports concluded that structures with higher loadings, and settlement sensitive structures, 
should be either founded in the glacial till or socketed within bedrock by using an appropriate system of piled foundations. 

The maximum bearing capacity of the bedrock was tentatively specified as 1.0MN/m2 in one report. It is noted that the 1998 
Arup report recommended a maximum safe working load of 480kN for 600mm diameter piles founding in 6m of glacial till and a 
maximum safe working load of 500kN for 220mm diameter mini-piles socketed a minimum of 3m into bedrock. 

The majority of the reports recommended the use of bored cast in-situ piles such as the Continuous Flight Auger (CFA) 
method of emplacement. One report concluded that down-drag of piles would need to be taken into account in the pile design. 
Vibro-replacement ground treatment of the weak alluvial deposits was discounted due to the presence of cohesive deposits. 

For deep excavations, significant basements, or below ground corridors it was generally concluded by most site investigations, 
that groundwater would likely be an issue but that it could be feasibly controlled by sump pumping and temporary sheet piles. 

On the basis of the available information from previous site investigations, it is considered that the whole hospital site is 
underlain by potentially highly compressible material that would adversely affect structures if founded above or within these 
compressible deposits. Therefore it is considered that any structures more than two storeys high will require to be founded at 
either very stiff glacial till or taken down to bedrock level. 

The excessive depths to bedrock and the low shear strength of cohesive deposits to significant depth is likely to require 
building loads to be supported on piled foundations taken down and socketed into the underlying solid deposits. This will 
require pile lengths in the order of 20m to 25m with adequate socket lengths to provide the required carrying capacity (typically 
about 3-5m but dependent upon the actual loading). 

For the ITN stage and as part of the documentation, a detailed ground investigation will require to be undertaken by GG&CHB 
Trust to provide a general overview study of the entire site to establish the nature of the ground strata. With respect to the 
footprint of the proposed building, the location of the offsite mine shaft and the centrally located mine shaft as recorded in 
historical maps should also be investigated as part of this pre-ITN investigation. 

It is expected that further detailed site investigation to suit the outline of the proposed development will be carried out by the 
preferred bidder prior to financial close. 
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The site infrastructure will be highly dependent upon any change in topography during earthworks cut-and-fill operations. 
Should there be any soil retention requirements then the design of such retaining walls and foundations will need great care to 
guard against sliding in such low strength founding materials. 

Given the existing ground conditions, it may be the case that drainage runs need to be laid to steeper gradients than design 
minima and with regular rocker pipes to enable continued operation should the softer clays settle under the imposed weight of 
the site infrastructure. This effect will become more prominent if significant areas of the site are raised in level, even by a 
nominal amount (such as required to provide a piling mat, which in this situation is likely to be thick). 

Excavations may be prone to groundwater ingress so consideration to the use of tightly interlocking sheet piles around 
excavations may be required for any deep excavations, with appropriate allowance for pumping from the base of such 
excavations. 

Where basements are to be formed with service ducts the ground loading will be reduced, which may have a consequential 
reduction in the heave of the existing cohesive strata. The main issues will be that of water tightness both permanently and 
during construction. Basements will require to be formed from in-situ reinforced concrete or similar construction with a suitable 
water-proofing system to retain the external water table under adverse conditions. 

6.2.5 Geo-chemical and Environmental Considerations 

Minimal ground contamination was encountered in any of the previous site investigations. However, given the existing and 
previous uses of the site there may well be areas that require any undetected contamination to be addressed. The raised pH 
levels were established in some areas of the site, but are not such as to require special precautions in normal concrete 
foundation works, however this needs to be investigated further. 

Historically, site investigations were commissioned on a number of occasions and SKM-AH has produced a drawing collating 
the various site investigations undertaken. This drawing is supported by the interpretative reports produced as part of each 
investigation. Testing for contaminants was undertaken as part of these investigations and revealed little in the way of 
contamination at those locations where testing was undertaken. However the locations available for testing were limited by 
existing services, buildings and other operational areas which necessarily means that large areas of the site have not been 
tested for contamination.  It should also be noted that testing criteria for contamination has become far more stringent over 
recent years and for that reason the apparent lack of previously identified contamination material should not be assumed to be 
reflective when benchmarked against current criteria for evaluation. 

A number of buildings have been demolished as the site has been developed over the last 100 years. The extent to which the 
sites were cleared before reconstruction with regard to infilled basements, foundations and the like, is unclear and these 
locations remain potential sources of contamination and may pollute normal groundwater where this comes into contact with 
the material. 

Likely residual contaminants may include hydro-carbons, asbestos, medical waste or related materials and may be diffuse or in 
pockets around the site. 

We understand that it is GG&CHB’s intention to hand the site over to the preferred bidder as a notionally ‘clean’ site for all 
development work. It is proposed to achieve this through a series of enabling and remediation works to clear the site and also 
to relocate active services and discontinue services that are currently on the proposed building footprint. However it should be 
note that should there be significant contamination found on-site, the majority of which will be below ground and cannot be 
readily removed/remediated until the sub-structure works are underway. Notwithstanding the above, a comprehensive detailed 
site investigation with appropriate sampling and geo-chemical testing of the entire site will be required to identify the likely 
extent of remediation or removal. 

6.2.6 Site Conditions on the Existing Hospital  

Ground Engineering Characteristics 

The engineering characteristics of the superficial deposits to the site are considered to be such as to economically mitigate 
against their use as founding layers for anything other than low-rise buildings of two storeys or less. 

6.2.7 Ground Conditions Risk Summary 

The risk register in support of the OBC should include provisions for the following civil engineering and geotechnical risks: 

 Poor ground conditions to an average of 20m depth; 

 Moderate to severe risk of ground contamination from a variety of sources given the length of time the site has been used 
as a hospital; 

 Presence of groundwater within excavations; 

 

 Contamination in areas of made ground including potential asbestos, hydrocarbons and heavy metals. 

 The depth to sound rock-head may be greater than that currently assumed on the available information, and as such the 
risk register should include an allowance for this. 

 

6.2.8 Roads Infrastructure for Hospital Site 

The development of the highway infrastructure is likely to be required under conditions as part of the Planning approval and the 
Traffic Impact Assessment/Green Travel Plan for the scheme within the context of the wider transportation issues in Glasgow 
and environs. The extent of new junctions, new site accesses and all road improvement works will need to be progressed as 
the proposal for the existing site is developed and as planning comments are received. 

At present the scheme maintains current accesses from Govan Road and Hardgate Road and details a new blue-light route 
from the A739 at the southern end of the site. These road junctions will require Highway Authority and Local Authority approval 
and should meet all statutory requirements.  

Further advice and consultation has been provided by Ironside Farrar, WSP and Keppie Planning to gain Outline Planning 
approval. 

Internal site access roads will comply with the appropriate highway standards, supporting the required design traffic flows. 

6.2.9 New Buildings 

The following text outlines the assumed engineering development strategies for the new hospital buildings and multi story car 
parks which are to be used in the outline business case and preferred option for the public sector comparator (PSC). 

The multi-storey car park options (at two locations), are to meet the anticipated parking demand for the site given its location in 
relation to the city of Glasgow and notwithstanding the proposals to provide multi-mode transportation options for patients, staff 
and other site users. 

6.2.10 Standards and Regulations 

The new development including both hospital buildings and multi story car parks will need to be designed and constructed in 
accordance with the relevant Design Standards, Building Regulations, Planning Conditions, statutory and local authority 
standards and to the CDM2007 Regulations. 

6.2.11 External Works  

The generally flat/gently sloping nature of the site will generate minimal areas of cut and fill across the building footprint. 
However, construction levels will require to be established at the necessary design levels including basement areas, service 
and access ramps and to ensure functional tie-ins for connections to existing buildings that re to be retained as part of the new 
facility. All proposed water features, retention systems and landscaped areas will also require further areas of lower-lying 
ground to be excavated and profiled. 

Excavated material can be retained on site and used for ground profiling / landscaping works provided that any identified 
contaminated material is either re-mediated or removed.  Retained material will also have to be appropriately assessed in 
terms of engineering properties for the intended end use on site. 

It is noted that although much of the site is hard-standing, there may be an opportunity to retain some topsoil stripped from 
existing landscaped areas within the site. In such circumstances, the topsoil should be assessed and if suitable, stockpiled for 
reuse. 
With regard to Tree protection Orders (TPOs), it is noted that there are some protected trees within the site. These will have to 
be incorporated into the eventual landscaping strategy and adequately protected to the requirements of a suitable 
arboriculturalist’s requirements during construction works. 
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Tie-ins for connections to the existing road network, hard-standing areas and other features will require to be fully integrated 
with the design levels established across the site. 
 
6.2.12 Proposed Hospital Building Foundations 

The Master Plan for the new hospital facility consists of a series of ward towers to a maximum of 13 storeys plus the ground 
floor, podium and roof structure. The foundations for the hospital building are likely to take the form of reinforced concrete pile 
foundations socketed to a minimum of 3 metres into the sandstone rock head at a depth of 20-25 metres below ground level. 
Preliminary assessments indicate that foundations bearing in the glacial till at shallower depths would not be suitable, due to 
the magnitude of the load expected and consequent short and long-term settlements. Settlement for the piled solution should 
be designed within acceptable limits. It should also be noted that there is likely to be some degree of underground obstructions 
encountered when placing these piles which are expected to be existing concrete foundations and other historic features. 

If bedrock is deeper than that currently assumed from available information, then deeper piles with longer rock sockets may be 
required beneath the foundations to reach sound bearing bedrock. 

Across the footprint of the proposed structure the existing ground is fairly level. Consequently all basement areas will be 
consistent across the full footprint of the site as required by operational planning criteria. Basements and tunnels will require 
water-tight retaining walls and to be founded either to bedrock or with a suitable arrangement of raft foundations to prevent 
differential settlement. These are likely to be formed of in-situ reinforced concrete construction resisting lateral earth, water and 
imposed loading pressures. Adequate tanking must be provided to below ground structures where permanent or localised 
water table levels dictate, under the most adverse conditions anticipated. 

6.2.13 Proposed Hospital Building Superstructure 

The superstructure of the building is the structural frame that will be responsible for the transfer of gravity, imposed and lateral 
loads to the ground in a manner that ensures vibration (a key issue for hospitals) and noise transfer are kept to minimum 
levels.  Dynamic loads from the helicopter landing pad proposed on the roof of the building will also have to be taken into 
consideration with regard to vibration assessment. 

With regard to services integration it is recognised that hospital structures need to take cognisance of current service 
requirements as well as some degree of flexibility for future fit outs and refurbishment during the buildings life span.  Services 
routes will run through the hospital on both horizontal and vertical axes and the structural design of the frame should be 
sensitive to this requirement. Ease of access and routing of services can be achieved for example by the adoption of flat soffit 
slab methods of construction or open web construction including a range of proprietary systems. 

A nominal structural planning grid of 7.8m x 7.8m (maximum) has been developed by the architect for this Design 
Substantiation Report in support of the OBC and for the PSC. A column grid of this spacing is likely to be achievable using a 
number of different construction materials and structural systems. This includes structural steel, in-situ concrete and pre-cast 
concrete solutions. Attention should be paid to the ability of the final design solution adopted such as to ensure that structural 
stiffness can be achieved and that the structural footprint is sufficiently flexible to allow the hospital to achieve its necessary 
space planning targets. 

The upper floors of the hospital building cruciform tower and parts of the podium have for the purposes of the PSC, have been 
nominally assumed to be either a slimfloor steel solution or an in-situ reinforced concrete (RC) flat slabs without down-stands. 
SKM-AH Drawings NE02355-S-201 & NE02355-S-202 show indicatively how the structural make up might be achieved for the 
hospital building for each respective type of construction.  The drawings show typical details and plans for a ward and 
operating theatre that will allow flexibility with horizontal services distribution and will reduce overall floor construction depths to 
a reasonable minimum. Structural columns are centred on the grid as referenced above and such as to reflect the geometry of 
the building and how the structure will transfer the loads to the foundation systems.  It should be noted that in the case of the 
flat slab construction a slightly deeper than normal slab has been assumed at this stage in order to assist with dynamic loading 
issues.  Detailed design assessment may be able to reduce this depth from 350mm to 300mm but this would require careful 
consideration of bracing locations and circulation shafts. 

Although we would not rule out the possibility of using cellform construction and downstand beams we would note that a lighter 
form of construction than those discussed above would require extreme care in relation to dynamic response and sensitivity 
issues associated with vibration, particularly on tall buildings. 

Ground or basement floors are envisaged as suspended slabs supported from a grillage of beams on the pile caps on 
socketed piles in sound bedrock.  

Lateral stability of the structure could be achieved through a combination of rigid moment frames, bracing bays or the use of 
reinforced concrete stair and lift cores. 

6.2.14 Proposed Hospital Building Fire Resistance 

The structure should be designed to achieve the necessary levels of durability and appropriate periods of fire resistance in 
accordance with all applicable standards, current codes and best practice guidelines. This should take due consideration of the 
nature of the facility both in terms of the wide range of occupant types and the different physical aspects of the buildings i.e. 
the tower, podium and Children’s facilities. 

6.2.15 Proposed Hospital Building Construction Methodology 

The new facility will be constructed within an operational hospital and due cognizance of this should be taken in the selection of 
plant, materials and the construction methodologies adopted. In addition, the new facility will be completed in phases over 
several years with staggered decants for different patient groups and staff. Due cognizance should be taken of this in the 
phasing of the construction works, access arrangements, availability of facilities and services and with suitable consideration of 
the needs of building occupants adjacent to ongoing construction or fit-out activities. Programmed activities should assess and 
manage all implications of staged completion to mitigate and minimize the affects on all stakeholders at the existing hospital 
which remains functional until full and complete transfer of facilities. 

Both flat slab construction and slimfloor design are widely recognised forms of construction and have been used successfully 
for buildings of this nature in the UK.  The slimfloor solution may have slight benefits in terms of speed of frame construction, 
but this is often counter balanced by traditional flat slab concrete frame construction that allows follow on trades to work on the 
lower floors whilst the structure is still being erected. 

Tower cranes will be required for the construction of the building and space exists for these to be sited within the constraints of 
the site. No overhead restrictions are obvious, other than in the use of the existing operational helipad, based upon visual 
inspection of the site. 

Care should be taken during excavation, in particular with reference to localised groundwater inflows, buried services and the 
temporary stability of excavations. 

6.2.16 Proposed Multi-Storey Car Park Foundations 

As with the hospital building the foundations for the MSCP building are likely to take the form of a grillage of beams on pile 
caps on piles socketed into sound bedrock at 20-25metres beneath the site. Findings from the existing site investigation 
interpretative reports indicate that foundations bearing in the glacial till at shallower depths would not be suitable due to the 
magnitude of the load expected and consequential long-term settlement.  Settlement for the piled solutions should be within 
acceptable limits.  It should be noted that there is also likely to be some degree of underground obstructions encountered when 
placing these piles which we would expect to be existing concrete foundations or other historic features. 

 
6.2.17 Proposed Multi-Storey Car Park Superstructure 

The proposed multi-storey car park structure (MSCP), is likely to consist of a maximum of 4 storeys plus the ground floor level. 
The superstructure of the building is the structural frame that will be responsible for the transfer of gravity, imposed and lateral 
loads to the ground.  

A structural planning grid of 7.2 x 17.4m (maximum) has been adopted for the MSCP in support of the OBC and PSC. This grid 
allows 3 standard parking bays between columns and floor plates that clear span the length of 2 parking bays and the main 
vehicle corridor and the provision of a suitable width, segregated pedestrian walkway. 

The construction of multistorey car park structures lends itself to a variety of precast and insitu forms of construction including, 
precast concrete, insitu concrete, long span cell form beams, etc.  The merits of one form over another is expected to be a 
matter for detailed design resolution, but for the purposes of the PSC has been suggested as a pre-cast concrete floor 
supported by a structural steel frame.  

Ground floors are envisaged as non suspended ground bearing structures of flexible material such as tarmacadam or asphalt.  
If basement areas are required then the basement floor construction would require to be reinforced concrete suspended slabs 
on a grillage of beams on pile caps on piles socketed in to sound bedrock.  

Lateral stability of the structure could be achieved through rigid moment frames or by the adoption of reinforced concrete stair 
and lift cores to provide vertical cantilevers resisting the horizontal loadings to the structure or through appropriate vertical 
bracing. 
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Movement joints will need to be incorporated in accordance with good practice to effectively accommodate all thermal, 
differential and moisture movement. Joints should be located such as to avoid critical structural areas of the building as 
necessary. 

6.2.18 Proposed Multi-Storey Car Park Construction Methodology 

Construction will be undertaken within an operational hospital and due cognisance should be taken of this in the selection of 
plant and in the construction methodologies adopted. 

The design proposed for the MSCP is typical of buildings currently under construction in the UK. Standard construction 
methods and techniques can be combined with modern technological developments within the industry to assist in delivering 
the proposed design solution. The site and adjacent areas potentially provides sufficient areas of storage and, other than the 
normal applicable statutory obligations, the site has sufficient access for construction deliveries. 

Tower cranes will be required for the construction of the building and space exists for these to be sited within the constraints of 
the site. Other than helicopter access to and from the existing helipad, no overhead restrictions are obvious upon visual 
inspection of the site. 

Care should be taken during excavation, in particular with reference to localised groundwater inflows, buried services and the 
temporary stability of excavations. 

The design should address the exposure of the structure and discharge of surface water from the MSCP in order that future 
maintenance is minimised. 
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6.3 Services Strategy 
 
SITE SERVICES & INTERGRATION WITH EXISTING SERVICES STRATERGY 
 
6.3.1 Water 
 
Read in conjunction with drawings 3757/S10P/000-010, inserted in appendices A.  These relay the approximate routes of the 
existing site infrastructure 
 
Mains water is required for domestic water supply and fire fighting. 
 
The existing site water infrastructure is supplied from 5 no metered, mains connections; 2 from the Govan road; 2 from the 
A739 bypass road and one from Hardgate road. With the exception of the Hardgate road supply the current site infrastructure 
does allow for these to be cross connected and thus act as alternative supplies.  Existing buried distribution pipework is likely 
to be of a material and age that now requires replacement.  The current infrastructure cross connects fire mains with potable 
water mains. 
 
Prior to the commencement of the PFI construction phase the buildings within the site boundary are to be demolished and 
existing potable water connections made redundant or removed.   
 
It is currently proposed that the new PFI hospital buildings will be supplied from dual supplies, one from Govan road and the 
second from Hardgate road.  This is subject to confirmation from Scottish Water (see below).  These will need to be installed 
prior to the completion of the Children’s hospital and sized to supply the Children’s and Adult’s hospitals simultaneously.    
 
Following the completion of the PFI construction phase and the occupation of the new adult hospital, the redundant buildings 
on the site are to be demolished, with their related potable water supplies made redundant or removed. 
 
Scottish Water have been appointed to complete a detailed survey of the existing infrastructure, including a leakage analysis 
and some flow and pressure tests, these are currently underway.  Following this they are to complete a hydraulic model for the 
existing site and then adapt this to model the proposed site.  The conclusion of their works will establish the off site 
infrastructure implications.  This Scottish Water work is programmed to be complete by the end of July 2007. 
 
The site fire mains will be identified as part of the Scottish Water survey works (see above).  The new development is 
proposed to have new dedicated fire mains connections serving the related supplies/outlets.  The existing infrastructure is to 
be rationalised as part of the pre and post PFI construction works, so as to ensure the remainder of the site is adequately 
served.  
 
 
6.3.2 Power 
 
Read in conjunction with drawings 3757/HVP/000-010, inserted in appendices A.  These relay the approximate cable routes 
forming the existing site infrastructure 
 
The existing site is fed from two supplies routed from the A739 road into the Pharmacy HV switch room, from where HV cables 
are routed around the site to more local HV/LV sub stations.  A number of the existing supplies are radial feeds.   
 
The existing hospital MV (11kV) electrical services generally emanate from the existing primary MV switchgear. The existing 
incoming supply capacity is understood to be about 3MVA and currently operates at about 2.6MVA. The local electrcity supply 
distribution network operator (DNO) – Core Utilities, (Scottish Power), have indicated that this could be increased to a 
maximum of 5MVA, and that the existing secondary supply could be upgraded to a dedicated, ‘firm’ supply rated at 5MVA. 
 
Prior to the construction phase of the PFI project, the HV switch room is to be relocated into Pharmacy and a new maternity 
sub station is to be installed.  The infrastructure is to be modified to suit the new HV switch location and the Surgical sub 
station is to be reefed from the HV circuit that also serves the new maternity sub station.  These enabling works allow the 
buildings on the PFI site to be demolished and disconnected without any disruption to the remaining buildings.  The two HV 
supplies that currently cross the site to the Surgical sub station become redundant and can be removed.   
 
The new hospital buildings are of greater area and serving a greater number of patients with greater intensity/scope of service.  
The site requirement for power will be substantially increased and the electrical supply capacity and robustness will need to be 
increased. 
 

We are currently working with Scottish Power to determine the options to increase the site electrical supply.  Substantial offsite 
works will be required and is likely to require an on site Medium Voltage 33kV substation to be established off or on the site.  
The Scottish Power requirements/proposal is likely to affect the incoming HV arrangement and switch room described above. 
 

Incoming MV Electrical Supply 
 
A reminder of the electrical loads for the development: 
 
• Total site load after site diversity = 15 MVA with redevelopment and “growth factor” 
• RHSC = 2.5 MVA 
• AAH = 6.5 MVA 
• Total PFI load after building diversity with expansion and “growth factor” = 11MVA 
 
The combined Assumed Maximum Demand for the new hospitals as initially built  and currently briefed is estimated to be 
approximately 8.7MVA. Assuming expansion as planned for and a growth factor of approximately 20% in line with HTM-06-01, 
the Assumed Maximum Demand will be taken to be 11MVA. All 11kV switchgear, cable distribution and standby generation 
capacity should be sized on this basis. 
 
Dual incomers from DNO rated at 15MVA at 33kV : 
 
The design of the incoming service from the distribution network operator (DNO), and associated 11kV distribution point, has 
been designed to offer both resilience and flexibility of operation. Maintenance and future replacement of equipment will be 
possible with little or no disruption to supplies. 
 
Negotiations with the local DNO, Core Utilities (Scottish Power), have suggested that a primary transformer substation will be 
required to serve the whole South Glasgow Hospital site with separate incoming MV supplies at 33kV both originating from 
Braehead. 
 
Ideally, dual supplies should originate, if possible, from separate DNO substations, ideally from separate parts of the National 
Grid with independent cable routes to the hospital site. Where separate MV supplies from separate substations are not 
available, additional standby generation resilience may be necessary to improve overall resilience. 
 
Primary Transformer Substation 
 
The HV network is supplied from the EHV network at Primary Substations utilising transformers of standard size and phase 
connection. Typically, twin 12/24MVA (or 20/40MVA) 33/11kV primary transformers feed a two section 11kV busbar. The 
transformers are to be oil filled and naturally ventilated. 
 
Each incoming feeder is to be connected to a different busbar section. The incoming circuits operate in parallel with the bus 
section circuit-breaker normally closed. The plan area required will be approximately 18m x 30m (see drawing SK-008). 
 
The DNO has suggested that the options for the establishment of a 33kV/11kV primary substation are: 
 
1) New DNO primary substation on the site supplied, installed and operated by Scottish Power, with the client contributing 
 to development costs. 
 
2) New private primary substation on the site supplied, installed and operated by the client with Scottish Power supplying 
 electricity at 33kV. 
 
Option (1) is preferred and negotiations with Core Utilities (Scottish Power) are underway at this time to attempt to achieve this. 
 
Metering breakers are to be located either side of a bus section switch. This arrangement will allow the PFI development and 
existing site to be metered separately and for the DNO to maintain their equipment without disruption to supplies. 
 
The establishment of a primary substation, by the local DNO, with a robust incoming supply at 33kV and delivering power to 
the site at 11kV has the contractual advantage that the existing site distribution can be kept separate from the MV distribution 
required as part of the proposed PFI development. 
For the new PFI hospitals new utility electrical supplies and on site HV infrastructure will be provided.  The drawings show new 
dual supplies coming into a new HV switch room in the energy centre, these are currently shown to serve the PFI site only.  
The source location of these is subject to the final proposal/agreement of Scottish Power.  From the HV switch room the 
supplies are to feed local transformers positioned on two independent HV rings circling the new hospitals. 
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Electrical supplies to the PFI hospitals will be backed by on site standby generation. 
 
 Following the completion of the PFI construction phase the HV supply to the retained estate can be extended from the 
Surgical substation back to the new incoming HV switch room so as to provide a ring.  Once the adult hospital is occupied a 
proportion of the retained estate becomes redundant, a new substation is to be installed to serve the remaining listed buildings 
(effectively replace the existing CMB substation that will be demolished).  The existing supplies are to be reefed or made 
redundant as the related buildings are demolished 
 
 
6.3.3 Fuel Natural Gas 
 
Read in conjunction with drawings 3757/S32P/000-010, inserted in appendices A.  These relay the approximate routes of the 
existing gas infrastructure 
 
Natural Gas is required for space and water heating, some steam supply for humidification and potentially combined heat and 
power supply. 
 
The existing site gas infrastructure is supplied from 9 no metered, mains connections; 5 from the Govan road; 2 from the A739 
and 2 from Hardgate road. Existing supplies are all radial supplies and the buried distribution pipework is likely to be of a 
material and age that now requires replacement. 
 
Prior to the commencement of the PFI construction phase a new boiler house is being constructed and the existing catering 
facility is to be moved off site.  This allows for the existing boiler house to be decommissioned and the buildings within the PFI 
site boundary to be demolished with their existing gas supplies made redundant/removed.   
 
It is currently proposed that the new PFI hospital buildings will be supplied from a new mains connection from Govan road.  
SGN have confirmed a budget price to provide this, we also understand this confirms that they have reviewed the additional 
load in relation to their infrastructure and have allowed for any necessary modification works within this budget price.  This 
mains will be routed into the energy centre to feed the new heating and CHP plant (for both Children’s and Adult’s hospitals) 
and will then be routed via the underground tunnel to serve any local supplies e.g. auotclaves, humidifiers etc.   
 
Following the completion of the PFI construction phase and the occupation of the new adult hospital, the redundant buildings 
on the site are to be demolished, with their related gas supplies made redundant and removed   
 
6.3.4 Drainage (foul & surface) 
 
Existing Drainage Networks/Strategies 

The existing on-site drainage comprises of both stormwater and combined (foul) systems running generally north towards the 
entrance to the site to Govan Road. Both of these main drainage networks are not adopted by ScottishWater and are the 
responsibility of GG&CHB. Please refer to NE02355-C-800-P1 for indicative layouts. 

There are a number of connections into these systems from outwith the site which contribute unknown quantities and flowrates 
of both foul and surface water into these systems. These connections are from the housing at the south of the site, the fast-
food Dining area at Moss road and Hardgate road to the west of the site. 

Existing Combined (foul) Drainage 

The existing main combined (foul) drainage runs generally north-east across the Southern General site. The main pipe 
comprises of a 375dia vitrified clay pipe which outfalls from the site at Govan road before entering the adjacent Shieldhall 
treatment works. Connections of both foul and surface water enter this pipe from developments across the existing site with 
many (?)being required to be maintained for future use. (Missing a word?) 

Existing Stormwater Drainage 

The existing main stormwater drainage comprises of a 600dia pipe to the south of Langlands Drive and a 1200 x 950 brickwork 
egg pipe continuing from Langlands drive to the hospital perimeter. This network follows the same general route of the main 
combined (foul) pipe, running south to north before discharging at the adjacent to the Govan road entrance into an open 
channel and subsequently into the River Clyde. An existing 600dia stormwater pipe from Hardgate road forms a major branch 
in the stormwater network running east-west across the site. 

Phase 1 Drainage Enabling Works 

In order to ensure the continued operation of the existing drainage networks during the Phase 1 development works some 
drainage diversions are required. There are four drainage runs through the proposed site which must be maintained: 

Obstetrics/Gynaecology – 150dia stormwater pipe 

This pipe runs west to east and connects into the stormwater network running through the proposed Phase 1 development site. 
Due to lack of levels information it is not possible to definitively propose the route for this diversion. There are two options 
available which could ensure the satisfactory diversion of this pipe: 

-Connection into an existing 225dia pipe to the south of the Maternity wards 
-Diversion to the north-east across the boundary of the proposed Phase 1 development with connection into the existing 
600dia pipe running from Hardgate road. 

Main combined (foul) pipe - 375dia vitrified clay pipe 

The diversion of this pipe is required from an existing manhole in Langlands road to the south and around the proposed facility. 
This will take the form of a 375dia concrete pipe with new manholes at changes of direction, connections to existing branch 
lines and provision for connections from the proposed facility. The layout of these proposed diversion works is shown 
indicatively on NE02355-C-801-P1. 

Following these works the existing pipe will remain in its present configuration running west to east along the hospital access 
road before outfalling into the ScottishWater sewer in Govan road. Capacity assessments are currently being carried out by 
ScottishWater for the Shieldhall treatment works and the existing outfall will be re-used for all foul loadings from the new 
development and during the phased decent of facilities and personnel within the Southern General site. 

Main stormwater pipe - 1200 x 950 brickwork egg pipe 

As for the above combined (foul) drainage pipe diversion, the main stormwater run must also be diverted to avoid the south-
east corner of the proposed new facility. The route of this diversion will typically follow the combined (foul) diversion along the 
existing and proposed site roads as shown indicatively on NE02355-C-801-P1. A 1200dia concrete pipe is to be used in order 
to match the existing capacity of the 1200 x 950 brickwork egg pipe. 

Hardgate road – 600dia stormwater pipe 

The diversion of this pipe is required around the northern edge of the proposed facility. Only minor diversion works involving 
two manholes and new 600dia concrete pipe is envisaged. Care must be taken during demolition works at the existing helipad 
to ensure the existing pipe is not damaged. 

The diversion works for these drainage runs should also include the provision for new connection points from the proposed 
development works as appropriate. These are discussed further at the end of this section. 

Proposed Storm and Foul Water Schemes/Strategies 

The below ground drainage philosophy has been discussed with the local service provider, ScottishWater. The following 
section of this DSR outlines their anticipated key requirements and restrictions in order to comply with likely planning 
conditions and to ensure that their infrastructure can meet the needs of the new facility. The outline strategy proposals are 
shown indicatively on NE02355-C-802-P1. 

Communications with ScottishWater have comprised both face to face meetings and written correspondence. ScottishWater is 
shortly due to submit to GG&CHB the findings of its assessment of the water supply and sewerage disposal implications at the 
site for the proposed facility. In the absence of confirmation of ScottishWater’s formal findings and based upon existing 
knowledge of the site, the following anticipates their findings and conclusions. 

Foul Water 

Foul drainage from the proposed facility will utilise the diverted combined (foul) drain running across the HSGH site. As part of 
the diversion works connection manholes with tails into the new development should be provided at the north-east corner of 
the facility. Other connections into the 375dia combined (foul) pipe may be provided around the proposed facility subject to the 
layout design for the drainage around the building perimeter. 
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As the existing foul water from the site outfalls into this network, no capacity problems are envisaged. However, a reduction in 
the amount of stormwater entering this pipe as part of the demolition works of older buildings is expected to greatly outweigh 
the increase in foul discharge therefore allowing the capacity to be used for the new development. Confirmation from 
ScottishWater forthcoming report will however be required to confirm this assumption. 

Stormwater 

A site-wide strategy for managing stormwater across the entire site is required as part of the larger re-development works. At 
this stage the ability to incorporate this is restricted due to the space constraints imposed by adjacent operational buildings. 

In order to comply with Planning regulations and the requirements of both ScottishWater and SEPA, the use of a “management 
train” approach to dealing with stormwater in a sustainable manner through the use of SUDS (Sustainable Drainage Systems) 
is required. This must be planned and designed in accordance with published best practice guidance (CIRIA C697 -The SUDS 
Manual). Appropriately designed, constructed and maintained SUDS are more sustainable than conventional drainage 
methods because they can mitigate many of the adverse effects of urban stormwater runoff on the environment. 

They can achieve this through: 

 Reducing runoff rates, thus reducing the risk of downstream flooding 
 Reducing the additional runoff volumes and runoff frequencies that tend to be increased as a result of urbanisation, and 

which can exacerbate flood risk and damage receiving water quality 
 Encouraging natural groundwater recharge (where appropriate) to minimise the impacts on aquifers and river baseflows in 

the receiving catchment 
 Reducing pollutant concentrations in stormwater, thus protecting the quality of the receiving water body 
 Acting as a buffer for accidental spills by preventing direct discharge of high concentrations of contaminants to the 

receiving water body 
 Contributing to the enhanced amenity and aesthetic value of developed areas 
 Providing habitats for wildlife in urban areas and opportunities for biodiversity enhancement. 

 
To mimic natural catchment processes as closely as possible, a “management train” is required. This concept is fundamental 
to designing a successful SUDS scheme – with drainage techniques in series incrementally reducing pollution, flow rates and 
volumes of runoff. Through effective control of runoff at source, the need for large flow attenuation and flow control structures 
is reduced. 

The variety of SUDS components and design options are wide ranging and the following should be incorporated where 
possible to help deal with contaminants and lower/slow the stormwater run-off: 

 Source control techniques 
 Rainwater harvesting systems – for roofwater re-use for toilets etc 
 Filter trenches -  to treat run-off from car parking areas 
 Swales -  to treat run-off from car parking areas 
 Pervious pavements -  to treat run-off from car parking areas 
 Geocellular systems - for stormwater attenuation storage 
 Detention basins- for stormwater treatment and attenuation storage 
 Ponds- for stormwater treatment and attenuation storage 
 Stormwater wetlands- for stormwater treatment and attenuation storage 

 
The larger masterplan for the site includes the provision of a large wetland/pond which may be utilised for attenuation storage 
as part of the wider development. Due to the staging process of the development this will not be constructed and operational 
for use at this stage and therefore the use of source control (permeable pavements) and buried tank attenuation should be 
considered for use prior to discharge into the diverted on-site drainage network. 

As the stormwater for the existing buildings and related hardstanding discharges into the existing stormwater network, this is to 
be reutilised for the proposed facility. The peak stormwater flows must be restricted to a worst case that matches the existing 
discharge rates into this network and ultimately to the River Clyde outfall. This ensures that compliance to the existing 
agreements with SEPA and ScottishWater for this discharge are not jeopardised. It is likely that Scottish Water and SEPA will 
accept that this flow into the public system will remain and no further works are required to attenuate this discharge. 

It has not been established if Scottish Water/SEPA will restrict the discharge of stormwater from this part of the development to 
the equivalent flow generated from green-field stormwater run-off. Should this be required as part of these works then 
significant SUDS techniques incorporating stormwater attenuation will be required. However, there are proposals to provide a 
number of water features at the site and this would provide ideal attenuation facilities for this and future schemes as/if required 
in lieu of buried tanks located beneath external areas. 

The use of suitable stormwater run-off SUDS treatment techniques may be used in car park areas in lieu of the need for a 
petrol interceptor. This must be agreed with SEPA. Should more conventional surfacing materials and drainage be utilised, a 
petrol interceptor should be incorporated to intercept hydrocarbons prior to discharging into stormwater network. This must be 
alarmed and connected to the facilities management system to ensure suitable maintenance is carried out. 

6.3.5 Medical Gases 
 
Read in conjunction with drawings 3757/OXP/000-010, inserted in appendices A.  These relay the approximate routes of the 
existing site oxygen infrastructure 
 
There is currently a centralised oxygen compound currently located behind the existing A&E building.  A new compound is to 
be installed behind the maternity building and connected into the existing oxygen network; this allows the existing pipework 
that crosses the PFI to be removed prior to the construction phase commencing. 
 
A new oxygen VIE compound is to be provided to supply the new adult and Children’s hospitals; a new ring will be installed 
around the new buildings. 
 
Following the completion of the PFI construction phase and the occupation of the new adult hospital, the redundant buildings 
on the site are to be demolished, with their related oxygen supplies (fed from compound behind A&E) made redundant and 
removed. Should the retained existing buildings require oxygen supplies from the site infrastructure then an additional 
compound may be necessary to serve these. 
 
Any existing requirements for Nitrous Oxides, Vacuum and Medical Air are supplied by local plant and these will be 
retained/removed in relation to the spaces they serve.  Where these gasses are required by the new PFI project, a view will be 
taken on whether these are to be centralised or localised in relation to the areas served/demand. 
 
 
6.3.6 IT 
 
Read in conjunction with drawings 3757/ITP/000-010, inserted in appendices A.  These relay the approximate routes of the 
existing site IT/data infrastructure 
 
There are two main incoming data/telecoms rooms, one in the listed building with utility cables coming in from the A739 bypass 
road and the other in the Outpatients building with utility cables coming in from the Govan road.   
 
Prior to the commencement of the PFI construction phase the buildings within the site boundary are to be demolished and 
existing data/telecoms connections made redundant/removed.  Some cables cross the site e.g. serving maternity; these are to 
be rerouted using the existing ducting running towards Hardgate road. 
 
The new PFI site is proposed to be connected back to both incoming telecoms/data rooms so that there are two separate 
routes back to the centralised equipment.  The Children’s hospital is to be used as a location to house new equipment and in 
the long term this could replace that in the Outpatients building, which will be subsequently demolished post PFI construction.  
Alternatively the equipment in the Outpatients building will require rehousing when this building is demolished.     
 
 
6.3.7 Steam/ Condensate 
 
Read in conjunction with drawings 3757/T33/000-010, inserted in appendices B.  These relay the approximate routes of the 
existing site steam infrastructure 
 
The existing site is provided with a limited amount of steam (mainly for heating purposes) from the centralised boiler room.  
The Estates team have already made a considerable effort to decentralise the heating systems and move away from steam 
heating.  A new steam boiler house is to be installed and connected into the existing steam and condensate mains system, this 
will allow the decommissioning of the existing boiler house prior to the PFI construction works commencing.   
 
Prior to the commencement of the PFI construction phase the buildings within the site boundary are to be demolished and 
steam/condensate connections will be made redundant/removed.   

New South Glasgow Hospitals Design Solution Report                                                                                                           Page 32 of 72    

Page 751

A48946859



 
Post PFI construction the existing steam heating system is to be reviewed in relation to which areas of the retained buildings 
use the steam heating.  Modifications to the steam system will either then be made accordingly or new LTHW plant installed, 
allowing the buildings that are to be demolished to be so and their related steam/condensate pipes removed.  This is 
particularly relevant to the Listed building.  Needs an explanatory sentence to make explicit why it is relevant?  
 
6.3.8 Adaptability and Capacity for Expansion 
 
The schemes above have allowed for future expansion based on the Campus Plan submitted by the Trust for planning in the 
Winter 2006 and are as follows: 
 
WATER 
For the site, this can be analysed once Scottish Water have completed their demand and infrastructure modelling.  It is 
envisaged that the later phases of demolition (post PFI connection) will release existing capacity/usage from the Govan road 
supplies and the A739 (Moss road) supply.  These and/or a connection from the new PFI supply from Govan road could then 
offer some capacity to provide single feed supplies to the future expansion spaces indicated on the drawings.   
 
The new labs building (planned for construction pre PFI) will also need consideration in relation to the above, this is to be 
included when Scottish water complete their analysis. 
 
POWER 
 
For the site, in our discussions with Scottish Power we have allowed for a future site capacity (post PFI construction and 
demolition) of 15kVA.  However Scottish Power is considering this in relation to the site wide supply and thus the final solution 
when agreed with Scottish Power may to differ from the strategy outlined above and indicated on the drawings.  This is 
therefore subject to further discussions and feedback from Scottish Power. 
 
For the PFI hospitals, electrical power consumption is likely to rise over the PFI term as electrical equipment and IT usage 
increase that will result in a corresponding increase in the requirement for spot cooling.  Load increases are more likely in the 
clinical “hot” areas rather than the ward areas.  We have included +20% increase from the initial load to MD as HTM 06-01 
(Table 2 “Growth Factor”) included within the 15MVA site load and 10MVA associated with the PFI Hospitals and allowed for in 
the design of the incoming supply switchgear and MV distribution to the hospitals to provide scope for additional supply needs 
without a major refit. 
 
Greater low or zero carbon electrical and heat generation are likely over the PFI term to reduce carbon emissions from the 
hospital and as the cost of energy rises, alternatives such as on site generated energy may become economic, eg PV cells, 
additional or hydrogen based CHP.  The centralised energy centre provides an adaptable infrastructure that will be able to 
respond to these changing needs and circumstances. 
 
NATURAL GAS   
 
For the site, the quotation/confirmation from SGN Connections is an additional load to that of the current existing infrastructure.  
The pre and post PFI building demolition will release existing capacity/usage from the existing Govan road supplies; these can 
then provide supplies to the future expansion spaces indicated on the drawings.  The load for the new labs building has not 
been included in our discussions with SGN. 
 
For the PFI hospitals we do not see gas consumption rising significantly over the PFI term.  It is likely that the nature of the 
supplied gas will change over the PFI term as natural gas is replaced by synthetic or “biogas” and that the installations will 
need to be adapted at this time. 
 
MEDICAL GASES 
 
For the site, should the future expansion spaces require oxygen to be supplied from the centralised plant, then the existing 
plant located behind the existing A&E building will become redundant at that time.  This, therefore, provides capacity to supply 
these areas and to link into the existing site network as required.  This is also a strategy that may be able to serve the Labs 
building.  
 
 
 
 
 

IT 
 
The incoming data/telephone lines and centralised equipment capacity are to be reviewed and defined by the client’s 
specialists.  
 
ENVIRONMENTAL STRATEGY AND APPROACH TO INTEGRATED DESIGN 
 
The environmental strategy is based on: 
 
• good environmental conditions are required for staff, patients and visitors 
 
• energy use is to be minimised using systems and plant most appropriate to the hospital environment.  As a starting 

point total energy use including small power and medical equipment loads are not to exceed 55GJ/100cm in any year 
(delivered energy). 
 
Ongoing energy reductions should at least ensure that energy use per unit volume or area do not increase with time 
and offset additional load as use changes/develops. 

 
• 20% of the energy use above is to be “low or zero carbon” as defined by the Scottish Building Regulations 
 
• Every five years, the contribution of energy reduction and low or zero carbon energy as a percentage of total 

consumption is to be increased by five percent. 
 
• system and plant/component selection is to be based on lowest life cycle cost 
 
In order to produce robust solutions the design follows the following hierarchy: 
 
• Make the building energy use as low as possible by investing in the building fabric.  This will have a good payback as 

the building fabric life is long and the installations are not dynamic requiring little additional maintenance over and 
above standard typical solutions 

• select appropriate environmental strategies.  Design the building so that it offers flexibility to meet changing needs and 
economic and social drivers with success in the future  

 
The environmental strategy is based on a sealed building with mechanical ventilation.  This follows from an appraisal of the 
ventilation options for Ward Areas presented to the client in March 2007 which attempted to explain and balance the competing 
design and operational drivers. 
 
To accommodate the extensive vertical and horizontal services runs that will be required for the new hospital facility both in the 
tower and podium areas as well as to the laboratory block, the design should take due cognisance of this requirement and for 
the availability of services openings, corridors/routes and penetrations. 

Services routes should be fully integrated with the structural design for the buildings to ensure proactive inclusion to 
accommodate the full extent and range of service types, services proximity, future adaptations and maintenance. This should 
address issues including wall and floor penetrations, floor and ceiling routing, protection and containment and to ensure that all 
structural load paths remain uncompromised under all circumstances. 

The establishment of the requirements for the provision of dedicated services routes between different hospital buildings and 
within separate parts of the adults and Children’s facility should be adopted at an early stage of the design to ensure that full 
effectiveness and interoperability of all plant rooms, roof mounted equipment, basement plant and link corridors is achieved. 

The services strategy should allow for the requirements of the facilities energy centre, electrical sub-stations, gas pressure 
reduction stations, gas/fire suppressant bottle stores, water tanks, HVAC equipment, helicopter servicing, fire-systems, steam 
and other mechanical services including all specialist services i.e. medical gases. 

The structural building frame that is adopted should be selected on the basis of other site constraints to allow planned and pro-
active inclusion for services routes and plant room sizing and location. 
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6.3.9 Ventilation  
 
Required Conditions 
 
It is important that the ventilation approach for the Adult and Children’s hospitals fulfil the primary requirement to provide 
adequate: 
 
• supplies of fresh air 
• odour dilution 
• removal of airborne contaminants or pathogens 
 
Detailed quantified requirements relating to internal environmental conditions can be found in Department of Health Estates & 
Facilities Division publications.  These publications are in the process of being rationalised.  The current ventilation standard 
SHTM 2025 will shortly be superseded by HTM 03-01 ‘specialised ventilation for healthcare properties’.  A draft version of this 
new standard has been circulated.  The HVAC design is in accordance with its requirements. 
 
Site Constraints 
 
It is important that the ventilation approach takes into consideration the constraints of the site.  These have been identified as: 
 

Smells from adjacent sewage treatment plant  
Scottish Water’s Sheildhall Sewage Treatment Plant lies approximately 400m north of the site.  Staff and patients using the 
existing hospital buildings on the site experience a constant low-level of odour from the plant.  After heavy rain the odour 
becomes more pronounced and unpleasant.  Although there are intentions to remedy or re-locate the sewage treatment plant, 
there are no concrete plans or timeframe for this work.  There is a major risk, therefore, that the odour issue will not be 
resolved before the opening of the Hospitals.  SHTN 30 ‘Infection Control in the Built Environment’ states that although odour 
in itself does not present a direct risk, if it leads to ventilation being restricted it may in turn increase the risk of hospital 
acquired infections.  
 

Construction noise, dust & contamination 
The construction of the Adult and Children’s Hospitals is to be staggered.  This means that there will be a period when the 
Children’s’ Hospital is operating and the Adult Hospital is being built.  It is important that the ventilation approach limits the 
intrusion of construction noise, dust and contamination while ensuring adequate ventilation.  
 
It is important that the laboratories on the site do not contaminate ventilation air drawn into the new hospitals.  A detailed site 
airflow assessment needs to be carried out to confirm that this will not be an issue. 
 
Mechanical Ventilation  
 
The Clinical Areas, Wards and the remainder of the main hospital buildings are to be mechanically ventilated throughout.  This 
decision has been made because mechanical ventilation offers the following advantages over natural ventilation: 
 
• smells can be eliminated from incoming air through activated carbon filtration. 
• dust can be filtered from incoming air. 
• external noise from site construction can be attenuated through the incoming air path 
• for clinical areas robust and reliable control of environmental conditions is required for the spaces to function correctly 

and efficiently.  The control airborne infection by room air flow control and dilution by enclosure and mechanical 
ventilation is essential. 

 
Additionally mechanical ventilation provides the additional benefits of: 
 
• helping to control airborne infection by allowing points of air intake and discharge to be carefully separated to avoid 

recirculation, good dilution of room contaminants/pathogens, and by allowing pressure differentials to be created to 
facilitate the flow of air from clean to less clean areas. 

• allowing air to air ventilation heat recovery, thereby significantly reducing the running costs and carbon emissions 
associated with space heating and cooling of ventilation air. 

• allowing incoming air to be cooled prior to being supplied to spaces to ensure good thermal conditions.  This provides a 
system that for patient and staff areas do not exceed the draft HTM 04-01.  This recommends that temperatures of 28°C 
are not exceeded for 50 hours a year. 

•  

In addition, as the heliport is to be constructed on the roof of the Adult Hospital tower, mechanical ventilation will avoid drafts 
through windows and help limit noise. 
 
High building air tightness is required to exclude infiltration and odour.  The buildings will be slightly pressurised. 
 
 
Energy Reduction Measures 
 
The Hospitals are to incorporate the following measures to reduce energy consumption associated with HVAC systems: 
 
• windows in ward and office areas are to be fitted with external adjustable shading devices such as adjustable mid pane 

louvres or blinds.  These will reduce peak solar heat gains to allow good thermal conditions within well day lit spaces 
and minimize the requirement for mechanical cooling in these areas.  Shading Factor “SF” > 70%. 

• exposed thermal mass, where practical, to limit temperature swing and reduce peak temperatures.  Patient rooms are to 
have exposed concrete soffits. 

• air to air heat recovery in all air handling units.  
• variable ventilation rates by fan speed control for spaces with demand control (eg odour, ammonia) 
 
General Plant Design & Distribution for Infection Control  
 
Each hospital department is to contain its own dedicated air handling plant.  Larger departments, such as inpatient wards, are 
to be zoned with separate air handling plant serving each zone.  This is to ensure that in the event of mechanical failure, or 
during maintenance or refurbishment only a limited area is affected.  Critical care units are to be served with back-up air 
handling plant. 
 
Air handing plant at podium roof level are to serve the main body of the hospitals as well as the lower half of the adult hospital 
tower.  The top half of the tower is to be served by air handling plant installed in the tower roof.  Fresh air intake and discharge 
louvres are to be installed at these levels, carefully separated to avoid recirculation. 
 
Supply and extract ductwork is to be distributed to the hospital departments via risers.  Where possible these risers are to be 
located off main circulation routes to facilitate access for cleaning and maintenance.  Horizontal distribution is to be in ceiling 
voids above corridors, wherever possible, so that access panels can be located outside clinical areas.  Similarly, trimmer coils 
are to be installed above circulation areas wherever possible to avoid potential leaks in clinical areas, which would lead to 
greater disruption and potential damage to expensive equipment.   
 
The ductwork distribution system is to be a low pressure system.  Smoke dampers will be installed through all fire and smoke 
compartments.  Access panels are to be installed in accordance with DW142 to allow adequate inspection, maintenance and 
cleaning.  Flexible ductwork is only to be installed for final connections to grilles and diffusers. 
 
Diffusers and grilles are to be carefully chosen to allow them to be easily removed and cleaned to limit airborne contamination. 
 
Air handling plant is designed to comply with draft HTM 03-01 requirements, and includes, in addition to the base provision of 
inlet filter, heating coil and fan/attenuators the following: 
 
• inspection, cleaning and maintenance access sections either side of all coils and dampers, upstream of all filters and 

downstream of all humidifiers. 
• blow-through configuration of fans to ensure as much of the unit is under positive pressure as possible. 
 
The following sections are generally to be incorporated into all air handling units: 
 
• fog coils. 
• cooling coils 
• temporary pre-filters (G1/G2) to allow removal of dust while construction work is ongoing. 
• steam injection humidifiers  
• activated carbon filters for odour removal 
 
Specialist Ventilation Areas 
 
wards 
Ventilation plant will be zoned by elevation and space type/function.   
 
Patient rooms and multi-bed bays are to have local temperature control through the installation of heating trimmer coils on 
individual room branch pipework.  Space humidification and cooling will be by the supply of cooled ventilation air without 
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individual room temperature control In individual rooms temperature and external motorized solar shading control is to be built 
into the bed-head controls.  In multi-bed bays controls are to be installed at a central location.  Temperature control is be 
primarily automatic with sensors in each space, however local controls are to allow limited adjustment of the set-point for a 
limited period after which the temperature control returns automatically to its pre-set set-point. 
 
Patient rooms and multi-bed bays are to be kept at a lower pressure relative to their adjacent corridors, and so in addition to 
the air supplied directly to these spaces additional air will pulled in under doors.  Air is to be extracted through ensuite shower 
rooms as well as additional grilles located above the ensuite shower room doors.  The air change rate in these spaces is to 
achieve the draft HTM 03-01 requirement of six air changes per hour.  However, apart from specific wards where clinical 
experience indicates that odours are likely to be strong and persistent, such as the geriatrics wards, the controls are to set the 
air change rate at four air changes per hour with local pushbuttons to allow the rate to be boosted to six air changes per hour 
for a limited period.  Buttons are to include bypass key control to allow the air change rate to be locked at six air changes per 
hour if this proves desirable.   
 
critical and intensive care 
These are to be air conditioned spaces with full temperature and humidity control. 
 
operating suites 
Each conventional operating suite is to be installed with its own air handling unit.  Fresh air is to be delivered in accordance 
with draft HTM 04-01 at 25 air changes an hour.  Operating suites are to be controlled in such a way so that when vacant, 
ventilation plant is turned off to conserve energy.  In the operating theatre air is to be supplied through the high-level terminal 
canopy and expelled at low-level through pressure stabilizers.  Pressure stabilizers are to be installed on all four sides or in all 
four corners of the room, and to be visible so that they provide a visual indication that the ventilation system is running. 
Ultra clean ventilation operating suites are to be delivered with the same amount of fresh air as conventional suites, however 
an additional recirculation air handling unit is to be installed to increase the flow through the terminal to ensure laminar flow 
and a count of less than 1 colony forming unit per cubic meter.  A high-efficiency HEPA filter is to be installed before the 
canopy.  The recirculation unit is to be remote, to allow inspection and maintenance to be carried out outside the theatre.  The 
canopy is to be of the vertical flow type.    
 
isolation suites 

Isolation suites will be dedicated plant designed as HBN 4 Supplement 1 to provide isolation.  This relies on an air tight 
enclosure and a lobby positively pressurised with respect to the room and corridor.  
 
Ventilation System & Fire Strategy 
 
In certain critical care departments it is preferable to maintain the supply ventilation in the case of a fire within the area, for 
example the continued supply of air to a theatre will maintain it at a positive pressure and protect the patient and staff from the 
effects of smoke.  The ventilation plant is not designed to be automatically shut down on the operation of the fire alarm and 
detection system, but under the instruction of the fire-and-rescue service and controlled from panels located either at 
department entrances or adjacent to the main fire alarm indicator panels at the entrances to the buildings. 
 
Fire dampers are to be installed in all ducts penetrating fire compartment and sub-compartment walls.  In compartment walls 
fire dampers are to be actuated on the operation of the alarm and detection system in the compartments either side of the 
compartment walls.  In sub compartment walls dampers are to be activated by thermal release devices.   
 
All supply AHU's are to have a smoke sensor mounted in the main supply duct immediately downstream of the AHU.  In the 
event of a fire in the AHU or smoke being drawn into the system from an outside source the supply air damper is to close and 
the AHU is to be shut down.   
 
A mechanical smoke extract system is to be installed in the basement of the hospitals.  (The installation of a sprinkler system 
in the basement allows mechanical smoke extract to be considered as an alternative to conventional smoke vents.)  This 
system is to provide at least ten air changes per hour and be capable of handing gas temperatures up to 400°C for an hour. 
 

6.3.10 Heating 
 
HOSPITAL INFRASTRUCTURE 
Central Boilers & distribution 
 
The plant for both the Adult and Children’s Hospital is to be centralised and located in a separate Energy Centre.  The system 
philosophy is shown on SK021.  The plant shown will provide heating for fabric, ventilation and domestic hot water needs for 
the two hospitals.  Separate steam generation plants will be required for humidification and sterilisation. 
 
The heating system located in the Energy Centre will be a Medium Temperature Hot Water System (140/65 °C).  The boilers to 
be used are high efficiency, low Nox, 3 pass high water content boilers with pressurised burners that operate on alternative fuel 
supplies of natural gas and 35 second light oil.  Burners to be digital modulating  with variable speed and air damper control 
capacity control to achieve a high turndown ratio (10 to 1 turndown on natural gas).  Low NOx (<70mg/KWhr natural gas)  
burner with oxygen trim control. 
 
The boiler configuration employs an effective (N+1) redundancy at peak connected design load (effective N+2 at part load).  
Each boiler is to have its own discreet insulated and clad flue.  The flue stack to be an independent stainless structure to allow 
the flue to discharge above the level of the tower with space to accommodate other services requiring high level discharge. 
 
The MTHW will be distributed via separate highly insulated district heating mains to the Adult and Children’s Hospitals run 
within the basement service route between the Energy Centre/Loading Bay and the Hospitals.  Heat exchangers convert the 
MTHW to LTHW (90/70 °C) locally for room heat emitters and air trimming coils. 
 
It is envisaged that the pipework installation will consist of a mixture of modern and traditional materials. The whole of the 
heating system will be chemically dosed and treated as appropriate.  All pipework and fittings are to be highly insulated to 
minimise heat loss and heat gain to the hospital spaces.  Insulation will be 50% thicker than the minimum economic thickness. 
 
All pumping arrangements will include redundant standby pumping.  The majority of the main pump sets will consist of 3 no. 
pumps rated at 50% duty while the smaller pump sets will consist of smaller run and standby pumps rated at 100% duty. 
 
In order to optimise energy usage 2 port control valve technology and variable speed pumping will be employed throughout.  
Differential pressure control valves shall be used on all sub-circuit branches. 
 
Gas Combined Heat and Power 
 
At present a 1.5 MWe gas supplied spark ignition reciprocating engine combined heat and power installation has been 
included in the base scheme.  The exact size of the CHP plant will be reviewed once detailed electrical and heat load analyses 
have been completed for the site and the economic case for CHP can be explored in detail with a turnkey operator.  Additional 
CHP capacity in the future provides scope for increasing the proportion of “low carbon “ energy  supply.  
 
The CHP unit is to be located in the Energy Centre.  Heat will be recovered from the unit engine jacket, engine cooling system 
and exhaust gases via a shunt pump circuit connected to the main boiler return distribution pipework.  Once the exact size of 
the unit is known it may be beneficial to employ a separate heat recovery boiler.  The CHP unit will have its own separate flue. 
It is envisaged that the unit will operate whenever the heat and power can be fully utilised. 
 
Domestic Hot and Cold Water 
 
The domestic hot and cold water installations will be installed to potable quality standards throughout the whole of the Hospital 
development. 
 
There shall be dual and separate water supplies to the Adult and Children’s Hospitals.  The total hot and cold water needs for 
each building shall be met by water storage located in each building.  Each building shall have sufficient water storage to meet 
24 hours requirement. The preferred option for the water storage and distribution is as follows. 
 
• Main storage tanks located in basement, no break tanks, pumped distribution system, with duty standby pump sets and 
controls and generator back electrical supplies to the pumps.  Trust approval for this option will be required. 
 
The location and number of independent hot water heat stations is shown on SK023. Each heat station location is sized on a 
(N+1) basis.  Hot water shall be delivered to individual wards and departments via a traditional two pipe circulation system. 
 
The whole of the potable hot and cold water installation will be designed to meet all the legionella requirements.  In particular 
the water storage tank connection arrangements allow for zero dead legs and the heat station installation allows for continual 
calorifier circulation with zero stratification.  All pipework is to be insulated to minimise heat loss or gain as appropriate. 
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Particular emphasis is to be put into ensuring that there will be the minimum number of hot water returns, that there will be 
adequate insulation on the cold water installations to avoid temperature build up and that there will be regular flushing of cold 
water dead legs by means of appliances connected to the same. 
 
The laboratory areas will be provided with similar hot and cold water installations employing separate break tanks and separate 
calorifiers to ensure full segregation between laboratory and domestic installations thus meeting the requirements of the Water 
Regulations. 
 
Pipework installation within both hospitals will be run within individual level ceiling voids to ensure any particular ward or 
department can be isolated at that level only. 
 
Room Heat Emitters 
 
Where room are mechanically ventilated heating and ventilation rates are sufficient to provide good room air 
mixing/destratification, heating will be provided by air room reheat coil with 2 port water control valve and room temperature 
controller. 
 
For areas with extensive glazing and/or natural ventilation, heating will be from perimeter heating; either high level radiant 
panel or low level convector. 
 
6.3.11 Cooling  
 
General Chilled Water 
 
In order to meet the annual cooling requirements of the development and the requirements of HTM 3, chilled water installation 
will be required. 
 
The preferred chilled water system configurations are shown on SK019.  
 
• The configuration shows discreet chiller installations adjacent to the air handling units they serve.  As a (N+1) 

redundancy philosophy has been utilised for each chiller cluster, a separate process chilled water system will be 
installed utilising free cooling chillers. 

 
The chilled water equipment shall include chillers, buffer vessels and pressurisation units.  Each chiller will be of the fully 
packaged air-cooled type complete with multiple modular screw compressors.  The chiller will be rated as residentially quiet to 
avoid unobtrusive noise emissions.  Chillers to have variable speed head pressure control with load and efficiency optimised 
head pressure and chilled water flow temperature control to improve seasonal efficiency. 
 
The chilled water circuits will consist of both primary and secondary pumping.  In order to optimise energy usage, 2 port control 
valve technology and variable speed pumping will be employed throughout.  Differential pressure control valves shall be used 
on all sub-circuit branches. 
 
All pumping arrangements will include redundant standby pumping.  The majority of the main pump sets will consist of 3 no. 
pumps rated at 50% duty while the smaller pump sets will consist of smaller run and standby pumps rated at 100% duty. 
 
Chilled water will be distributed through a conventional 2 pipe system to the various demand centres throughout the building.  
The installation will employ a number of traditional and modern materials.  The entire chilled water system will be chemically 
dosed and treated as appropriate.  All pipework is to be insulated to minimise gain. 
 
ITC Cooling 
 
Independent chilled water system as above but with free cooling roof mounted air cooled water chillers.  N+2 redundancy with 
plant backed by the essential electrical supply. 
 

6.3.12 Drainage  
 
The rainwater drainage system in each hospital shall be gravity systems.  The rainwater pipework in each hospital shall be 
housed in vertical risers and will be insulated to prevent condensation and noise transfer. 
 
The soil and waste drainage system in each hospital shall be gravity systems.  The systems generally shall be vented to 
atmosphere above the roof.  It is envisaged that the pipework installation will consist of a mixture of modern and traditional 
materials.  Separate chemically resistant drainage will be installed in all specialist areas. 
 
6.3.13 Artifical Lighting 
 
General lighting to all areas by low energy fluorescent light sources.  All control gear to be high frequency, high power factor 
(PF>0.95), low harmonic emission light fittings equipped with electronic control gear.  No switch start gear light fittings 
permitted. 
 
Efficient light sources and luminaires will be used. 
 
Lighting is a substantial user of energy in hospitals and buildings generally.  Often the light level and energy use can be varied 
because natural light is available or because the need for light is reduced.  In summer the removal of heat from light fittings is 
important to prevent overheating of spaces.  As lamps age and fittings/lamps get dirty over their cleaning cycle, the light output 
will fall.  Room photocells and dimming can adjust the output of the lamp down when clean, to reduce energy use and heat 
gain.  For each space the potential for lighting controls will be examined and the appropriate lighting controls will be installed. 
 
Lamp and lighting gear monitoring provides a cost effective solution to lamp/gear maintenance. 
 

day lit spaces fitting dimming controls and room photocells to provide dimming and off 
control 

spaces subject to intermittent occupancy occupancy detection to switch lights off when the room is not in use 
all spaces fitting dimming controls and room photocells to provide lamp output control 

as lamps age/fittings get dirty 
lamp and gear monitoring and alarming for lamp/gear maintenance 

external lighting time and light level control of all external lighting 
 
Design Light Levels: 
 
as HTM/HBN & CIBSE guidance 
 
Lighting Circuits: 
 
Final circuit cabling shall generally consist of LSF insulated single core cables to BS7211 enclosed and protected within metal 
conduit.  All final circuits shall be provided with full size single core circuit protective conductors. 
 
All electrical accessories/socket outlet switch plates shall be stainless steel finish in Category 3, 4 and 5 areas.  Offices and 
administration (non-patient areas) could be of alternative materials (i.e. plastic). 
 
Escape light fittings  throughout the building wards will be supported by the secondary power supply system with fittings 
distributed over at least two (Side A and Side B) interleaved circuits.  In the event of a failure on Side A (final circuit, rising 
busbar, distribution board, main switch panel or supply transformer), then power will still be available from socket outlets 
connected to Side B circuits. 
 
V40 Emergency Lighting 
 
Generally, secondary lighting to Grade A or Grade B will be provided to all areas of the building depending on clinical risk 
category.  All secondary lighting will be fed from the secondary power power supply (SPS) with reconnection within 15 
seconds, following failure of the incoming mains supply (see drawing: V[20]-500).  In accordance with HTM 06-01, all areas 
that require standby lighting will also be provided with emergency lighting. 
 
Emergency escape lighting will be provided to all areas of the buildings to meet the requirements of BS5266 and HTM2011 
Generally, emergency lighting will be provided in the form of self contained light fittings with their own integral battery packs to 
provide up to three hours autonomy in the event of complete power failure. 
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�$%&'()*+*(,	-(+(-(.)(	'(-*/,	01(.	)23)4325(,	67	2	8(51/,	2''-/9(,	67	51(	:(2351	2.,	;2+(57</88*&&*/.=>8(,*)23	(?28*.25*/.@	*.)34,(&	2.7	326/-25/-7	5(&5&	2.,	AB-27&	5125	2	-(3(92.5	,/)5/-	827-(C4*-(=>8(86(-	;525(@	8(2.&	2	;525(	01*)1	*&	2	</.5-2)5*.D	E2-57	5/	51(	FD-((8(.5=>8*)-/B/-D2.*&8@	8(2.&	2	8*)-/6*/3/D*)23	(.5*57G	)(33432-	/-	./.B)(33432-G	01*)1	*&	)2'263(	/+-('3*)25*/.	/-	/+	5-2.&+(--*.D	D(.(5*)	825(-*23=>8*.(@	12&	51(	8(2.*.D	2&&*D.(,	5/	*5	67	&()5*/.	HIJ	/+	51(	K*.(&	2.,	L42--*(&	F)5	HMNOPQR=>/))4'25*/.23	(?'/&4-(	&52.,2-,@	+/-	2	&46&52.)(	12S2-,/4&	5/	1(2351	8(2.&	51(	&52.,2-,2''-/9(,	67	51(	:(2351	2.,	;2+(57	</88*&&*/.	+/-	5125	&46&52.)(	*.	-(325*/.	5/	51(	&'()*+*(,-(+(-(.)(	'(-*/,	01(.	)23)4325(,	67	2	8(51/,	2''-/9(,	67	51(	:(2351	2.,	;2+(57	</88*&&*/.=>'(-&/.23	'-/5()5*9(	(C4*'8(.5@	8(2.&	233	(C4*'8(.5	P*.)34,*.D	)3/51*.DR	01*)1	*&	*.5(.,(,5/	6(	0/-.	/-	1(3,	67	2	'(-&/.	25	0/-T	2.,	01*)1	'-/5()5&	5125	'(-&/.	2D2*.&5	/.(	/-	8/-(-*&T&	5/	1*&	1(2351G	2.,	2.7	2,,*5*/.	/-	2))(&&/-7	,(&*D.(,	5/	8((5	5125	/6U()5*9(=>'-('2-25*/.@	8(2.&	2	8*?54-(	/-	&/345*/.	/+	50/	/-	8/-(	&46&52.)(&=>'463*)	-/2,@	8(2.&	P*.	V.D32.,	2.,	W23(&R	2	1*D1027	82*.52*.263(	25	51(	'463*)	(?'(.&(0*51*.	51(	8(2.*.D	/+	&()5*/.	XYM	/+	51(	:*D1027&	F)5	HMIJPZR	2.,	P*.	;)/532.,R	2	'463*)	-/2,0*51*.	51(	8(2.*.D	2&&*D.(,	5/	5125	5(-8	67	&()5*/.	HNH	/+	51(	[/2,&	P;)/532.,R	F)5	HMIOP\R=>-(D*&5(-(,	,(.5*&5@	12&	51(	8(2.*.D	2&&*D.(,	5/	*5	*.	&()5*/.	NXPHR	/+	51(	](.5*&5&	F)5	HMIOP̂_R=>-(3(92.5	,/)5/-@	8(2.&	2.	2''/*.5(,	,/)5/-	/-	2.	(8'3/78(.5	8(,*)23	2,9*&(-=>-(&'*-263(	,4&5@	8(2.&	2*-6/-.(	825(-*23	01*)1	*&	)2'263(	/+	'(.(5-25*.D	5/	51(	D2&	(?)12.D(-(D*/.	/+	51(	34.DG	2&	,(+*.(,	67	̀;	Va	OIH	HMMX=>-*&T@G	*.	-(325*/.	5/	51(	(?'/&4-(	/+	2.	(8'3/7((	5/	2	&46&52.)(	12S2-,/4&	5/	1(2351G	8(2.&51(	3*T(3*1//,	5125	51(	'/5(.5*23	+/-	12-8	5/	51(	1(2351	/+	2	'(-&/.	0*33	6(	2552*.(,	4.,(-	51()/.,*5*/.&	/+	4&(	2.,	(?'/&4-(	2.,	23&/	51(	(?5(.5	/+	5125	12-8=>51(	-*&T	2&&(&&8(.5@	8(2.&	51(	2&&(&&8(.5	/+	-*&T	-(C4*-(,	67	-(D4325*/.	bPHRP2R=>&2+(57	,252	&1((5@	8(2.&	2	&2+(57	,252	&1((5	0*51*.	51(	8(2.*.D	/+	-(D4325*/.	N	/+	51(	<:cE[(D4325*/.&=>&46&52.)(@	8(2.&	2	.254-23	/-	2-5*+*)*23	&46&52.)(	01(51(-	*.	&/3*,	/-	3*C4*,	+/-8	/-	*.	51(+/-8	/+	2	D2&	/-	92'/4-	P*.)34,*.D	8*)-/B/-D2.*&8&R=>&46&52.)(	12S2-,/4&	5/	1(2351@	8(2.&	2	&46&52.)(	P*.)34,*.D	2	'-('2-25*/.RdP2R 01*)1	*&	3*&5(,	*.	E2-5	c	/+	51(	2''-/9(,	&4''37	3*&5	2&	,2.D(-/4&	+/-	&4''37	0*51*.	51(8(2.*.D	/+	51(	<:cE	[(D4325*/.&	2.,	+/-	01*)1	2.	*.,*)25*/.	/+	,2.D(-	&'()*+*(,	+/-	51(&46&52.)(	*&	9(-7	5/?*)G	5/?*)G	12-8+43G	)/--/&*9(	/-	*--*52.5=P6R +/-	01*)1	51(	:(2351	2.,	;2+(57	</88*&&*/.	12&	2''-/9(,	2	82?*848	(?'/&4-(	3*8*5/-	2.	/))4'25*/.23	(?'/&4-(	&52.,2-,=P)R 01*)1	*&	2	6*/3/D*)23	2D(.5=P,R 01*)1	*&	,4&5	/+	2.7	T*.,G	(?)('5	,4&5	01*)1	*&	2	&46&52.)(	0*51*.	'2-2D-2'1	P2R	/-	P6R26/9(G	01(.	'-(&(.5	25	2	)/.)(.5-25*/.	*.	2*-	(C423	5/	/-	D-(25(-	512.dP*R HJ	8De8XG	2&	2	5*8(B0(*D15(,	29(-2D(	/9(-	2.	IB1/4-	'(-*/,G	/+	*.123263(	,4&5G	/-P**R O	8De8XG	2&	2	5*8(B0(*D15(,	29(-2D(	/9(-	2.	IB1/4-	'(-*/,G	/+	-(&'*-263(	,4&5=PQR HMNO	)f	gJG	&()5*/.	HIJ	02&	8/,*+*(,	67	;fcf	HMgOeYJHXG	HMMXeHIMg	2.,	HMMMeYJYOfPZR HMIJ	)f	bbfP\R HMIO	)f	NOfP̂_RHMIO	)f	YOf X
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NHS Greater Glasgow & Clyde 
 
 
Clinical & Care Governance  
 
 
Infection Prevention and Control Team 

 
 
 
 
 
 
 
5 December 2017 

 
 
Paper No: 17/24 

 
 
Report on Concerns Raised re Queen Elizabeth University Hospital (QEUH)  
and Royal Hospital for Children (RHC) 
 
 
Recommendation:- The committee are asked to note the concerns raised in relation to the QEUH 
and RHC and review the current status and actions being progressed.   
 
Purpose of Paper:-  
 
During September 2017 three consultant microbiologists in the South Sector raised a series of 
concerns about the facilities in QEUH and RHC and the structure of the Infection Prevention and 
Control (IPCT) Service within NHS Greater Glasgow and Clyde.  
 
On the 4th of October 2017 Board and Acute Directors including the Board Director of Facilities, the 
Chief of Medicine for Diagnostics and members to the IPCT Senior Management team met with the 
consultants to discuss these concerns.  The consultant microbiologists tabled a list of concerns and 
this paper identifies each with an action plan setting out the current situation and the steps taken or 
in progress to address the issues identified. The minutes of the October meeting are appended to 
this document with each specific issues raised identified and cross referenced to the action plan.  
 
Key Issues to be considered:-  
 
As above  
 
Any Patient Safety /Patient Experience Issues:- yes 
 
 
Any Financial Implications from this Paper:-  no 
 
 
Any Staffing Implications from this Paper:- no 
 
 
Any Equality Implications from this Paper:- no 
 
 
Any Health Inequalities Implications from this Paper:-no 
 
 
Has a Risk Assessment been carried out for this issue?  If yes, please detail the outcome:- 
 
 
Highlight the Corporate Plan priorities to which your paper relates:- improving quality 
efficiency and effectiveness 
 
 

NHS 
' ,I ,1 

Greater Glasgow 
and Clyde 
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Below is a list of the key themes raised by the Consultants. 
 
Themes 

 Positive Pressured Ventilated Lobbied (PPVL) Isolation Rooms. 

 Royal Hospital for Children (RHC) – Protective Isolation – Haematology Oncology Unit. 

 RHC – HEPA filters in Paediatric Intensive Care Unit (PICU). 

 Queen Elizabeth University Hospital (QEUH) – Ward 4B – Upgrade to the Haematology Ward. 

 Single Room Specification and Location of Areas that can be used for Protective Isolation. 

 Cleaning of QEUH, RHC and Office Block 

 Cleaning of Dishwashers in QEUH and RHC linked to a potential outbreak of exophiala 

 Water Quality and Water Testing 

 Plumbing in the Neurosurgical Block 

 Decontamination of Respiratory Equipment 

 Structure of the Infection Prevention and Control Team 

 

Each specific item has been identified in the minute of the meeting and cross referenced in the associated 
action plan which is tabulated below. 
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Action Plan 

Item Issue Current Position Future Actions 

1 PPVL rooms not 
compliant with SHTM 
standards 
 

Facilities colleagues confirmed that there are 10 air changes per 
hour and a positive pressure of 10 pascals in the PPVL rooms 
which is consistent with SHBN 04-01.  

Included in  item 2 

2 PPVL rooms do not 
provide appropriate 
protection for patients 
with infectious diseases 
of high consequence 
(IDHC) e.g. MERS, SARS 
 
This issue also exists in 
the Royal Hospital for 
Children 

IDHC should be nursed in negative pressure rooms. These are not 
available in QEUH. In order to address this issue in the short term 
a patient pathway has been agreed by the Infectious Disease (ID) 
Clinicians whereby patients will be routed either to GRI or 
Lanarkshire ID unit. 
 
Chief Nurse (CN) for Paediatrics discussing with clinical teams a 
pathway for children. 

Heath Protection Scotland (HPS) have been sent 
information on these rooms and we await their 
advice on whether they can be used for patients 
with IDHC or if not what actions could be taken to 
modify these rooms to provide negative pressure. 
This advice was sought in 2016 & 17.  

3 Lack of isolation rooms in 
the emergency 
department.  

ED was designed with input from clinical staff and observation of 
patients was a priority.  There are single rooms in ED but not 
negatively pressured isolation rooms. 

Property Procurement Facilities Management 
(PPFM) has commissioned a feasibility study to 
ascertain if negatively pressured rooms are 
technically feasible 

4 Rooms not built to the 
standard expected as a 
tertiary referral centre. 

The transfer of the Infectious Diseases Unit was a late addition to 
the project and was not fully commissioned as an ID unit at the 
outset. 

 Actions as described in item 2. 

5 Microbiologists not 
aware of plans to 
upgrade areas. 

Lead Infection Control Doctor (ICD) was aware of this proposal. Work continues with input from the Coordinating 
ICD. 

6 HEPA filters in PICU for 
the protection of patients 
in the Bone Marrow 
Transplant Unit (BMTU) 
that might need critical 
care during treatment.  
The BMTU is ward also 
referred to as ward 2A. 

HEPA filters were installed within PICU/Ward 2a week 
commencing 6 November 2017, within room numbers 12 and 17 
– previously installed within room 18.  HEPA filter still to be fitted 
in room 5 (access to be agreed with clinical colleagues). 
 
HEPA filters were also fitted into RHC Ward 3c week commencing 
13 November 2017 within rooms 9 & 10. 

Work commenced mid November 2017, therefore 
ahead of May 2018, as noted above. 
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Item Issue Current Position Future Actions 

7 HEPA filters in prep room HEPA filters have not been routinely fitted (as standard) within 
prep rooms, however HEPA filters are fitted within QEUH Ward 
4b. Instruction required to determine whether HEPA filter should 
be fitted into RHC Ward 2a prep room. 
 

A feasibility study will be undertaken to ascertain if 
HEPA filters can be installed in the prep room. 

8 IVs prepared in 
treatment room. 

IVs are prepared in the preparation room but not chemotherapy 
which is prepared in a specialist unit. 
 

CN paediatrics confirmed that this was the standard 
practice. 

9 Outbreak of Aspergillus 
associated with poor air 
quality 

There were two cases of aspergillus associated with the ward in 
March 2017.  This was fully investigated and was possibly 
associated with a leak into the ceiling space which was not 
immediately apparent. On review of cases in the new BMTU and 
the unit previously located in Yorkhill there is no significant 
increase in the number of cases of this infection.   
 
This was fully reported as per Chapter 3 of the National Infection 
Prevention and Control Manual to Health Protection Scotland. 
 

HPS have been contacted for advice on what would 
be an appropriate regime for air monitoring in this 
area. 

10 Concern that the 
statement issued advised 
that BMT services in RHC 
were unaffected by 
issues identified in the 
adult BMTU. 

Clarification from the NHSGGC  Comms Team  
 
“To the recollection of colleagues involved, the Communications 
team were not briefed at the time of the release about the adult 
BMT move of any testing underway at the Royal Hospital for 
Children.  
  
The final line of the press release of 8th July 2015 “Bone Marrow 
Transplant Service Temporary Relocation” was written to make 
clear to media that the move of the adult service did not include 
the paediatric service at the Royal Hospital for Children and that 
the latter was not moving. “  
 

Clarification issued to the meeting attendees. No 
further action required. This perhaps appears to be 
misinterpretation of the media communication. 

11 HEPA filters not in place 
in PICU 
 

Action complete as previously agreed and noted within point 6.  
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Item Issue Current Position Future Actions 

12 Increase in the number 
of line infections in Ward 
2A 
 

Two years’ retrospective data were analysed in May 2017 and it 
was noted that there was an increase in line related infection. The 
initial baseline infection rate per 1000 total line days was 3.25 and 
this had risen to 6.33. A group led by CN Paediatrics first met in 
May 2017 to review this information and put actions in place to 
reduce this incidence. The last 4 months (July to October) have 
shown improvement in infection rates.   
 
CN Paediatrics presented a paper to the Board Infection Control 
Committee on the 27 November 2017 outlining several work 
streams and the most recent infection rates in this area.  

There are currently four work streams in place to 
look at key initiatives to reduce line infections in 
BMTU, these include: 

 Line Insertion and access in theatre. 

 Access and Maintenance of lines 

 Staff Education 

 Patient and Parent engagement 
Next Steps 
From 1st December 2017 every CLABSI (line 
associated infections) will be subject to rigorous 
review utilising Event Cause Analysis methodology 
within 72 hours of a reported CLABSI 

13 Increase in the number 
of line infections 
 

IPCT participating in above work. Line related surveillance was 
subsequently picked up by the Directorate. 

Ongoing assessment of surveillance activity and 
resource within the IPCT to enable IPCT to respond 
to local clinical needs. 

14 Dr Redding concerned 
that the ongoing work 
would not accurately pick 
up any concerns. 

 As above work streams in place re line infections. 

 IPCT audit process is in place and ongoing; this includes audit 
of the environment, audits of line and urinary catheter care. 
Audits of standard Infection Control Precautions (SIPS). 

 IPCT twice weekly visits. 

 GGC compliant with the National IPCT Manual – this lists all 
types of infections that should be reviewed and what should 
be reported if an outbreak or incident occurs. 

 Weekly report to Board and Acute Directors weekly on an IPC 
issues throughout GGC. 

IPCT and CN Paediatrics will continue to have a clear 
focus on this area. 

15 Microbiologists do not 
have the information to 
advise clinical staff on 
where to place 
immunocompromised 
patients. 

Director of Regional Services stated that this had never been 
raised as an issue by clinicians within his service that care for 
patients who are immunocompromised.  Most patients who are 
immunocompromised are cared for within this directorate. 
 
It was agreed by the group that placement of 
immunocompromised patients was a decision that should be 
taken by the clinical team looking after the individual patients. 

Dr Peters agreed to circulate a document she had 
used in another board area. 
 
David Loudon (Director of PPFM) agreed to send the 
microbiologists a list of where the PPVL rooms were 
in the QEUH and RHC. 
 
It was agreed that this would be reviewed at the 
Regional Services Governance Forum 
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Item Issue Current Position Future Actions 

16 
 

Infection rates are not 
being monitored. 

 GGC compliant with the National IPCT Manual – this lists all 
types of infections that should be reviewed and what should 
be reported if an outbreak or incident occurs. 

 Every patient with a notifiable infection is reviewed and 
monitored. 

 NHSGGC is fully compliant with all elements of the national 
Mandatory Surveillance of Infection Programme (mainly 
specific surgical site and blood stream infections. 

 Weekly report on exceptions is sent to the Board Directors. 

 Monthly reports are sent to Senior Management teams. 

 All outbreak and incidents are reviewed by the Board, 
Partnership and Acute Infection Control Committees. 

 The most recent National Point Prevalence Survey in 2016 
indicated that both the QEUH and RHC were under the 
national average in terms of the incidence of Hospital 
Acquired Infections. 

ICM has invited HPS to review the NHSGGC systems 
for surveillance and reporting of infections – this 
assessment took place on the 29.11.17, the initial 
feedback was positive but we await the full report. 

17 There are three air 
changes and chilled 
beam technology instead 
of the 6 air changes 
recommended. 

 There are three air changes in the single rooms within both QEUH 
and RHC. 
 
 

Director of Facilities agreed to take this issue 
forward with NHS D&G to share learning with 
regards to this type of technology and draw to their 
attention concerns regarding cleaning of the beams. 
Action complete. 
 

18 Use of cleaning agents. NHSGGC has for several years changed the cleaning regimens 
each winter to include a chlorine based detergent as a strategy to 
reduce norovirus outbreaks. This switch commences on the 1st of 
November and continues until the 30 April each year or longer if 
the season is prolonged. 
This is not recommended in the National Infection Control 
Manual because of lack of scientific evidence but is put in place in 
GGC based on local site knowledge. 
 
 
 
 

This policy and practice will continue unless new 
evidence emerges 
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Item Issue Current Position Future Actions 

19 Roles and responsibilities 
with regards to cleaning 
of the dishwashers in the 
ward pantries was not 
clear. 

IPCT held an Incident Management team Meeting (IMT) on 22nd of 
September. Dishwashers were removed from use until they could 
be serviced and re-sampled.   

Catering staff agreed to assume the responsibility 
for cleaning of the dishwashers going forward. 
 

20 Issue with dishwasher 
not picked up during 
routine monitoring. 

GGC fully compliant with the National Monitoring of Domestic 
Services  

Roles and responsibilities had been clarified and a 
process in now in place. 
 

21 Cleaning of Temperature 
Control Values (TCVs) 

TCVs are maintained in all high risk areas and plans are in place to 
carry this out in all areas despite this not being mandatory. 
Protocols are in place to manage this process.    

Agreed works within QEUH-plant room 31, almost 
complete and being led by Site Maintenance 
Manager.  Anticipated date of completion by end of 
January 2018. 

22 Water testing is not as 
per national guidance 

Board water safety is in place and water systems and processes 
are monitored as per national guidance. 

None 

23 Sewage leaks in institute 
not reported to 
microbiologists 

Leaks in any clinical areas that required advice from an ICD are 
reported 

Ensure reporting is ongoing. 

24 Plumbing not replaced in 
Neuro Surgical Block 

The Director of Regional Services advised that there is ongoing 
work in the neuro building that would because of its complexity, 
take several years to complete, in the meantime the new 
operating theatres were due to open in January 2018.   
 

Works are ongoing as planned. 

25 
 

Perceived Increase in 
surgical site infections 

Regional Services has funded 1.5 WTE surveillance nurses to carry 
out prospective surgical site surveillance in this area.   For 
context, there are 3 surveillance nurses that provide this service 
for the rest of GGC therefore the investment in the INS to monitor 
SSI is significant. 
 
Although it is difficult to obtain benchmark rates for SSI in this 
area, continuous surveillance will pick out trends and therefore 
any increase. This is monitored via a group unique to Regional 
Services – the RS Surgical Site Infection Group. The group in turn 
reports into the Regional Service Clinical Governance Group  
 

Continue to monitor trends in surgical site infection 
in this area. 
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Item Issue Current Position Future Actions 

26 Decontamination 
facilities 

Most decontamination of equipment is conducted in the central 
Decontamination Unit or Endoscopy facilities. 
 
Respiratory equipment is easily damaged and advice from 
manufacturers is often difficult to implement. 
 
There should be dedicated facilities with established work flow 
patterns (dirty to clean). 
 
At this point in time the Decontamination group (which is a sub 
group of the Board Infection Control Committee) has give advice 
on many items of equipment and had obtained room designs 
which could be used if space was identified in QEUH and RHC.  
This has been submitted to management colleagues for 
consideration. 
 
In addition a list of specialist equipment that we require national 
advice on has been submitted to Health Protection Scotland.  

Pursue HPS for advice regarding the list of 
equipment provided. 
 
Establish status of planning for new 
decontamination areas. 
 

27 Roles of IPCT have 
changed 

The current IPCT all have Job Descriptions which have been in 
place for several years.  
 
There is a clear documented governance structure that has been 
reviewed by Price Waterhouse Cooper and approved by the 
Infection prevention Committees within NHSGGC. 
 
There is a clear management structure which complies with the 
recommendations contained within the Vale of Leven Report and 
the Healthcare Environment Inspectorate Standards  
 

A review of the roles and responsibilities of the 
Infection Control Doctors in South Glasgow will be 
undertaken by the Chief of Medicine for Diagnostics. 
 
The ICM has invited HPS to undertake a review of 
IPC surveillance and reporting systems in place.    
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Minutes of Meeting 
Meeting Room L02-001, Teaching & Learning Centre 

Queen Elizabeth University Hospital  
 

Wednesday 4th October 2017 at 8:00am 
 

PRESENT   
Dr Jennifer Armstrong (Chair) JA Medical Director 
David Loudon DL Director of Property, Procurement & FM 
Morag Gardner MG Chief Nurse 
Sandra McNamee  SMcN Associate Nurse Director IPC 
Ian Powrie IP Depute General Manager, Estates 
Professor Brian Jones BJ Head of Service, Microbiology 
Tom Walsh TW Infection Control Manager 
Anne Harkness AH Director, South Sector 
Jonathan Best JB Acting Chief Operating Officer 
Gary Jenkins GJ Acting Director, North Sector 
Dr Penelope Redding PR Consultant Microbiologist 
Dr Christine Peters CP Consultant Microbiology 
Dr Ash Deshpande AD Consultant Microbiologist/ICD 
Dr Rachel Green RG Chief of Medicine, Diagnostics 
   
 

In Attendance  
Ann Lang (Minutes) PA, Infection Prevention and Control 

 
Item  Action 

   
1. Welcome & Introductions   
 Dr Armstrong welcomed everyone to today’s meeting to discuss Infection Control and 

estates issues at QEUH and RHC and round the table introductions were made.  The group 
noted that colleagues from Women’s and Children’s Directorate were not in attendance but 
were aware of the issues raised and had helpfully submitted information via email which 
could inform the relevant areas of the discussion. 
 

 

2. Purpose, Format and Conduct of Meeting  
 Dr Armstrong advised that a series of emails have been received from Dr Redding and Dr 

Peters regarding Infection Control and estates issues on the QEUH and RHC site. Dr 
Armstrong had requested a document setting out the issues of concern and thanked Drs 
Redding and Peters for providing the SBAR document which provided a helpful basis for the 
discussion. Dr Armstrong proposed that the meeting is focused on patient safety and a 
review and update on the current status of the issues identified. 
 
She asked that if there are any comments during the meeting if these could be addressed 
through the chair and to adhere to the GMC and Board guidance regarding respect, 
professionalism and working as part of a team.  The group agreed the importance of issues 
raised being discussed in the context of the appropriate roles, responsibilities and 
governance structures. 
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Item  Action 

3. Review of SBAR / Concerns  
 It was agreed to go through the items detailed in the SBAR from Dr Redding and Dr Peters, 

to look at the points raised and address any outstanding issues.   
 

 

  Patient Placement  

 Dr Redding outlined that there are challenges for the microbiologists regarding source 
isolation of infected patients.   
 
She said the current situation is that the positive pressure ventilated lobby rooms were not 
built to SHTM standard and she and others were concerned that they do not provide 
appropriate protection when managing a small number of patients with significant 
respiratory pathogens of high consequence such as MERS and MDRTB (Items 1&2).  Dr 
Peters advised that Microbiologists and ICDs and ID colleagues feel there is a lack of 
provision for isolation rooms in A&E (Item 3).  David Loudon replied that this specification 
was signed off by the board and clinical teams; he also confirmed that remedial work had 
been carried out due to issues raised at the snagging stage of the build.  David also stated 
that although there were some modifications to the design the rooms did conform to SHTM 
04-01 and that it was incorrect to state that this was not the case. Ian Powrie addressed 
specific points raised in respect of the ventilation specification and agreed to provide the 
detailed information to support this. 
 
Sandra McNamee commented that the inclusion of the Infectious Diseases service was a 
late amendment to the QEUH project and therefore not commissioned as an ID unit at the 
outset.  The group noted that the Brownlee Clinical Team put a strong clinical case to the 
board to be co-located on QEUH site with the Intensive Care Unit and other critical clinical 
services.  The issues identified were discussed with HPS at the time and they agreed to 
advise the Board on what standard these rooms would need to be to accommodate these 
patients.  When this information has been received, estates colleagues will review the 
advice to determine if these modifications were feasible.  Dr Redding stated she would like 
to see the evidence relating to this.  Sandra advised that a follow up meeting took place 
with HPS on Monday 2nd October and that the relevant information was expected in the 
next few weeks, however in the meantime a patient pathway has been in place which 
routes these patients to appropriate isolation rooms in other hospitals. 
 
Dr Peters reported that these patients with significant airborne pathogens are being sent 
from A&E to the isolation rooms in ITU before being transferred to other hospitals as 
reported by ID colleagues.  The group noted that this would be the case for other hospitals 
within NHSGGC and across NHS Scotland.   
 
Dr Peters however intimated that there is a risk of exposure to a large number of patients 
and staff and reiterated that, in her opinion, the ITU isolation rooms are not adequate for 
these types of patients. Furthermore other hospitals have not been recently built and are 
not a tertiary ID referral centre such as the QEUH (Item 4).  Dr Redding also recognised that 
work may be ongoing but the microbiologists are not aware of this (Item 5). 
 
Anne Harkness advised that as these issues were raised she met with Directors and ID 
Physicians and they agreed a pathway for these patients to be transferred to other sites. 
She also commented that based on the external advice, unless the existing rooms can be 
modified in some way the only alternative was to build a new Infectious Disease Unit which 
would require a significant resource.   David Loudon confirmed that changing the 
specification to negative pressure would be reviewed to assess technical feasibility.  
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Item  Action 

 It was agreed to await the response from HPS and to deal with any further issues via the 
Acute and Board Infection Control Committees and the relevant Directorate Governance 
Committees.  
 

 

  Protective Isolation  

 Currently HEPA filters are not fitted in PICU isolation rooms (Item 6) and in the prep rooms 
in Ward 2A (Item 7).  Dr Redding also commented that IVs are prepared in the treatment 
room (Item 8).  She stated that there has been a perceived high rate of infections in 
immune compromised patients in Ward 2A and air quality has remained an issue in this 
ward since it opened.   
 
She also commented that there was an outbreak of Aspergillus (Item 9) in the unit and that 
there is still a risk to patients.   
 

 
 
 
 

 Dr Peters said there was a public statement made by NHSGGC that BMT services at RHC are 
separate and unaffected and that both she and an ICD colleague had objected to the 
wording of the statement at the time and had asked to step down from ICD roles 
immediately after it was released. Dr Armstrong advised that she will check with the Comms 
team regarding the wording in the statement as this required some additional clarity 
around context (Item 10).   
 
 

With regards to the cases of Aspergillus, Sandra McNamee updated that there were two 
cases in March and April associated with a leak in the ceiling space.  This was investigated 
and the tiles were removed and replaced with no further cases of Aspergillus.   
 
Ian Powrie advised that the HEPA filters were installed in two of the rooms in adult ITU but 
there has been no request to add these to isolation rooms throughout the adult or 
children’s hospital.  Work in RHC, Ward 2A is scheduled to start this month and with the 
scribe being signed off he can now contact the contractors to start the work.  Sandra 
McNamee confirmed that this was raised at a meeting she attended yesterday and that she 
was aware that there is a plan to put HEPA filters in two of the rooms in PICU as 
contingency.  (this action is complete) 
 
Ian Powrie said that the only reason this had not been done is that there was a requirement 
for the rooms to be unoccupied for 24 hours whilst this work was done and validation 
carried out and that up to this time it was not possible because the beds had been fully 
occupied and that there were ongoing discussions with the team in Ward 2A as to whether 
these patients could be accommodated in isolation rooms within other wards where HEPA 
Filters could be fitted to address the overspill contingency.   
 
Dr Peters commented that this was necessary in PICU, not just as an overspill for Ward 2A, 
but for these extremely vulnerable patients if they required intensive care treatment 
because of their illness (Item 11). 
 

Dr Redding advised that the clinical team in Ward 2A have reported that in their experience 
there seemed to be an increase in the number of line related infections and Sandra advised 
that this was investigated by Infection Prevention Control and the clinical team when first 
raised and work had been ongoing for several months (Item 12).   

 
 

JA 
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Item  Action 

 She also reported that IPCT and the Clinical Team were working with Timothy Bradnock, 
Consultant Paediatric Surgeon to look at improvement work.  Sandra noted that there was 
no effective benchmark available for this area. Dr Peters noted that rates of line infection 
were important to determine and that IPCT had stated there was no resource to do this 
(Item 13).  
 
Jen Rodgers, Chief Nurse has an improvement group looking at PVC and CVC bundles and 
Sandra said that this should have an impact on the number of infections.  Dr Armstrong 
added that there has been a focused piece of work carried out in Ward 2A and they were on 
a weekly reporting process to ensure compliance with infection control standards had 
improved.  Dr Redding was concerned that this may not accurately pick up any concerns 
(Item 14). 
 

 

 In relation to the chemotherapy being prepared in the treatment rooms Gary Jenkins 
advised the group that chemo was prepared in a designated area and there was an audit 
process to confirm this. He also commented that this process had been reviewed recently 
and offered to provide Dr Redding the document that was produced.  Dr Armstrong 
confirmed that chemo is not being made up in these rooms and is carried out in the Aseptic 
Dispensing unit. Dr Armstrong agreed to confirm this with Pharmacy.  
 
With regards to safe placement of immunocompromised patients, Dr Peters asked if there 
was a list of which rooms were of the standard that would be acceptable for this group of 
patients. She commented that when she worked in Crosshouse Hospital they had a list of 
where these particular patients could be placed.  She said the microbiologists receive calls 
asking this question by clinical staff (Item 15).   
 

 
 
 

JA 

 The group debated the definition and severity of immunocompromised patients and 
agreed, with input from Sandra McNamee and Prof Jones that this was a decision best 
considered by the clinical team looking after the individual patients.  Dr Armstrong advised 
that this should be discussed at AICC and Gary Jenkins commented that this has not been 
raised as an issue via his Regional Clinical Governance Committee.  Dr Armstrong 
recommended that this be addressed through the Regional Clinical Governance Committee.  
She also said it would be helpful to have a copy of the document that Dr Peters used in 
Crosshouse.  Dr Redding reiterated that Microbiologists need to know which rooms are the 
most suitable for different categories of patients. 
 

 
 
 

GJ 
CP 

 Dr Redding commented that she feels the infection rates are not being monitored (Item 16) 
and Dr Armstrong replied that the Board and Acute Directors receive a weekly report of all 
outbreaks and infection control incidents.    
 

 
 
 

 Dr Armstrong agreed to ask the Women & Children directorate to take forward the points 
raised above. 
 

JA 

  Single Side Room Accommodation  

 Dr Redding outlined that air changes per hour for all clinical accommodation in QEUH and 
RHC are 3 instead of 6 as per guidelines with the inclusion of chilled beam technology.  The 
grills also collect dust as air is entrained over chilled beams which she suggested is not 
recommended in a healthcare setting (Item 17).  Dr Peters advised this initially came to light 
when investigating issues regarding CF patients.  
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Item  Action 
 David Loudon advised that Dumfries and Galloway have chilled beam technology and Dr 

Peters stated that Monklands Hospital is at the commissioning stage of a new build and 
suggested that we share our learning with them. It was agreed that it was important to share 
the GGC knowledge around chilled beam technology with colleagues in other Boards and 
David Loudon agreed to take this forward.  Ian Powrie informed the group that all chilled 
beams on site are being cleaned and maintained and Dr Redding asked if the air changes can 
be changed from 3 to 6 in some rooms but not in all areas and David Loudon advised this was 
not realistically possible.  Ian Powrie confirmed that cleaning and monitoring is being carried 
out to determine how quickly dust has built up and once this has been established a cleaning 
schedule will be organised and this can be shared with other hospitals.  Dr Redding suggested 
involving Microbiologists regarding cleaning to look at the microbiological counts.  Dr Jones 
suggested that rates of infection may also be a useful indicator.  In this context Sandra 
McNamee reported that during the point prevalence survey QEUH was under the national 
average for infections and that all alert organism/conditions were monitored by the IPCT and 
that there were no indications that this site had a higher than average infection rates.  It was 
noted that infections occurring post discharge would not be picked up by the point 
prevalence survey. 
 

 
 
 

DL 

  Cleaning  

 In relation to cleaning Dr Redding stated that cleaning agents were not being used on floors 
in clinical areas (Item 18).   
 

 

 Dr Redding also outlined that dishwashers had not been cleaned, installed or operated 
according to manufacturing instructions (Item 19).  This was brought to light with the 
investigation into CF patients with Exophiala.   Sandra McNamee updated regarding the 
occurrence of Exophiala in CF patients and said this was referred to HPS as an amber HIIAT 
score but they downgraded this to a green HIIAT as this is considered to be a ubiquitous 
organism and the modes of spread, incubation period and occurrence in the population and 
environment was largely unknown.  Dr Peters stated that she had already discussed the 
outbreak in her role as CF Microbiologist with mycology experts and given the striking 
epidemiology of increasing numbers, it is a reasonable hypothesis to assume a link to the 
dishwashers as a possible source.  She had also discussed the HIIAT rating with HPS and 
agreed with green rating as the intervention with dishwasher was rapidly and appropriately 
dealt with.  
 

 

 With reference to the cleaning agents Sandra McNamee responded that Actichlor cleans are 
used throughout the winter norovirus season which normally runs from November to April.  
She also stated that Actichlor was used in specific areas at the recommendation of IPCT, for 
example.  Actichlor was used in GGH for a month in the summer due to an increase in CDI 
across the site.  This has also been introduced for general cleaning into the wards with CF 
patients in QEUH and RHC, PICU, NICU and Ward 2A.   
 

 

 At a recent meeting with HPS Sandra said HPS have found no evidence that using Actichlor is 
effective but further guidance was awaited.   
 

With regards to dishwashers in the ward area there had been some debate in the ward 
regarding whose responsibility it was to clean these but Sandra said this has been addressed.  
The manufacturer has come in to check the dishwashers and Catering Services have 
confirmed they will commence a cleaning programme for the dishwashers.  It was also noted 
that Environmental Health Officers prefer dishwashers to be used over hand washing in sinks/ 
basins. 
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 Dr Peters commented that the audit system did not pick up this problem (Item 20), and 
raised concerns about gaps in the environmental audit programmes and this was possibly the 
same with regards to ward refrigerators or other equipment.    Sandra McNamee advised that 
nursing staff have a requirement to check the temperature in fridges and stated again that 
the catering department have agreed to take responsibility for the ward dishwashers.  The 
group noted that dishwasher maintenance had been overlooked in the overall system but 
that this had now been rectified. 
 

 

  Water Quality and Testing  

 In the SBAR it stated that all taps are fitted with TMVs and the cleaning and maintenance 
policy has not been reported and Dr Redding stated that we need to ensure this is up-to-date 
(Item 21)  She also commented that the water in Ward 4B has not been tested to a high 
standard (Item 22).   
 
The group was assured that there was a Board Water Safety Policy in place that is approved 
by the appropriate governance committees.   
 
David Loudon reported that we have strict guidance on how to monitor water systems and 
processes are in place to comply with ECOPs.   Ian Powrie also confirmed that water testing is 
carried out as per protocol and only exceptions are reported to the Infection Control Teams 
and this was previously agreed with Dr Inkster.   
 
He said testing is mainly carried out in high risk areas.  David Loudon stated that we are not 
required to test all taps but a sample and that this was in accordance with guidance.  He also 
confirmed that if requested by an ICD additional sampling was undertaken. Dr Deshpande 
said that Dr Inkster was managing the water testing and he perceived there was a problem 
with the environment.  He said that he requested gram negative testing but did not receive 
the results from Estates.  Ian Powrie replied that recent changes in staff in both estates and 
IPC could have been the reason why he did not receive the information.  It was agreed that 
GGC are compliant with the water testing protocol.  Dr Peters stated that the issue was not 
the overall testing protocols but the ICD role in requesting and receiving the results in a 
timely manner in exceptional circumstances where a water source of infection needed to be 
investigated.    
 

 

 In relation to TMVs Ian Powrie advised that these are maintained in all high risk areas and 
they are working towards carrying this out in all areas.  He said the end piece of the taps 
cannot be removed and an SBAR is in place for this.   Estates are finalising the installation of a 
heat sanitation system and once complete this will be sent to the Board Water Safety 
Committee for approval.   
 
In terms of serratia Ian said they would test the water for this if requested by a clinician.   
 

 

  Plumbing in Neuro Surgical Block  

 Dr Redding stated that there has been sewage leaking in the theatre suite since before 2015 
and is still ongoing and not all incidents have been reported to ICDs (Item 23). 
 
Gary Jenkins advised that there is ongoing work in the neuro building that would, because of 
its complexity, take several years to complete. In the meantime the new operating theatres 
were due to open in January 2018.   
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 He stated that his directorate has a specific focus on IPC and that they had a dedicated group 
to look at surgical site infection.  He said they funded 1.5 WTE surveillance nurses to carry out 
prospective surgical site surveillance in this area.  Dr Armstrong updated that Dr Inkster 
carried out a detailed inspection of the area previously and she suggested that SSI 
surveillance was carried out here.    Sandra McNamee advised for context that there are 3 
surveillance nurses that cover all of GGC so the resource to actively do this in the INS was 
significant.   
 
She acknowledged that the ICDs were concerned about infections in EVD and stated that the 
clinical teams were currently developing an EVD bundle.   Ian Powrie reported that remedial 
work was carried out in this building over the past year but that there had been an incident 
with sewage last week.   
 
There has been a delay in the opening of the ICE theatres as GGC were not satisfied with the 
standard but a programme of work has been agreed with the clinicians.   
 
Dr Peters said she requested to know the number of instances from when the theatres closed 
two years ago due to problems with the pipe work to date and she stated that she was told at 
the time of the initial problems that the plumbing was to be replaced (Item 24).  Gary Jenkins 
responded that that the pipes run through multiple floors and a process is in place with IPC 
and Capital Planning to take this forward in stages.   
 
Anne Harkness commented that increases in SSI should be discussed at the Regional Clinical 
IPC Group which Dr Deshpande is a representative of (Item 25).  Ian Powrie advised that he 
has arranged to meet with Dr Deshpande and Dr Balfour to discuss the INS theatre issue.   
 

 

  Decontamination  Provision for Respiratory Clinics  

 The SBAR also stated that the decontamination facilities in both Paediatric and adult 
respiratory clinics have been identified as inadequate on a number of occasions (Item 26).  
Sandra McNamee informed that remedial actions have been put in place and a list of items 
has been sent to HPS for advice on how to decontaminate them.   
 
Dr Peters stated that QEUH ICD had not been informed of timeline for revision works to 
decontamination area to take place. 
 

 

  Infection Control Structure  

 Dr Redding advised that the ICDs in the South Sector had stated that the roles within the 
Infection Control team are unclear and appear to have changed (Item 27).  Dr Armstrong 
proposed that consideration is given to having a further separate meeting to discuss the 
issues referred to in this section.  Jonathan Best offered to support this discussion.    
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4. Agreement of Further Actions / Next Steps 
- Ian Powrie to provide documents supporting work on PPVL rooms 
- David Loudon to liaise with colleagues re GGC experience with chilled beams 
- In relation to safe patient placement and availability of isolation rooms, this is to be 

raised via the Regional Clinical Governance Committee.   
- -  Dr Peters to issue the group a copy of the document listing isolation rooms from 

Crosshouse Hospital.   
- Dr Armstrong to relay issues pertaining to Ward 2A to Women & Children 

directorate.  
- Dr Armstrong to confirm chemotherapy preparation in Aseptic Unit. 
- Consideration to be given to a further meeting with a smaller group to discuss the 

issues contained in the Infection Control Structure section of the SBAR.  
- Dr Armstrong to check with the Comms team regarding the wording in the public 

statement regarding BMT services  
 

 

5. A.O.C.B.  
 Nil.   

Dr Armstrong thanked everyone for their attendance today.   
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SOP Objective 

 
To ensure that patients are cared for in the appropriate area in order to minimise the risk of cross‐

infection, and to protect immune compromised patients from environmental infection. 
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 Addition 2A RHC and 4B QEUH. 
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1. Responsibilities 

 

Health Care Workers (HCW) must: 
 
 Follow this SOP. 
 Follow the advice of the Infection Prevention Control Team (IPCT) 

 Escalate to line manager if they are unable to follow this SOP.  

 

 

Managers must: 
 

 Support HCWs in following this SOP.  

 Cascade new policies/SOPs to clinical staff.  
 
 

Infection Prevention and Control Teams must: 
 
 Keep this SOP up‐to‐date.  

 Provide education opportunities on this SOP.  
 
 
 Facilities / Estates Teams must: 
  

 Carry out verifications on all rooms annually or following any works 
carried out on the room. 

 Keep up‐to‐date verification records. 
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2. General Information on Specialist Ventilation 
Across NHS Greater Glasgow and Clyde there are a number of specially ventilated rooms designed 
to protect patients within  the healthcare environment  from potentially harmful pathogens.   The 
tables below provide a list of wards and rooms on each of the main hospital sites, indicating the type 
of  ventilation  and  filtration  available  in each.   This will direct  staff  to  the  correct placement of 
patients who  are  suspected  or  confirmed  to  have  an  airborne  or  high  consequence  infectious 
disease, as well as airborne protective  isolation  for  immune  compromised patients.   Below  is a 
description of what each type of ventilation means, while Table 1 should be used to guide staff to 
the type of patient that can be safely cared for in each.  

 

What is a Positive Pressure Ventilated Lobby (PPVL) Room? (HEPA filtered air) 
A PPVL room has a flow of air from the lobby which moves into the main room.  The contaminated 
air is extracted via a vent in the en suite toilet when one is available.  In all instances in QEUH and 
RHC there is an additional extract in variable locations in the ceiling of the patient room.  The lobby 
itself is positively pressurised to both the patient’s room and the outer corridor providing a barrier 
between the patient within the room and the surrounding ward.  This movement of air effectively 
prevents infection spreading between the room and the surrounding ward.  Some PPVL rooms have 
an air supply to the lobby via a filter (HEPA filter) providing some further protection for patients who 
are immunosuppressed within the room.  It is important to keep the door to the main room and to 
the lobby closed when not in use to ensure that this flow of air is maintained.  The pressure on the 
gauge from corridor to lobby should read +8 to +12 PA.   
 

What is a Negatively Pressured Room? 
A negative pressure room has a flow of air which moves from the corridor into the room preventing 
the escape of room air to the surrounding ward.   The ventilation within the room  is such that  it 
dilutes  any  airborne pathogens which  are  circulating.    The  room provides  a negative  air  flow  / 
‘cascade’ from ward corridor to lobby, and lobby to isolation room, whilst allowing control of room 
temperature.   The room  is validated  for 10 air changes per hour within an  isolation room and a 
pressure differential of ‐8Pa to ‐10Pa in relation to the corridor.  It is important to keep the door to 
the main room and the lobby closed when not in use to ensure that this flow of air is maintained. 
 

What is a Bone Marrow Transplant (BMT) Room? 
BMT  rooms  are  reserved  for use by  those patients who  are highly  susceptible  to  infection,  for 
example, those undergoing bone marrow transplant.  The air supply to the room is via a filter (HEPA 
filter) to further provide protection to the vulnerable patient within the room from external airborne 
pathogens such as fungi.  These rooms are currently only located within Ward 2A Children Hospital 
and also Ward 4B in the QEUH, and are reserved for use by BMT patients.   
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3. Room Types 

 

Type of 
Room 

Patient allocation / suitability  

PPVL with    
Lobby HEPA 

Immunosuppressed patients, i.e. Haem‐onc patients, 
should be prioritised for these rooms 

Immunosuppressed with chickenpox / measles 

Patients with Atypical Mycobacteria 

Patients with infections (non‐airborne route) 

Negative 
pressure 

Chickenpox, Measles, Pathogens of High Consequence 

Tuberculosis (incl MDRTB and XDRTB) 

Prioritise airborne infection 

BMT Rooms   Bone Marrow Transplant patients  

These are located in specialist units:  

QEUH 4B 

RHC 2A 
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4. Signage  

Patient bedrooms with specialist ventilation will have a sign at the door indicating the specific 
ventilation afforded by that particular room. The signs will be one of the following (QEUH):  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These templates only and should be modified for local use. 
 

Negative Pressure 
Isolation Room 
Pressure gauge should be between 

‐8Pa & ‐12Pa 
If the positive side of the gauge is out of range please contact estates department 

Help desk 5555 

HEPA FILTERED PPVL  
Isolation Room 
Pressure gauge should be between 

+8Pa & +12Pa 
If the positive side of the gauge is out of range please contact estates department 

Help desk 5555 
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Table 1. Special Ventilation Rooms – Royal Hospital for Children (RHC)  

Location  Room 
Number 

Type of 
Room 

HEPA filter 
(Lobby supply) 

Type of Patient  Comment 
En suite Y/N 

CDU  17  PPVL  Yes  Prioritise immunosuppressed    Y 

CDU  18  Negative 
Pressure 

Yes  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

1D  5  Negative 
Pressure 

Yes  Not immunosuppressed 

 

Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

N 

1D  12  PPVL  Yes  Prioritise immunosuppressed    N 

1D  17  PPVL  Yes  Prioritise immunosuppressed    N 

1D  18  PPVL  Yes  Prioritise immunosuppressed    N 

1E  13  PPVL  Yes  Prioritise immunosuppressed    Y 

1E  14  PPVL  Yes  Prioritise immunosuppressed    Y 

2C  5  PPVL  Yes  Prioritise immunosuppressed    Y 

2C  6  Negative 
Pressure 

Yes  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

3A  15  PPVL  Yes  Prioritise immunosuppressed    Y 

3A  16  PPVL  Yes  Prioritise immunosuppressed    Y 

3B  19  PPVL  Yes  Prioritise immunosuppressed    Y 

3B  5  PPVL  Yes  Prioritise immunosuppressed    Y 

3C  9  PPVL  Yes  Prioritise Immunosuppressed    Y 

3C  10  PPVL  Yes  Prioritise Immunosuppressed    Y 
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Table 2. Special Ventilation Rooms – Adult Queen Elizabeth University Hospital (QEUH) 

Location  Room  
Number 

Type of Room  HEPA filter     
(Lobby 
Supply) 

Type of Patient  Comment  En suite 
Y/N 

HDU UNIT 1  3  PPVL  Yes  Prioritise Immunosuppressed    Y 

HDU UNIT 1  4  Negative 
Pressure 

Yes  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

HDU UNIT 2  11  PPVL  Yes  Prioritise Immunosuppressed    Y 

ICU UNIT 3  23  PPVL  Yes      N 

ICU UNIT 3  24  Negative 
Pressure 

Yes  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS, 
Respiratory illnesses 

N 

ICU UNIT 4  31  PPVL  Yes      N 

ICU UNIT 4  40  PPVL  Yes      N 

ICU UNIT 5  43  Negative 
Pressure 

Yes  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

ICU UNIT 5  44  Negative 
Pressure 

Yes  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  
Respiratory illnesses 

Y 

HDU UNIT 6  50  PPVL  Yes  Prioritise Immunosuppressed    Y 
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Table 3. Special Ventilation Rooms – Royal Alexandra Hospital (RAH) 

 

 

 

 

 

Please note there are no negative pressure isolation rooms in either Vale of Leven Hospital or Inverclyde Royal Hospital. 

Table 4. Special Ventilation Rooms – Glasgow Royal Infirmary (GRI) 

Location 
(Wards) 

Room 
Number 

Type of 
Room 

HEPA Filter 
(Lobby 
Supply) 

Type of Patient  Comment  En suite 
Y/N 

6  3/25  Negative 
Pressure 

No  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

6  3/39  Negative 
Pressure 

No  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

7  3/52  Negative 
Pressure 

No  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

16  3/31  Negative 
Pressure 

No  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,  Respiratory 
illnesses 

Y 

 
NB - In ITU due to the variability of different types of isolation facilities any patients who require source or protective isolation will be discussed with IPCT to 
ascertain isolation priority and placement.  

Location  Room 
Number 

Type of Room  HEPA Filter  
(Lobby Supply) 

Type of Patient  Comment  En suite 
Y/N 

ICU  2  Negative Pressure  No  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,   
Respiratory illnesses 

N 

ICU  5  Negative Pressure  No  Not immunosuppressed  Varicella Zoster, TB, VHF, MERS,   
Respiratory illnesses 

N 
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Table 5. Bone Marrow Transplant (BMT) Rooms – Royal Hospital for Children (RHC)  

Location Room 

Number 
Type of Room 

HEPA filter (Lobby supply) 
Type of Patient 

En suite Y/N 

2A  2  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  3  HEPA Filtered PPIR  SHARED Immunosuppressed   Y 

2A  4  HEPA Filtered PPIR  SHARED Immunosuppressed   Y 

2A  5  HEPA Filtered PPIR  SHARED Immunosuppressed   Y 

2A  6  HEPA Filtered PPIR  SHARED Immunosuppressed   Y 

2A  7  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  8  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  9  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  10  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  11  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  12  HEPA Filtered PPIR  N  Immunosuppressed   Y 
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Location Room 

Number 
Type of Room 

HEPA filter (Lobby supply) 
Type of Patient 

En suite Y/N 

2A  14  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  15  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  16  HEPA Filtered PPIR  N  Immunosuppressed   Y 

2A  17  HEPA Filtered PPIR  Y  BMT  Y 

2A  18  HEPA Filtered PPIR  Y  BMT  Y 

2A  19  HEPA Filtered PPIR  Y  BMT  Y 

2A  20  HEPA Filtered PPIR  Y  BMT  Y 

2A  21  HEPA Filtered MIBG  ‐  ‐  Y 

2A  22  HEPA Filtered PPVL  Y  Immunosuppressed   Y 

2A  23  HEPA Filtered NPVL  Y  Immunosuppressed   Y 

2A  24  HEPA Filtered PPVL  Y  Immunosuppressed   Y 

2A  25  HEPA Filtered PPVL  Y  Immunosuppressed   Y 
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Table 5. Bone Marrow Transplant (BMT) Rooms – Adult Queen Elizabeth University Hospital (QEUH) 

Location Room 

Number 
Type of Room 

HEPA filter  
Type of Patient 

En suite Y/N 

4B  All 

Rooms 

Positive Pressure 
Y 

Immunosuppressed 
Y 
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5. Definition of immunosuppressed/Immunocompromised  

NIPCM definition is “Any person whose immune response is reduced or deficient, usually 
because they have a disease or are undergoing treatment. People who are 
immunocompromised are more vulnerable to infection”.  

 

6. Evidence Base 

 
http://www.nipcm.hps.scot.nhs.uk/ 
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Page 824

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

� ���� � � !"#$�%#!�&%'()"#$� *��())+)%,�-.(,%/0�1, !+234� � 5��� ��6� � 1, 2(44�� #3, )4� � � � � � 57�� ��7� � �())+)%,�-.(,%/0�1, !+23�83 ,%$(� � � � 9:�� ��:;�� �())+)%,�-.(,%/0�1, !+23�-,%#4/ ,3%3" #�%#!�8."//"#$�� 9<�� ��::�� =(2 ,!4� � � � � � � 9<�� � ��:<�� >",(23�>"43,"'+3" #�3 ��)"#"2%)�1, $,%?�� � � 9@��ABCD�E�� F1GH=H8I8��J&&H�-IJK�LF�I&I-M�8-FK>F=>8�� � � � 95�� � �:�� � N(#(,%)�� � � � � � � 99�� � �<�� � F/.(,(4"4�� ))(23" #�L%2")"30� � � � � 99�� � �@�� � 1(,4 ##()� � � � � � � 96�� � �O�� � P+%)"30��%#%$(?(#3�� � � � � �;�� � �5�� � 1 )"2"(4�%#!�1, 2(!+,(4� � � � � �5�� � �9�� � F)) $(#("2�%#!�F+3 ) $ +4�> # ,�HQ%)+%3" #�� � � � %#!��%#%$(?(#3� � � � � � ���� � ���� � � !"#$�%#!�&%'()"#$� *��())+)%,�-.(,%/0�1, !+234� � 6;�� � �6�� � 1, 2(44�� #3, )4� � � � � � 6<�� � �7�� � �())+)%,�-.(,%/0�1, !+23�83 ,%$(� � � � 65�� � �:;� � �())+)%,�-.(,%/0�1, !+23�-,%#4/ ,3%3" #�%#!�8."//"#$�� 65�� � �::� � =(2 ,!4� � � � � � � 69�� � �:<� � >",(23�>"43,"'+3" #�3 ��)"#"2%)�1, $,%?�� � � 66��ABCD�R� 1=J�H88IKN�LF�I&I-M�8-FK>F=>8� � � � � � 67�� � >:� � N(#(,%)�� � � � � � � 7;�� � ><� � 1, 2(44"#$�L%2")"30� � � � � � 7;�� � >@�� � 1(,4 ##()� � � � � � � 7<�� � >O� � P+%)"30��%#%$(?(#3�� � � � � 7@�� � >5� � 1 )"2"(4�%#!�1, 2(!+,(4� � � � � 76�� � >9� � HS+"/?(#3T�8+//)"(4T�%#!�=(%$(#34� � � � :;:�� � >�� � � !"#$�%#!�&%'()"#$� *��())+)%,�-.(,%/0�1, !+234� � :;<�� � >6� � 1, 2(44�� #3, )4� � � � � � :;5�� � >7� � �())+)%,�-.(,%/0�1, !+23�83 ,%$(� � � � :;7�

Page 825

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ����

� � ���� �  !""#"$%�&'!%$()�*%+,#-.�&%$/0(+%.$.1+/�$/,�2'1((1/3�� ����� � ���� � �10.%14#.1+/�$/,�5!-!1(.� � � � � ��6�� � ��7� � �10(+0$"� � � � � � � ��8�� � ��6� � 5!-+%,0� � � � � � � ��9��:;;<=>?@�?� ��������A1/1B#B�C#B4!%�+D�C!E�*$.1!/.0�D+%�F--%!,1.$.1+/� � � �7���:;;<=>?@�??�  !""#"$%�&'!%$()�*%+,#-.�G$4!"1/3�� � � � � �76��:;;<=>?@�???�  !""#"$%�&'!%$()�*%+,#-.�G$4!"0�D+%�2'1((1/3�$/,��&%$/0(+%.�+/�*#4"1-�5+$,0�� � � � � � �78��:;;<=>?@�?H� F--+B($/)1/3��+-#B!/.0�$.��10.%14#.1+/�� �7I��:;;<=>?@�H�  '$/3!0�.+�21J.'�K,1.1+/�2.$/,$%,0� �7L��:MN=OPQ<>R<S<=TU� �66��MO=T:MT�?=VOWS:T?O=� �68��?=><@� �6I���

Page 826

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

������������������������ !�"#$%� &'%&' (&#))*�)%+'�,)#&-.

Page 827

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ��

��� !"#$��!��%&'�()*+,�+-*'./01'�+2�/&'���������	
�	��
��������������������3���4
5���6��
��7��
��8������
��69�:���87������
7����;�:��7
����<;�������5������������=/&'�>/)?@),@AB�0A�/+�C,+(+/'�DE)F0/G�('@0.)F�)?@�F)-+,)/+,G�C,)./0.'�0?�&'()/+C+0'/0.�C,+H'?0/+,�.'FF�/,)?ACF)?/)/0+?�)?@�,'F)/'@�/&',)C0'A�EA0?H�&'()/+C+0'/0.I@',01'@�.'FFEF),�C,+@E./AJ�%&'A'�>/)?@),@A�)CCFG�/+�&'()/+C+0'/0.�C,+H'?0/+,�.'FFAK�@'20?'@�)A�A'F2I,'?'L0?H�)?@M+,�(EF/0IC+/'?/�A/'(�.'FFA�.)C)-F'�+2�()/E,)/0+?�0?/+�)?G�+2�/&'�&'()/+C+0'/0.�F0?')H'AK�F0?')H'I,'A/,0./'@�CFE,0IC+/'?/�C,+H'?0/+,�.'FFAK�)?@�.+((0//'@�C,+H'?0/+,�.'FFA�2,+(�&'()/+C+0'/0.�A+E,.'A�=-+?'�(),,+LK�E(-0F0.)F�.+,@�-F++@K�C',0C&',)F�-F++@K�+,�+/&',�/0AAE'�A+E,.'BJ�%&'A'�>/)?@),@A�)FA+�0?.FE@'�?E.F')/'@�.'FFAK�0?.FE@0?H�(+?+?E.F'),�.'FFA�2,+(�)?G�&'()/+C+0'/0.�/0AAE'�A+E,.'�=(),,+LK�C',0C&',)F�-F++@K�E(-0F0.)F�.+,@K�)?@�CF).'?/)F�-F++@B�.+FF'./'@�2+,�/&',)C'E/0.�EA'�+/&',�/&)?�)A�&'()/+C+0'/0.�C,+H'?0/+,�.'FFAJ�%&'A'�>/)?@),@A�)CCFG�/+�)FF�C&)A'A�+2�.+FF'./0+?K�C,+.'AA0?HK�A/+,)H'K�)?@�)@(0?0A/,)/0+?�+2�/&'A'�.'FFAK�0?.FE@0?H�@+?+,�A'F'./0+?�)?@�A.,''?0?HK�0?�10/,+�()?0CEF)/0+?�AE.&�)A�,'(+1)F�+,�'?,0.&('?/�+2�AC'.020.�.'FF�C+CEF)/0+?AK�)?@�.,G+C,'A',1)/0+?J�%&'�NOP%IQOPRS�>/)?@),@A�@+�?+/�)@@,'AA�/&'�.+FF'./0+?K�C,+.'AA0?HK�+,�)@(0?0A/,)/0+?�+2�',G/&,+.G/'AK�CF)/'F'/AK�()/E,'�H,)?EF+.G/'AK�CF)A()K�+,�CF)A()I@',01'@�C,+@E./A�0?/'?@'@�2+,�/,)?A2EA0+?�AECC+,/J���N+,�&'()/+C+0'/0.�C,+H'?0/+,�.'FFA�+,�(+?+?E.F'),�.'FFA�@',01'@�2,+(�E(-0F0.)F�.+,@�)?@M+,�CF).'?/)F�-F++@K�/&'A'�>/)?@),@A�)CCFG�+?FG�/+�/&'�)@(0?0A/,)/0+?�+2�/&'�.'FFEF),�/&',)CG�C,+@E./K�)CCFG0?H�/&'�.F0?0.)F�)?@�C,+.'AA0?H�A/)?@),@A�2+,�C,+@E./�C,'C),)/0+?�)?@�/,)?ACF)?/)/0+?�)A�)CC,+C,0)/'J�>/)?@),@A�2+,�.+,@�-F++@�.+FF'./0+?�)?@�-)?T0?H�),'�)1)0F)-F'�0?�)�A'C),)/'�@+.E('?/K�U
�����������	��
��������������������3��������V���������
7����;�V��W��<;�����X
�
��
�3�����5�����������K�)1)0F)-F'�)/�LLLJ2)./L'-A0/'J+,HJ���%&'�NOP%IQOPRS�>/)?@),@A�),'�CE-F0A&'@�E?@',�/&'�/0/F'���������	
�	��
��������������������3���4
5���6��
��7��
��8������
��69�:���87������
7����;�:��7
����<;�������5�����������K�L&0.&�)..E,)/'FG�,'2F'./A�/&'�.+?/,0-E/0+?A�+2�-+/&�+,H)?0Y)/0+?AJ�%&'�N+E?@)/0+?�2+,�/&'�O..,'@0/)/0+?�+2�P'FFEF),�%&',)CG�=NOP%B�L)A�2+E?@'@�0?�Z[[\�-G�/&'�O(',0.)?�>+.0'/G�2+,�]F++@�)?@�̂),,+L�%,)?ACF)?/)/0+?�=O>]̂ %B�)?@�/&'�R?/',?)/0+?)F�>+.0'/G�2+,�P'FFEF),�%&',)CG�=R>P%BJ�%&'�20,A/�'@0/0+?�+2�>/)?@),@A�L)A�CE-F0A&'@�/&)/�A)('�G'),J�%&'�0?AC'./0+?�)?@�)..,'@0/)/0+?�C,+H,)(�-)A'@�+?�/&'A'�>/)?@),@A�L)A�A/),/'@�0?�_+,/&�O(',0.)�0?�Z[[̀J�%&'�Q+0?/�O..,'@0/)/0+?�P+((0//''�+2�R>P%�)?@�S]̂ %�=QOPRSB�L)A�'A/)-F0A&'@�0?�Z[[[J�QOPRS�)@+C/'@�/&'�20,A/�'@0/0+?�+2�NOP%�>/)?@),@A�0?�0/A�'?/0,'/GJ�%&'�A'.+?@�'@0/0+?�+2�NOP%�>/)?@),@A�=abbaB�L)A�@'1'F+C'@�)?@�CE-F0A&'@�2+FF+L0?H�*+0?/�,'10'L�-G�NOP%�)?@�QOPRSJ�>E-A'DE'?/�'@0/0+?A�+2�>/)?@),@A�&)1'�-''?�*+0?/FG�@'1'F+C'@�)?@�)CC,+1'@�-G�NOP%�)?@�QOPRSJ����R?�)@@0/0+?K�/&'�EA'�+2�4
5���6��
��7�0?�/&'�/0/F'�0A�/+�@'20?'�/&'�A.+C'�+2�/&'A'�A/)?@),@A�@E'�/+�)?�0?.,')A0?H�?E(-',�+2�)..,'@0/'@�2).0F0/0'A�/&)/�)FA+�AECC+,/�?+?I&'()/+C+0'/0.�.'FFEF),�/&',)C0'AJ�N).0F0/0'A�CE,AE0?H�)..,'@0/)/0+?�2+,�&'()/+C+0'/0.�A',10.'A�0?�)@@0/0+?�/+�+/&',�AC'.0)F/G�A',10.'A�()G�.+?AEF/�/&'A'�>/)?@),@A�)A�)�A0?HF'�,'2','?.'�2+,�)FF�2E?@)('?/)F�,'DE0,'('?/AJ��S1',G�'22+,/�&)A�-''?�()@'�/+�0?.+,C+,)/'�0?/+�/&'A'�>/)?@),@A�A+E?@�C,0?.0CF'A�+2�DE)F0/G�('@0.)F�)?@�F)-+,)/+,G�C,)./0.'�0?�.'FFEF),�/&',)CGJ�c+L'1',K�?+�A/)?@),@A�.)?�HE),)?/''�/&'�AE..'AA2EF�+E/.+('�+2�AE.&�/&',)C0'AJ�NOP%IQOPRS�>/)?@),@A�),'�(0?0()F�HE0@'F0?'A�/&)/�()G�-'�'d.''@'@�)A�@''('@�)CC,+C,0)/'�-G�/&'�,'AC+?A0-F'�C',A+??'F�0?�0?@010@E)F�2).0F0/0'AJ�e0,'./+,A�)?@�̂'@0.)F�e0,'./+,A�+2�/&'�PF0?0.)F�f,+H,)(K�̂ ),,+L�P+FF'./0+?�N).0F0/GK�OC&','A0A�P+FF'./0+?�N).0F0/GK�)?@�f,+.'AA0?H�N).0F0/G�)AAE('�,'AC+?A0-0F0/G�2+,�)@+C/0?H�NOP%IQOPRS�>/)?@),@A�)A�)CC,+C,0)/'�/+�/&'�C,+H,)(�+,�2).0F0/GK�)?@�2+,�A'//0?H�(+,'�,0H+,+EA�0?/',?)F�,'DE0,'('?/A�L&','�)CC,+C,0)/'J�O//'(C/A�&)1'�-''?�()@'�/+�.+?2+,(�/&'A'�>/)?@),@A�/+�'d0A/0?H�gJ>J�2'@',)F�,'HEF)/0+?A�)?@�/&'�,'DE0,'('?/A�+2�/&'�SE,+C')?�g?0+?�e0,'./01'Ah�&+L'1',K�.+(CF0)?.'�L0/&�/&'A'�>/)?@),@A�@+'A�?+/�HE),)?/''�.+(CF0)?.'�L0/&�)FF�)CCF0.)-F'�,'HEF)/0+?AJ����%&'�>/)?@),@A�),'�A/,E./E,'@�/+�)F0H?�A0(0F),�A/)?@),@A�)(+?H�/&'�/&,''�C,0(),G�2E?./0+?A�L0/&0?�)�.'FFEF),�/&',)CG�C,+H,)(i�/&'�PF0?0.)F�f,+H,)(K�P+FF'./0+?�N).0F0/GK�)?@�f,+.'AA0?H�N).0F0/GJ�>'C),)/'�

Page 828

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

�� !"#$���%"�!�&#'�()''#*�+#,,� !"#$�-) ","!"���)$.�/01�'��"��+#,,� !"#$�-) ","!"���!#�'� #2$"3��!1��"$1�'�$!�."&&�'�$ ���4�!*��$�!1����!*#�&) ","!"���)$.�!1�� ,#��'�,"$5)2��4�!*��$�!1��()''#*�+#,,� !"#$�-) ","!6�)$.�!1��+,"$" ),�7'#2')89���/00�$." ���)'��:��.�!#� ,)'"&6�'�;:"'�8�$!��)$.��"80,"&6�!1��<!)$.)'.�9�=$�!1���"%!1��."!"#$>��!)$.)'.��'�;:"'"$2�)�8"$"8:8�$:84�'�#&�$�*�0)!"�$!��*�'��'�0,) �.�46�)��!)$.)'.�'�;:"'"$2�!1)!�!1��+,"$" ),�7'#2')8� #80,6�*"!1�)�$�*�)00�$."%>�!1��("$"8:8�?:84�'�#&�?�*�7)!"�$!��&#'�/  '�."!)!"#$9�@1"�� 1)$2��*)��8).��&#'� ,)'"!69�?#� 1)$2��*)��8).��!#�!1��8"$"8:8�$:84�'�#&�$�*�0)!"�$!��'�;:"'�.9��@1��A:),"!6�()$)2�8�$!�BA(C��� !"#$�&#'��) 1�)'�)�"$�!1�� �,,:,)'�!1�')06�0'#2')8�*)���%0)$.�.�"$�!1��!1"'.��."!"#$�BDEEFC�!#�"$ #'0#')!��G<�-H/�'�2:,)!#'6�'�;:"'�8�$!��&#'�.#$#'�� '��$"$2>�!��!"$2>�)$.��,"2"4","!6�.�!�'8"$)!"#$I�,)4�,"$2I�)$.� :''�$!�J##.�@"��:��7') !" ��9�=$��:4��;:�$!��."!"#$�>�!1��A(��!)$.)'.��1)K��4��$�'�&"$�.�&#'� ,)'"!6�)$.�'�),"2$�.�!#�'�.: ��'�.:$.)$ 6>�4:!�),,#*�&,�%"4","!6�"$�!1���!': !:'��#&�;:),"!6�8)$)2�8�$!�) !"K"!"���*"!1"$�)�0'#2')89�G$.�'�)$6��!': !:'�>�!1��+,"$" ),�7'#2')8�8:�!�1)K��)��:')$ ���!1)!�A(�) !"K"!"���)'��).�;:)!��"$�),,�)'�)��!1)!�"80) !�!1��0)!"�$!�#'�0'#.: !9�L� ):���!1�� ,"$" ),�!�)8�:�:),,6�0,)6��)�."'� !�'#,��"$�8)''#*� #,,� !"#$>�!1��+,"$" ),�7'#2')8�A(�'�;:"'�8�$!��"$�7)'!�L�"$ ,:.��8)''#*� #,,� !"#$9�/�()''#*�+#,,� !"#$�-) ","!6�#0�')!"$2�"$.�0�$.�$!,6�#&�)��0� "&" �+,"$" ),�7'#2')8�8:�!� #80,6�*"!1�!1��A(��� !"#$�"$�7)'!�L9��@1��H#$#'�<�,� !"#$>�MK),:)!"#$>�)$.�()$)2�8�$!��� !"#$��"$�!1��+,"$" ),�7'#2')8�)$.�+#,,� !"#$�-) ","!6��� !"#$��'�&,� !�!1��:�:),�.�,"$�)!"#$�#&�!1����'��0#$�"4","!"���4�!*��$� ,"$" ),�0'#2')8��)$.� #,,� !"#$�&) ","!"��9�@1��+#,,� !"#$�-) ","!6��!)$.)'.��)'��&# :��.�#$�.#$#'��K),:)!"#$�)$.�8)$)2�8�$!I�!1��+,"$" ),�<!)$.)'.��1)K���801)�"��#$�.#$#'���,� !"#$9�=&�)�+#,,� !"#$�-) ","!6�"��0'"8)'",6�'��0#$�"4,��&#'�.#$#'���,� !"#$>�!1)!�+#,,� !"#$�-) ","!6�8:�!� #80,6�*"!1�!1��)00," )4,��+,"$" ),�7'#2')8��!)$.)'.�9�@1��H#$#'�<�,� !"#$>�MK),:)!"#$>�)$.�()$)2�8�$!��� !"#$��)00,6�!#�4#!1�'�,)!�.�)$.�:$'�,)!�.�.#$#'�9�M&&#'!�*)��8).��!#� ,)'"&6�*1" 1��!)$.)'.��)00,6�!#�4#!1�),,#2�$�" �)$.�):!#,#2#:��.#$#'�>�)$.�*1" 1��!)$.)'.��)00,6�#$,6�!#�),,#2�$�" �.#$#'�9����-/+@NO/+=M�<!)$.)'.��'�;:"'�� #80,")$ ��*"!1�!1��8#�!�'� �$!�'�2:,)!#'6�'�;:"'�8�$!��)$.�!1��8#�!� :''�$!�'��#:' ���&'#8�#!1�'�"$"!")!"K���"$�!1��&"�,.9�@1"��"$ ,:.���!1��@')$�0,)$!�M���$!"),�H)!)�B@MHC�&#'8�>�!1��("$"8:8�M���$!"),�H)!)�P�-#'8�/�B(MHN/C�&#'8�>�!1��+"' :,)'�#&�=$&#'8)!"#$�B+Q=C�.#$#'�!��!"$2�)$.�4"#1)3)'.�)$.�*)'$"$2�,)4�,�!)4,��>�)$.�!1��=<L@�RDS�<!)$.)'.�@�'8"$#,#269�T"$5��!#�!1����'��#:' ���)'��)K)",)4,��#$�!1��-/+@�*�4�"!�9����L#!1�-/+@�)$.�O/+=M�'� #2$"3��!1���"2$"&" )$!�4�$�&"!��#&�"$!�'$)!"#$),��!)$.)'."3)!"#$�#&� #."$2�)$.�,)4�,"$2�"$� �,,:,)'�!1�')06>�)$.��:00#'!�!1��"$!�'$)!"#$),��&&#'!��!#�"80,�8�$!�=<L@�RDS9�=<L@�RDS�"��!1��2,#4),��!)$.)'.�&#'�!�'8"$#,#26>�".�$!"&" )!"#$>� #."$2>�)$.�,)4�,"$2�#&�8�." ),�0'#.: !��#&�1:8)$�#'"2"$>�)$.�1)��4��$�.��"2$�.�!#��$�:'��)  :') 6�)$.��)&�!6�&#'�!1��4�$�&"!�#&�0)!"�$!��)$.�.#$#'��*#',.N*".�9�-/+@NO/+=M�<!)$.)'.��'�;:"'��!1��:���#&�!1"��!�'8"$#,#26�&#'� �,,:,)'�!1�')06�0'#.: !��)��)00," )4,�>�)$.�'�;:"'��)  '�."!�.�0'#2')8��!#�4��) !"K�,6�"80,�8�$!"$2�=<L@�RDS9�@�'8"$#,#26� :''�$!�)!�!1��!"8��#&�0:4," )!"#$�#&�!1����<!)$.)'.��"��,"�!�.�"$�/U�H�&"$"!"#$�9�@�'8"$#,#26�"��&'�;:�$!,6�:0.)!�.�46�=++LL/>�!1��#'2)$"3)!"#$�'��0#$�"4,��&#'�!1��"$!�'$)!"#$),�8)"$!�$)$ ��#&�!1��=<L@�RDS��!)$.)'.9�/  '�."!�.�0'#2')8��8:�!�4��'�2"�!�'�.�*"!1�=++LL/>�'� �"K��$#!"&" )!"#$�#&�!1���� 1)$2��>�)$.�8)5��)00'#0'")!��'�K"�"#$��"&�$��.�.9����=80,�8�$!)!"#$�#&�=<L@�RDS�*",,�"$ ,:.��!1��:���#&�� )$$�.�"$&#'8)!"#$�)!�!1��!"8��#&�0'#.: !�'�,�)���&'#8� #,,� !"#$>�'� �"0!�"$!#�!1��,)4#')!#'6>�)$.�)!�."�!'"4:!"#$�&'#8�!1��0'# ���"$2�&) ","!69�=!�"��:$.�'�!##.�!1)!�&:,,�"80,�8�$!)!"#$�#&�=<L@�RDS�'�;:"'���)�!')$�"!"#$�0�'"#.>�)$.�!1)!�#'2)$"3)!"#$��"$�0� !�.��##$�)&!�'�0:4," )!"#$�#&�!1"���."!"#$�#&�<!)$.)'.��8)6�$#!�1)K�� #80,�!�.�!1"��0'# ���9��/!�)�8"$"8:8>�V) !"K�,6�"80,�8�$!"$2W�"$ ,:.��� #80,�!"#$�#&�8#�!�#&�!1��&#,,#*"$2X���RC�Y�2"�!')!"#$�*"!1�=++LL/I�DC�MK".�$ ��#&�)�*'"!!�$�"80,�8�$!)!"#$�0,)$�!1)!�"$ ,:.���)�!"8�,"$�I�UC�=80,�8�$!)!"#$�#&�!1�� :''�$!�!�'8"$#,#26I�

Page 829

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ��

��� !"#$%&%'($%)#�)&�%#&)*+($%)#�$"',#)-)./�#""!0�(#!�0)-1$%)#02�3�� !"#$%&%'($%)#�)*�'*"($%)#�)&�(44*)4*%($"�4*)!1'$�')!"02�5��6(7"-�!"0%.#0�('')*!%#.�$)�$,"�*"81%*"+"#$0�)&� 99::;�&)*�9"--1-(*�<,"*(4/�=*)!1'$02�>��6(7"�?(-%!($%)#2�@��A0"�)&�0'(##"!�%#&)*+($%)#�($�$,"�$%+"�)&�4*)!1'$�*"-"(0"�&*)+�')--"'$%)#B�*"'"%4$�%#$)�$,"�-(7)*($)*/B�(#!�($�!%0$*%71$%)#�&*)+�$,"�4*)'"00%#.�&('%-%$/C��<,%0�0%D$,�"!%$%)#�)&�E$(#!(*!0�%#'-1!"0�(!!%$%)#(-�0%.#%&%'(#$�',(#."0C�;�!"$(%-"!�01++(*/�%0�(?(%-(7-"�)#�$,"�F;9<�G"70%$"C�H)0$�%+4)*$(#$�$)�#)$"�(*"I�J�� #'*"(0"!�"+4,(0%0�)#�)1$')+"�(#(-/0%0�(#!�%+4*)?"+"#$C��(��9-%#%'(-�=*).*(+0�(*"�*"81%*"!�$)�(00"00�($�-"(0$�KL�!(/BJLL�!(/B�(#!�)#"�/"(*�01*?%?(-B�(#!�$)�')+4(*"�)#"�/"(*�01*?%?(-�$)�#($%)#(-�)*�%#$"*#($%)#(-�)1$')+"�!($(C�F)*�AE�4*).*(+0B�($�(�+%#%+1+B�$,"�)#"�/"(*�01*?%?(-�0,)1-!�7"�G%$,%#�$,"�"D4"'$"!�*(#."�(0�!"&%#"!�&)*�$,($�4*).*(+�7/�$,"�9 :H<M�<*(#04-(#$�9"#$"*NE4"'%&%'�O1$')+"�P($(C�9)**"'$%?"�('$%)#�4-(#0�G%--�7"�"D4"'$"!�%&�$,"0"�)1$')+"0�(*"�#)$�(',%"?"!C�7��9-%#%'(-�=*).*(+0�+10$�*".1-(*-/�(00"00�(--)."#"%'�$*(#04-(#$�*"'%4%"#$0�&)*�"?%!"#'"�)&�('1$"�(#!�',*)#%'�.*(&$�?"*010�,)0$�!%0"(0"�('')*!%#.�$)�(#�"0$(7-%0,"!�.*(!%#.�0'(-"B�(#!�('$%?"-/�"?(-1($"�4($%"#$0�&)*�4)0$N$*(#04-(#$�-($"�"&&"'$0C�'��9-%#%'(-�=*).*(+0�+10$�(-0)�*".1-(*-/�(00"00�'"#$*(-�?"#)10�'($,"$"*�%#&"'$%)#0C�Q��M"4)*$%#.�)&�(1$)-).)10�$*(#04-(#$�*"01-$0�%0�#)G�*"')++"#!"!C�K��R"G�*"81%*"+"#$0�G"*"�(!!"!�&)*�4,(*+('%0$0�(#!�4,/0%'%(#0N%#N$*(%#%#.�G,)�(*"�%#?)-?"!�%#�$,"�'(*"�)&�,"+($)4)%"$%'�'"--�$,"*(4/�4($%"#$0C����9)#$%#1%#.�"!1'($%)#�+%#%+1+�*"81%*"+"#$0�,(?"�7""#�04"'%&%'(--/�!"&%#"!�(0�$"#�,)1*0�4"*�/"(*�%#�$)4%'0�*"-($"!�$)�,"+($)4)%"$%'�'"--�$,"*(4%"0C�3��M"81%*"+"#$0�04"'%&%'�$)�%++1#"�"&&"'$)*�'"--0�10"!�$)�+)!1-($"�(#�%++1#"�*"04)#0"�G"*"�(!!"!�(0�%#$"*%+�0$(#!(*!0C���<,"0"�E$(#!(*!0�ST"*0%)#�5CL��(*"�"&&"'$%?"�U1#"�JB�QLJ3C�;--�(''*"!%$"!�4*).*(+0�(#!�&('%-%$%"0�(*"�"D4"'$"!�$)�7"�%#�')+4-%(#'"�G%$,�$,"0"�E$(#!(*!0�7/�$,($�!($"C���;99MVP <;< OR��<,"�7(0%0�&)*�F;9<�)*�U;9 V�(''*"!%$($%)#�%0�!)'1+"#$"!�')+4-%(#'"�G%$,�$,"�'1**"#$�"!%$%)#�)&�E$(#!(*!0�$,*)1.,�017+%$$"!�!)'1+"#$0�(#!�(#�)#N0%$"�%#04"'$%)#C�;-$,)1.,�$,"*"�(*"�W)%#$�F;9<NU;9 V�E$(#!(*!0B�F;9<�(#!�U;9 V�+(%#$(%#�0"4(*($"�(#!�4(*(--"-�(''*"!%$($%)#�4*)'"00"0C�;--�%#04"'$%)#0�(*"�')#!1'$"!�7/�4"*0)#0�81(-%&%"!�7/�$*(%#%#.�(#!�"D4"*%"#'"�%#�$,"�(*"(�)&�'"--1-(*�$,"*(4/�$,"/�%#04"'$B�(#!�G,)�(*"�(&&%-%($"!�G%$,�(#�(''*"!%$"!�&('%-%$/B�,(?"�')+4-"$"!�%#04"'$)*�$*(%#%#.B�(#!�,(?"�(�G)*X%#.�X#)G-"!."�)&�F;9<NU;9 V�E$(#!(*!0�(#!�)&�$,"%*�(44-%'($%)#�$)�?(*%)10�(04"'$0�)&�$,"�'"--1-(*�$,"*(4/�4*).*(+C��J��;�'-%#%'(-�,"+($)4)%"$%'�4*)."#%$)*�'"--Y$,"*(4"1$%'�'"--�$*(#04-(#$($%)#�4*).*(+�+(/�(44-/�&)*�(''*"!%$($%)#�(-)#"�)*�%#�')#W1#'$%)#�G%$,�$,"�')--"'$%)#�&('%-%$/�(#!Y)*�$,"�4*)'"00%#.�&('%-%$/�G%$,�G,%',�%$�%0�(00)'%($"!C�;--�&('%-%$%"0�(44-/%#.�$)."$,"*�0,)1-!�017+%$�4*"N%#04"'$%)#�!($(�$)."$,"*C�;�'-%#%'(-�4*).*(+�+10$�10"�(�')--"'$%)#�&('%-%$/�(#!�(�4*)'"00%#.�&('%-%$/�$,($�+""$�F;9<NU;9 V�E$(#!(*!0�(#!�,(?"�(�'-"(*-/�!"&%#"!�')#$*('$1(-�)*�*"4)*$%#.�*"-($%)#0,%4C�(��9-%#%'(-�=*).*(+�(''*"!%$($%)#�+(/�7"�&)*�(--)."#"%'�$*(#04-(#$($%)#B�(1$)-).)10�$*(#04-(#$($%)#B�)*�7)$,C�7��9-%#%'(-�=*).*(+�(''*"!%$($%)#�+(/�7"�&)*�$*(#04-(#$($%)#�)&�(!1-$�4($%"#$0B�4"!%($*%'�4($%"#$0B�)*�7)$,C�;0�!"$(%-"!�%#�$,"�E$(#!(*!0B�')#01-$(#$0�(#!�0144)*$�0"*?%'"0�(44*)4*%($"�$)�$,"�4($%"#$�4)41-($%)#�(*"�*"81%*"!C��

Page 830

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

��� �!"##�!$##"!%&$'�()!&#&%*�$+�,"+-&!"�./"+&/0"+)#�1#$$2�$+�1$'"�3)++$4��3)*�)//#*�($+�)!!+"2&%)%&$'�),�)'�&'%"5+)#�/)+%�$(�)�!#&'&!)#�%+)',/#)'%�/+$5+)36�),�)'�&'2"/"'2"'%�!$##"!%&$'�,"+-&!"�/+$-&2&'5�!"##�!$##"!%&$'�,"+-&!",�($+�$'"�$+�3$+"�!#&'&!)#�%+)',/#)'%�/+$5+)3,6�$+�&'�!$'78'!%&$'�4&%0�)�!"##�/+$!",,&'5�()!&#&%*�&(�%0"�,"+-&!",�$(�!$##"!%&$'�)'2�/+$!",,&'59,%$+)5"�)+"�(8'!%&$')##*�#&':"2;� '�)!!+"2&%"2�!"##�!$##"!%&$'�()!&#&%*�3)*�/+$-&2"�,"+-&!",�($+�!#&'&!)#�%+)',/#)'%�/+$5+)3,�%0)%�)+"�$+�)+"�'$%�< =>�$+�? =@A�)!!+"2&%"26�18%�,0)##�8,"�)�/+$!",,&'5�()!&#&%*�%0)%�3""%,�< =>B? =@A�C%)'2)+2,�)'2�0)-"�)�!#")+#*�2"(&'"2�!$'%+)!%8)#�$+�+"/$+%&'5�+"#)%&$',0&/;��D�� �!"##�/+$!",,&'5�()!&#&%*�3)*�)//#*�($+�)!!+"2&%)%&$'�),�)'�&'%"5+)#�/)+%�$(�)�!#&'&!)#�%+)',/#)'%�/+$5+)36�),�/)+%�$(�)�!$##"!%&$'�,"+-&!"�$+�()!&#&%*6�$+�),�)'�&'2"/"'2"'%�!"##�/+$!",,&'5�()!&#&%*�%0)%�/+$!",,",�)'2�,%$+",�/+$28!%,�($+�!#&'&!)#�/+$5+)3,�$+�!$##"!%&$'�()!&#&%&",;� '�)!!+"2&%"2�/+$!",,&'5�()!&#&%*�3)*�/+$-&2"�,"+-&!",�($+�!#&'&!)#�%+)',/#)'%�/+$5+)3,�)'29$+�!$##"!%&$'�,"+-&!",�%0)%�)+"�$+�)+"�'$%�< =>�$+�? =@A�)!!+"2&%"2;��E�� �!#&'&!)#�/+$5+)3�%0)%�/+$-&2",�!"##8#)+�%0"+)/*�,"+-&!",�$%0"+�%0)'�0"3)%$/$&"%&!�/+$5"'&%$+�!"##�%+)',/#)'%)%&$'�&'�)22&%&$'�%$�0"3)%$/$&"%&!�!"##�%+)',/#)'%)%&$'�+"F8&+",�$'#*�)�,&'5#"�)!!+"2&%)%&$'�)!!$+2&'5�%$�%0","�C%)'2)+2,;��G�� �!#&'&!)#�/+$5+)3�%0)%�/+$-&2",�!"##8#)+�%0"+)/*�,"+-&!",�$%0"+�%0)'�0"3)%$/$&"%&!�/+$5"'&%$+�!"##�%+)',/#)'%)%&$'�3)*�)//#*�($+�< =>�)!!+"2&%)%&$'�4&%0�)�0"3)%$/$&"%&!�/+$5"'&%$+�!"##�%+)',/#)'%)%&$'�/+$5+)3�/+$-&2"2�%0)%�%0"�2"(&'&%&$'�$(�)'2�+"F8&+"3"'%,�($+�)�,&'5#"�!#&'&!)#�/+$5+)3�)+"�3"%;� �/+$5+)3�%0)%�8%&#&H",�%0"�,)3"�5+$8/�$(�/0*,&!&)',�)'2�,"+-",�%0"�,)3"�/)%&"'%�/$/8#)%&$'6�4&%0�!$33$'�2&+"!%$+,0&/6�/+$%$!$#,6�)'2�,%)((&'56�4$8#2�3""%�%0&,�+"F8&+"3"'%;���I�� �!"##�!$##"!%&$'�$+�/+$!",,&'5�()!&#&%*�%0)%�!$##"!%,�$+�/+$!",,",�0"3)%$/$&"%&!�/+$5"'&%$+�!"##�%0"+)/*�/+$28!%,�&'�)22&%&$'�%$�$%0"+�&'-",%&5)%&$')#�/+$28!%,�3)*�)//#*�($+�< =>�)!!+"2&%)%&$'�($+�)##�)!%&-&%&",�)'2�2$!83"'%�!$3/#&)'!"�4&%0�%0"�< =>B? =@A�C%)'2)+2,;���J��@(�)�()!&#&%*�2$",�'$%�!$##"!%�$+�/+$!",,�0"3)%$/$&"%&!�!"##�%0"+)/*�/+$28!%,�18%�4&,0",�%$�)//#*�($+�< =>�)!!+"2&%)%&$'6�%0"�()!&#&%*�/"+,$''"#�,0$8#2�!$',8#%�%0"�!8++"'%�"2&%&$'�$(�%0"��������KK�������������L����
��M������
��N�
�;��� '�)!!+"2&%)%&$'�!*!#"�&,�%0+""�*")+,�($+�< =>6�)'2�&,�($8+�*")+,�($+�? =@A;� !!+"2&%"2�()!&#&%&",�38,%�!$3/#"%"�)'�&'%"+&3�+"/$+%.,��28+&'5�%0"�)!!+"2&%)%&$'�!*!#"�),�2&+"!%"2�1*�< =>�$+�? =@A;� !!+"2&%"2�()!&#&%&",�)+"�+"&',/"!%"2�+$8%&'"#*�"-"+*�%0+""�*")+,�.< =>��$+�($8+�*")+,�.? =@A�6�)'2�3)*�)#,$�1"�+"&',/"!%"2�&'�+",/$',"�%$�!$3/#)&'%,�$+�&'($+3)%&$'�%0)%�)�()!&#&%*�3)*�1"�'$'B!$3/#&)'%�4&%0�< =>B? =@A�C%)'2)+2,6�&'�+",/$',"�%$�,&5'&(&!)'%�!0)'5",�&'�%0"�/+$5+)3�)'29$+�()!&#&%*6�$+�),�2"%"+3&'"2�1*�< =>�$+�? =@A;� !!+"2&%)%&$'�3)*�1"�,8,/"'2"2�$+�%"+3&')%"2�&(�)�()!&#&%*�()&#,�%$�!$3/#*�4&%0�%0"�C%)'2)+2,;��� �

Page 831

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ��

�� !"#$%$&'(���#��)(�*++ �,"*�"$#)(�*#-�-�."#"�"$#)�/012�0��� 03� 2456789:9;<��0=� 2484>?��0@� 0AA54B7C>798?��0D� E4F787>798?��
Page 832

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

��� ��!�  "�#$%&'&()*� "%" +*��,,�"-$� $&%+*��%.�."/$%$ $&%+���0�  "�#$%&'&()��� 123�45342676�28�9:767�;9<=><3>6?�9:7�973@�������@7<=6�9:<9�9:7�69<=><3>�A6�92�B7�C2@4DA7>�EA9:�<9�<DD�9A@76F�G:7�973@����H���A=>AC<976�<=�<C9AIA9J�9:<9�A6�37C2@@7=>7>�23�<>IA67>?�B59�823�E:AC:�9:737�@<J�B7�7887C9AI7�<D973=<9AI76F�G:7�973@�K�L�A6�473@A66AI7�<=>�A6�567>�43A@<3ADJ�823�CD<3A9JF�� �M�  "%" +�N<6AC�97=796�823�C2@4DA<=C7�EA9:�9:767�;9<=><3>6�A=CD5>7?�B59�<37�=29�DA@A97>�92O�PQFR� S:737�<44DAC<BD7�D<E6�<=>�37T5D<9A2=6�A=CD5>7�@237�693A=T7=9�37U5A37@7=96�9:<=�9:767�;9<=><3>6?�9:267�D<E6�<=>�37T5D<9A2=6�6547367>7�9:7�;9<=><3>6F�V2=I7367DJ?�E:7=�9:767�;9<=><3>6�<37�@237�693A=T7=9�9:<=�<44DAC<BD7�D<E6�<=>�37T5D<9A2=6?�9:7�;9<=><3>6�@569�B7�82DD2E7>F��PQFQ� P44DAC<=9�23T<=AW<9A2=6�<37�37642=6ABD7�823�432IA>A=T�I73A8A<BD7�>2C5@7=9<9A2=�28�7IA>7=C7�28�C2@4DA<=C7�EA9:�9:767�;9<=><3>6F��PQFX� ;9<=><3>6�37D<97>�92�673IAC76�=29�432IA>7>�BJ�9:7�<44DAC<=9�>2�=29�<44DJ�92�9:7�<44DAC<=9�23T<=AW<9A2=F�G:7�B53>7=�92�>7@2=693<97�9:<9�<�37U5A37@7=9�A6�=29�<44DAC<BD7�37696�EA9:�9:7�<44DAC<=9�23T<=AW<9A2=F���Y� �,,�"-$� $&%+�� � �G:7�82DD2EA=T�<BB37IA<9A2=6�C2I73�973@6�567>�A=�9:767�;9<=><3>6O�� �Z[� � \<]23�:5@<=�BD22>�T3254�A=CD5>A=T�73J9:32CJ97�<=9AT7=6?�P?�N?�̂�� ��� PCC2@4<=J�� ��� P88A_7>�� ������ P=9AB2>J�92�9:7�<=9AT7=�>76AT=<97>�� �̀ �̀ P>I<=C7>�a3<C9AC7�a32IA>73ba328766A2=<D�� ��Zc�� P@73AC<=�;2CA79J�823�ND22>�<=>�\<332E�G3<=64D<=9<9A2=�� ����� P@73AC<=�;2CA79J�823�P4:7376A6�� ��d	� P@73AC<=�;2CA79J�823�eA692C2@4<9ABADA9J�<=>�f@@5=2T7=79AC6�� ��� P99<C:7>�� ��c̀ � P>I<=C7>�G:73<4J�\7>ACA=<D�a32>5C9�� ��g� V:A@73AC�<=9AT7=�37C74923�� �
� h823@73DJ�iVj�i53247<=�V2=823@A=T�� ��g� V2>7�28�17>73<D�k7T5D<9A2=6�� �	Zc�g� V7=973�823�f=973=<9A2=<D�ND22>�<=>�\<332E�G3<=64D<=9�k767<3C:�� �l	�� VDA=AC<D�m<B23<923J�f@432I7@7=9�P@7=>@7=96�� �c
� V2=9A=5A=T�\7>AC<D�i>5C<9A2=�� �c�� V7=9736�823�\7>AC<37�n�\7>AC<A>�;73IAC76�� �c�� VJ92@7T<D2IA356�� �o�� V7=93<D�=73I256�6J697@�� �[�� V739A8AC<97�28�P=<DJ6A6�� �g�� VJ92pA=7�37D7<67�6J=>32@7�� ��̀� V7DD5D<3�9:73<4J�432>5C9�� ql	� r2=23�DJ@4:2CJ97�A=856A2=�

Page 833

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ��

� ����  !"#$%&'"()*+!&*�,*&-�� 
./�� 0)%"1!,(�2"*&!3$�4"%�5+""-�,(-�6,%%"7�8%,(91+,(3,3&"(�� 
�:� 0#3%,*"%1"%!,+�1;"3"1;!%!9&9�� 
�	� 0)%"1!,(�<!-!%,3&"(�4"%�=>>)("?!(!3&*9�� 
@� 0)%"1!,(�A(&"(�� ����� <")(-,3&"(�4"%�3;!�B**%!-&3,3&"(�"4�C!++)+,%�8;!%,1$�� ���� AD�2D�<""-�,(-� %)?�B->&(&93%,3&"(�� E/:� F""-�6,()4,*3)%&(?�G%,*3&*!9�� E�:� F""-�8&99)!�G%,*3&*!9�� E�H�� F%,43�I!%9)9�J"93� &9!,9!�� H��K:�� J)>,(�*!++9L�3&99)!9L�"%�*!++)+,%�"%�3&99)!M',9!-�1%"-)*39�� HN�� J)>,(�+!)O"*$3!�,(3&?!(�� H:�� J!>,3"1"&!3&*�1%"?!(&3"%�*!++�� 	�
� =(I!93&?,3&"(,+� !I&*!�0#!>13&"(�� 	��� =(I!93&?,3&"(,+�P!7� %)?�� 	���� =(3!%(,3&"(,+�2"*&!3$�4"%�C!++)+,%�8;!%,1$�� ���	
� Q"&(3�B**%!-&3,3&"(�C">>&33!!�R�=2C8�,(-�0568�/��� 6"("()*+!,%�*!++��/��� 6!9!(*;$>,+�93%">,+�*!++�"%�>!9!(*;$>,+�93!>�*!++���� P)*+!,3!-�*!++�� �/�:� P,3&"(,+�6,%%"7� "("%�G%"?%,>�� S�H�� T**)1,3&"(,+�2,4!3$�,(-�J!,+3;�B->&(&93%,3&"(�� U/�� V),+&3$�>,(,?!>!(3�� �� W.�� X!-�'+""-�*!++� �� W�� X;!9)9�9$93!>�"4�;)>,(�%!-�*!++�,(3&?!(9Y�)9!-�&(�3;&9�-"*)>!(3�3"�%!4!%�3"�3;!�X;Z [�,(3&?!(�"(+$L�)(+!99�"3;!%7&9!�91!*&4&!-�� ���S�� 23!>�C!++�8;!%,1!)3&*9�T)3*">!9� ,3,',9!� �� �S:� 23,(-,%-�"1!%,3&(?�1%"*!-)%!�� @�� A(&3!-�23,3!9�� @���� A(&3!-�23,3!9� !1,%3>!(3�"4�B?%&*)+3)%!�� \/��� ]"%+-�6,%%"7� "("%�B99"*&,3&"(��_̂� àbcdcecfdg���hh�ij��kl�8"�?"L�'!�3"?!3;!%�7&3;L�"%�'!�,I,&+,'+!�3"�3;!�,11%"1%&,3!�&(-&I&-),+Z9[�!+!*3%"(&*,++$L�')3�("3�,44&#!-�"%�,33,*;!-D�]%&33!(�"%�1%&(3!-�&(4"%>,3&"(�3;,3�>)93�,**">1,($�,�*!++)+,%�3;!%,1$�1%"-)*3�>)93�'!�&(�,�9!,+!-�1,*O,?!�7&3;L�"%�,+3!%(,3&I!+$L�'!�,33,*;!-�"%�,44&#!-�3"L�3;!�*!++)+,%�3;!%,1$�1%"-)*3�*"(3,&(!%D���hh�
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Page 865

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

� !"!#!"� $%&'&�()*�+,-.%*/,%&�+%,0-,1%*�-)�'2%�*-)-,�'-�+,-'%.'�'2%�2%(3'2�-0�'2%�*-)-,�()*�'2%�,%.4+4%)'!�� !"!#!5� $2%�,462'&�-0�'2%�*-)-,�-,�3%6(337�(/'2-,48%*�,%+,%&%)'('49%�'-�,%94%:�'2%�,%&/3'&�-0�&/.2�'%&'&�(..-,*4)6�'-�(++34.(;3%�3(:&�()*�,%6/3('4-)&!�� !"!#!<� =3'%,)('49%�.-33%.'4-)�1%'2-*&!�� !"!#!>� ?,-'%.'4-)�-0�1%*4.(3�4)0-,1('4-)�()*�.-)04*%)'4(34'7!�� !"!"� @)'%,+,%'('4-)�()*�',()&3('4-)�&2(33�;%�+%,0-,1%*�;7�4)*494*/(3&�A/(3404%*�'-�+,-94*%�'2%&%�&%,94.%&�4)�'2%�.34)4.(3�&%''4)6!�� !"!5� B(1437�1%1;%,&�()*�3%6(337�(/'2-,48%*�,%+,%&%)'('49%&�&2-/3*�)-'�&%,9%�(&�4)'%,+,%'%,&�-,�',()&3('-,&!�� !"!<� $2%�*-)-,�&2(33�2(9%�()�-++-,'/)4'7�'-�(&C�A/%&'4-)&!�� !"!>� $2%�*-)-,�&2(33�2(9%�'2%�,462'�'-�,%0/&%�'-�*-)('%!�� !"!>!#� $2%�(33-6%)%4.�*-)-,�&2(33�;%�4)0-,1%*�-0�'2%�+-'%)'4(3�.-)&%A/%).%&�'-�,%.4+4%)'�-0�&/.2�,%0/&(3!�� !"! � D-)-,�4)0-,1%*�.-)&%)'�0-,�'2%�.%33/3(,�'2%,(+7�+,-*/.'�*-)('4-)�&2(33�;%�-;'(4)%*�()*�*-./1%)'%*�;7�(�34.%)&%*�2%(3'2�.(,%�+,-0%&&4-)(3�0(1434(,�:4'2�'2%�.-33%.'4-)�+,-.%*/,%!�� !"! !#� @)0-,1%*�.-)&%)'�0,-1�'2%�(33-6%)%4.�*-)-,�&2(33�;%�-;'(4)%*�;7�(�34.%)&%*�2%(3'2�.(,%�+,-0%&&4-)(3�:2-�4&�)-'�'2%�+,41(,7�2%(3'2�.(,%�+,-0%&&4-)(3�-9%,&%%4)6�.(,%�-0�'2%�,%.4+4%)'!�� !"!E� @)�'2%�.(&%�-0�(�14)-,�*-)-,F�4)0-,1%*�.-)&%)'�&2(33�;%�-;'(4)%*�0,-1�'2%�*-)-,G&�3%6(337�(/'2-,48%*�,%+,%&%)'('49%�4)�(..-,*().%�:4'2�(++34.(;3%�3(:&�()*�,%6/3('4-)&�()*�&2(33�;%�*-./1%)'%*!�� !"!H� $2%�(33-6%)%4.�*-)-,�&2(33�649%�4)0-,1%*�.-)&%)'�()*�(/'2-,48('4-)�+,4-,�'-�,%3%(&%�-0�'2%�*-)-,G&�2%(3'2�-,�-'2%,�4)0-,1('4-)�'-�'2%�,%.4+4%)'G&�+27&4.4()�()*I-,�'2%�,%.4+4%)'!�� !"!J� $2%�*-)-,�&2(33�;%�4)0-,1%*�-0�'2%�+-34.7�0-,�.%33/3(,�'2%,(+7�+,-*/.'�*4&.(,*�-,�*4&+-&(3F�4).3/*4)6�(.'4-)&�'(C%)�:2%)�()�4)'%)*%*�,%.4+4%)'�)-�3-)6%,�,%A/4,%&�'2%�.%33/3(,�'2%,(+7�+,-*/.'!�� !"!#K� D-./1%)'('4-)�-0�.-)&%)'�&2(33�;%�(9(43(;3%�'-�'2%�L-33%.'4-)�B(.434'7�&'(00�+,4-,�'-�'2%�.-33%.'4-)�+,-.%*/,%!� �� !5� =MMNOPQP@L�=QD�=R$NMNONRS�DNQNT�SR@$=�@M@$U�BNT�LPMMRM=T�$VPT=?U�?TNDRL$�LNMMPL$@NQ�� !5!#� $2%,%�&2(33�;%�.,4'%,4(�()*�%9(3/('4-)�+-34.4%&�()*�+,-.%*/,%&�4)�+3(.%�'-�+,-'%.'�'2%�&(0%'7�-0�*-)-,&�*/,4)6�'2%�+,-.%&&�-0�.%33/3(,�'2%,(+7�+,-*/.'�.-33%.'4-)!�

Page 866

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

� !"!#!#� $%&�'(%)*+',�-.%/.%0�12',,�(3�*34)*53/�5)�523�4*)14365.73�/)%)*�8.52�/)69+3%5'5.)%�.%�523�/)%)*�*36)*/�)-�*36)++3%/'5.)%1�+'/3�-)*�-),,)8:94�6'*3!�� !"!#!;� $,,)03%3.6�/)%)*�19.5'(.,.5&�12',,�(3�37',9'53/�(&�'�,.63%13/�23',52�6'*3�4*)-311.)%',�82)�.1�%)5�523�4*.+'*&�23',52�6'*3�4*)-311.)%',�)73*133.%0�6'*3�)-�523�*36.4.3%5!�� !"!#!"� $95),)0)91�/)%)*1�12',,�(3�53153/�'1�*3<9.*3/�(&�'44,.6'(,3�,'81�'%/�*309,'5.)%1!�� !"!;� =23�*.1>1�)-�/)%'5.)%�12',,�(3�37',9'53/�'%/�/)69+3%53/?�.%6,9/.%0@�� !"!;!#� A)11.(,3�%33/�-)*�63%5*',�73%)91�'66311!�� !"!;!;� B)(.,.C'5.)%�523*'4&�-)*�6),,365.)%�)-�DAE?�$423*31.1!�� !"!;!"� $%315231.'�-)*�6),,365.)%�)-�DAE?�B'**)8!�� !"!"� =23�/)%)*�12)9,/�(3�37',9'53/�-)*�523�*.1>�)-�23+)0,)(.%)4'52&�4*.)*�5)�'/+.%.15*'5.)%�)-�523�+)(.,.C'5.)%�*30.+3%!��� !"!F� $�4*30%'%6&�5315�12',,�(3�43*-)*+3/�-)*�',,�-3+',3�/)%)*1�8.52�62.,/(3'*.%0�4)53%5.',�8.52.%�1373%�GHI�/'&1�4*.)*�5)�15'*5.%0�523�/)%)*�+)(.,.C'5.)%�*30.+3%�'%/?�'1�'44,.6'(,3?�8.52.%�1373%�GHI�/'&1�4*.)*�5)�523�.%.5.'5.)%�)-�523�*36.4.3%5J1�4*34'*'5.73�*30.+3%!�� !"!K� L'()*'5)*&�5315.%0�)-�',,�/)%)*1�12',,�(3�43*-)*+3/�(&�'�,'()*'5)*&�52'5�.1�'66*3/.53/?�*30.153*3/?�)*�,.63%13/�.%�'66)*/'%63�8.52�'44,.6'(,3�,'81�'%/�*309,'5.)%1!��� !"! � =23�E,.%.6',�A*)0*'+�12',,�.%-)*+�523�E),,365.)%�M'6.,.5&�'%/�A*)6311.%0�M'6.,.5&�)-�/)%)*�5315�*319,51�)*�.-�'%&�5315.%0�8'1�%)5�43*-)*+3/!��� !"!H� =23*3�12',,�(3�'�8*.553%�)*/3*�-*)+�'�42&1.6.'%�1436.-&.%0?�'5�'�+.%.+9+?�5.+.%0�'%/�0)',1�)-�6),,365.)%�'%/�4*)6311.%0!�� !"!N� O11931�)-�/)%)*�23',52�52'5�43*5'.%�5)�523�1'-35&�)-�523�6),,365.)%�4*)63/9*3�12',,�(3�6)++9%.6'53/�.%�8*.5.%0�5)�523�E),,365.)%�M'6.,.5&�15'--�4*.)*�5)�6),,365.)%!�� !"!P�������� E),,365.)%�-*)+�'�/)%)*�82)�/)31�%)5�+335�E,.%.6',�A*)0*'+�6),,365.)%�1'-35&�6*.53*.'�12',,�*3<9.*3�/)69+3%5'5.)%�)-�523�*'5.)%',3�-)*�2.1Q23*�13,365.)%�(&�523�*36.4.3%5J1�42&1.6.'%!��� !"!#R� =23*3�12',,�(3�'�4),.6&�-)*�-),,)8:94�)-�/)%)*1�52'5�.%6,9/31�*)95.%3�+'%'03+3%5�'%/�523�+'%'03+3%5�)-�6),,365.)%:'11)6.'53/�'/73*13�373%51!� ���

Page 867

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

�� !� "##$%$&'"(�)*+,$)*-*'%.�/&)�"((&0*'*$1�#&'&).��� ! 2� �"�34546�738497:;�<=7>>�?;�787@>7?>;�:4�6;A6;<;5:�7>>4B;5;@9�34546<�C=4�76;�D@546<�46�C=4�76;�D;5:7>>E�@597A79@:7:;3F�7<�:=4<;�:;6D<�7<�3;G@5;3�?E�7AA>@97?>;�>7C< ��� ! H� ">>4B;5;@9�34546�@5G;9:@4I<�3@<;7<;�:;<:@5B�<=7>>�?;�A;6G46D;3�I<@5B�34546�<96;;5@5B�:;<:<�7AA648;3�46�9>;76;3�?E�:=;�B48;65D;5:7>�7I:=46@:E ��� ! J� ">>4B;5;@9�34546<�753�7>>4B;5;@9�6;9@A@;5:<�<=7>>�?;�:;<:;3�G46�"�&�B64IA�753�)=�:EA;�I<@5B�:C4�@53;A;53;5:>E�94>>;9:;3�<7DA>;< �#@<96;A759@;<�<=7>>�?;�6;<4>8;3�753�349ID;5:;3�A6@46�:4�@<<I;�4G�:=;�9;>>I>76�:=;67AE�A643I9: ��� ! !� "�6;3�9;>>�75:@?43E�<96;;5�<=7>>�?;�A;6G46D;3�45�7>>4B;5;@9�6;9@A@;5:< ���� ! K� ">>4B;5;@9�34546<�<=7>>�?;�;87>I7:;3�G46�6@<L�G79:46<�:=7:�D@B=:�6;<I>:�@5�3@<;7<;�:675<D@<<@45�G64D�:=;�9;>>I>76�:=;67AE�A643I9:�?E�D;3@97>�=@<:46EF�A=E<@97>�;M7D@57:@45F�;M7D@57:@45�4G�6;>;875:�D;3@97>�6;9463<F�753�>7?467:46E�:;<:@5B ��� ! �� %=;�D;3@97>�=@<:46E�G46�7>>4B;5;@9�34546<�<=7>>�@59>I3;�7:�>;7<:�:=;�G4>>4C@5BN��� ! � 2� O799@57:@45�=@<:46E ��� ! � H� %678;>�=@<:46E ��� ! � J� �>443�:675<GI<@45�=@<:46E ��� ! � !� +I;<:@45<�:4�@3;5:@GE�A;6<45<�7:�=@B=�6@<L�G46�:675<D@<<@45�4G�94DDI5@97?>;�3@<;7<;�7<�3;G@5;3�?E�:=;�7AA>@97?>;�B48;65D;5:7>�7I:=46@:E ��� ! � K� +I;<:@45<�:4�@3;5:@GE�A;6<45<�7:�6@<L�4G�:675<D@::@5B�@5=;6@:;3�9453@:@45< ��� ! � �� +I;<:@45<�:4�@3;5:@GE�A;6<45<�7:�6@<L�4G�:675<D@::@5B�7�=;D7:4>4B@97>�46�@DDI54>4B@97>�3@<;7<; ��� ! � P� +I;<:@45<�:4�@3;5:@GE�7�A7<:�=@<:46E�4G�D7>@B575:�3@<;7<; ��� ! � Q� %=;�7>>4B;5;@9�34546�<=7>>�945G@6D�:=7:�7>>�:=;�@5G46D7:@45�A648@3;3�@<�:6I;�:4�:=;�?;<:�4G�=@<R=;6�L54C>;3B; ��� ! P� ">>4B;5;@9�34546<�<=7>>�?;�:;<:;3�G46�;8@3;59;�4G�9>@5@97>>E�6;>;875:�@5G;9:@45�?E�:=;�G4>>4C@5B�94DDI5@97?>;�3@<;7<;�7B;5:<�I<@5B�:;<:<�6;SI@6;3�?E�7AA>@97?>;�>7C<�753�6;BI>7:@45<N��� ! P 2� TID75�@DDI543;G@9@;59E�8@6I<F�:EA;�2 ��� ! P H� TID75�@DDI543;G@9@;59E�8@6I<F�:EA;�H ��� ! P J� T;A7:@:@<���8@6I< ��� ! P !� T;A7:@:@<�1�8@6I< ��� ! P K� ��
U��
V��U�����WV�X<EA=@>@<Y �

Page 868

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

� !"!#� $%�&'()*&'+�,-�.//0*1.,0'�0.23�.4+�&'5)0.6*7438�.0075'4'*1�+747&3�39.00�.037�,'�6'36'+�%7&�':*+'41'�7%�10*4*1.00-�&'0':.46�*4%'16*74�,-�69'�%70072*45�+*3'.3'�.5'463;�� !"!#!<������=)>.4�?�1'00�0->/976&7/*1�:*&)3�$!�� !"!#!@������=)>.4�?�1'00�0->/976&7/*1�:*&)3�$$!�� !"!#!A������B'36�C*0'�D*&)3!�� !"!#!"��������EF�����G��H�IJ��KL9.5.3�M*3'.3'N!�� !"!O� �077+�3.>/0'3�%7&�6'36*45�%7&�':*+'41'�7%�10*4*1.00-�&'0':.46�*4%'16*74�39.00�,'�+&.24�.4+�6'36'+�2*69*4�6*>'%&.>'3�&'()*&'+�,-�.//0*1.,0'�0.23�.4+�&'5)0.6*743!�� !"!O!<�����077+�3.>/0'3�%7&�17>>)4*1.,0'�+*3'.3'�6'36*45�%&7>�.0075'4'*1�=PL�+747&3�39.00�,'�7,6.*4'+�2*69*4�69*&6-�KAQN�+.-3�/&*7&�67�1700'16*74!�� !"!O!@�����R7&�:*.,0'8�0->/971-6'�&*19�1'0038�*410)+*45�>7474)10'.&�1'003�.4+�769'&�1'00)0.&�69'&./-�/&7+)1638�,077+�3.>/0'3�%&7>�.0075'4'*1�+747&3�39.00�,'�7,6.*4'+�2*69*4�3':'4�KSN�+.-3�/&*7&�67�7&�.%6'&�1700'16*74�*4�69'�T!U!�7&�AQ�+.-3�/&*7&�67�1700'16*74�*4�V)&7/'.4�T4*74�>'>,'&�36.6'3!�� !"!<Q� W0075'4'*1�+747&3�39.00�,'�6'36'+�%7&�LXD�K)40'33�/&':*7)30-�+71)>'46'+�67�,'�/73*6*:'N!�� !"!<<� W++*6*74.0�6'363�39.00�,'�/'&%7&>'+�.3�&'()*&'+�67�.33'33�69'�/733*,*0*6-�7%�6&.43>*33*74�7%�769'&�*4%'16*7)3�.4+�474Y*4%'16*7)3�+*3'.3'3!�� !"!<@� W0075'4'*1�+747&3�.4+�&'1*/*'463�39.00�,'�6'36'+�%7&�=ZW�.46*5'43�,-�.�0.,7&.67&-�.11&'+*6'+�,-�WU=$8�VR$8�7&�769'&�.//&7/&*.6'�7&5.4*[.6*74!�?-/*45�39.00�*410)+'�.6�.�>*4*>)>�=ZWYW8��8�.4+�M\�<�6-/'�%7&�.00�.0075'4'*1�+747&3�.4+�.037�=ZWYL�6-/'�%7&�)4&'0.6'+�.0075'4'*1�+747&3�.4+�&'0.6'+�.0075'4'*1�+747&3�769'&�69.4�3*,0*453!��� !"!<@!<�MCW�9*59�&'370)6*74�>70'1)0.&�6-/*45�39.00�,'�)3'+�%7&�M\�<�6-/*45!�� !"!<@!@�D'&*%*1.6*74�6-/*45�39.00�,'�/'&%7&>'+�74�69'�3'0'16'+�.0075'4'*1�+747&�)3*45�.4�*4+'/'4+'460-�1700'16'+�3.>/0'!�\'3)063�39.00�,'�174%*&>'+�/&*7&�67�.+>*4*36&.6*74�7%�69'�/&'/.&.6*:'�&'5*>'4!�� !"!<@!A�?9'&'�39.00�,'�.�/&71'+)&'�67�174%*&>�69'�*+'46*6-�7%�17&+�,077+�)4*63�*%�:'&*%*1.6*74�6-/*45�1.4476�,'�/'&%7&>'+�74�.66.19'+�3'5>'463!�� !"!<@!"�?9'&'�39.00�,'�.�/70*1-�%7&�.46*Y=ZW�.46*,7+-�6'36*45�%7&�>*3>.619'+�+747&3�.4+�&'1*/*'463!�� !"!<A� W0075'4'*1�+747&�'0*5*,*0*6-8�.3�+'%*4'+�,-�.//0*1.,0'�0.23�.4+�&'5)0.6*7438�39.00�,'�+'6'&>*4'+�,-�.�/9-3*1*.4�.%6'&�9*367&-8�'].>8�>'+*1.0�&'17&+�&':*'28�.4+�6'36*45!��?9'�+747&�'0*5*,*0*6-�+'6'&>*4.6*74�39.00�,'�+71)>'46'+�*4�69'�&'1*/*'46̂3�>'+*1.0�&'17&+�,'%7&'�69'�&'1*/*'46̂3�/&'/.&.6*:'�&'5*>'4�*3�*4*6*.6'+�.4+�,'%7&'�69'�.0075'4'*1�+747&�,'5*43�69'�>7,*0*[.6*74�&'5*>'4!�� !"!<"� \'17&+3�&'()*&'+�%7&�+747&�'0*5*,*0*6-�+'6'&>*4.6*74�39.00�,'�*4�V450*39�7&�6&.430.6'+�*467�V450*39�29'4�1&733*45�*46'&4.6*74.0�,7&+'&3!�

Page 869

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

� !"!#$� %&'�()'�*+�,-�.-'/.0.1/'�,//*0'-'.2�3*-*45�*4�,-�,//*0'-'.2�3*-*4�+*4�6&*7�3*-*4�'/.0.1./.89�3'8'47.-,8.*-�.)�.-2*7:/'8'5�)&,//�4';(.4'�3*2(7'-8,8.*-�*+�8&'�4,8.*-,/'�+*4�&.)<&'4�)'/'28.*-�19�8&'�84,-):/,-8�:&9).2.,-5�(40'-8�7'3.2,/�-''3�3*2(7'-8,8.*-5�,-3�8&'�.-+*47'3�2*-)'-8�*+�8&'�3*-*4�,-3�8&'�4'2.:.'-8!�� !"!# � =//*0'-'.2�3*-*4�'/.0.1./.89�)&,//�1'�2*77(-.2,8'3�.-�64.8.-0�8*�8&'�>*//'28.*-�,-3�?4*2')).-0�@,2./.8.')!�� !"!#A� %&'4'�)&,//�1'�,�:*/.29�2*B'4.-0�8&'�24',8.*-�,-3�4'8'-8.*-�*+�,//*0'-'.2�3*-*4�4'2*43)!�� !"!#A!#�=//*0'-'.2�3*-*4�4'2*43)�)&,//�.-2/(3'�3*-*4�'/.0.1./.89�3'8'47.-,8.*-5�.-2/(3.-0�8&'�-,7'�*+�8&'�4'):*-).1/'�:'4)*-�6&*�7,3'�8&'�3'8'47.-,8.*-�,-3�8&'�3,8'�*+�8&'�3'8'47.-,8.*-!� �CDE�FGHIJIGKL�HMFG� ��A!#� N'2.:.'-8�.-+*47'3�2*-)'-8�+*4�8&'�2'//(/,4�8&'4,:9�)&,//�1'�*18,.-'3�,-3�3*2(7'-8'3�19�,�/.2'-)'3�&',/8&�2,4'�:4*+')).*-,/�+,7./.,4�6.8&�8&'�:4*:*)'3�8&'4,:9!���A!#!#� %&'�>/.-.2,/�?4*04,7�)&,//�:4*B.3'�.-+*47,8.*-�4'0,43.-0�8&'�4.)O)�,-3�1'-'+.8)�*+�8&'�:4*:*)'3�2'//(/,4�8&'4,:9!� ��A!P� %&'�,88'-3.-0�:&9).2.,-�)&,//�B'4.+9�8&'�,B,./,1./.89�,-3�)(.8,1./.89�*+�,�3*-*4�*4�2'//(/,4�8&'4,:9�:4*3(28�:4.*4�8*�.-.8.,8.-0�8&'�4'2.:.'-8Q)�:4':,4,8.B'�4'0.7'-!��A!P!#� %&'�>/.-.2,/�?4*04,7�)&,//�-*8.+9�8&'�?4*2')).-0�@,2./.89�:4.*4�8*�4';(')8.-0�,�2'//(/,4�8&'4,:9�:4*3(28�+4*7�,�2*43�1/**3�1,-O5�4'0.)8495�*4�*8&'4�+,2./.89!������ ��A!R� N'2*43)�)&,//�1'�7,3'�2*-2(44'-8/9�6.8&�',2&�)8':�*+�4'2.:.'-8�2,4'�.-�)(2&�,�6,9�8&,8�,//�)8':)�7,9�1'�,22(4,8'/9�84,2'3!��A!R!#� N'2*43)�)&,//�.3'-8.+9�8&'�:'4)*-�.77'3.,8'/9�4'):*-).1/'�+*4�',2&�).0-.+.2,-8�)8':5�.-2/(3.-0�3,8')�,-3�8.7')�S6&'4'�,::4*:4.,8'T�*+�B,4.*()�)8':)!� ��A!"� %&'4'�)&,//�1'�,�:*/.29�,334')).-0�),+'�,37.-.)84,8.*-�*+�8&'�:4':,4,8.B'�4'0.7'-!���A!"!#� %&'�84',87'-8�*43'4)�)&,//�.-2/(3'�8&'�:,8.'-8�&'.0&8�,-3�6'.0&85�):'2.+.2�3,8')�*+�,37.-.)84,8.*-5�3,./9�3*)')�S.+�,::4*:4.,8'T5�,-3�4*(8'�*+�,37.-.)84,8.*-�*+�',2&�,0'-8!�

Page 870

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

�� ! "� #$%&$'()%*�+$*%$,�+$�%-%.)$+('.�%/0'12-%()�,32--�4%�0,%*�5+$�&$+)+.+-,�2(*�,)2(*2$*'6%*�$%7'8%(, �93%,%�+$*%$,�,32--�4%�1%$'5'%*�2(*�*+.08%()%*�4:�2(�2))%(*'(7�&3:,'.'2( ���� ! ;� 93%�&32$82.',)�&$%&2$'(7�)3%�*$07�,32--�1%$'5:�2(*�*+.08%()�)3%�*+,%,�272'(,)�)3%�&$+)+.+-�+$�,)2(*2$*'6%*�$%7'8%(�-',)%*�+(�)3%�+$*%$, ��� ! !� #$'+$�)+�2*8'(',)$2)'+(�+5�)3%�&$%&2$2)'1%�$%7'8%(<�+(%�=>?�/02-'5'%*�&%$,+(�0,'(7�2�12-'*2)%*�&$+.%,,�+$�)@+�="?�/02-'5'%*�&%+&-%�,32--�1%$'5:�2(*�*+.08%()�)3%�*$07�2(*�*+,%�'(�)3%�427�+$�&'--�272'(,)�)3%�+$*%$,�2(*�)3%�&$+)+.+-<�2(*�)3%�'*%()'):�+5�)3%�&2)'%()�)+�$%.%'1%�)3%�)3%$2&: � ��� A� 93%$%�,32--�4%�2�&+-'.:�2**$%,,'(7�,25%�2*8'(',)$2)'+(�+5�$2*'2)'+(�)3%$2&: ��� A >� 93%$%�,32--�4%�2�.+(,0-)2)'+(�@')3�2�$2*'2)'+(�+(.+-+7',)�&$'+$�)+�'(')'2)'+(�+5�)3%$2&:�'5�$2*'2)'+(�)$%2)8%()�',�0,%*�'(�)3%�&$%&2$2)'1%�$%7'8%( ���� A "� 93%�&2)'%()B,�*'27(+,',<�$%-%12()�8%*'.2-�3',)+$:�'(.-0*'(7�&$%C%D',)'(7�.+C8+$4'*�.+(*')'+(,<�2(*�&$+&+,%*�&$%&2$2)'1%�$%7'8%(�,32--�4%�82*%�212'-24-%�)+�)3%�.+(,0-)'(7�$2*'2)'+(�+(.+-+7',)�'(�@$')'(7 ��� A ;� E�*+.08%()%*�.+(,0-)2)'+(�4:�2�$2*'2)'+(�+(.+-+7',)�,32--�2**$%,,�2(:�&$'+$�$2*'2)'+(�)$%2)8%()�)3%�&2)'%()�82:�321%�$%.%'1%*<�2(:�+)3%$�52.)+$,�)32)�82:�'(.$%2,%�)3%�)+D'.'):�+5�)3%�$2*'2)'+(<�2(*�'(.-0*%�2�&-2(�5+$�*%-'1%$:�+5�$2*'2)'+(�)3%$2&: ��� A !� #$'+$�)+�2*8'(',)$2)'+(�+5�%2.3�*+,%�+5�$2*'2)'+(�)3%$2&:<�)3%�*+,%�,32--�4%�1%$'5'%*�2(*�*+.08%()%*�2,�&%$�$2*'2)'+(�)3%$2&:�,)2(*2$*, ��� A A� E�5'(2-�$%&+$)�+5�)3%�*%)2'-,�+5�)3%�$2*'2)'+(�)3%$2&:�2*8'(',)%$%*�,32--�4%�*+.08%()%*�'(�)3%�&2)'%()�8%*'.2-�$%.+$* � ��� F� 93%$%�,32--�4%�2�&+-'.:�2**$%,,'(7�,25%�2*8'(',)$2)'+(�+5�.%--0-2$�)3%$2&:�&$+*0.), ��� F >� 93%$%�,32--�4%�2�&+-'.:�5+$�*%)%$8'('(7�)3%�2&&$+&$'2)%�1+-08%�2(*�)3%�2&&$+&$'2)%�*+,%�+5�$%*�4-++*�.%--,<�.$:+&$+)%.)2(),<�2(*�+)3%$�2**')'1%, ��� F "� 93%$%�,32--�4%�2�&+-'.:�5+$�1+-08%�+5�E�GC'(.+8&2)'4-%�$%*�.%--,�'(�2--+7%(%'.�.%--0-2$�)3%$2&:�&$+*0.), ���� F ;� 93%$%�,32--�4%�.+(,0-)2)'+(�@')3�)3%�#$+.%,,'(7�H2.'-'):�$%72$*'(7�.+$*�4-++*�&$%&2$2)'+(�5+$�2*8'(',)$2)'+( ��� F ; >� I+$*�4-++*�0('),�)32)�321%�(+)�4%%(�$%*�.%--�$%*0.%*�&$'+$�)+�����������.$:+&$%,%$12)'+(�,32--�4%�@2,3%*�&$'+$�)+�2*8'(',)$2)'+( ��� F ; "� I+$*�4-++*�0('),�)32)�321%�4%%(�$%*�.%--�$%*0.%*�&$'+$�)+�.$:+&$%,%$12)'+(�,3+0-*�4%�*'-0)%*�+$�@2,3%*�&$'+$�)+�2*8'(',)$2)'+( �

Page 871

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

� !"!#� $%&�'()�*+,-./.01�2034&54�46,--�703./8�960�.1059.98�&/�960�30:.2.059�,51�960�23&1+:9�,51�960�&3103�/&3�,1;.5.493,9.&5�23.&3�9&�960�,1;.5.493,9.&5�&/�960�:0--+-,3�9603,28�23&1+:9!�� !"!<� =&3�93,542-,594�+9.-.>.5?�:0--+-,3�9603,28�23&1+:94�/3&;�;&30�96,5�&50�1&5&3@�960�/.349�:0--+-,3�9603,28�23&1+:9�46,--�A0�,1;.5.490301�4,/0-8�23.&3�9&�,1;.5.493,9.&5�&/�960�40:&51�:0--+-,3�9603,28�23&1+:9!�� !"!"� $6030�46,--�A0�1&:+;059,9.&5�.5�960�30:.2.059B4�;01.:,-�30:&31�&/�960�,1;.5.490301�:0--+-,3�9603,28�23&1+:9�+5.*+0�.1059./.03@�.5.9.,9.&5�,51�:&;2-09.&5�9.;04�&/�,1;.5.493,9.&5@�,51�,58�,170340�070594�30-,901�9&�,1;.5.493,9.&5!��� !"! � C�:.3:+-,3�&/�.5/&3;,9.&5�/&3�:0--+-,3�9603,28�23&1+:94�46,--�A0�,7,.-,A-0�9&�49,//!�� !"!D� $6030�46&+-1�A0�2&-.:.04�,51�23&:01+304�.5�2-,:0�/&3�;&5.9&3.5?�A8�,223&23.,90�420:.,-.494�&/�30:.2.0594�/&3�2&49E93,542-,59�-,90�0//0:94@�.5:-+1.5?�,9�,�;.5.;+;�051&:3.50�,51�3023&1+:9.70�/+5:9.&5@�&490&2&3&4.4@�:,31.&7,4:+-,3�3.4F�/,:9&34@�3042.3,9&38�/+5:9.&5@�:63&5.:�305,-�.;2,.3;059@�40:&51,38�:,5:034@�,51�960�?3&%96�,51�1070-&2;059�&/�201.,93.:�2,9.0594!� �� ! � CGGH$HIJCK�LMNOHLMPMJ$Q�=IL�CKKIRMJMHS�$LCJQTKCJ$C$HIJ�� ! !U� C--&?050.:�30:.2.0594�46&+-1�A0�,4404401�30?+-,3-8�/&3�07.105:0�&/�,:+90�RVWG�+4.5?�,5�049,A-.4601�49,?.5?�,51�?3,1.5?�48490;!�� ! !(� C--&?050.:�30:.2.0594�46&+-1�A0�,4404401�30?+-,3-8�/&3�07.105:0�&/�:63&5.:�RVWG�+4.5?�,5�049,A-.4601�49,?.5?�,51�?3,1.5?�48490;!�� ! !X�� $6030�46&+-1�A0�2&-.:.04�,51�23&:01+304�.5�2-,:0�/&3�,--&?050.:�30:.2.059�2&49E93,542-,59�7,::.5,9.&5�4:601+-04�,51�.51.:,9.&54!� �� !D� $60�S-.5.:,-�T3&?3,;�46,--�30/03�2-,5501�1.4:6,3?04�,51�2&49E93,542-,59�:,30�9&�/,:.-.9.04�,51�60,-96�:,30�23&/044.&5,-4�,10*+,90�/&3�2&49E93,542-,59�:,30!�� !D!U� $60�S-.5.:,-�T3&?3,;�46,--�23&7.10�&3�40:+30�&7034.?69�&/�:,30�96,9�;0094�,22-.:,A-0�49,51,314!� �� !Y� $6030�46,--�A0�,�2&-.:8�,113044.5?�.51.:,9.&54�/&3�,51�4,/0�,1;.5.493,9.&5�&/�MST�./�+9.-.>01�A8�960�S-.5.:,-�T3&?3,;!�� !Y!U� $6030�46,--�A0�,�:&54+-9,9.&5�%.96�960�/,:.-.98�&3�2684.:.,5�96,9�203/&3;4�MST�23.&3�9&�.5.9.,9.&5�&/�9603,28!��� !Y!(� �0/&30�MST��.4�+51039,F05@�96030�46,--�A0�,�%3.9905�9603,28�2-,5�/3&;�,5�,99051.5?�2684.:.,5�420:./8.5?�960�2,9.059B4�1.,?5&4.4�,51�RVWG�?3,10@�.57&-701�&3?,54@�9.;.5?�&/�960�23&:01+30@�,51�,58�&9603�/,:9&34�96,9�;,8�,//0:9�960�4,/0�,1;.5.493,9.&5�&/�MST!�

Page 872

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

�� ! "� #�$%&'$(�')�(*%�+%(,-./�')�012�,+3-4-/(%$%+5�-46.7+-48�,4�,//%//3%4(�')�(*%�$%/&'4/%5�/*,..�9%�+'673%4(%+�-4�(*%�$%6-&-%4(:/�3%+-6,.�$%6'$+ ��� ! ;� <*%�),6-.-(=�&%$)'$3-48�012�/*,..�)'..'>�>$-((%4�&$'6%+7$%/�,&&$'&$-,(%�)'$�(*%�6.-4-6,.�6'4+-(-'4�')�(*%�&,(-%4( �� ��� ?@� <*%$%�/*,..�9%�&'.-6-%/�,4+�&$'6%+7$%/�,++$%//-48�(*%�,+3-4-/($,(-'4�')�-3374%�%))%6('$�6%../�,4+�3,4,8%3%4(�')�6'3&.-6,(-'4/ �� �� ?@ ?� <*%$%�/*,..�9%�,�6'4/7.(,(-'4�>-(*�(*%�$%)%$$-48�&*=/-6-,4�&$-'$�('�-4-(-,(-'4�')�-3374%�%))%6('$�6%..7.,$�(*%$,&=�('�$%A-%>�(*%�8',.�,4+�&.,4�')�(*%�($%,(3%4( ���� ?@ B� <*%$%�/*,..�9%�$%87.,$�,//%//3%4(�')�(*%�$%6-&-%4(�('�+%(%6(�6'3&.-6,(-'4/5�-46.7+-48�6=('C-4%�$%.%,/%�/=4+$'3%�,4+�4%7$'.'8-6�+=/)746(-'4 ���� ?@ "� <*%$%�/*,..�9%�,�>$-((%4�&.,4�)'$�$,&-+�%/6,.,(-'4�')�6,$%5�-46$%,/%+�-4(%4/-(=�')�3'4-('$-485�,4+�$%.%A,4(�>'$C7&�('�,++$%//�6'3&.-6,(-'4/ ���� ?@ ;� 1'3374-6,(-'4�('�(*%�6.-4-6,.�/(,))5�-4(%4/-A%�6,$%�74-(5�%3%$8%46=�+%&,$(3%4(5�,4+�&*,$3,6=�/*,..�9%�(-3%.= ���� ?@ D� <*%�1.-4-6,.�2$'8$,3�/*,..�*,A%�>$-((%4�87-+%.-4%/�)'$�3,4,8%3%4(�')�6'3&.-6,(-'4/5�-46.7+-48�(*%�7/%�')�6=('C-4%E9.'6C-48�,8%4(/�,4+�6'$(-6'/(%$'-+�,+3-4-/($,(-'4 � �FGH�IJKLKIMJ�NOPOMNIQ� ��R ?� 1.-4-6,.�2$'8$,3/�/*,..�*,A%�)'$3,.�$%A-%>�')�-4A%/(-8,(-'4,.�($%,(3%4(�&$'('6'./�,4+�&,(-%4(�6'4/%4(�)'$3/�9=�,�&$'6%//�(*,(�-/�,&&$'A%+�74+%$�-4/(-(7(-'4,.�&'.-6-%/�,4+�,&&.-6,9.%�.,>/�,4+�$%87.,(-'4/ ���R ? ?� <*'/%�1.-4-6,.�2$'8$,3/�7(-.-S-48�-4A%/(-8,(-'4,.�($%,(3%4(�&$'('6'./�/*,..�*,A%�-4�&.,6%�,�&*,$3,6=�%T7-&&%+�)'$�$%/%,$6*�,6(-A-(-%/5�-46.7+-48�,�&$'6%//�)'$�($,6C-485�-4A%4('$=5�,4+�/%67$%+�/('$,8%�')�-4A%/(-8,(-'4,.�+$78/ ���R ? B� <*%$%�/*,..�9%�,�&$'6%//�('�3,4,8%�-4A%/(-8,(-'4,.�6%..7.,$�(*%$,&=�&$'+76(/ � ��R B� U'673%4(,(-'4�)'$�,..�$%/%,$6*�&$'('6'./�&%$)'$3%+�9=�(*%�1.-4-6,.�2$'8$,3�/*,..�9%�3,-4(,-4%+�-4�,66'$+,46%�>-(*�-4/(-(7(-'4,.�&'.-6-%/�,4+�,&&.-6,9.%�.,>/�,4+�$%87.,(-'4/5�-46.7+-48�,7+-(/V�,&&$'A,./�9=�(*%�W4/(-(7(-'4,.�X%A-%>��',$+5�0(*-6/�1'33-((%%5�'$�%T7-A,.%4(V�6'$$%/&'4+%46%�>-(*�$%87.,('$=�,8%46-%/V�,4+�,4=�,+A%$/%�%A%4(/ � �

Page 873

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

� !"� #$%�&'()(&*'�%+,+*%&-.�()/$%0+1�&$),+)2�,-*''�3+�$32*()+1�/%$0�+*&-�%+,+*%&-�,435+&2�$%�'+6*''7�*42-$%(8+1�%+9%+,+)2*2(:+.�()�'*)64*6+�-+�$%�,-+�&*)�4)1+%,2*)1.�*)1�4)1+%�&(%&40,2*)&+,�2-*2�0()(0(8+�2-+�9$,,(3('(27�$/�&$+%&($)�$%�4)14+�()/'4+)&+!�� !"!;� <-+�%+,+*%&-�,435+&2�$%�'+6*''7�*42-$%(8+1�%+9%+,+)2*2(:+�,-*''�3+�6(:+)�2-+�$99$%24)(27�2$�*,=�>4+,2($),�*)1�2$�-*:+�-(,?-+%�>4+,2($),�*),@+%+1�2$�-(,?-+%�,*2(,/*&2($).�*)1�2$�@(2-1%*@�/%$0�2-+�%+,+*%&-�@(2-$42�9%+541(&+!�� !"!A� B)/$%0+1�&$),+)2�/$%�*�%+,+*%&-�,435+&2�,-*''�&$)2*()�2-+�/$''$@()6�+'+0+)2,�*2�*�0()(040�*)1�&$09'7�@(2-�*99'(&*3'+�'*@,�*)1�%+64'*2($),C�� !"!A!;� D)�+E9'*)*2($)�$/�2-+�%+,+*%&-�94%9$,+,.�*�1+,&%(92($)�$/�2-+�9%$&+14%+,�2$�3+�/$''$@+1.�*)1�2-+�(1+)2(/(&*2($)�$/�():+,2(6*2($)*'�9%$&+14%+,!�� !"!A!A� <-+�+E9+&2+1�14%*2($)�$/�2-+�,435+&2F,�9*%2(&(9*2($)!�� !"!A!"� D�1+,&%(92($)�$/�2-+�%+*,$)*3'7�+E9+&2+1�%(,=,.�1(,&$0/$%2,.�3+)+/(2,�2$�2-+�,435+&2�*)1�$2-+%,.�*)1�*'2+%)*2(:+�9%$&+14%+,!�� !"!A!G� D�,2*2+0+)2�$/�2-+�+E2+)2�2$�@-(&-�&$)/(1+)2(*'(27�@(''�3+�0*()2*()+1!�� !"!A!H� D)�+E9'*)*2($)�$/�2-+�+E2+)2�$/�&$09+),*2($)�/$%�()54%7!� �� !G� <-+%+�,-*''�3+�*�9%$&+,,�()�9'*&+�2$�*11%+,,�2-+�1(,&'$,4%+�$/�*)7�(,,4+,�2-*2�0*7�%+9%+,+)2�*�&$)/'(&2�$/�()2+%+,2�()�&'()(&*'�%+,+*%&-!� �IJK�LMNM�OMPMQRORPN� ��S!;� <-+�T'()(&*'�U%$6%*0�,-*''�&$''+&2�*''�2-+�1*2*�)+&+,,*%7�2$�&$09'+2+�2-+�<%*),9'*)2�V,,+)2(*'�W*2*�#$%0,�$/�2-+�TB�X<Y�$%�2-+�X()(040�V,,+)2(*'�W*2*ZD�/$%0,�$/�2-+�V�X<!��S!;!;� T'()(&*'�U%$6%*0,�,-*''�,430(2�2-+�1*2*�,9+&(/(+1�()��S!;�2$�*�)*2($)*'�$%�()2+%)*2($)*'�1*2*3*,+�(/�%+>4(%+1�37�*99'(&*3'+�'*@,�*)1�%+64'*2($),!��S!;!A� T'()(&*'�U%$6%*0,�,-$4'1�,430(2�2-+�1*2*�,9+&(/(+1�()��S!;�/$%�*''$6+)+(&�*)1�*42$'$6$4,�2%*),9'*)2,�2$�*�)*2($)*'�$%�()2+%)*2($)*'�1*2*3*,+!� ��S!;!"� T'()(&*'�U%$6%*0,�,-$4'1�&$''+&2�2-+�1*2*�,9+&(/(+1�()��S!;�/$%�*''�9*2(+)2,�/$%�*2�'+*,2�$)+�7+*%�/$''$@()6�*10()(,2%*2($)�$/�2-+�&+''4'*%�2-+%*97�9%$14&2!���S!A� <-+�T'()(&*'�U%$6%*0�,-$4'1�&$''+&2�*''�2-+�1*2*�+'+0+)2,�()&'41+1�()�2-+�*99'(&*3'+�TB�X<Y�T+''4'*%�<-+%*97�/$%0,�$%�V�X<�/$%0,!����S!"� <-+�T'()(&*'�U%$6%*0�,-*''�1+/()+�,2*//�%+,9$),(3'+�/$%�&$''+&2()6�1*2*�*)1.�*,�*99%$9%(*2+.�%+9$%2()6�1*2*�2$�(),2(242($)*'�%+9$,(2$%(+,�*)1�TB�X<Y�$%�V�X<!��

Page 874

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

�� !"�#$%&#'(� �)*+,*� -./0/12.�3456427�481549:�48.2;89�;5�<=2./;>�150;45.?�@84:5008.�;42/0/06�209�157@8;801>?�A21/./;>�72/0;802018?�A21/./;>�720268780;?�157@.2/0;:?�54�5;B84�680842.�A21/./;>�/::=8:�:B2..�C8�48;2/089�A54�2�7/0/7=7�5A�;80�D*+E�>824:�C>�;B8�-./0/12.�3456427?�54�.50684�/0�2115492018�F/;B�2@@./12C.8�.2F:�209�486=.2;/50:?�54�C>��2�98A/089�@456427�54�/0:;/;=;/502.�@5./1>,�)*+,*,*� G7@.5>88�481549:�:B2..�C8�72/0;2/089�/0�2�150A/980;/2.�720084�209�2:�48<=/489�C>�2@@./12C.8�.2F:�209�486=.2;/50:,� �)*+,H� 32;/80;�209�95054�481549:�/01.=9/06?�C=;�05;�./7/;89�;5?�150:80;:�209�481549:�5A�1248?�:B2..�C8�72/0;2/089�/0�2�150A/980;/2.�720084�2:�48<=/489�C>�2@@./12C.8�.2F:�209�486=.2;/50:�A54�2�7/0/7=7�5A�;80�D*+E�>824:�2A;84�;B8�297/0/:;42;/50�5A�;B8�18..=.24�;B842@>�@459=1;?�54?�/A�05;�I05F0?�;80�D*+E�>824:�2A;84�;B8�92;8�5A�;B8�9/:;4/C=;/50?�9/:@5:/;/50?�54�8J@/42;/50?�FB/1B8K84�48<=/48:�;B8�.5068:;�72/0;802018�@84/59,� �)*+,L� M8:8241B�481549:�:B2..�C8�72/0;2/089�/0�2�150A/980;/2.�720084�2:�48<=/489�C>�2@@./12C.8�.2F:�209�486=.2;/50:�A54�2�7/0/7=7�5A�;80�D*+E�>824:�2A;84�;B8�297/0/:;42;/50?�9/:;4/C=;/50?�9/:@5:/;/50?�54�8J@/42;/50�5A�;B8�18..=.24�;B842@>�@459=1;?�FB/1B8K84�/:�.2;8:;,� �)*+,N� MG-OMPQ�RS�-TQG�OU�PRVRPGP�MGQ3OSQR)RWRXY�)*+,N,*� RA�;F5�DHE�54�7548�A21/./;/8:�@24;/1/@2;8�/0�;B8�15..81;/50?�@4518::/06?�54�297/0/:;42;/50�5A�;B8�18..=.24�;B842@>�@459=1;?�;B8�481549:�5A�821B�A21/./;>�:B2..�:B5F�@.2/0.>�;B8�8J;80;�5A�/;:�48:@50:/C/./;>,�)*+,N,H� XB8�-./0/12.�3456427�:B2..�A=40/:B�5=;1578�92;2?�/0�:5�A24�2:�;B8>�1501840�;B8�:2A8;>?�@=4/;>?�54�@5;801>�5A�;B8�18..=.24�;B842@>�@459=1;�/0K5.K89?�;5�5;B84�A21/./;/8:�/0K5.K89�/0�;B8�15..81;/50�54�@4518::/06�5A�;B8�18..=.24�;B842@>�@459=1;,�� �

Page 875

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

� !!"#�$"%%&$'(")�* $(%('+�,' )- !-,�./01�23��� ��� � � � � � � �234� 567689:�23;� 3988<=�2<::6>?@<7�A9>@:@?B�23C� .68D<776:��23E� FG9:@?B�3979H6I67?�23J� .<:@>@6D�97K�.8<>6KG86D�23L� /::<H676@>�97K�/G?<:<H<GD�M<7<8�NO9:G9?@<7�97K�3979H6I67?�23P� 2<K@7H�97K�Q9R6:@7H�<S�26::G:98�1T689UB�.8<KG>?D�23V� .8<>6DD�2<7?8<:D�23W� 26::G:98�1T689UB�.8<KG>?�X?<89H6�234Y� 26::G:98�1T689UB�.8<KG>?�1897DU<8?9?@<7�97K�XT@UU@7H�2344� 06><8KD�234;� M@86>?�M@D?8@RG?@<7�?<�2:@7@>9:�.8<H89I�� �

Page 876

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

� !"�#$%�$ !!&'�#&(()#"*&+�, #*(*"-�." +/ !/.�#$0%�1)+)! (� �23454� 67898�:;<=><?>9�<@@AB�;C�;78�3<??CD�2CAA8E;FC=�G<EFAF;B�HC?�ECAA8E;FC=�<E;FIF;F89�CH�<AA�E8AAJA<?�;78?<@B�@?C>JE;9�ECAA8E;8>�H?CK�AFIF=L�>C=C?95�� �2345M� 678�3<??CD�2CAA8E;FC=�G<EFAF;B�97<AA�J98�E8AA�@?CE899F=L�H<EFAF;F89�;7<;�K88;�GN26OPN2QR�:;<=><?>9�DF;7�?89@8E;�;C�;78F?�F=;8?<E;FC=9�DF;7�;78�3<??CD�2CAA8E;FC=�G<EFAF;B5� �2345S� 678�3<??CD�2CAA8E;FC=�G<EFAF;B�97<AA�<TF>8�TB�<AA�<@@AFE<TA8�A<D9�<=>�?8LJA<;FC=95�2345S54� 678�3<??CD�2CAA8E;FC=�G<EFAF;B�97<AA�T8�AFE8=98>U�?8LF9;8?8>U�C?�<EE?8>F;8>�<9�?8VJF?8>�TB�;78�<@@?C@?F<;8�LCI8?=K8=;<A�<J;7C?F;F89�HC?�;78�<E;FIF;F89�@8?HC?K8>5��2345W� 678�3<??CD�2CAA8E;FC=�G<EFAF;B�97<AA�7<I8�<�3<??CD�2CAA8E;FC=�G<EFAF;B�38>FE<A�XF?8E;C?U�<�YJ<AF;B�3<=<L8?U�<=>�<;�A8<9;�C=8�Z4[�<>>F;FC=<A�>89FL=<;8>�9;<HH�K8KT8?5�67F9�;8<K�97<AA�7<I8�T88=�F=�@A<E8�<=>�@8?HC?KF=L�E8AAJA<?�;78?<@B�@?C>JE;�ECAA8E;FC=9�HC?�<;�A8<9;�;D8AI8�Z4M[�KC=;79�@?8E8>F=L�F=F;F<A�<EE?8>F;<;FC=5� �2345\� N�KF=FKJK�CH�C=8�Z4[�K<??CD�ECAA8E;FC=�@?CE8>J?8�97<AA�7<I8�T88=�@8?HC?K8>�F=�;78�;D8AI8�Z4M[�KC=;7�@8?FC>�FKK8>F<;8AB�@?8E8>F=L�H<EFAF;B�<EE?8>F;<;FC=U�<=>�<�KF=FKJK�<I8?<L8�CH�C=8�Z4[�K<??CD�ECAA8E;FC=�@?CE8>J?8�@8?�B8<?�97<AA�T8�@8?HC?K8>�DF;7F=�;78�<EE?8>F;<;FC=�EBEA85� �#$]%�$ !!&'�#&(()#"*&+�, #*(*"-� �23M54� 678?8�97<AA�T8�<@@?C@?F<;8�>89FL=<;8>�<?8<9�HC?�ECAA8E;FC=�CH�E8AAJA<?�;78?<@B�@?C>JE;9U�HC?�ECAA8E;8>�@?C>JE;9U�<=>�HC?�9;C?<L8�CH�9J@@AF89U�?8<L8=;9U�<=>�8VJF@K8=;5�23M5454� 678�3<??CD�2CAA8E;FC=�G<EFAF;B�97<AA�T8�>FIF>8>�F=;C�>8HF=8>�<?8<9�CH�<>8VJ<;8�9F̂8�;C�@?8I8=;�FK@?C@8?�A<T8AF=LU�KF_OJ@9U�EC=;<KF=<;FC=U�C?�E?C99OEC=;<KF=<;FC=�CH�E8AAJA<?�;78?<@B�@?C>JE;95�23M545M� 678?8�97<AA�T8�<�@?CE899�;C�EC=;?CA�9;C?<L8�<?8<9�;C�@?8I8=;�KF_OJ@9U�EC=;<KF=<;FC=U�<=>�E?C99OEC=;<KF=<;FC=�CH�<AA�E8AAJA<?�;78?<@B�@?C>JE;9�@?FC?�;C�?8A8<98�C?�>F9;?FTJ;FC=5�23M545S� 678?8�97<AA�T8�<�@?CE899�HC?�EC=HF>8=;F<A�>C=C?�8_<KF=<;FC=�<=>�8I<AJ<;FC=5�

Page 877

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

��� ! � "#$��%&&'(��'))$*+,'-�.%*,),+/�0#%))�1&'2,3$�%3$45%+$�),6#+,-67�2$-+,)%+,'-7�%-3�%**$00�+'�0,-80�+'�1&$2$-+�+#$�,-+&'35*+,'-7�+&%-09,00,'-7�'&�01&$%3�':�*'995-,*%;)$�3,0$%0$!� ��� !<� �&,+,*%)��%&&'(��'))$*+,'-�.%*,),+/�1%&%9$+$&0�+#%+�9%/�%::$*+�*$))5)%&�+#$&%1/�1&'35*+�2,%;,),+/7�,-+$6&,+/7�*'-+%9,-%+,'-7�0+$&,),+/7�'&�*&'00=*'-+%9,-%+,'-�35&,-6�*'))$*+,'-7�,-*)53,-6�+$91$&%+5&$�%-3�#59,3,+/�%+�%�9,-,9597�0#%))�;$�%00$00$3�:'&�&,08�+'�+#$�*$))5)%&�+#$&%1/�1&'35*+!��� !<!>� �&,+,*%)�:%*,),+/�1%&%9$+$&0�,3$-+,:,$3�+'�;$�%�&,08�+'�+#$�*$))5)%&�+#$&%1/�1&'35*+�0#%))�;$�*'-+&'))$37�9'-,+'&$37�%-3�&$*'&3$3!� ��� !?�� �%&&'(��'))$*+,'-�.%*,),+/�1%&%9$+$&0�%-3�$-2,&'-9$-+%)�*'-3,+,'-0�0#%))�;$�*'-+&'))$3�+'�1&'+$*+�+#$�0%:$+/�%-3�*'9:'&+�':�1%+,$-+07�3'-'&07�%-3�1$&0'--$)!� ��� !@� "#$��%&&'(��'))$*+,'-�.%*,),+/�0#%))�3'*59$-+�:%*,),+/�*)$%-,-6�%-3�0%-,+%+,'-�%-3�9%,-+%,-�'&3$&�05::,*,$-+�+'�%*#,$2$�%3$45%+$�*'-3,+,'-0�:'&�'1$&%+,'-0!� ��� !A� "#$&$�0#%))�;$�%3$45%+$�$45,19$-+�%-3�9%+$&,%)0�:'&�+#$�1&'*$35&$0�1$&:'&9$3!� ��� !B� "#$&$�0#%))�;$�%**$00�+'�%-�,-+$-0,2$�*%&$�5-,+�%-3C'&�$9$&6$-*/�0$&2,*$0!� ��� !D� "#$��%&&'(��'))$*+,'-�.%*,),+/�0#%))�;$�'1$&%+$3�,-�%�9%--$&�3$0,6-$3�+'�9,-,9,E$�&,080�+'�+#$�#$%)+#�%-3�0%:$+/�':�$91)'/$$07�1%+,$-+07�3'-'&07�2,0,+'&07�%-3�2')5-+$$&0!� ��� !F� "#$��%&&'(��'))$*+,'-�.%*,),+/�0#%))�#%2$�%�(&,++$-�0%:$+/�9%-5%)�+#%+�,-*)53$0�,-0+&5*+,'-0�:'&�%*+,'-�,-�*%0$�':�$G1'05&$7�%0�%11),*%;)$7�+'�*'995-,*%;)$�3,0$%0$�%-3�+'�*#$9,*%)7�;,')'6,*%)7�'&�&%3,')'6,*%)�#%E%&30!� �����

Page 878

A48946859



������������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
�������������

� !"�#$%&'(($)� �*+,-.� +/0012�*1334*5617�8/*63659�+4:6*/3�:604*510�*+,-.-.� 5;<=<�>;?@@�A<�?�+?==BC�*B@@<DEFBG�8?DF@FEH�+<IFD?@�:F=<DEB=�C;B�F>�?�@FD<G><I�J;H>FDF?G�CFE;�JB>EK=?IL?E<�E=?FGFGK�FG�D<@@�DB@@<DEFBG�?GIMB=�E=?G>J@?GE?EFBG-��*+,-.-N� 5;<�+?==BC�*B@@<DEFBG�8?DF@FEH�+<IFD?@�:F=<DEB=�B=�I<>FKG<<�>;?@@�A<�=<>JBG>FA@<�OB=�E;<�OB@@BCFGK�<@<P<GE>Q�*+,-.-N-.�/@@�E<D;GFD?@�J=BD<IL=<>-�*+,-.-N-N�R<=OB=P?GD<�BO�E;<�P?==BC�DB@@<DEFBG�J=BD<IL=<-�*+,-.-N-,�SLJ<=TF>FBG�BO�>E?OO-�*+,-.-N-U�/IPFGF>E=?EFT<�BJ<=?EFBG>-�*+,-.-N-V�5;<�P<IFD?@�D?=<�BO�?@@BK<G<FD�?GIMB=�?LEB@BKBL>�IBGB=>�LGI<=KBFGK�P?==BC�DB@@<DEFBG-�*+,-.-N-W�R=<XDB@@<DEFBG�<T?@L?EFBG�BO�?@@BK<G<FD�?GIMB=�?LEB@BKBL>�IBGB=>�?E�E;<�EFP<�BO�IBG?EFBG-�*+,-.-N-Y�*?=<�BO�?GH�DBPJ@FD?EFBG>�=<>L@EFGK�O=BP�E;<�DB@@<DEFBG�J=BD<IL=<-�*+,-.-N-Z�5;<�[L?@FEH�+?G?K<P<GE�R=BK=?P\�FGD@LIFGK�DBPJ@F?GD<�CFE;�E;<><�SE?GI?=I>�?GI�BE;<=�?JJ@FD?A@<�@?C>�?GI�=<KL@?EFBG>-�*+,-.-,� 5;<�+?==BC�*B@@<DEFBG�8?DF@FEH�+<IFD?@�:F=<DEB=�>;?@@�;?T<�?E�@<?>E�BG<�H<?=�<]J<=F<GD<�FG�D<@@L@?=�E;<=?JH�J=BILDE�DB@@<DEFBG�J=BD<IL=<>-�*+,-.-U� 5;<�+?==BC�*B@@<DEFBG�8?DF@FEH�+<IFD?@�:F=<DEB=�>;?@@�;?T<�J<=OB=P<I�B=�>LJ<=TF><I�?E�@<?>E�E<G�̂._̀�P?==BC�DB@@<DEFBG�J=BD<IL=<>�CFE;FG�;F>M;<=�D?=<<=-�*+,-.-V� 5;<�+?==BC�*B@@<DEFBG�8?DF@FEH�+<IFD?@�:F=<DEB=�>;?@@�J?=EFDFJ?E<�FG�E<G�̂._̀�;BL=>�BO�<ILD?EFBG?@�?DEFTFEF<>�=<@?E<I�EB�D<@@L@?=�E;<=?JH�?GGL?@@H�?E�?�PFGFPLP-�*+,-.-V-.���*BGEFGLFGK�<ILD?EFBG�>;?@@�FGD@LI<\�ALE�F>�GBE�@FPFE<I�EB\�?DEFTFEF<>�=<@?E<I�EB�E;<�OF<@I�BO�aR*�E=?G>J@?GE?EFBG�?GI�P?==BC�DB@@<DEFBG-� �*+,-N� [b/3659�+/7/c40�*+,-N-.� 5;<=<�>;?@@�A<�?�+?==BC�*B@@<DEFBG�8?DF@FEH�[L?@FEH�+?G?K<=�EB�<>E?A@F>;�?GI�P?FGE?FG�>H>E<P>�EB�=<TF<C\�PBIFOH\�?GI�?JJ=BT<�?@@�JB@FDF<>�?GI�J=BD<IL=<>�FGE<GI<I�EB�PBGFEB=�DBPJ@F?GD<�CFE;�E;<><�SE?GI?=I>�?GIMB=�E;<�J<=OB=P?GD<�BO�E;<�+?==BC�*B@@<DEFBG�8?DF@FEH-��

Page 879

A48946859



����������������������������������������������������������������������������������������������������������������������������	
�	��
��������������������������
����������
���������� ���

� !"#"#� $%&� '(()*��)++&,-.)/�0',.+.-1�23'+.-1� '/'4&(�5%'++�6'(-.,.6'-&�./�-&/�789:�%)3(5�);�&<3,'-.)/'+�',-.=.-.&5�(&+'-&<�-)�,&++3+'(�-%&('61>�,&++�,)++&,-.)/>�'/<?)(�@3'+.-1�A'/'4&A&/-�'//3'++1�'-�'�A./.A3A"�� !"#"#"8��)/-./3./4�&<3,'-.)/�5%'++�./,+3<&>�B3-�.5�/)-�+.A.-&<�-)>�',-.=.-.&5�(&+'-&<�-)�-%&�;.&+<�);�CD��-('/56+'/-'-.)/"� �� !"!� E$F00�� !"!"8� $%&� '(()*��)++&,-.)/�0',.+.-1�5%'++�%'=&�',,&55�-)�+.,&/5&<�%&'+-%�,'(&�6();&55.)/'+5�*%)�'(&�-('./&<�'/<�,)A6&-&/-�./�A'(()*�,)++&,-.)/"�� !"!"#� $%&�/3AB&(�);�-('./&<�,)++&,-.)/�6&(5)//&+�5%'++�B&�'<&@3'-&�;)(�-%&�/3AB&(�);�6(),&<3(&5�6&(;)(A&<�'/<�5%'++�./,+3<&�'�A./.A3A�);�)/&�<&5.4/'-&<�-('./&<�./<.=.<3'+�*.-%�'/�.<&/-.;.&<�-('./&<�B',G36�-)�A'./-'./�53;;.,.&/-�,)=&('4&"�� !"!"!� 0)(� '(()*��)++&,-.)/�0',.+.-.&5�,)++&,-./4�,&++3+'(�-%&('61�6()<3,-5�;()A�6&<.'-(.,�<)/)(5>�6%15.,.'/5�'/<�,)++&,-.)/�5-';;�5%'++�%'=&�<),3A&/-&<�-('././4�'/<�&H6&(.&/,&�./�6&(;)(A./4�-%&5&�6(),&<3(&5"� �IJKL�MNOPQRS�JOTOUVJVTR� �� W"8� $%&� '(()*��)++&,-.)/�0',.+.-1�5%'++�,)A6+1�*.-%�XW�.;�.-�)6&('-&5�./<&6&/<&/-+1�);�'��+./.,'+�D()4('A"� �IJYL�Z[PQIQV\�OT]�Ẑ[IV]N̂ V\� �� _"8� $%&� '(()*��)++&,-.)/�0',.+.-1�5%'++�&5-'B+.5%�'/<�A'./-'./�6)+.,.&5�'/<?)(�6(),&<3(&5�'<<(&55./4�,(.-.,'+�'56&,-5�);�)6&('-.)/5�'/<�A'/'4&A&/-�./�'<<.-.)/�-)�-%)5&�(&@3.(&<�./�� W"�$%&5&�<),3A&/-5�5%'++�./,+3<&�'++�&+&A&/-5�(&@3.(&<�B1�-%&5&�E-'/<'(<5�'/<�5%'++�'<<(&55�'-�'�A./.A3À�� _"8"8� a)/)(�'/<�(&,.6.&/-�,)/;.<&/-.'+.-1"�� _"8"#� a)/)(�,)/5&/-"�� _"8"!� a)/)(�5,(&&/./4>�-&5-./4>�&+.4.B.+.-1�<&-&(A./'-.)/>�'/<�A'/'4&A&/-"�� _"8"W� �&++3+'(�-%&('61�6()<3,-�,)++&,-.)/"�� _"8"_� D(&=&/-.)/�);�A.Hb365�'/<�,()55b,)/-'A./'-.)/"�� _"8"c� d'B&+./4�7./,+3<./4�'55),.'-&<�;)(A5�'/<�5'A6+&5:"�
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NHS Greater Glasgow & Clyde 
 
Finance & Planning Committee 
 
 
Gary Jenkins 
Director, Regional Services 

 
 
 
4 April 2017 

 
Paper No: 17/?? 

 
 
 
 

BONE MARROW TRANSPLANTATION: OPTIONS APPRAISAL 
 
 
Recommendation 
 
The Acute Services Committee is asked to agree the temporary relocation of BMT Services to 4B 
QEUH.  
 
At the same time, BMT services should be considered as part of the acute services review of cancer 
services to deliver a longer term sustainable option that meets both service and environmental 
considerations.  
 
This recommendation is made on the basis that service delivery considerations require prioritisation 
over the Infection Control and Prevention Teams concerns on meeting national standards and HPS 
recommendations. 
 
Purpose of Paper 
 
This paper details the option appraisal of potential locations for the Adult BMT service within NHS 
Greater Glasgow and Clyde. 
 
It describes the options considered against agreed benefit criteria with clear recommendations on the 
preferred option to deliver this service both in the short and longer term. 
 
Key Issues to be considered  
 
Key issues that need to be considered are: 
 Impact on Staffing arrangements including out of hours cover 
 Delivery of environmental standards 
 Delivery of service standards 
 Strategic fit with longer term direction of cancer services 
 Timescale to deliver; and 
 Long term sustainability. 
 
Any Patient Safety /Patient Experience Issues  
 
There are patient safety/experience issues with the current arrangements. 
 

NHS ' -/ \f 
Greater Glasgow 

and Clyde 
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Any Financial Implications from this Paper   
 
There are capital works required to implement Option Two.  
 
Any Staffing Implications from this Paper  
 
Yes 
 
Any Equality Implications from this Paper  
 
No 
 
Any Health Inequalities Implications from this Paper 
 
No 
 
Has a Risk Assessment been carried out for this issue?  If yes, please detail the outcome. 
 
A service risk assessment of the current arrangement was carried out in 2016. A risk assessment of 
each option is detailed in section six of this paper. 
 
Highlight the Corporate Plan priorities to which your paper relates 
 
BMT Services are specifically highlighted in the corporate plan. 
 
Author   Gary Jenkins 
Contact  
Date  1st March, 2017 
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1. Introduction 
 

This paper details the option appraisal of potential locations for the Adult BMT service within NHS 
Greater Glasgow and Clyde. 
 
It describes the options considered against agreed benefit criteria as well as a risk assessment of 
each option with clear recommendations on the preferred option to deliver this service both in the 
short and longer term. 
 
2. Background 
 
The BMT service moved to the QEUH in May 2015 due to concerns that the planned level of support 
for acutely unwell patients on the Gartnavel General Hospital (GGH) site would be insufficient for 
such a high intensity speciality and would not meet the JACIE accreditation standards. The move 
also allowed for an increase of beds from 19 to 24 to support the agreed increase in the national 
transplant programme. Capital funding of £1million was invested to support enabling works to 4B 
such as the upgrade air filtration plant. 
 
Unfortunately, the unit had to return to the Beatson West of Scotland Cancer Centre in July 2015 
following the identification of air quality issues in the new transplant unit. This return was predicated 
on it being short-term with further remedial works to be undertaken to improve the air quality in ward 
4B, QEUH to acceptable levels. Remedial works were completed by October 2015 and at this time 
the service began to make plans to move back to QEUH.   
 
The Infection Control Team raised concerns regarding the specification of works that had been 
completed and requested input from Health Protection Scotland (HPS) at this time. Following the 
receipt of recommendations from HPS with regard to the required specification (Appendix One), the 
Infection Control Team advised that the specification did not meet the required environmental 
standards for a BMT Unit and therefore, they were unable to support return to the QEUH.  
 
A further schedule of works was agreed and scoped in early 2016 requiring additional costs of c. £1m 
which would deliver further improvements but would still fail to meet the full specification outlined by 
HPS in the following areas: 
 
 HEPA Filtered Corridors; 
 Room Air Changes of 10/hour; 
 Room Positive Pressure of 10pa. 
 
It was therefore concluded that whilst further improvements could be made to facilities within 4B, due 
to limitations of the current plant and lack of space to expand, the fourth floor QEUH could not be 
configured to meet the full specification of requirements as detailed by HPS/Infection Control.  
 
In the autumn of 2016, a further feasibility study commenced into potential options utilising retained 
estate on the QEUH site as well as the Laboratory Building and GRI, the study was supported by 
Currie and Brown.  A report was produced in January 2017 detailing a technical and financial analysis 
of 6 options to be considered as part of the optional appraisal exercise. 
 
A group representing the Clinical Team, Infection Control, Capital Planning, Estates and Regional 
Service Management met twice in February, 2017 to consider the report, review the options within the 
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feasibility study and make recommendations on the options to the Board. The membership of this 
group is detailed in Appendix Two. 
 
3. Current Service 

NHS Greater Glasgow and Clyde is commissioned by National Services Division to provide all adult 
donor stem cell transplantation for the population of Scotland. The national service covers both stem 
cell donation from family members and unrelated donors. The SLA value in 2016/17 was £7,904,092 
for 70 transplants. This is proposed to increase to £8,114,359 for 73 in 2017/18. 
 
The West of Scotland Haemopoietic Stem Cell Transplant Service was established in 1980, when the 
first sibling donor transplant was performed.  Autologous stem cell transplantation was introduced in 
1982 and the use of unrelated donors for allogeneic transplant from 1988. From 2006, the Service 
was designated to provide a National Service for alternative donor transplantation, which includes 
volunteer unrelated, cord blood and haplo-identical donors.  
 
In 2012, NSD performed a review of adult allogeneic transplant provision in Scotland. This concluded 
that there should only be a single centre providing allogeneic haemopoietic stem cell transplantation 
in Scotland and that Centre should be in Glasgow. The Service started taking all the sibling donor 
transplants from Edinburgh and Aberdeen in 2015.  
 
The review had suggested that the number of patients being transplanted in Scotland was less than 
elsewhere in the UK and predicted 75 patients a year should be receiving allogeneic transplants, 
increasing to 85 p.a. It is expected that transplant activity will increase to this level and possibly 
beyond short to medium term. It was anticipated that the Service would move to the new QEUH in 
summer 2015 and would have more beds to accommodate the predicted increase in activity. 
 
Transplant numbers are predicted to continue rising. This is because the incidence of haematological 
malignancy is rising in the population and also increases with age. Transplant outcomes have 
improved significantly in the past few years for older patients and so, the median age of patients at 
the time of transplant has also risen. In addition, the improvement in outcome for transplants using 
haplo-identical donors broadens, meaning these are being utilised in patients who otherwise would 
not previously have had a donor option.  
 
Currently the unit is performing around 70 allografts per year, the agreed level of activity with NSD is 
70 allografts for 2016-17, and 73 for 2017-2018. In addition, the unit performs almost all the 
autologous transplants for the West of Scotland, currently around 90 transplants per annum, which is 
also increasing (~60 in 2015, 80 in 2016). This activity is also likely to continue to rise. 
 
4. Option Appraisal  
 
The option appraisal was conducted over two meetings in February 2017. The first meeting was to 
agree the options to be considered as well as benefits criteria and weighting.  The second meeting 
then proceeded to scoring of the agreed options to provide a ranking of the available options. 
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4.1 Options Considered  
 
A long list of 8 options was included in the feasibility study, and these were discussed in depth at the 
Group’s first meeting. The capital cost of the options range from £0 to approx. £20m, however, the 
group’s appraisal did not take cost into account, using the preferred Capital Investment Manual 
methodology of Weighted Benefits Scoring. 
 
At the initial meeting, the Group agreed that four of the options were not feasible at all, based on the 
findings of Currie and Brown.  
 
This left four options to take forward to scoring:  
 

 remain at BWOSCC; 
 return to Level 4 QEUH; 
 relocate to the roof of the existing QEUH maternity building; 
 relocate to the Institute of Neurological Sciences’ Neurology Building at QEUH.  

 
No Description Comments 

1. Remain at BWOSCC 
 

Would require significant changes to level of clinical 
support on site 

2. Return to QEUH Level 4 Unlikely to be a long term option 
Quality of build environment is main issue 

3. QEUH Maternity roof Difficult to sustain services during construction, but 
technically feasible 

4. Neurology Levels 1 and 2 Only technically feasible on paper 

5. Neurology Ground and 1st Floor Only technically feasible on paper 
Significant concerns that building could never be fit for 
purpose 

6. Neurology Ground Floor with 
external extension  

Only realistic Neurology option 
Difficult, but feasible 

7. QEUH Laboratory roof Feasibility report indicates that building cannot support 
extension 

8. St Mungo Building, GRI Only technically feasible on paper 
Not feasible from service delivery point of view 

 
4.2 Benefits Criteria and Weighting  
 
At the initial meeting, the group also agreed the benefits Criteria, against which the proposals would 
be ranked. 
 
No Description Definition 

A. Improves the patient journey Services should be delivered on as few sites as 
possible to minimise the need for patient and carer 
travel. The site(s) should be easily accessible with 
good patient/carer facilities. 
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No Description Definition 

B. Staffing The extent to which there is adequate safe staffing, 
both within the unit’s staff complement and within other 
services, e.g. Hospital at Night/resident on-call 
support. 

C. Meets published/recognised 
environmental standards 

The extent to which the option satisfies both SGHD 
guidelines on Infection Control and other technical 
standards (SHTM, HSE, etc). This will take into 
account the ability to manage the risk associated with 
not meeting the standards, and any need for 
derogations. 

D. Meets published/recognised 
service standards  

The service will meet standards set by JACIE and 
within the NSD service level agreement, and meets 
BSH Level 3. This includes immediate 24/7 access to 
the full range of acute services required to support 
patients who undergo stem cell transplant, including 
ITU-level critical care services and specialist support 
and review by other clinical teams. 

E. Minimises service disruption The extent to which clinical services can be maintained 
during any required construction and/or 
implementation phase. 

F. Strategic fit Links to national, regional and local clinical strategies 
for delivering cancer services, but with specific 
reference to wider GGC discussions on future location 
of BWOSCC and the configuration of haematology 
services. 

G. Timescale to deliver There is a clinical urgency to make a decision on the 
location of the service. 

H. Long-term sustainability The extent to which the facility improves the current 
and future capacity to deliver appropriate services to 
the population of Scotland, in line with ongoing 
planned expansion. 

 
Prior to completing the benefits matrix, there had been two separate criteria identified for Clinical 
Adjacencies and Meets Service Standards: 
 
Description Definition 

Delivers clinical co-dependencies and 
adjacencies 

Having immediate 24/7 access to the full range of 
acute services required to support patients who 
undergo stem cell transplant, including ITU-level 
critical care services and specialist review. 

Meets published/recognised service 
standards  

The service will meet standards set by JACIE and 
within the NSD service level agreement, and meets 
BSH Level 3. 
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Whilst completing the Benefits Matrix to agree the weighting to be given to each criteria, the group 
agreed that the content of point A was encompassed within the service standards, particularly JACIE, 
referenced in point E, and that these two criteria should be amalgamated under Meets Service 
Standards. 
 
Following identification of Benefit Criteria, the Benefits Matrix was completed, in which individual 
criteria are compared against each other. 
 
The results were: 
 

  A B C D E F G H 

Improves Patient Journey A   B C D A F G H 

Staffing B     B B B B B B 

Environmental standards C       D C C C H 

Service standards D         D D D D 

Minimises disruption E           F G H 

Strategic fit F             F H 

Timescale to deliver G               H 

Sustainability H                 
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This represented the majority decision of those in the room at the time of the exercise.  
 
The identified benefit criteria were therefore ranked as follows: 
 
  Criteria Score Rank 

B Staffing 7 1 

D Service standards 6 2 

H Sustainability 5 3 

C Environmental standards 4 4 

F Strategic fit 3 5 

G Timescale to deliver 2 6 
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A Improves patient journey 1 7 

E Minimises disruption 0 8 
 
Following the scoring of the Benefits Matrix, Minimises Service Disruption scored 0. It was agreed at 
the Options Scoring meeting on Monday 20 February 2017 that this would be dropped from the 
scoring process. 
 
Converting this to weighted scoring, this left the options with the following weights: 
 
No Description Score 

A. Improves the patient journey 4 

B. Staffing 25 

C. Meets published/recognised environmental standards 14 

D. Meets published/recognised service standards  21 

E. Minimises service disruption 0 

F. Strategic fit 11 

G. Timescale to deliver 7 

H. Long-term sustainability 18 
 
 
4.3 Option Scoring  
 
The second meeting held was to agree the scoring of each option against the weighted benefits 
criteria with the membership of the scoring team detailed in Appendix Two.  
 
Each member of the scoring team agreed to provide an individual score from 1-10 which would then 
be collated to provide an average.   
 

I I 
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OPTION 1: REMAIN AT BWOSCC 
 
Option one scored low against ability to meet service standards. There are internationally agreed 
Standards for the staffing, facilities and management for transplant provision, inspected in Europe by 
JACIE. The Glasgow service was accredited in 2011, but this has now lapsed as the Beatson-based 
unit cannot meet the necessary Standards for the provision of critical care. Likewise, as option one 
would involve the continued split of outpatient services on QEUH and inpatients on BWoSCC, it 
scored low against improvements to the patient journey.  
 
 Benefit criteria Weight Score Weighted score 

1 Improves Patient Journey 4 4 14 

2 Staffing 25 6 150 

3 Environmental standards 14 8 109 

4 Service standards 21 1 21 

5 Minimises disruption    

6 Strategic fit 11 5 54 

7 Timescale to deliver 7 9 64 

8 Sustainability 18 2 36 

Total 100  448 
 
Individual scores given were: 
   Service Clinicians Infection Control 

 Benefit criteria IP MM DI MC GM TW SM TI 

1 Improves Patient Journey 4 4 3 3 3 4 5 5 

2 Staffing 6 6 6 6 6 6 6 6 

3 Environmental standards 8 8 7 7 7 8 8 8 

4 Service standards 1 1 1 1 1 1 1 1 

5 Minimises disruption         

6 Strategic fit 5 5 5 5 5 5 5 5 

7 Timescale to deliver 9 9 9 9 9 9 9 9 

8 Sustainability 2 2 2 2 2 2 2 2 
 
The two clinical groups, the service team and the Infection Control team, evaluated this option only 
slightly differently, with service clinicians feeling that split-site working deserved a lower rating due to 
sub-optimal patient care caused by the requirement to transfer patients off site as well as having 
inpatient and outpatient services split over two sites. 
 
OPTION 2: QEUH, LEVEL 4B 
 
Option two was felt to deliver both an improved patient journey with the consolidation of services onto 
one site and the most likely to enable the service to meet their specific standards. However, option 
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two did not score well against criteria to meet environmental standards for the reasons identified 
above, nor was it felt to be a sustainable option for the longer term. 
 
 Benefit criteria Weight Score Weighted score 

1 Improves Patient Journey 4 7 25 

2 Staffing 25 9 225 

3 Environmental standards 14 2 29 

4 Service standards 21 8 171 

5 Minimises disruption    

6 Strategic fit 11 5 54 

7 Timescale to deliver 7 6 43 

8 Sustainability 18 3 54 

Total 100  600 
 
Individual scores given were: 
   Service Clinicians Infection Control 

 Benefit criteria IP MM DI MC GM TW SM TI 

1 Improves Patient Journey 7 7 7 7 7 7 7 7 

2 Staffing 9 9 9 9 9 9 9 9 

3 Environmental standards 1 3 3 3 3 1 1 1 

4 Service standards 8 8 8 8 8 8 8 8 

5 Minimises disruption         

6 Strategic fit 5 5 5 5 5 5 5 5 

7 Timescale to deliver 6 6 6 6 6 6 6 6 

8 Sustainability 3 3 3 3 3 3 3 3 
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OPTION 3: MATERNITY BUILDING, QEUH 
 
 Benefit criteria Weight Score Weighted score 

1 Improves Patient Journey 4 5 18 

2 Staffing 25 7 175 

3 Environmental standards 14 9 129 

4 Service standards 21 6 129 

5 Minimises disruption    

6 Strategic fit 11 3 32 

7 Timescale to deliver 7 1 7 

8 Sustainability 18 7 125 

Total 100  614 
 
Option three scored well against criteria to meet environmental standards given it would be purpose 
built to the required specification. However, there were concerns regarding strategic fit in terms of the 
longer term strategy for cancer services as well as the ability to adequately staff the unit e.g. Hospital 
at Night given the relative distance to the main Hospital.  
 
The group agreed a consensus score against each of the criteria. 
 
OPTION 4: GROUND FLOOR + EXTENSION, INSTITUTE OF NEUROLOGICAL SCIENCES 
 
 Benefit criteria Weight Score Weighted score 

1 Improves Patient Journey 4 5 18 

2 Staffing 25 7 175 

3 Environmental standards 14 9 129 

4 Service standards 21 6 129 

5 Minimises disruption    

6 Strategic fit 11 3 32 

7 Timescale to deliver 7 1 7 

8 Sustainability 18 7 125 

Total 100  614 
 
The group again agreed a consensus score against each of the criteria and option four therefore, 
scored identical to option three for the same reasons.  
 

5. Ranking of Options   

The scoring of options resulted in both options three and four ranking first with a score of 614 with 
option two scoring 600 and therefore, a very close second in terms of non financial benefits criteria. 
Option one scored 448 and was therefore, the ranked last by a clear margin.  
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6. Risk Assessment 
 
There are a number of potential and actual risks associated with each of the four options in the 
following areas: 
 

 Clinical; 
 Infrastructure; 
 Infection Control/Environmental;  
 Patient Experience;  
 Service Capacity; 
 Accreditation Process; 
 Strategic Direction.   

 
Each option presents different risks as identified below. There are additional measures that could be 
taken to mitigate the risk. 
 
OPTION 1: REMAIN AT BWOSCC 
 
Clinical  
 
The service completed a risk assessment which was submitted to the Strategic Management Group 
in 2016. 
 
The service is admitting patients for an elective procedure in the knowledge that around 10% of them 
will require critical care levels that are not available on the Gartnavel site. This is contrary to current 
quality standards required for HSCTS in NHS England and for JACIE Accreditation and was the 
major drive for the service to move to the QEUH in 2015. This has also been highlighted by the 
BWoSCC Future Steering Group. 
 
Whilst of huge value overall, the provision of a High Acuity Unit/Critical Care Outreach service on the 
Beatson site is of limited benefit to the BMT transplant population. The majority of these patients are 
being treated with curative intent and therefore will be for full supportive care, including ventilation 
and inotropes if needed. HAU can deliver level 1 care but if a patient is deteriorating and predicted to 
require level 2 care or beyond, they need to be transferred early to the critical care service at QEUH 
before that requirement is reached. This means that some patients are transferred, who do not 
ultimately deteriorate to level 2. It is also important to ensure that patients have recovered sufficiently 
and that their condition is stable before transferring them back to the BWOSCC when they could have 
been sent back to a QEUH ward at an earlier date. If the BMT unit was on the same site as critical 
care services, patients would not require pre-emptive transfer and delayed returns with reduced 
requirement for critical care beds. The BMT service is the highest user of the HAU/CCO service, with 
46 transfers since returning to the BWOSCC 18 months ago. Of particular concern is that 10 patients 
required more than one transfer, one patient being moved four times during their inpatient stay. 
Patients also have to be transferred to QEUH if they require specialist opinon and or interventions 
such as endoscopy, cystoscopy, ureteric stent placement. 
 
BMT in patients on the QEUH site are placed in wards whose staff are unaware of the requirements 
and complexities of BMT patients. They struggle to manage the demands of unfamiliar problems 
even in the critical care setting, due to high numbers of unfamiliar drugs, frequently given as multiple 
IV infusions. There have been several instances of patients not getting prescribed drugs in this 
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situation. BMT patients require frequent infection and drug level monitoring which can at times be 
missed either due to failure to request or incorrect samples being sent when they are the QEUH. 
 
 
There is no dedicated transplant nursing, pharmacy or AHP staff on site at QEUH and it is extremely 
challenging to ensure optimal management for these complex patients. If the BMTU was on the same 
site there would be far greater input from the multidisciplinary BMT team to patients admitted to 
critical care.  
 
Some medical and surgical wards are not capable of managing patients with central access so that 
peripheral venepuncture and cannulas are used unnecessarily if nursing staff are untrained in the use 
of these lines. 
 
Certain types of transplant bring a high risk of cytokine storm with requirement for intensive support 
for both circulatory and respiratory systems and it is not safe to have these patients on the BWOSCC 
at certain times during their inpatient stay. Patients have been electively transferred to the QEUH 
critical care facility for observation and, if required critical care support, at the time of highest risk. 
BMT nursing staff have been seconded as chemotherapy needs to be given as part of the 
management, impacting on nursing numbers available for the BWOSCC ward. 
 
Mitigation  
 
In an effort to mitigate against the risks identified above, patients who are transferred to the QEUH 
site are reviewed daily by a member of the BMT consultant team.  They direct the care of the patient 
and try to ensure that all appropriate tests, drugs etc. are arranged and available. They can be 
contacted via switchboard or mobile phone at any time. 
 
Nursing staff who attend the BMT clinics at the QEUH on Monday, Tuesday and Thursday visit 
patients admitted to the QEUH to provide a familiar face and help the nursing staff with any problems 
they have.One of the consultant clinical psychologists visits any patients who have been transferred 
to the QEUH. 
 
There are information sheets for the different drugs detailing how they should be administered and 
contact details for the BWOSCC ward for advice. A supply of any unusual drugs are transferred with 
the patient. 
 
BMT outpatients from GGC, who present with symptoms that might indicate they are having GI blood 
loss, respiratory distress or cardiac symptoms although BMT complications can also cause similar 
symptoms, have to be told to go to their local ED for assessment as it is not safe to see them at the 
BWOSCC due to lack of critical care support. 
 
Infrastructure  
 
The BWoSCC Unit is now 10 years old and it is becoming more common for rooms to be closed for 
repair for water leaks, flood damage etc. The HEPA filtration plant has no back up and cannot be 
switched off for maintenance. With increasing age comes concern about risk of catastrophic failure 
with loss of a safe environment. 
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Patient Experience   
 
NHS GGC  provides the national service for patients which by definition have a life-threatening 
disease and are receiving treatment which could also be life-threatening. Patients and their families 
are coming from all over Scotland. Many will have formed strong attachments to their referring unit 
following prolonged stays and find it hard to make the transition to a new team. This formation of a 
relationship with the BMT team can be disrupted by the transfer. Psycho-social care and support for 
patients and their families is critical, during what is likely to be the most stressful experience of their 
lives, potentially a long way from home and their own support network. This is an integral part of the 
service provided, but cannot be delivered effectively when patients are transferred off-site.  
 
A number of patients and their families have felt very isolated at QEUH, during a very traumatic and 
critical part of their treatment, being moved to an unfamiliar environment, to be managed by 
unfamiliar staff, who have limited or no experience in transplant.  
 
The following comment is from correspondence from the wife of a patient who recently passed away: 
 
 “In total xxx spent 59 nights at the Beatson and 47 nights at QEUH!!!! For 47 nights xxx was nursed 
by people with no post transplant experience despite the Leaflet ‘A patient’s guide to Allogenic Bone 
Marrow Stem Cell Transplant’  stating “the nursing staff involved in your care have specialist 
experience in transplantation”   
 
Several patients have vowed they will not return, even if this is deemed medically necessary. 
Patients who do not recover sufficiently to transfer back to the BWOSCC have to remain at the QEUH 
for palliative care.  
 
Service Capacity  
 
It had been planned to increase bed capacity from 19 to 24 beds to accommodate anticipated growth 
in activity as the designated single centre for NHS Scotland. As the service remains in BWoSCC, this 
has not been possible and capacity is limited to 20 beds.  
 
Every effort is made to admit a patient once they are fit for transplant and a donor has been identified. 
However, some patients do have to receive additional therapy or are not admitted as promptly as 
they might be, particularly those who have a relatively indolent disease eg. MDS, myelofibrosis. It is 
very difficult to quantify this number, but probably 5-6 patients per year are admitted 2-3 months later 
than they needed to be, because of lack of bed space. So far no patient has developed accelerated 
disease during the delay, however, it could occur with any of these individuals. 
 
It is often not possible to admit patients to a BMT bed, who have been transplanted and developed 
complications requiring specialist care. All patients are managed in their local hospitals whenever 
possible, but some should be transferred and are not due to lack of beds.  
 
Accreditation  
 
There is an expectation from commissioners that the nationally commissioned service will be JACIE 
accredited. Whilst the service will meet environmental requirements as outlined in appendix five, it is 
unlikely to be accredited due the lack of support services including critical care on site. 
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OPTION 2: QEUH, LEVEL 4B 
 
Infection Control/Environmental   
 
As noted, the facility in 4B QEUH does not meet the standards set out by SHTM 03-01 (Appendix six) 
for neutropenic rooms or HPS guidance and therefore, the main concern is that of airborne infection 
particularly invasive fungal infection (IFI) due to organisms such as aspergillus and zygomycosis due 
to air quality.  Based on published literature, mortality rates in outbreaks related to construction or 
demolition in patients with Haematological malignancies are quoted at 57.6%. Concentrations of 
aspergillus species below 1 colony forming unit/m3 are sufficient to cause infection in high risk 
patients.  
 
Currently, the BMT Unit in NHS GGC’s Royal Hospital for Children does not meet the standard either 
however, the rooms do have a positive pressure of 10 PA hepafiltration and have anterooms. It has 
been agreed to upgrade four of these rooms to meet the full standards. 
 
Mitigation 

Appendix three provides benchmarking of BMT units across the UK. NHS GGC’s Lead Infection 
Control Doctor has contacted two of the centres – Nottingham and Devon (two adult units with a 
specification that does not meet HPS guidance) to ascertain their infection rates and what if any 
mitigating actions they have in place. 

Improvements to the environment in ward 4B are achievable with additional capital expenditure 
including the sealing of the bathroom ceilings and creation of a double door entry system.  Further 
measures would include introduction of twice daily cleaning of the ward as well as the use of portable 
HEPA filtration units in the corridors. 
 
There is now very effective anti-fungal prophylaxis and sensitive screening tests, which can be used 
to manage risk in this patient population. A strategy of effective prophylaxis and confining patients to 
their rooms with the ward closed to all through traffic will minimise the risk of acquiring fungal 
infection whilst an inpatient.  
 
A robust monitoring regime as detailed in Appendix Four and which is currently in place in the current 
BMT unit in B8/9 at BWoSCC.  
 
Infrastructure    
 
In addition to the fact that ward 4B does not provide the required specification for BMT services, it is 
also served by only one air handling plant. As a consequence, there is no way to carry out 
maintenance\service PPM\annual verification without shutting down the ventilation plant, which would 
affect all isolation rooms served by the single air handling unit. This would require the ward to be 
vacated during each period of planned preventative maintenance. 
 
Mitigation 
 
The recently proposed upgrade works to ward 4B includes the addition of a standby air handling unit, 
albeit of reduced capacity which would mitigate against the concerns identified above. This would 
require significant capital investment as previously identified. 
 
Accreditation  
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There remain a risk to JACIE accreditation given the infrastructure/environmental risks highlighted 
above. That said, JACIE does not specify environmental requirements to the standard previously 
provided by HPS as outlined in Appendix five. Therefore, it is anticipated that provided the monitoring 
regime does not identify any issues, that this should provide sufficient evidence that this requirement 
is being met. 
 
OPTION 3: MATERNITY BUILDING, QEUH 
 
Clinical 
 
There are concerns that the risk of this option is around the ability to safely staff the unit 24/7. The 
BMT service does not have their own junior medical team and is instead supported by the BWoSCC. 
Should services relocate, they will require to be covered by the Hospital at Night team as is currently 
the case. Whilst this is likely to be deliverable within the main ward block of QEUH, there is concern 
that the service will not be safely covered in an option that would see them relocate outwith the main 
QEUH ward block. 
 
Further, any option that requires a significant build is unlikely to be delivered within a timeframe of 
less than two – three years. The clinical risk associated with remaining on the BWoSCC site for this 
period of time has already been highlighted above. 
 
Strategic Direction 
 
There is concern with the strategic fit of this option with the long term direction of cancer services.  
Work is ongoing regarding the long term direction of cancer services. The preference would be to 
remain co-located with cancer services in the future but capital investment in this option may preclude 
this in the future.  
 
OPTION 4: GROUND FLOOR + EXTENSION, INSTITUTE OF NEUROLOGICAL SCIENCES 
 
The risks identified with this option are identical to those with option 3. 
 
7. Conclusions  
 
Whilst Options three and four clearly scored the highest with regard to delivery of environmental 
standards, there are concerns regarding the staffing, strategic fit and timescale for delivery.  
 
Given the close scoring between options two, three and four against non financial benefits criteria the 
group discussed option two as an interim solution for a time limited period.  
 
Whilst option two would not provide the required environmental standards, benchmarking across the 
Centres in the UK has demonstrated that only those services that have moved into purpose built 
facilities are currently delivering this standard as outlined in Appendix Three.  
 
8. Recommendations 
 
The Acute Services Committee is therefore, asked to consider option two as an interim solution and 
support the relocation of BMT Services to 4B QEUH. To support the move, it is proposed that further 
refurbishment works be commissioned as detailed in the risk assessment. Thereafter, a period of air 
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quality monitoring should be undertaken as outlined in Appendix Four. To enable this, the ward will 
need to be vacated and positive pressure switched on which will preclude the use of the ward for 
medical surge capacity.   
 
At the same time, BMT services should be considered as part of the acute services review of cancer 
services to deliver a longer term sustainable option that meets both service and environmental 
considerations as detailed in Appendix one.  
 
This recommendation is made on the basis that service delivery considerations require prioritisation 
over the Infection Control and Prevention Teams concerns on meeting national standards and HPS 
recommendations. 
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Appendix One  
 
Recommendation 
 

To allow the provision of a protective environment for patients within 
the bone marrow transplant unit (Ward 4B) 
 

 The rooms must be positively pressured at 10 pa 
 ALL air entering the room must be via the HEPA filter 
 The HEPA filter should as a minimum be E12 (H13) and located within 

the supply air diffuser 
 The rooms must be sealed and no air which has not passed via the 

HEPA filter should access the room 
 A strict protocol which minimises the length of time the door is opened 

and reduces air entry via an open door is required. 
 There must be a continuous pressure monitoring system for each room 

which alarms and gives an early indication of a pressure drop within the 
room 

 Bedroom Air changes of 10 ACH must be achieved 
 The walls and ceilings within the rooms and ensuite must be sealed. 
 All room services must be sealed 
 All service access hatches within the bedrooms/ensuite must be sealed 
 The pentamidine room must be negatively pressured and comply with 

health and safety legislation 
 There must be at least one room available in the critical care unit 

capable of providing the same level of protection as those proposed in 
ward 4B 

 HPS will continue to co-ordinate and provide support with this issue and 
subsequently the Children’s unit and additional areas of ventilation 
concern (Critical care, ID Unit, theatres) 

 HPS will co-ordinate and provide support a required relating to water 
control and testing in this unit 
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Appendix Two 
 
Option Appraisal: National Adult Stem Cell Transplant Programme – Agreement of 
Options/Benefits Criteria and Weighting.  
 
Meeting 8th February 2017 
Dr Anne Parker 
Dr Grant McQuaker 
Ms Myra Campbell 
Mr David Louden  
Dr Teresa Inkster  
Ms Melanie McColgan 
Ms Marjorie Johns (Facilitator - did not score or rate options) 
 
 
Option Appraisal: Adult BMT Service  - Scoring of Options  
 
Meeting 20th February 2017 
Dr Grant McQuaker 
Dr Dave Irvine 
Ms Myra Campbell 
Mr Ian Powrie 
Dr Teresa Inkster 
Mrs Sandra McNamee 
Mr Tom Walsh   
Ms Melanie McColgan 
Ms Marjorie Johns (Facilitator - did not score or rate options) 
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Page 987

A48946859



Finance & Planning Committee, April 2017 BOARD OFFICIAL SENSITIVE 

BOARD OFFICIAL SENSITIVE | Regional Services: BMT Options Appraisal Page 21 / 33 

Appendix Three 
 
UK Benchmarking  
Of the 9 centres who responded to a local survey (across the UK), all are operating within varying environments as follows: 

Hospital HEPA 
filtered 
Rooms  
Y / N 

HEPA 
filtered 

Corridors 
Y / N 

Room Air 
Changes 
10/hour 

Y / N 
(if different, 

please 
specify) 

Room 
Pressure 
Positive 

10Pa 
Y / N  

(if different 
please 
specify) 

Sealed  
Rooms 
(fixed 

ceilings 
etc) 
Y / N  

Air  
Lock  

Entrance to 
Ward 
Y / N 

Is Air 
Pressure 

Monitoring 
System 
Alarmed 

Y / N 

Is there a 
“Back-up” air 
handling plant 

for Wards 
Or 

Separate 
plant for each 

room 

Rooms with 
anteroom at 

negative 
pressure for 

infectious BMT 
patients 

Y / N 
(Please state 
approx. Pa) 

Do you operate a 
programme of 
Environmental 

Monitoring 
(Particle Counting / 

Microbial air sampling 
etc – please state 
acceptable limits) 

HDU / ICU 
on-site 

Comment 

             
QEUH 
Proposal 

Y N 
 

N 
Approx. 6 
AC/hr 

N 
6-8 Pa 
running 
pressure 

Y Y Y 
Audible alarm 
outside each 
room 

N 
Independent 
(back-up) 
AHU unit 
available if 
primary unit 
fails 

Y 
(Available via 
adjacent Renal 
Ward) 

Y 
Monthly programme of 
Microbial Air Sampling 
and Particle Monitoring  

Y  

Beatson WoSCC 
(current position) 

Y Y Y Y 
Rooms vary 
between 6-
15Pa 

N Y No, pressure 
gauge on wall 

Y 
Each Ward 
has dedicated 
AHU – each 
Ward is back-
up for each 
other 

Y 
Approx -5Pa 

Y 
Monthly programme of 
Microbial Air Sampling 
and Particle Monitoring 

N  

UCLH Y N Y Y Y N No, pressure 
gauge on wall  

No -10KPa on 
separate floor 

Micro sampling of all 
wards (contact plates 
etc) led by infection 
control. HEPA qualified 
annually by external 
company.  

ITU + HDU  

St Bartholomews 
(Barts Health) 

Y Y Y Y Y Y Y Back up Y Done by infection 
control. No SOP that 
I’m aware of. 

ICU on-site 
for BMT 
patients. 
Other 
ICU’/HDU’ 
for cardiac 
patients 

Whole floor is 
HEPA filtered 
(Brand new 
facility – last 
year) 

Nottingham 
University 
Hospital 
 
 

Y 
 
 
 
 

N 
 
 
 
 

Y 
 
 
 
 

Y 
Runs at 
<10 
 
 

N 
Suspende
d ceilings 
 
 

N 
 
 
 
 

N 
But is 
checked 
every 
morning by 

Y 
Back up 
generators 
Monitored by 
estates dept 

N/Y 
Negative 
pressure can 
be achieved by 
leaving the 

Y 
NUH Infection control 
dept coordinates this – 
air particle sampling 
and micro sampling 

Critical 
Care Unit 
on-site 
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ward staff 
and then 
alarm raised 
if out of 
range. 

 
 

bathroom door 
open. ?Pa 
 

done. Also water 
sampling showers and 
sinks. Throughout 
ward.  
Results go through to 
ward Manager. 

KCH Y Y Y Y Y Some Y N Y No. 
Rooms verified on 
opening. Regular 
HEPA filter 
replacement. 

HDU + 
ICU 

 

ANON Y No. Each 
room 
positive to 
corridor 

Y Y Y Y Yes, local 
and central 

Separate 
AHU for each 
patient room. 
Main Ward on 
separate 
system. 

Yes, 15Pa in 
anteroom and 
10Pa in patient 
room. 

No. 
Rooms verified on 
opening. Regular 
HEPA filter 
replacement. 

ICU (ITU)  

Royal Devon & 
Exeter 

Y N Y Y Y N N N Y Y ITU 
(+HDU) 

 

Leeds Adult Y Y Y Y Y Y Y Y Y N ICU + 
HDU 

 

Sheffield 
Children’s 
Hospital 

Y N N N N N N N N Y ICU + 
HDU 

 

Manchester 
Children’s 
Hospital 

Y Y N N N Y No air 
pressure 
monitoring of 
any rooms 
just a general 
alarm should 
the AHU or 
booster fan 
fail. This is 
displayed at 
the nurses’ 
station via a 
red LED 
showing 
airflow fail. 

N TOILET ONLY Particle counts to ISO 
14644 
Class 5 and 6 

ICU + 
HDU 
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Appendix Four  
 
SBAR – Air sampling , BMT units 
Dr T Inkster 09/03/17 

 

Situation 
Air sampling has been performed on a monthly basis in B8/9 as a quality assurance 
check. There is no requirement as such to air sample and no agreed standards or 
guidance for interpretation of air sampling for UK BMT units.  
Practice is variable across the UK and three units which meet a high ventilation 
specification do not routinely air sample.  
The ventilation spec in 4B, QEUH  is less than that of B8/9 therefore it is unclear what 
interpretative criteria to apply and what actions to take when results are elevated.  
Currently medical patients are housed in 4B with positive pressure ventilation turned off 
 
 

 

Background 
Particle counts and air sampling are undertaken in B8/9 unit on a monthly basis.  Particle 
counts < 1000 are deemed acceptable limits  (ISO standard for clean rooms)  and fungal 
air sampling results <0.1 CFU/m3.  
 
Particle count results are available in real time however it is important to note the 
environmental conditions while sampling.  Particles are not just fungus or bacteria but 
can be skin, dust, hair, cosmetics etc   The commonest explanation for high particle 
counts are people in the vicinity of sampling or failure of the sampling to be carried out 
remotely. Particle counts can be higher when rooms have just been cleaned . If the 
aforementioned factors have been excluded high particle counts can alert infection 
control teams early to possible air quality issues and fungal contamination. They cannot 
be used in isolation as an accurate indicator or air quality.  
 
Air sampling results and fungal culture take 7 days to initial identification and a further 7 
days for species identification .  
 
 
 
 

 
Assessment 

Literature review; 
 
Indications for air sampling 
 
 Indications for air sampling are listed in the table below from Morris et al.1 Note that 
regular maintenance is considered more important than air sampling.  Air sampling is 
only one parameter of many with regards to assessment of the efficacy of a ventilation 
system.  
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Result interpretation 
 
 
Interpretation of results can be difficult. The table below gives some recommendations. 1 

For BMT rooms the HEPA filtered air value would apply i.e. <0.1 CFU/m3 

 

 
 
There is no agreed level at which the risk can be numerically defined for Invasive 
Aspergillosis . Vonberg et al state that concentrations below 1 cfu/m3 were sufficient in 
high risk patients. 2  It is best to conduct a series of samples over time to detect trends. 3 
 
Burst phenomenon 
Understanding the burst phenomenon of fungi particularly Aspergillus is important. 
Spores can be released in bursts and the difficulty is capturing these bursts .No amount 
of air sampling will yield a preventative response to this phenomenon. 4Negative air 
sampling may provide false reassurance.  Striefel et al suggest that the emphasis should 

Table I Objectives of air sampling 

To oorreilate outbreaks of invasive asper§illosis "'l'tlith hospital 
construction/demolition 
To identify potent ial sources of nosocomial aspergillosis, eg. potting 
soil , damp oeiling voids,damp fire proofing malierial, carpeting, e~c. 
To predict environmenta!I spore contamination from outside sources 
To identify defects/breakdown in hospital ve11tJ1lation/fii1ration systems* 
To monitor cleaning procedures that may release bursts of airborne 
Aspergj1/us c;onidia 
To determine the efficacy of HEPA fi lters in lam mar flow faci lities 
To monitor e,ffic.acy of procedures to contain hosp ital bu ilding 
work from hospital wards and other areas where high-risk patients 
are managed 
To determine leve l of contamination prior to initial occupancy of 
sped ~! co:ntrdlled environments 

*regular en§ineering malntenanoe ohhe air supply system (whether 
HEPA~fi ltered o:r not) is more important tlhan regulair air sampling 

Table Ill Interpretation of air sampl ing data and recommendations 

Levels of fu nga l spores vary by several orders of magnitude during the course of a day due to: 

Activity levels in any one particular area 
Fluctuations in temperature 
Fluctuations in humid ity 
Fluctuations in air flow 
Changes in light level 

A single air sample will often unde rest imate the fungal contamination in the air: 
mult iple a ir sampling has to be performed 
No strict numerical guide li nes are ava ilable which are appropriate for assess ing 
whether the contamination in a particular location is acceptabl'e or not but the 
fo llowing thresho ld leve ls have been recorded: 

Outdoor air : total fungal count: I 03 to I 05 CFU/m1 

Aspergillus: 0 ·2- 3·5 conidia/m 3 

Note: seasonal variation recogn ised 
HEPA filtered a ir (> 95% efficiency and> 10 a ir changes per hour): < O· I CFU/m3 

No air filtration: 5·0 conidia/m 3 

Construction/defective ventilation: 2·3--5·9 conidialm3 

If tota l fu ngal count exceeds I ·O CFU/m3 on several occasions the air systems 
or procedural practice in patient areas requ ires intensive eva luation. 
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be on maintaining environmental controls and minimising the in house release of spores4 

 

 
 

Recommendations/ 
Conclusions 

1. In the absence of any definitive guidance the BOC parameters could be applied 
to level 4B, QEUH i.e. particle counts <1000/m3, fungal counts <0.1/m3 

2. Air sampling has been performed on a monthly basis in BOC as a quality 
assurance check, however, this would not be an accurate indicator of air quality 
in an area where we know that the ventilation is of a lesser specification.  The 
specified parameters are less reliable in an area where we expect to encounter 
higher counts. 

3. Difficulties are likely to arise in the management of sustained elevated particle 
counts and repeated  fungal growth with no obvious source should they occur – 
this is a possible scenario given the ventilation specification in 4B and the 
inability to HEPA filter all air entering the unit  

4. Negative air sampling may provide false reassurance due to the burst 
phenomenon  

5. To enable a period of monitoring prior to BMT patients moving in to 4B medical 
patients would have to be vacated and the positive pressure reinstated. 

6. Ideally a minimum period of 4-6 weeks monitoring prior to BMT patients 
occupying the ward should be undertaken  
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Appendix Five 
 
The sixth edition of the FACT-JACIE International Standards for Hematopoietic Cellular Therapy 
Product Collection, Processing, and Administration have been published and became effective 
from June 2015. 
 
The standards are available at: http://www.jacie.org/standards/6th-edition-2015 
 
The applicable standard for air quality is B2.1. Both QEUH and BWOSCC meet this standard. 
 
 
 
B2.1  There shall be a designated inpatient unit of appropriate location and adequate space and 

design that minimizes airborne microbial contamination. 
 
 
Explanation: 
 
Clinical unit facilities may vary among centers. Variability may reasonably be based on a number of 
factors, including the number and/or type (autologous or allogeneic) of transplants performed, the 
patient case mix, the graft source, epidemiological factors influencing the prevalence of 
opportunistic infections, potential economic factors, and an increasing use of ambulatory facilities 
for transplantation. 
 
This standard is not meant to imply that every clinical unit must have laminar airflow available, but 
HEPA filtration with positive pressure is recommended for high risk patients. If non-HEPA filtered 
rooms are used for lower risk patients or if there is a shortage of HEPA filtered rooms, the SOP(s) 
on infection control, biosafety, and chemical and radiological safety should indicate how allocation 
of rooms is prioritized. Further, auditing of airborne microbial infections in non-HEPA rooms should 
be performed as part of the QM Program. 
 
Evidence: 
 
The inspector will tour the inpatient unit during the on-site inspection. Because different patients 
have different infection control needs, the Clinical Program must have policies and procedures that 
define infection control requirements based upon differing patient conditions and room 
configurations. The type of air handling should be documentable from a facilities management 
office. An SOP detailing alternatives in case there is a shortage of isolation rooms; steps for 
preventing and controlling specific healthcare-associated infections, such as MRSA, C. Difficile and 
community respiratory virus infections; and procedures for monitoring airborne infections will 
provide evidence of compliance. 
 
Signs posted around the clinical unit and the behavior of the staff consistent with expectations for 
the type of infection control described in the policies and procedures demonstrate compliance with 
this Standard. If there are renovation or construction projects underway, the appropriate 
environmental controls must be present. The risk of spread of communicable disease agents must 
be minimized in any setting where patients could reasonably be expected (including dialysis or 
intensive care units). Care should be taken that the ventilation from other isolation rooms (where 
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infected patients may reside) does not pass through the rooms used for HPC patients. Evidence of 
compliance with this Standard will require preinspection documentation of infection control policies, 
specifications of air handling, and floor plans. 
 
When an accredited Clinical Program is to be relocated, qualification and validation must be 
performed to confirm the new space meets the Standards. The requirements for maintaining FACT 
accreditation in the event of relocation are outlined in the FACT accreditation policies, available on 
the FACT website. 
 
The Clinical Program is expected to submit a description and floor plans of the new facility, QM 
documents, and an expected relocation date. If a JACIE-accredited facility intends to relocate, the 
program should submit plans and descriptions of the relocation to the JACIE office. Most 
relocations will be assessed during regularly scheduled inspections or interim audits; however, if 
there are any concerns with the information submitted by the facility, a relocation inspection may 
be necessary. 
 
Example(s): 
 
HEPA filtration with positive pressure is recommended for high-risk patients, but is not required for 
every unit. Single patient rooms should be located on a patient care unit where infection control 
policies can be implemented. Portable, industrial-grade HEPA filters may be available to 
accommodate vulnerable patients in case of a shortage of rooms. 
 
Visitors should receive information concerning communicable infections. Signs posted to inform the 
public about visitation restrictions could also include information about incubation periods and risks 
of live vaccines. 
 
In ambulatory settings, patients may be accommodated in a hostel, hotel, or home-based setting 
for periods of the transplant with frequent day case review and potential rapid inpatient admission. 
Clinical Programs should share criteria with these facilities regarding practices to prevent the 
spread of communicable infections. 
 
 
The following standard can be met at QEUH but not at BWOSCC: 
 
 
B2.5  There shall be provisions for prompt evaluation and treatment by a transplant attending 

physician available on a 24-hour basis. 
 
 
Explanation: 
 
A transplant attending physician must be available at all times to manage transplant recipients. The 
transplant attending physician does not necessarily need to be the only health care provider on call 
nor be the first to see any patient requiring attention. 
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Evidence: 
 
An on-call schedule should be available for inspector review. Inspectors may choose to test 
attending physician availability by activating the on-call schedule during the period of the on-site 
inspection. 
 
Example(s): 
 
Numerous post-transplant complications may require prompt attention, such as central venous 
line-associated bacterial sepsis. If needed because of distance to the in-patient facility or for other 
reasons, a protocol should exist for outpatient facilities to contact emergency medical services if 
needed for prompt care (for example, 911 in the U.S. or 112 in the EU). 
 
Notes on GGC performance: 
 
While a transplant physician is on-call 24/7 for attending the BWOSCC, it is not possible for the 
team to cover two sites and, as described above, transplant support for patients in critical care is 
delivered predominantly by phone, and not in person. While in ITU, patients do not have direct 
access to transplant physicians, nurses or specialist pharmacists. This standard would be met if 
the Transplant Unit and critical care facilities were co-located. 
 
 
The following standard can be met at QEUH but not at BWOSCC: 
 
 
B2.13  There shall be an intensive care unit or equivalent coverage available. 
 
 
Explanation: 
 
The Clinical Program must have documentation that there is ready access to an ICU or equivalent 
coverage in an immediate fashion for its patients when appropriate. This requires the ability to 
provide multisystem support including assisted respiration. Ordinarily, this would be within the 
institution but contractual arrangements with another institution may be considered if transfer 
procedures are in place to ensure prompt service and patient safety. 
 
Outpatient facilities must document a plan for immediate transfer to an ICU, emergency 
department (ED), or inpatient unit if clinically warranted. The outpatient plan for providing inpatient 
care if needed should be discussed with the patient regardless of the type of outpatient setting 
(e.g., home, day unit, hotel, etc.). The outpatient plan should address specific needs of transplant 
recipients, such as the need for isolation protocols for immunocompromised patients, transfer to 
transplant-designated units related to clinical indications, and transplant-specific discharge plans. 
 
Notes on GGC performance: 
 
The key phrase within the standard is ‘ready access [..] in an immediate fashion.’ While there are 
currently transfer arrangements in place, the standard envisions that patients will still be managed 
by appropriately trained transplant physicians, as per B2.5 above. This level of care cannot be 
provided while the service is provided by two non-adjacent sites. 
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The following standard can be better met at QEUH than at BWOSCC 
 
 
B3.9.1 The Clinical Program shall have access to certified or trained consulting specialists and/or 
specialist groups from key disciplines who are capable of assisting in the management of patients 
requiring medical care, including, but not limited to: 
 

B3.9.1.1  Surgery 
B3.9.1.2  Pulmonary medicine 
B3.9.1.3  Intensive care 
B3.9.1.4  Gastroenterology 
B3.9.1.5  Nephrology 
B3.9.1.6  Infectious disease 
B3.9.1.7  Cardiology 
B3.9.1.8  Pathology 
B3.9.1.9  Psychiatry 
B3.9.1.10  Radiology. 
B3.9.1.11  Radiation oncology with experience in large-field (e.g., total body or total 

lymphoid) irradiation treatment protocols, if radiation therapy is administered. 
B3.9.1.12  Transfusion medicine 
B3.9.1.13  Neurology 
B3.9.1.14  Ophthalmology 
B3.9.1.15  Obstetrics/Gynecology  
B3.9.1.16  Dermatology 
B3.9.1.17  Palliative and end of life care 

 
 
Explanation: 
 
In addition to the specialties specifically listed in these standards, Clinical Programs should also 
have access to other specialists directly related to the diseases being treated, such as metabolic 
diseases or immunodeficiencies. 
 
Notes on GGC performance: 
 
While telephone advice is available from all of these specialties within BWOSCC, and 
Ophthalmology is available on-site at Gartnavel campus, part of the rationale of designating 
NHSGGC as the single national centre for allograft transplantation in Scotland was to achieve co-
location with these specialties on the QEUH campus. 
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Further guidance which applies to the BMTU 

 

Haematological cancers: improving outcomes  

NICE guideline [NG47]  
Published date: May 2016  
Available at: https://www.nice.org.uk/Guidance/NG47 
 
 BWOSCC QEUH 
Centre size 
Haematology units that care for adults and young people who are receiving 
high-intensity chemotherapy should provide high-intensity (non-transplant) 
chemotherapy for induction or re-induction of remission to a minimum of 
10 patients per year who have new or relapsed haematological 
malignancies and who are at risk of more than 7 days of neutropenia of 
0.5×109/litre or lower. 

Y Y 

Isolation facilities 
Inpatient isolation facilities for adults and young people who have 
haematological malignancies and are at risk of more than 7 days of 
neutropenia of 0.5×109/litre or lower should consist of a single-occupancy 
room with its own bathroom. 

Y Y 

Consider installing clean-air systems into isolation facilities for adults and 
young people who have haematological malignancies and are at risk of 
more than 7 days of neutropenia of 0.5×109/litre or lower. 

Y Y 

Ensure that there is provision for direct admission to the haematology ward 
or other facilities equipped to rapidly assess and manage potentially life-
threatening complications of chemotherapy (such as neutropenic sepsis or 
bleeding) in adults and young people, according to agreed local protocols. 

Y Y 

Ensure that there are specific beds available in a single dedicated 
ward within the hospital with the capacity to treat the planned 
volumes of patients. 

N Y 

Other facilities 
Ensure that there is a designated area for outpatient care that reasonably 
protects the patient from transmission of infectious agents, and provides, 
as necessary, for patient isolation, long duration intravenous infusions, 
multiple medications, and/or blood component transfusions. 

Y Y 

Ensure that there is rapid availability of blood counts and blood 
components for transfusion. Y Y 

Ensure that there are on-site facilities for emergency cross-sectional 
imaging.  Y Y 

Ensure that cytotoxic drug reconstitution is centralised or organised at the 
pharmacy. Y Y 

Ensure that there is on-site access to bronchoscopy, intensive care 
and support for adults and young people with renal failure. N Y 
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Notes 

 
 The recommendations apply to young people (16–24 years) and adults (over 24 years) with 

haematological malignancies who are receiving high-intensity (non-transplant) 
chemotherapy for induction or re-induction of remission or consolidation 

o They apply to all patients treated within the transplant unit, as patients receive both 
pre-transplant conditioning regimes and, where clinically required, post-transplant 
treatment within the unit 

 The increasing transplant activity requires additional beds which are not available at 
BWoSCC (max 19 beds, as opposed to 24 beds within QEUH) 

 Patients have to be transferred off-site for ITU care and acute renal failure for dialysis. It is 
possible to dialyse patients at the BWoSCC, but this would realistically only be for patients 
with chronic renal failure, already established on dialysis. Bronchoscopy can be performed 
on site, but most patients requiring this would be too unwell for it to be performed at 
BWoSCC. In addition, anyone with an acute bleed requiring endoscopy needs to be 
transferred. 
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Appendix Six  
 

Recommended air-change rates 
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General ward S / N 6 - G4 30 18-28  

Communal 
ward toilet 

E 10 -ve - 40 -  

Single room S / E / N 6 0 or -ve G4 30 18-28  

Single room 
WC 

E 3 -ve - 40 -  

Clean utility S 6 +ve G4 40 18-28  

Dirty utility E 6 -ve - 40 -  

Ward isolation 
room 

- - - - - - See SHPN 4; 
Supplement 1 

Infectious 
disease Iso 
room 

E 10 -5 G4 30 18-28 Extract filtration 
may be required 

Neutropenic 
patient ward 

S 10 +10 H12 30 18-28  

Critical Care 
Areas 

S 10 +10 F7 30 18-25 Isolation room 
may be -ve press 

Birthing Rooms S & E 15 -ve G4 40 18-25 Provide clean air-
flow path 

SCBU S 6 +ve F7 30 18-25 Isolation room 
may be -ve press 

Preparation 
room (Lay-up) 

S >25 35 F7* 40 18-25 *H12 if a lay-up 
for a UVC Theatre 

Preparation 
room/ bay 
sterile pack 
store 

S 10 25 F7 40 18-25 *50NR if a bay in 
a UCV Theatre 

Operating 
theatre 

S 25 25 F7 40 18-25  

UCV Operating 
theatre 

S 25* 25 H12 40 18-25 Fresh air rate; 
excludes re-
circulation 
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Anaesthetic 
room 

S & E 15 >10 F7 40 18-25 Provide clean air-
flow path 

Theatre Sluice/ 
dirty utility 

E >20 -5 - 40 -  

Recovery room S & E 15 0 F7 35 18-25 Provide clean air-
flow path 
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Background 

NHS Greater Glasgow and Clyde (NHSGGC) are currently investigating and managing a 
contaminated water system across the Queen Elizabeth University Hospital (QEUH) and Royal 
Hospital for Children (RHC) with probable linked cases of bloodstream infections associated with 
wards 2A/2B RHC. During this investigation it was identified that there was a higher than 
expected level of Healthcare Associated Incidents (HCAI) linked to wards 2A/2B. The National 
Support Framework (http://www.nipcm.scot.nhs.uk/documents/the-national-support-framework-
2017//) was invoked by the Scottish Government HAI/AMR Policy Unit to request Health 
Protection Scotland (HPS) undertake a review of Ward 2A/2B.  

Due to the ongoing water contamination investigation and resultant summary report being 
prepared by HPS for Scottish Government it was agreed that whilst the review of wards 2A/2B 
was ongoing the report would not be undertaken until final submission of the water investigation 
report was completed. The final submission of this report was on 21st December 2018. 

Wards 2A/2B RHC is a paediatric haemato-oncology unit, also known as Schiehallion, and 
houses the National Bone Marrow Transplant (BMT) Unit. The RHC is a 256 bedded childrens 
hospital which was handed over to the Board on 26th January 2015 with migration of patients 
occurring between 10th and 14th June 2015 from the previous Yorkhill site. The RHC was fully 
occupied from 15th June 2015.  

All water related issues linked to wards 2A/B are discussed in the water incident report submitted 
to Scottish Government 21st December 2018 and not within this report. In addition a ventilation 
review of wards 2A/2B is currently being undertaken and will be covered within a separate 
NHSGGC report.   

Wards 2A/2B closed on 26th September 2018 to allow for a works relating to water contamination 
to be completed. At this time the opportunity was taken to review the ventilation. Patients were 
transferred to wards 6A/4B at the Queen Elizabeth University Hospital. 

Introduction 

Since January 2016 NHSGGC have reported 15 Healthcare Infection Incident Assessment Tool 
(HIIAT) incidents/outbreaks within wards 2A/2B RHC. Comparative data for this setting (all 
paediatric hospitals) within NHSScotland identified no reported incidents or outbreaks outwith 
NHSGGC. The HIIAT allows NHS boards to assess the impact of a healthcare infection 
incident/outbreak on patients, services and public health and should be used by the Infection 
Prevention and Control Team (IPCT) or Health Protection Team (HPT) in their assessment of 
any incident/outbreak within a healthcare setting. In addition it supports a single communication 
channel for infection incident/outbreak assessment and reporting both internally within an NHS 
board area and externally to Health Protection Scotland (HPS) and Scottish Government Health 
and Social Care Department (SGHSCD). 

Mandatory HIIAT Green (non-norovirus) reporting for NHS boards was introduced in April 2016; 
providing a more robust epidemiological picture of incidents and outbreaks across acute 
healthcare in NHSScotland. A HIIAT assessment is scored Red, Amber or Green according to a 
four part criteria: 

 Severity of illness 
 Impact on services 
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 Risk of transmission 
 Public anxiety 

Of the 15 HIIATs reported from 2A/2B since 2016 there have been 5 reds, 2 ambers and 8 
greens reported to Health Protection Scotland (HPS). Details of the incidents reported are 
contained in appendix 1. Four of these HIIATs (2 red and 2 green) are attributed to the ongoing 
water incident. It could be hypothesised that ventilation may have been a contributory factor in 
several incidents however this cannot be confirmed until a full ventilation review has been 
completed.  

Wards 2A/2B Assessment 

Observational assessment walk rounds of wards 2A/2B was undertaken by a Senior Nurse 
Infection Control from HPS on 18th to 22nd June, 2nd July and 8th August 2018.. During these walk 
rounds practice and environmental hygiene were observed. 

A meeting was held between the Chief Nurse Hospital Paediatrics and Neonatology, Consultant 
Surgeon and two Nurse Consultants Infection Control (HPS) to discuss ongoing work into central 
line-associated blood stream infections (CLABSI). This meeting took place on 17th July 2018.  

It is noted that overall practice was described as good with no major issues observed or 
reported. Compliance with standard infection control precautions (SICPS), particularly hand 
hygiene, use of personal protective equipment and environmental cleanliness was observed to 
be good. Awareness of infection control practices were high with noteable visibility of the local 
infection prevention and control team (IPCT).  

Ward 2A Overview (Floor plan appendix 2) 
 

o Ward 2A consists of 25 ensuite single rooms. 

o There are three distinct areas to the ward; the BMT bedrooms, standard rooms and the 
remaining Teenage Cancer Trust (TCT) and haemato-oncology rooms. 

o The main entrance to the ward is through the entrance at the BMT section of the ward . 

o Children with haemato-oncology and haematology disorders are the main patient 
population within this ward. 

 
Ward 2B Overview (Floor plan appendix 3) 
 

o Ward 2B consists of five consultation rooms and two 4-bed-bay areas. 

o Ward 2B has a main waiting area at the reception of the ward with a TCT waiting area 
beside the TCT bay area. 

o Ward 2B cares for children with haemato-oncology and haematology disorders on a 
Monday to Friday day care basis.   
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Water  
A detailed summary report was prepared and submitted to HAI/AMR Policy Unit on  
21st December 2018. This summary report documents all the findings from water -related 
investigations carried out until the decant of patients from Ward 2A/2B.    

Ventilation 
Work has been undertaken to convert the positive pressure ventilated lobbied rooms (PPVL) 
used predominantly for bone marrow transplant recipients into specification compliant positively 
pressured isolation rooms. 

Ventilation within these wards is subject to a review by NHSGGC and will be covered in the 
resultant report. An SBAR covering initial findings has been prepared at the request of Scottish 
Government (SG) and submitted to SG by NHSGGC (November 2018). 

Chilled beams 
Chilled beams were noted to have significant level of dust present in two separate rooms (Ward 
2A) there was also discolouration to the edges of the ceiling around the supply. This is potentially 
due to water contamination and was under review by estates department.  

Dripping from the chilled beams had been observed by staff on a number of occasions. This was 
reported to estates and it has been identified that there were no dew point controls on the chilled 
beams. A dew point control has been fitted to the central system to alleviate the issue . 

Temperature 
Ward 2A was observed to be very warm and humid on the day of the visit and staff reported this 
was common for the ward. 

HEPA filtration 
The corridors within these wards are not HEPA filtered. The previous facility within Yorkhill 
hospital was reported to have 8 HEPA filtered rooms with all other rooms being conventionally 
ventilated.  

Pressure stabilisers 
Pressure stabilisers were noted in the rooms and also to the corridor of all the BMT rooms. 
There was no noted issue with overall pressures during this time however some of the stabilisers 
were noted to have no oscillation when the doors were opened.   

Air Changes 
It is noted from an SBAR prepared by NHSGGC on 12th November 2018 that the single room 
accommodation has a nominal air change rate of 2.5 air-changes per hour (ACH). 

Air flow/pressure 
The single rooms are negative to neutral pressure relative to the ward corridor. There is a further 
potential risk whereby extract air via the ensuite toilets may combine with the air supply passing 
through the thermal wheel which may result in an increased chance of cross contamination 
between single rooms.  

All aspects of ventilation including the mixing of extract air with air supply and the potential 
resultant cross contamination risk will be explored as part of the ventilation review by NHSGGC. 

  

Page 1005

A48946859



Situational assessment: wards 2A/2B RHC NHSGGC 
 

Health Protection Scotland. Version 1.0: RHC 2A-B June 2019 page 6 of 20 

Standard Infection control precautions (SICPs) 
Compliance with SICPs was noted to be good, including hand hygiene and the use of personal 
protective equipment. A programme of monthly SICPs monitoring is in place. All SICPs audits 
reviewed at the time of the visit were of an optimal score. The IPCT undertake environmental 
audits in line with the agreed NHSGGC IPCT monitoring programme. At the time of the 
walkround it was reported that both wards had been given a GREEN audit score at the last IPCT 
audit. Follow up audit results from August 2018 have been reported as 96% (GOLD) for ward 2A 
and 98% (GOLD) for ward 2B. 

Central Venous Line Management 

Significant work has been undertaken across RHC relating to line management. A central 
venous line quality improvement project steering group was formed in May 2017 following a 
noted increase in line infections. The group collected data on central line-associated blood 
stream infections (CLABSI) on a week-by-week basis on lines inserted on the RHC site and 
includes all patients within the haemato-oncology cohort (including those cared for at home, 
shared with other hospital sites and inpatients). It was reported that the figures for CLABSI 
(outwith the BSIs identified as part of the water related incident) are reducing.  The group is led 
by the Chief Nurse (RHC) and a consultant paediatric surgeon.  

HPS undertook an epidemiological review of all positive blood samples from patients recorded 
as being admitted to wards 2A/2B and compared these to samples obtained prior to the move 
from Yorkhill and those obtained from patients in other areas of the hospital. A detailed report on 
the findings is included in appendix 4. 

Summary 

Any issues identified during the walkround visits were reported to staff at the time to ensure they 
were addressed. Overall there were no significant practice related concerns identified and 
awareness of infection prevention and control by all staff was high. There was a good presence 
of the infection prevention and control team on both wards with daily visits (Monday to Friday) 
being undertaken. A joint weekly walkround with infection control staff, nursing staff, facilities and 
estates staff is undertaken in an attempt for early identification of any issues which require to be 
addressed.  

Based on the ward reviews and the epidemiological data presented in this report it is 
hypothesised that the increased number of HIIAT reports could all be linked to environmental 
factors and are not considered to be indicative of poor or compromised practice. 

Recommendations 

Consideration should be given to: 

 The ventilation review underway within wards 2A/2B is completed with the involvement of 
the IPCT. 

 A ventilation review is undertaken in other areas across RHC/QEUH in particular areas 
where high risk patients are to ensure compliance with national guidance. 

 Issues identified within the ventilation review which are considered by the IPCT to pose 
an increased risk of cross infection should be addressed and signed off by the IPCT prior 
to repatriation of the patients. 

 High visibility of IPCT within the wards should continue. 
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 CLABSI work continues. 

 IPCT continue to observe infection rates and trigger breaches and report as per HIIAT 
where required. 
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Appendix 1: HIIAT Assessments 

NHSScotland Incident and Outbreak Summary Ward 2A RHC (January 2016- Dec 2018). 
NHS Greater Glasgow and Clyde have reported a total of 10 outbreaks and incidents for the clinical setting paediatric haemato -oncology. Of the  
15 incidents and outbreaks HIIAT assessed; 5 were Red, 2 were Amber and 8 were Green. The data is displayed in the tables below providing a 
breakdown of the outbreaks reported by annual period with exception of the current period to date for 2018 and HIIAT  Green in 2016 following 
introduction of mandatory report (non-Norovirus) from April 2016. Comparative data for this setting within NHSScotland identified no reported incidents 
or outbreaks outwith NHS Greater Glasgow and Clyde.     

2018: 
 

Table 1 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT RED 2018 – Total (2) 
Date reported Organism  Infection Category 
01/03/2018 Pseudomonas aeruginosa or Cupriavidus pauculus BSI 

18/05/2018 Stenotrophomonas maltophilia BSI 
 

Table 2 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT AMBER 2018 – Total (1) 
Date reported Organism  Infection Category 
10/04/2018 Astrovirus Respiratory 

 
Table 3 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT GREEN 2018- Total (4) 
Date reported Organism  Infection Category 
03/05/2018 Vancomycin- Resistant Enterococci GI 

18/05/2018 Enterobacter cloacae BSI  

20/07/2018 Aspergillus fumigatus Respiratory 

05/09/2018 Various BSI 

 
  

I I 
I I 

Page 1008

A48946859



Situational assessment: wards 2A/2B RHC NHSGGC 
 

Health Protection Scotland. Version 1.0: RHC 2A-B June 2019         page 9 of 20 

2017: 
 

Table 4 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT RED 2017 – Total (3) 
Date reported Organism  Infection Category 
07/03/2017 Aspergillus fumigatus Airborne 

13/04/2017 Rotavirus GI 

26/07/2017 Stenotrophomonas BSI 

 
Table 5 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT GREEN 2017 – Total (3) 
Date reported Organism  Infection Category 
03/03/2017 Elizabethkingia miricola BSI 
03/03/2017 Mixed BSI 

31/05/2017 Norovirus  GI 

 
2016: 

Table 6 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT AMBER 2016- Total (1) 
Date reported  Organism  Infection Category 
05/08/2016 Aspergillus Respiratory 

 
Table 7 NHS Greater Glasgow & Clyde, RHC haemato-oncology (ward 2A), HIIAT GREEN 2016- Total (1) 
Date reported Organism  Infection Category 
04/08/2016 Vancomycin- Resistant Enterococci GI 
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Appendix 2: Ward Floor Plan 2A 
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Appendix 3: Ward Floor Plan 2B 
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Appendix 4: Health Protection Scotland - Epidemiology Report, 
December 2018  

Royal Hospital for Children, NHS Greater Glasgow & Clyde  
 
Background 
 
Health Protection Scotland (HPS) were asked to support NHS Greater Glasgow and Clyde 
(NHSGGC) with the ongoing investigation of the potentially contaminated water system at the 
Royal Hospital for Children (RHC). The RHC opened in June 2015 replacing Yorkhill Hospital (YH).  
The patient population that was cared for in Schiehallion ward and Ward 7A of Yorkhill Hospital are 
now cared for in Wards 2A and 2B of RHC. The purpose of this report is to describe the incidence 
of positive blood cultures in the patient population cared for in these wards and more widely across 
RHC/YH hospitals, before and after the move to the RHC.  

 
Methods 
 
For the purposes of this report, the patient population was categorised into two groups: 

 2A/2B Group 

o Patients cared for in Yorkhill Hospital (YH) Schiehallion or Ward 7a; Royal Hospital 
for Children (RHC) Wards 2A and 2B; patients cared for in haematology/oncology 
specialties including A&E admissions with previous admission to RHC 
haematology/oncology specialties. 

 RHC Other Group: 

o Patients cared for in other specialties in RHC/YC 

Case and episode definitions 
 
Data were extracted from the Electronic Communication of Surveillance in Scotland (ECOSS) 
system. An extract of all positive blood cultures for any patient under 16 years of age in  
NHSGGC was taken from ECOSS on the 13th June 2018 with an update taken on 20th August 
2018. The case definition was a positive blood culture reported in patients aged less than 16 years 
in RHC/YC between July 2013 and June 2018. An episode was defined as one positive sample per 
species in a rolling 14-day period. 

 
Microbiology 
 
Positive blood cultures of the following micro-organisms were included: 

 Gram-negative bacteria 

 Gram-positive bacteria 

 Staphylococcus species 

 Environmental bacteria (all species of the following: Achromobacter; Acinetobacter; 
Aeromonas; Brevundimonas; Brevibacillus species; Brevundimonas; Burkholderia; 
Chryseobacterium; Citrobacter; Cupriavidus; Delftia acidovorans;  Elizabethkingia; 
Enterobacter; Klebsiella; Pantoea; Pseudomonas; Rhizobium; Rhodococcus; Serratia; 
Sphingomonas; Stenotrophomonas). 
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 Non environmental bacteria (all species of the following: Abiotrophia; Actinomyces; 
Aerococcus; Bacillus;  Bacteroides; Bifidobacterium; Brevibacterium; Capnocytophaga; 
Clavibacter; Clostridium; Corynebacterium; Dermacoccus; Dietzia; Enhydrobacter; 
Enterococcus; Escherichia; Fusobacterium; Gemella; Granulicatella; Haemophilus; 
Kingella; Kocuria; Lactobacillus; Lactococcus; Leclercia; Leuconostoc; Microbacterium; 
Micrococcus; Moraxella; Mycobacterium; Neisseria; Paenibacillus;  Propionibacterium; 
Proteus; Raoultella; Roseomonas; Rothia; Salmonella; Staphylococcus; Streptococcus; 
Veillonella). 

 Fungi (all species of the following: Candida; Rhodotorula). 

The following species were previously isolated in water samples from 2A/2B: 
Achromobacter;Acinetobacter; Brevundimonas;Burkholderia; Chryseobacterium; Comamonas; 
Cupriavidus; Delftia acidovorans; Elizabethkingia; Pantoea; Pseudomonas; Rhizobium; 
Sphingomonas;Stenotrophomonas. 

The following species were previously isolated in drain samples from 2A/2B: Citrobacter; 
Cupriavidus; Delftia acidovorans; Enterobacter; Klebsiella; Pantoea; Pseudomonas; Serratia; 
Stenotrophomonas. 

Analytical methods 
 
The total numbers of episodes of positive blood cultures in the included micro-organisms were 
described and polymicrobial episodes, where more than one species was identified in the blood 
sample, were compared in the 2A/2B Group with the RHC Other Group. Monthly incidence rates 
were calculated using bed-days at specialty level as the denominator. These data were obtained 
from the Information Services Division ISD(S)1 data source. The denominators for the 2A/2B 
Group were the monthly number of bed-days for haematology/oncology specialties in RHC/YH. 
The monthly bed-days for all other specialties in RHC/YH were used as the denominators for the 
RHC Other Group.  

The incidence rates between July 2013 and June 2018 were analysed using statistical process 
control (SPC) U charts.1 The SPC charts describe the incidence of positive blood cultures over 
time with the opening of the RHC represented in the charts with a vertical black line. In addition, 
the following control measures have been added to the 2A/2B chart – filters added to taps marked 
as an orange vertical line and cleaning of drains marked as purple vertical line. 

The incidence rates for Gram-negative bacteria, Gram-positive bacteria, environmental bacteria 
and fungal blood cultures before and after the move to RHC were calculated and compared using 
rate ratios. In addition, two SPC charts were created each for Gram-negative, Gram-positive and 
environmental bacteria positive blood cultures; one for 2A/2B Group and one for the RHC Other 
Group. The centreline of the SPC was calculated as the median of the monthly rates between July 
2013 and June 2018. The following SPC rules were applied: 

TABLE 1: Statistical Process Control (SPC) rules 
Rule Description Marker 
Outlier Data point(s) exceeding the upper  or lower control limit ( as 

3 standard deviations) 
Red diamond 

Trigger 
point 

Data point(s) exceeding the upper  or lower warning limit ( 
as 2 standard deviations) 

Yellow triangle 

Shift A run of 8 or more consecutive data points above or below 
the centreline 

Circle drawn round 
points 

Trend A run of 6 or more consecutive data points either increasing 
or decreasing. 

N/A 
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The incidence rate of positive blood cultures over the 5-year period and the latest two-year period 
were compared with the combined incidence rate of the other two Scottish children’s hospitals 
(Royal Aberdeen Children’s Hospital (NHS Grampian) and Royal Hospital for Sick Children (NHS 
Lothian)). These were compared by calculation of rate ratios and accompanying  
p-values.   

Results 
 
Episodes 
 
A total of 1,786 episodes were identified in 1,149 patients in RHC/YH over the five-year period 
from July 2013 to June 2018. In the 2A/2B Group, there were 542 episodes in 234 patients (range 
1 - 23 episodes per patient) with a median age of 4 years. In the RHC Other Group there were 
1,244 episodes in 927 patients (range 1 – 17 episodes per patient) with a median age < 1 years. 
The number of episodes in each patient group is described in TABLE 2. As the episode definition is 
by species, a patient could have more than one episode at any one time. TABLE 2 also describes 
the number of polymicrobial episodes when more than one species was identified in blood 
sample(s). Patients in the 2A/2B group were more likely to have a polymicrobial episode of positive 
blood culture (p<0.001). 

 
TABLE 2: Total number of episodes (n=1,786) broken into each subgroup of 2A/2B Group 
and RHC Other Group over 5 years 
 2A/2B Group RHC Other Group 
 Monomicrobial 

(n = 413)1 
Polymicrobial 

(n = 129)2 
Total 

(n= 542)  
Monomicrobial 

(n = 1,101)1 
Polymicrobial 

(n = 143)2 
Total 

(n=1,244) 
Gram-negative bacteria 110 (65%)  59 (35%)  169 193 (85%)  35 (15%)  228 
Gram-positive bacteria 291 (82%)  66 (18%)  357 884 (89%)  105 (11%)  989 
Staphylococcus species 208 (87%)  30 (13%)  238 643 (94%)  41 (6%) 684 
Environmental 77 (61%)  50 (39%)  127 101 (81%)  23 (19%)  124 
Non-Environmental 324 (81%)  75 (19%)  399 976 (89%)  117 (11%)  1,093 
Fungi 12 (75%)  4 (25%) 16 24 (89%)  3 (11%) 27 
 

1 Monomicrobial w as only one species isolated on the episode reporting date.  
2 Polymicrobial if  more than one species w as isolated from cultures of blood samples on the same day as the episode 

reporting date.  
 
Incidence rates  
 
Figures 1 to 3 describe the incidence rates using SPC charts showing the incidence of positive 
blood cultures before and after the move to the RHC (23 months of data from YH and 37 months 
from RHC).   
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Figure 1 describes the incidence of Gram-negative blood cultures in both patient groups. The 
incidence of Gram-negative blood cultures in the 2A/2B Group prior to the move and in the months 
following were below the centreline of the SPC.  

From March 2017, there was a run of 10 months/data points above the centreline identifying an 
upward shift in the rate with one point above the upper warning limit (UWL).   

In March and May 2018, the 2A/2B Group had a rate above the upper control limit (UCL) 
highlighting a higher than expected incidence of positive blood cultures.  

No shift in rates was observed in the RHC Other Group however the rate was above the UWL in 
April 2014, February 2016 and April 2017. In addition, comparison of the overall incidence of 
Gram-negative blood cultures before and after the move to RHC indicated the rate was higher after 
the move in the 2A/2B Group (RR = 1.47, CI: 1.05 to 2.04, p = 0.023) and did not change in the 
RHC Other Group (RR = 1.15, CI: 0.87 to 1.52, p = 0.34).  
 

FIGURE 1: SPC charts of Gram-negative blood culture incidence rates per 1,000 total 
occupied days for 2A/2B Group and RHC Other Group.  
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Figure 2 describes the incidence of Gram-positive blood cultures in both patient groups.  

There was an upward shift in incidence of Gram-positive blood cultures in the RHC Other Group 
prior to the move with rates above the UWL in January 2016 and March 2017 and an outlier (above 
the UCL) in June 2017.   

In 2A/2B Group, there was an upward shift after the move and the rate was above UWL in January 
2016, and in April, May and June 2017. Staphylococcus species accounted for 52% of the  
Gram-positive blood culture episodes with 45% of those being Staphylococcus epidermidis. In 
addition, comparison of the overall incidence of Gram-positive blood cultures before and after the 
move to RHC indicated the rate was higher after in both the 2A/2B Group (RR = 1.43, CI: 1.14 to 
1.81, p = 0.002) and the RHC Other Group (RR = 1.23, CI: 1.07 to 1.41,  
p = 0.003) .  

 
FIGURE 2 SPC charts of Gram-positive blood culture incidence rates per 1,000 total 
occupied days for 2A/2B Group and RHC Other Group. 
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The incidence of positive blood culture caused by species of environmental bacteria (described in 
the methods section) which included all species isolated in water or drain samples taken from 
2A/2B are shown in Figure 3.  

In the 2A/2B Group, the SPC chart shows a shift below the centreline for 17 months from January 
2015 to May 2016, then a shift above the centreline from April 2017 to December 2017. The rate 
was also above the UCL, and therefore higher than expected, in March and May 2018 and was 
above the UWL in November 2017 and June 2018.  

There were no shifts in the incidence rates in the RHC Other Group, though the incidence was 
above the UCL in February 2016, April 2017 and July 2017 and above the UWL in February 2017.  

In addition, comparison of the overall incidence of environmental bacteria positive blood cultures 
before and after the move to RHC indicated the rate was marginally higher in both the 2A/2B 
Group (RR=1.45, CI 0.98 to 2.13, p=0.06) and RHC Other Group (RR = 1.52, CI: 1.02 to 2.29, 
p=0.04) however the 2A/2B group the increase was not significant (p >0.05) which may be due to 
the small sample size.  

FIGURE 3: SPC charts of environmental bacteria blood culture incidence rates per 1,000 
total occupied days for 2A/2B Group and RHC Other Group. 
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FIGURE 4: Quarterly episodes of environmental organism blood cultures in 2A/2B group 
and RCH other group. Dots represent the first and recurrent episodes of the same species 
from the same patient.  
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Situational assessment: wards 2A/2B RHC NHSGGC 
 

Health Protection Scotland. Version 1.0: RHC 2A-B June 2019 page 19 of 20 

Summary and Recommendations 
 
In summary, the overall incidence of Gram-negative, Gram-positive and environmental bacteria 
blood cultures increased in the 2A/2B Group after the move to the RHC. The RHC Other Group, 
the incidence of Gram-negative bacteria and fungal blood culture did not change and the incidence 
of Gram-positive and environmental bacteria blood cultures increased. SPC charts provide an 
alternative method of analysis that identifies variation at a level of detail not provided by 
comparison of incidence rates before and after the move to RHC. The SPC charts indicated that 
the Gram-negative, Gram-positive and environmental bacteria blood culture incidence rates in the 
2A/2B Group were higher than expected following the move to RHC. The same changes in the 
incidence of blood cultures were not observed in the RHC Other Group. Whilst this conclusion 
must be interpreted with some degree of caution, as changes in the patient population have not 
been accounted for in this analysis, the shift in the incidence identified by the SPC charts indicates 
that the trends in blood culture incidence changed after this time.  

Patients in the 2A/2B Group were more likely to have a polymicrobial episode than patients in the 
RHC other group. This was highest in the patients with a positive blood culture of environmental 
bacteria where nearly 40% had a polymicrobial blood culture. This is similar to figures reported in 
the literature with higher risk of polymicrobial bloodstream infection being associated with younger 
age groups and presence of central venous catheter.3-6 The rate of environmental bacteria and 
fungal blood cultures were higher at RHC/YH than the other Scottish paediatric hospitals over  
5 years and over the latest 2-year period. In contrast, the incidence of Gram-positive blood 
cultures, often considered to be associated with devices and device care, was lower in RHC/YH 
compared with the other Scottish paediatric hospitals.  

Ward 2A and 2B have been closed since the 26th September 2018. It is recommended that when 
the wards re-open that all positive blood cultures are monitored in particular those related to an 
environmental organism.  

 
Limitations 
 
There are a number of limitations associated with the use of ECOSS blood culture data. All positive 
blood samples apart from those reported through mandatory surveillance programmes are non-
validated records. The cases may include contaminants, and may include non-blood cases which 
are incorrectly mapped to a blood sample within either the laboratory system or within ECOSS. 
From the data collected through the enhanced Staphylococcus aureus bacteraemia (SAB) 
surveillance programme, 10% of episodes in under 16s were classed as contaminants2 whereas 
the enhanced Escherichia coli bacteraemia (ECB) surveillance the figure was less than 1% 
(unpublished data). 

The cases were identified using only laboratory data without any clinical review of patients. It is not 
possible to determine whether changes in incidence are confounded by changes in the patient 
population and their underlying medical conditions. Duplication per species in ECOSS may mean 
that a patient is recorded as having more than one episode of positive blood culture in a 14-day 
period leading to an overestimate of the number of episodes. The breakdown of polymicrobial 
samples only included isolates recorded on the same day as the episode reporting date which may 
underestimate the numbers of polymicrobial episodes. 

In addition, the comparison between RCH/YC and paediatric hospitals in other health boards 
should also be interpreted with caution. Differences in the patient population between the RHC/YC 
and the other children’s hospitals may introduce bias to the comparison.  
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A Preliminaries / General Conditions 
 
A1 THE PROJECT GENERALLY 
 
A10 PROJECT PARTICULARS 
 
110.000 THE PROJECT AND BIM REQUIREMENTS:  
• Particulars of the project as a whole are  
• Provided within the Main Contract Preliminaries. 
• Building Information Modelling (BIM) requirements 
• Contractor to demonstrate collaborative 3D Level 2 BIM maturity through defined and compliant 
information and data on the project. 
 
• BIM Execution Plan and Master Information Delivery Plan 
• Provide pre-contract BIM Execution Plan in response to the EIR. 
• Contribute to the pre-contract BIM Execution Plan in response to the EIR. 
• After contract award provide further BIM Execution Plan confirming the supply chain's capabilities 
and providing a Master Information Delivery Plan (MIDP). 
• After contract award contribute to a further BIM Execution Plan confirming the supply chain's 
capabilities and providing a Master Information Delivery Plan (MIDP). 

• Comply as appropriate with the following codes and standards 
• BS EN ISO 19650-1 
• BS EN ISO 19650-2 
• PD 19650-0 (transition guidance) 
• PAS 1192-3 
• BS 1192-4 

• PAS 1192-5 
 
 
120.000 THE EMPLOYER:  
• NHS Greater Glasgow & Clyde Health Board 
 
130.000 CONTRACT ADMINISTRATOR:  
• The term Contract Administrator (CA) is used throughout this specification and their duties will be 
carried out by 
• the Project Manager WGM Consulting Engineers 

 
 
140.000 DESIGN AND PROJECT TEAM:  
• Client Representative - Steve Russell: NHS GGC Capital Planning 
• Principal Designer - Stephen Kerr: Wylie Shanks Architects 
• M&E Designers – Chris O’Reilly: WGM Consulting Engineers 
• Architects – Stephen Kerr: Wylie Shanks Architects 
• Quantity Surveyors - Danny McKinney: Storrier & Donaldson 
• Structural Engineers - Scott Morrison: David Narro Associates 
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BS APPENDIX 
 
BS 1192-4:2014   
Collaborative production of information. Fulfilling employer’s information exchange requirements using 
COBie. Code of practice   
 
 
BS EN ISO 19650-1:2018  
Organization and digitization of information about buildings and civil engineering works, including building 
information modelling (BIM). Information management using building information modelling. Concepts and 
principles   
 
 
BS EN ISO 19650-2:2018   
Organization and digitization of information about buildings and civil engineering works, including building 
information modelling (BIM). Information management using building information modelling. Delivery 
phase of the assets   
 
 
PAS 1192-3:2014   
Specification for information management for the operational phase of assets using building information 
modelling   
 
 
PAS 1192-5:2015   
Specification for security-minded building information modelling, digital built environments and smart asset 
management   
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A11 TENDER AND CONTRACT DOCUMENTS/PRELIMINARIES 
 
110.000 THE TENDER DRAWINGS:  
• The tender drawings are as per the drawing registers/document issue sheets, issued as part of the 
contract information 
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140.000 PRE-CONSTRUCTION INFORMATION:  

• Comply with The Construction (Design and Management) Regulations 2015. Preliminaries Section 
 
The Contractor and associated Sub-Contractor for this package of works, will be bound by the 
Preliminaries, Contract Conditions, Form of Tender etc. pertaining to the Building Services. 
 
No claim will be entertained which may arise from the Contractor’s and associated Sub-Contractor’s 
failure to have examined the Conditions of Contract fully, and it will be assumed that any costs arising 
from same are included within their tender submission. 
 
The Contractor is recommended to visit the site prior to submitting his tender to ascertain all local 
conditions and restrictions likely to affect the execution of his works.  No claims arising from failure to do 
so will be considered. 
 
Standard Specification 
 
The design and installation will comply with this Performance Specification for the M&E Services, as 
detailed below and as further detailed within sections A, B, R, S & T and within the associated appendices 
and tender drawings where relevant. 
 
Design Responsibilities 
 
Reference to the QS's detailed contractor design items, including those noted below, however the list is 
not exhaustive: 
 
BMS and Automatic Control Systems 
 
KNX Control System(s) for Radiant Panel and ancillary miscellaneous systems 
 
Fire Smoke Damper Systems including controls and interface to existing fire smoke damper systems 
 
Primary/Secondary support and fixing and bracketing systems. 
 
Secondary steelwork supports for main plant items 
 
 
Builderswork Drawings 
 
Equipment base details. 
 
All holing and general builderswork requirements. 
 
Access requirements. 
 
Installation and Co-Ordinated Drawings 
 
Allow for all necessary contractor designs/design elements, design development and working drawings, 
including Level 2 BIM co-ordination for all services/service elements and building/structural elements for 
areas that are heavily serviced including for the following areas: 

• Plant Rooms 
• Service Risers 
• Ductwork and Pipework systems 
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Allow for the preparation of record information 
 
Allow for the preparation of Operating and Maintenance Manuals and record drawings/information. 
 
General 
 
Dimensioned layout and fabrication drawings. 
 
Fully detailed arrangements of Plant Rooms/Areas, Control Panels, Ductwork and duct mounted 
ancillaries, damps, smoke dampers etc. 
 
Detail drawings of power/control systems, primary and secondary co-ordinated support and bracket 
systems and connections to plant and equipment. 
 
Power, control and miscellaneous systems wiring diagrams. 
 
Drawings showing the work of Specialist Sub-Contractors and Manufacturers. 
 
Manufacturers drawings generally. 
 
The Sub-Contractor will submit drawings as required to suit the construction programme.  The drawings 
will be progressed to a level sufficient to allow full co-ordination with other services and to permit proper 
installation of the works.  The main Contractor will be responsible for making sure the Mechanical, 
Electrical and Plumbing drawings are fully co-ordinated. 
 
Drawings prepared for each area will be produced to allow a minimum period of 20 working days 4 weeks) 
for appraisal by the Employer/Contract Administrator, who may wish designs to be amended or require the 
addition of further detail or clarification of matters.  A further 10 working days (two weeks) will be allowed 
for formal issue of the drawings.  Work associated with the corresponding are on site will not commence 
until each drawing has been submitted for comment and formal acceptance has been given, in 
accordance with this specification. 
 
The appraisal procedure is considered to be vital to the successful incorporation of the Sub-Contractor’s 
designs, and it is essential that the programme for preparation, appraisal and formal issue of drawings is 
maintained to allow full consideration prior to the formal issue of construction drawings, by the contractor. 
 
Suitability of M&E/Subcontractors 
 
The selection of the correct M&E contractor will be an integral part of the project and will clearly need to 
be of a suitable standard and have the necessary skills, credential and track record for carrying out large 
complex Design and Build projects, with suitable and readily available resources. The M&E Contractor 
must be acceptable to all of the design team in its entirety, and where any selected M&E Contractor is not 
found to be acceptable to any one of the design team members, this contractor will be discounted from the 
project selection process and deemed not suitable for this project. 
 
Copyright 
 
All rights reserved.  No part of the drawings, specification, and/or documentation produced by WGM 
Consulting engineers may be reproduced, stored in any retrieval system or transmitted in any form or by 
any means, electronic, mechanical, photocopying, recording or otherwise without the prior written 
permission of the Copyright owner. 
 
 
 

WGM 
CONSULTING ENGINEERS 

Page 1028

A48946859



   
   
   

   
   
   

A2 THE CONTRACT 
 
 
Refer to the details/information issued by Storrier & Donaldson along with any supporting supplementary 
information that may be issued by the employer.
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B0 Project Particular Specification 
 
B01 GENERAL REQUIREMENTS 
 
1.1 This specification provides the outline project details and scope of works along with the necessary 

detailed requirements for the alterations to provide fully upgraded Ward 2A Project for the 
Ventilations and associated services installations to be carried out within the Royal Hospital for 
Children, Queen Elizabeth University Hospital Campus, Glasgow. 

 
1.2 Throughout the project works the existing electrical services shall be altered, extended and 

renewed in line with Current Codes of Practice (COP), British and European Standards (BS's and 
BSEN's) along with the Local Authority (LA) requirements.  The contractor shall also be and 
make themselves familiar with all relevant Health Technical Memorandum (HTM), Scottish Health 
Technical Memorandum (SHTM) and Scottish Health Technical Notes (SHTN), SCART 
Compliance and HAI Scribe requirements and compliance that are fully applicable to the elements 
of the project works that are to be carried out, in particular for installation and for commissioning of 
systems associated with this project. 

 
1.3  All sections of the mechanical services installations and works shall be co-ordinated before and 

during installation with all other trades, for example Mechanical Services Contractors, Plumbing and 
Public Health Contractors and Building Works Contractors etc.  The Contractor shall be held liable 
for any abortive work carried out due to this procedure not being followed. 

 
1.4 All project works and alterations / installations covered under this project shall be programmed 

and carried out in accordance with the client and principle contractors agreed contract 
programme, and make all necessary allowances including extended working hours and weekends 
as required to achieve this. 

 
1.5 Our Client expect only the highest possible quality of installation for the entire project and the 

electrical services, and will not accept anything short of the highest possible standards, any part of 
the installation that is deemed to be not up to the Clients or engineers expectations and the highest 
possible standard will have to be rectified and brought up to in line with the highest standard for a 
quality installation at the contractors own expense. 

 
1.6 All project works and installations or alterations covered under this project shall be programmed 

and carried out in accordance with the Clients agreed contract programme, as the project is within 
a live hospital environment the contractor must make all necessary allowances for the following: 

 a) Out of hours and weekend working 
 b) Programming shutdown in advance and giving at least 10 days’ notice in writing (to NHS 

Estates Pro-Forma) to the local estates department. 
 The contractor must recognise that the works include for areas of works that lie out with the 

contract works areas, where working access and access times will require to be out with the normal 
working contract period, and the programming and interface of works to these areas is crucial to 
the project running smoothly, and being complete on programme. 

 
1.7 Our Client GGC NHS expects the highest possible quality of installation for the entire project and the 

electrical services, and will not accept anything short of the highest possible standards, any part of 
the installation that is deemed to be not up to the Clients or engineers standard will have to be 
rectified and brought up to in line with the highest standard for a quality installation at the contractors 
own expense. 

 
1.8 The existing fire alarm systems serving the areas associated with the works shall be altered as 

required, to allow the new systems components and devices to be incorporated, this shall include for 
all necessary isolations, taking down and reinstatement as detailed and required and as part of 
these works, the contractor shall allow for a fully working temporary fire alarm system interfaced to 
the main Fire alarm system panels, to cover the main corridors and areas of works, along with all 
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areas that require to be isolated to allow the works to proceed – This particular item is for reference 
only and will be carried out under the electrical works package. 

 
1.9 Contractor liaison and co-ordination of the works with the QEUH Estates team and the occupants of 

the live building where the works are being carried out shall be the responsibility of the contractor, 
this needs very careful thought and full co-ordination by the contractor so that all systems can be 
installed as required and completed, along with commissioned and the necessary QEUH Estates 
personnel being given sufficient notice and having the opportunity to witness the testing, 
commissioning of all systems for the project works, as detailed within this specification and detailed 
on the project layout drawings. 

 
 Programming and co-ordination needs to be thought out, prepared and implemented well in advance 

for all aspects of the project. The principle contractor must appoint a designated project manager to 
run, programme be responsible for and to co-ordinate and carry these duties out, including services 
installation co-ordination. 

 
 The contractor must provide full site services co-ordination, in terms of installation and programme, 

either by means of an in house dedicated project engineering manager or by sub-contracting these 
services out to a specialist co-ordination company, these duties shall include but not be restricted to 
the following: 

 
• As the principle contractor for the project provide all necessary H&S Information and a 

suitably prepared Construction Phase Health and Safety Plan, as detailed by the 
CDMD/Principle Designer 

 
• Full Co-ordination of all Builderswork, Mechanical and Electrical installations, as required for 

the project, including existing services and systems. 
 

• Provide M&E Co-ordinated services drawings as required, including all builderswork 
requirements. 

 
• Ensure services are installed in accordance with the specification and drawings, and that all 

relevant regulations, SHTM’s, SCART requirements etc. and are fully adhered to, provide 
working and installation drawings as required to demonstrate compliance with these items 
where necessary or where requested by the client and CA. 

 
• Co-ordination with other trades, by way of installation and programme. 

 
• Provide in advance weekly detailed programmes of planned works, so that technical issues 

can be properly co-ordinated. 
 

• Co-ordination of commissioning of all M&E systems/services as detailed and to ensure 
programmes are met, witness testing takes place and all systems are properly 
commissioned and certified prior to the Client taking possession or assuming beneficial use 
of the systems. 
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B02 MECHANICAL SERVICES PROJECT PARTICULAR 

300.000 GENERAL 
 
 
300.010 SITE LOCATION:  
• Queen Elizabeth University Hospital, 1345 Govan Road, Govan, Glasgow G51 4TF 
 
300.020 DESCRIPTION OF THE SITE:  
• Acute Hospital Campus, incorporating adult and children’s hospitals and facilities 
 

310.000 DESCRIPTION OF THE WORKS 
310.010 GENERAL 
The following Mechanical Services Particular Specification details the Project Works in connection with 
the Upgrade of the existing Hematoma Oncology Teenage Cancer Trust Ward 2A together with other 
associated works, all within The Royal Hospital for Children, Queen Elizabeth University Hospital, 
Glasgow. 

Ward 2A HOTCT requires to be substantially upgraded to fully meet the client’s present requirements, 
hence the associated works proposed for this area include the significant replacement and modification of 
the existing M&E Services and the Building Fabric, such that the main Bedroom Suites and associated 
main accommodation areas can be effectively positively pressurised with Central Station HEPA filtered air 
and an appropriate Pressure Cascade system adopted, which includes a Ward Isolation Facility (Transfer 
Lobby located at the end of Ward 2A, where the HOTCT Corridor connects to the general Hospital Street).  
Air infiltration to the positively pressurised accommodation areas will be significantly reduced resulting in a 
reduction in both the infection and cross contamination risks, to the extent where they can be managed 
more effectively.  The Ward 2A Hematoma Oncology/Teenage Cancer Trust area will be served by a new 
duplicate Supply and Extract Air Handling Unit Facility with duplicate En-suite/Toilet Extract Ventilation 
Plant, providing a N+1 facility for the Ward. 

Works in connection with Ward 2A Bone Marrow Transplant will be far less extensive as it has relatively 
recently undergone some partial refurbishment in connection with its existing facilities to generally improve 
infection control issues, however whilst a substantial upgrade of this ward is not being considered at 
present, other measures relating to the improvement in the general quality of the air supplied to the area 
will be implemented to reduce general infection risks and risks associated with cross contamination 
between the Exhaust and Supply air streams within the existing associated Air Handling Unit.   A Ward 
Isolation Facility will also be provided (Transfer Lobby located at the end of Ward 2A), where the BMT 
Corridor connects to the general Hospital Street.  Other works proposed within the Ward 2A BMT area 
comprise of less extensive general refurbishment works in connection with the MIBG Suite together with 
more significant new works in connection with the NPVL SCH 010 Suite which involves amending the 
existing ventilation strategy, although as this work is yet to be fully determined it is covered by a 
provisional sum allowance at this stage.  The NPVL facility will be designed to cater for 
Immuno-compromised patients that have also contracted diseases such as Measles or Chicken pox.   

Works in association with Ward 2B Day Ward are less significant as these works are generally only limited 
to works in connection with improving the quality of air supplied to the area, to reduce infection risks and 
risks associated with cross contamination between the Exhaust and the Supply Air Streams within the Air 
Handling Unit. 

This contract also includes for the strip out and safe removal of existing identified redundant plant and 
equipment.  Some equipment will be identified as equipment to be carefully dismantled and laid aside for 
future use (which may be on this Contract or on some other Contract determined by the Client, in the 
future), or otherwise require to be removed from the site and safely disposed of.   The Tender Drawings 
indicate what Plant and Equipment is to be stripped out and safely and responsibly removed from site, 
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and which Plant and Equipment is to be retained for use on this project, or laid aside, for the client’s future 
use.  Should there be any ambiguity regarding this matter, as to what is to be removed from site and what 
is to be retained on site, clarification should be sought from the Contract Administrator, at an early date. 

It should be noted that the Existing Hematoma Oncology/TCT & BMT Ward 2A will be shut down entirely 
for the duration of the Construction Works, to carry out all major works and more minor works (Remedial 
Works in Connection with Ward 2A BMT Existing AHU) in this area, although it should be noted that it is 
expected that the Remedial Construction Works in connection with Ward 2B Day Ward will be carried out 
within a time period of no more than two weeks, meaning that the associated Ward 2B Day Ward will only 
be shut down for approximately 4 weeks (allowing for decanting and Validation processes), or as short a 
period of time as is feasibly possible to limit the down time for Ward 2B Day Ward.  These Remedial 
Works briefly comprise of the removal of the existing Thermal Wheel and the Installation of new F9 and 
HEPA terminal AHU filters and the upgrading of the corresponding Fan/Motor/Inverter Units, together with 
other associated works (Controls, C&P Wiring, etc), and general making good.    

Prior to the progress of the Remedial Works in connection with the existing Ward 2A BMT and Ward 2B 
Day Ward AHUs Commissioning Works will be carried on the associated main ventilation systems to verify 
the existing Air Flow rates on all the main branch ducts serving the corresponding AHUs, together with a 
check on the main AHU system air flow rates and corresponding duct static pressures.  The Contractor 
will be responsible for liaising with the local NHS Estates Department and the CA regarding the timing of 
these works to ensure they are carried out strictly in accordance with formal pre-arranged agreements.  
Prior to the progress of the Remedial Works all necessary temporary system isolations will be arranged 
and otherwise agreed with the Local NHS Estates Department in conjunction with the CA, well in advance 
of the required implementation of these Works. Should any additional problem issues be discovered with 
the existing equipment or systems during the course of the works, or prior to the Works, these issues must 
be reported immediately to the Contract Administrator and the Local NHS Estates Department, for further 
consideration and instruction on any appropriate remedial action, where this may be required.             

In addition to the installation of new Supply and Extract AHUs and corresponding Ventilation Ductwork 
distribution systems, the Works will also include for the installation of new LTHW Heating and Chilled 
Water Pipework distribution systems which generally extends from new flow and return branch 
connections made into the corresponding existing mains pipework at 4th floor level.  New 
Run-Around-Coil type Heat Recovery systems will be provided for each of the new Ward 2A HOTCT 
AHUs.  The existing Domestic Water Services pipework systems will be modified and re-routed as 
required to accommodate the new Ventilation ductwork running down the main Ward Corridor areas. New 
Domestic Cold Water supplies will be provided for the Heat Recovery systems located within the new 4th 
Floor Ventilation Plant Room.  The Existing Sprinkler Services system will be extended to cover the new 
4th floor Plant Room area and otherwise modified on the 2nd and 3rd floor areas (Bed Store) to cater for all 
aspects of the Refurbishment Works.  Further modifications will be made to the existing Drainage, 
Rainwater, Medical Gas and Pneumatic Tube Systems as required to cater for the Refurbishment Works, 
all as generally detailed on the Tender drawings.  Thermal Insulation must be applied to all new and 
modified Ductwork and Pipework distribution systems where particularly required to meet the general 
requirements of the specification.   

A new autonomous BMS will be provided to fully meet the requirements of the Hematoma Oncology 
Teenage Cancer Trust area powered from a separate Essential Services Power Supply.  The new Ward 
2A BMS will however be interfaced with the existing Building Wide WAN Controls system such that remote 
alarm, monitoring and other services can be utilised from other remote Head End facilities within the 
building.  All new Mechanical services Plant and equipment installed to serve Ward 2A HOTCT area that 
requires either Power or Controls facilities will be wired from the new Ward 2A Mechanical Services 
Control Panel(s).  All power supplies to the new Mechanical Service Control Panels will be provided from 
an Essential Services Power Supply by the main Electrical Services Contractor. 

Modification and general upgrading works will also require to be carried out to the existing Power and 
BMS Controls serving the Existing Ward 2A BMT and Ward 2B Day Ward AHUs in that uprated Power 
Supplies and Inverter Drive units will be required for each of the corresponding AHUs (where the 
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Fans/Motors will be uprated).  The existing Power and Controls provision associated with the existing 
Thermal Wheel Units will be removed, new Power and Controls facilities associated with the new terminal 
AHU F9 and HEPA Filters will be installed, fed from the existing Mechanical Services Control Panels 
where practicable.     

The Contract works will also include for the balancing of the entire new and affected existing elements of 
the various Supply and Extract Mechanical Ventilation Systems serving Ward 2A HOTCT, Ward 2A BMT 
and Ward 2B Day Ward including all necessary adjustments to the branch and main duct system Air Flow 
Volumes, to achieve the necessary Pressure Cascade regime and otherwise to meet the target Ventilation 
figures agreed following the previous Ventilation Commissioning checks. 

Further reference should be made to the Design Logic Tender Drawing (DL)01 for details of the relevant 
target room pressures.  As part of the Commissioning philosophy it is the intention for the ventilation rates 
to be reduced to approximately that of the minimum level required to meet the basic operating parameters 
of the associated systems, such that it can be increased slightly at a later date, to possibly cater for 
conditions including increased pressure drops across the HEPA filters, etc.  The minimum ventilation 
rates should not drop to a level where the basic Heating and Cooling Loads of the various internal spaces 
cannot be met. 

Allowances should also be made for sterile cleaning of the new Supply and Extract/Exhaust Ventilation 
Ductwork distribution systems that serve the GMP Suite.   

All new and existing modified Mechanical Services and associated systems will be fully tested, 
commissioned and set to work, ready for client inspection and Validation as appropriate, at practical 
completion stage of the Construction Works. 

All appropriate issues in connection with HAI SCRIBE are expected to be fully addressed by the 
Contractor as part of these works, and appropriate procedures will be agreed prior to the commencement 
of any works on site, to ensure that infection risks to adjacent hospital areas are controlled, such that they 
do not present any associated problem issues for the client, during the course of the Construction Works. 

The Project will be progressed and otherwise phased in such a manner that will minimise disruption for 
the client and meet the specific Programme requirements of the Project.  It is envisaged that some noisy 
and/or disruptive work in connection with the Construction Works will have to be carried out either outwith 
normal working hours, or at specific times, to suit client operations. 

During the course of the main element of the Contract Works, when Ward 2A will effectively be closed and 
made non-operational, normal hours working should be assumed, although it should be noted that where 
there are specific client concerns with the nature of the works affecting normal operations in other parts of 
the building, this may be altered to suit their specific requirements.  It should be assumed that all main 
M&E Services isolations and connections to existing M&E services will be progressed outwith normal 
working hours and in a manner that will limit the disruption to any other services and operations within the 
building.  The Contractor will fully agree the timings of all M&E Services Isolations in writing, in advance 
of the work being carried out, with the local NHS Estates Department in conjunction with the Client 
appointed Contract Administrator.  

Reference should be made to the Tender drawings and other sections of the Specification for further 
details of all Mechanical Services systems. 
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Contract Works Support Documentation 

The complete installation covered by this Contract will conform to the requirements of: 

• Good Engineering Standards in accordance with the CIBSE Guides and Codes of Practice. 

• The Regulations of the Gas, Electricity, Water and Fire Authorities 

• The Building Standards (Scotland) Regulations 2014, with latest amendments. 

• Home Office Regulations for Public Buildings 

• Latest relevant British Standard Specifications and Codes of Practice 

• Health & Safety at Work Act 1974 

• The Factories Act 

• The rules of the FOC for firefighting provision 

• Statutory obligations and regulations of all Local Authority, Public Service or Statutory undertaking 
relating to the execution of the works 

• CDM Regulations 

• Health Technical Memorandums (HTMs) 

• Scottish Health Technical Memorandums (SHTMs) 

• Scottish Health Technical Notes (SHTNs) 

310.020 SCOPE OF WORKS 

The works described within this specification include the following Mechanical Services Installations and 
Associated Works for the Contract: 

• Isolation, disconnection and removal of existing M&E Services plant and equipment, where indicated 
on Tender drawings. 

• Installation of new Supply and Extract Ventilation Plant and Equipment, including AHUs, Terminal 
Heater Batteries, Grilles, VC Dampers, Shut-off Dampers, Attenuators, External Louvres, Pressure 
Stabilisers, Smoke/Fire Dampers, etc. 

• Mechanical Ventilation Ductwork (including connections to existing). 

• LTHW Heating Pipework (including connections to existing and new Heat Recovery Pipework 
Systems) serving new Air Handling Units (including modifications and temporary isolations to existing 
LTHW Heating systems). 

• Chilled Water Pipework Systems (including connection to existing) serving new AHU (including 
modifications and temporary isolations to existing Chilled Water system). 

• Above Ground Soil Waste Drainage Systems (minor works as detailed on Tender Drawings). 
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• Domestic Water Services Systems (minor works as detailed on Tender Drawings). 

• Specialist Medical Gas Services (minor works as detailed on Tender Drawings). 

• Rainwater Services Systems (minor works as detailed on Tender Drawings) 

• Pneumatic Tube System (minor works as detailed on the Tender Drawings) 

• Sprinkler Services (new works and modifications to Existing Installation). 

• Pressure Monitoring System (including provision of new Data Logger Unit for Temp, Pressure, 
Humidity, Press Difference, etc) 

• Electrical Power Supplies to Mechanical Services Plant and Equipment (from Mechanical Services 
Control Panels).  Power supplies to C/Ps by Electrical Contractor/ 

• Thermal Insulation 

• BMS/Controls Systems (including modifications to existing) 

• Comprehensive Testing and Commissioning of all M&E Services Systems and associated Equipment, 
to include pre-testing/commissioning of Existing Ventilation, LTHW Heating and Chilled Water 
systems  

• Setting various Mechanical Services Systems to Work, in full preparation for Client’s Validation 
Process. 

• The supply of staged technical information to assist with DQ/IQ and OQ submissions by the Specialist 
Clean Room Contractor. 

• The supply of comprehensive Operating & Maintenance Manuals and Record Drawings. 

310.030 DESIGN CRITERIA 

The environmental design parameters selected for the building interior should meet the general 
requirements of the following undernoted NHS Specif ications to help ensure good 
comfortable conditions are provided for the building occupants: 

• SHTM 03-01 Part A 

• SHPN 04 Supplement 1 

• SHPN04-01 
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a) Thermal 

Reference has been made to the definition of thermal comfort as mentioned within ISO 7730 1984 and the 
CIBSE Guide however the following design parameters have been selected as meeting the Client’s User 
Requirement Specifications: 

 

EXTERNAL 

Winter -10°C dry bulb, saturated 

Summer 28°C dry bulb; 19°C wet bulb 

 

INTERNAL 

Area Resultant Temperatures 

Bedroom 23°C +/- 2°C 

Bedroom (TCT) 23°C +/- 2°C 

Contingency Area 23°C +/- 2°C 

Play/Dining 23°C +/- 2°C 

Bedroom En-Suite 24°C +/- 2°C 

Bedroom En-Suite (TCT)  24°C +/- 2°C 

Staff/Disabled WC 23°C +/- 3°C 

Clean Utility/Corridor Drug Bay 23°C +/- 3°C 

Ward Corridor 23°C +/- 3°C 

TCT Corridor 23°C +/- 3°C 

Staff Base 23°C +/- 2°C 

 

Note: 

It should be noted that the above room temperatures are essentially normal target values however the 
room temperatures will be allowed to float closer to the extremes of the range of 18oC to 28oC in 
exceptional circumstances, when the external winter and summer temperatures are close to the minimum 
and maximum design values as advised within above.  Temperatures within the Corridor areas may also 
be subject to some variance when there is a requirement for setting various Bedroom temperatures at 
temperatures well adrift of the normal average room et point temperature value, however it is not expected 
that the temperatures within the Corridor will fall outwith the allowable range of the float temperatures as 
mention above and as otherwise defined within SHTM 03-01. 
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b) Air Quality 

Air re-circulation is not an option with this particular Ventilation System due to H&S Issues and client 
concerns regarding cross infection within the various spaces concerned, therefore it will be avoided, 
however appropriate heat recovery devices will be incorporated into the design (Run-around-Coils).  Due 
regard will be given to the quality of the air and the amount of CO2 and microscopic dust in the air, which 
is supplied to the various rooms. Three stage filtration will be provided including M5, F9 and H12/H13 
HEPA filtration, which will be incorporated within the Duty and Standby Central Station Air Handling Units 
serving the various designated areas as specifically identified elsewhere within the Particular 
Specification. 

Fresh air will be provided at a rate of significantly more than the normal minimum level of 10 litres per 
second per person to comply with the client’s specific requirements for the Ward and meet the 
corresponding Heating and Cooling loads, however Fresh Air ventilation rates will also be sufficient to 
ensure the undernoted room pressures are maintained to comply with the User’s Requirements and 
SHTM 03-01 Specifications: 

 

Area Air Change Rate Room Pressure 

Bedroom > 10 A/C per hour 10 Pa 
Bedroom (TCT) > 10 A/C per hour 20 Pa 
Contingency Area > 10 A/C per hour 10 Pa 
Play/Dining > 10 A/C per hour 10 Pa 
Bedroom En-Suite >   5 A/C per hour  5 Pa 
Bedroom En-suite (TCT)  >   5 A/C per hour 15 Pa 
Staff/Disabled WC >   5 A/C per hour  5 Pa 
Clean Utility/Drug Bay > 10 A/C per hour  5 Pa 
Ward Corridor > 10 A/C per hour  0 Pa 
TCT Corridor > 10 A/C per hour             10 Pa 

 

Due regard will be provided to minimise the possibility of draft discomfort. 

 

c) Noise Levels 

Consideration has been given in the design to control the following:- 

• Noise from mechanical services plant items into the Building 

• Egress of noise from plant items within the building to external sources 

• Ingress of noise from external sources 

• Other general M&E noise sources 

 

The following criteria are listed as meeting the client’s requirements:- 
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Area         Room Noise 
Rating 

Bedroom NR 30 
Bedroom (TCT) NR 30 
Contingency Area NR 35 
Play/Dining NR 35 
Bedroom En-Suite NR 30 
Bedroom En-Suite (TCT) NR 30 
Staff Disabled WC NR 35 
Clean Utility/Drug Bay NR 35 
Ward Corridor NR 35 
TCT Corridor NR 35 
Plan Room NR 50 

 

These criteria will be measured at 1.5m above finished floor level. 

Noise breakout from the building will not exceed a level which would cause annoyance to prevent quiet 
enjoyment within neighbouring premises. 

 

d) Vibration 

All plant and services will be fitted with effective vibration insulation measures, including anti-vibration 
mounts, pipework insulation, resilient penetrations, and flexible connections, all as necessary to ensure 
that services equipment does not cause perceptible levels of vibration in the building structure. 
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320.000 HEATING AND COOLING  

320.010 GENERAL 

Works in connection with the LTHW Heating and Chilled Water Systems are all as generally detailed on 
the relevant Tender drawings and otherwise as described within the specification and other 
documentation forming part of the Tender package. 
 

320.020 SCOPE OF WORKS 

The scope of Works in connection with the LTHW Heating and Chilled Water Systems includes the 
following: 

1. Inspection of all associated existing LTHW Heating and Chilled Water systems that are 
considered to form part of the Works. 

2. The verification of all existing Heating and Chilled Water system equipment and associated 
services that must be removed or temporarily laid aside for future use, as part of these works, or 
for the client to use on some other project. 

3. The verification and recording of the various present LTHW Heating and Chilled Water Circuit 
water flow rates for all main existing associated LTHW Heating and Chilled Water systems that 
are to be removed (main branches only) and those where it is envisaged that the branch 
connections to the mains are to be made (main branches and associated main Pumped line 
circuit), prior to the commencement of any disruptive works in connection with the existing LTHW 
Heating and Chilled Water systems. 

4. The strip out and removal of all existing redundant LTHW Heating and Chilled Water systems and 
equipment as generally detailed on the Tender drawings together with identified Active Chilled 
Beams, Radiant Panels and associated supports, etc. 

5. The temporary or permanent isolations of all associated existing LTHW Heating and Chilled Water 
systems to ensure they can be set back to work promptly to meet the client’s operational 
requirements for other areas that are served from common. The branch connections into the 
corresponding 
LTHW Heating and Chilled Water mains will necessitate the requirement for pre-fabricated 
pipework assemblies to ensure the associated LTHW and Chilled Water mains down time is 
reduced to an absolute minimum, and in the order of 8 hours. 

6. The installation of new LTHW Heating, Chilled Water and Run-Around Coil Heat Recovery circuits 
as generally detailed on the Tender drawings and as required to meet the specification, including 
LTHW Heating and Chilled Water Services Pipework distribution systems, Commissioning Valves, 
Isolating Valves, Strainers, Venting/Draining devices, Expansion Bellows, Pressure Gauges, 
Temperature Gauges, Pumps (Heat Recovery System only), Pressurisation Units & Expansion 
Vessels (Heat Recovery System only), Check Valves, etc, together with all necessary supports.  
It is not envisaged at this stage that any work will be required to the existing main LTHW Heating 
Pumps and the main Chilled Water Pumps located within the 4th Floor Plant Room, however a 
Provisional Sum allowance will be made for this eventuality, should the commissioning results 
highlight any significant issues.  It should be noted that the existing main LTHW Heating and 
Chilled Water Pump sets are arranged as Duty and Standby, meaning that potential work such as 
the upsizing of impellors and/or motors is less likely to be problematic from a system shut-down 
perspective.  

7. The Flushing and Chemical Treatment of all LTHW Heating, Chilled Water and Heat Recovery 
Systems forming part of the Works, including the provision of all necessary additives including 
Glycol (where specifically specified) to match the existing systems.  All external surfaces of 
LTHW Heating Pipework systems and associated equipment must also be appropriately painted 
and kept visibly clean and free from dust and general debris throughout the course of the works. 

8. The Testing, Balancing and Setting to Work of all new and existing LTHW Heating and Chilled 
Water Services systems forming part of the Works. 
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320.030 SYSTEM DESCRIPTION 

Within the Ward 2A Hematoma Oncology Teenage Cancer Trust area, it is proposed to remove all 
redundant existing LTHW Heating and Chilled Water Services pipework distribution systems together with 
all associated Radiant Heating Panels and Ceiling Mounted Active Chilled Beams, valves, etc., and 
blank-off these circuits accordingly at their corresponding risers.  The existing Radiant Heating Panels 
located within the within the En-Suite and Toilet areas, will however be stripped out and laid aside for 
refitting at a later stage in the Construction Works when the existing ceiling is replaced by a plasterboard 
ceiling (using new ceiling trims).  The removal of the existing services includes all Chilled Water 
distribution pipework within the Ward 2A HOTCT area together with the Constant and Variable 
Temperature LTHW Heating circuits.  The existing Constant Temperature LTHW Heating circuit presently 
serves a few Air Heater Batteries and the Existing Variable Temperature LTHW Heating circuit appears to 
serve both the existing Active Chilled Beams and the Radiant Heating Panels (all mounted on the 
ceilings).  The Chilled Water circuit only appears to serve the Active Chilled Beams. 

As part of the present works, it is proposed to run a new Chilled Water F&R circuit from the main existing 
4th Floor Plantroom to the new proposed 4th Floor Plantroom with flow and return branches cut into an 
appropriate section of the existing Primary Chilled Water Circuit, in a way that any associated down time 
is reduced to an absolute minimum.  This will require the off-site fabrication of suitable valved branch 
connection pieces, which may be readily connected to say an existing flanged connection piece, all 
designed to effectively minimise the down time of the main Chilled Water Circuit to a maximum of 8 hours.  
Similarly, it is proposed to cut in new flow and return branches into the existing Constant Temperature 
LTHW Heating circuit to serve the new proposed Ward 2A HOTCT Air Handling Units together with the 
various proposed new Re-heater Batteries mounted within the Ward 2A HOTCT Corridor ceiling void, that 
serve the associated Bedroom Suites and the other main accommodation areas within Ward 2A 
Hematoma Oncology Teenage Cancer Trust area.  As part of the new Ward 2A HOTCT Duty/Standby Air 
Handling Unit installation, separate Run-Around-Coil Heat Recovery systems will be provided which will 
be designed to recover a significant amount of heat or coolth from the corresponding Exhaust Air 
Streams. 

Prior to the commencement of any disruptive works in connection with the LTHW Heating and Chilled 
Water Systems, Commissioning verification works will be carried out to confirm the existing water flow 
rates of the corresponding Systems.  This work should generally be restricted to work in connection with 
the main flow circuits and main branch circuits, such that the main existing LTHW Heating and Chilled 
Water Circuits can be re-commissioned to provide the required flow rate for the new circuits whilst still 
maintaining the existing flow rates to all the various associated main branch circuits, which would be 
carried out as a second phase of the Commissioning Works.   It is envisaged that there will be sufficient 
flow capability on the existing main LTHW Heating and Chilled Water Services Pumps to cater for the 
slightly increased loads, however should this not prove to be the case, then the corresponding Pumps will 
be upgraded to suit including possibly an Impellor and/or Motor upgrade.  It should be noted that both the 
main LTHW Heating Pump set and the main Chilled Water Pump set serving the side of the Building we 
are concerned with are Duplicate Pump sets, therefore it should not prove to be hugely problematic to 
upgrade each pump together with associated Inverter Units and Power Supply only if it proves to be 
absolutely necessary.  Following all appropriate Testing, Flushing and Commissioning works including 
the addition of all necessary system corrosion inhibitors and additives, the LTHW Heating and Chilled 
Water Systems will be set to work, ready for final validation. 

Work in connection with the local pipework system isolations will be carried out outwith normal working 
hours, and in a way that any associated down time is kept to an absolute minimum (no more than 8 hours 
on any one Heating/Chilled Water pipework system, and 2 hours on an electrical board that may serve 
other areas) and will be otherwise arranged to ensure the LTHW Heating and Chilled Water supplies to 
other areas not forming part of the Refurbishment Works are thereafter maintained to allow proper 
operation of their associated Heating and Cooling equipment.  Additional Isolating and Commissioning 
Valves will be installed where necessary on the LTHW Heating and Chilled Water branch pipework to 
ensure this condition can be met.  Where new pipework systems are installed as generally indicated on 
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the Tender drawings, it should be noted that new Isolating, Commissioning, Control, Drain, etc Valves and 
AAVs will be fitted where indicated.  The new LTHW Heating and Chilled Water Services pipework will be 
of a similar type to the existing and otherwise suitable for the associated operating pressures and 
temperatures. 

Following appropriate pipework pressure testing (to at least 1.5 times the maximum system working 
pressure) and heat testing, the pipework will be thermally insulated to generally match the existing and 
otherwise meet the requirements of the Specification.  The Thermal Insulation on the Chilled Water 
Pipework will also be vapour sealed.  All LTHW Heating and Chilled Water pipework, Valves, etc will be 
covered with aluminium cladding within Plant room areas and generally accessible areas, to provide 
suitable protection.  Valves and other line fittings will be covered with appropriate readily accessible 
insulated valve boxes or proprietary insulated valve bags.  All new LTHW Heating and Chilled Water 
pipework systems and line fittings will be provided with appropriate means of identification and labelling 
respectively, to generally match the existing. 

Supports for Chilled Water pipework systems will not be fixed such that they are in direct contact with the 
pipework; insulator block will be installed to maintain the efficiency of the corresponding vapour barriers.  
Drain valves will be fitted at all low points in the LTHW Heating and Chilled Water Systems to ensure the 
system can be fully drained.  Automatic Air vents will be installed at all high points (and at Air 
Heating/Cooling Coils) in the LTHW Heating and Chilled Water systems to allow appropriate venting. 

320.040 VALVES, STRAINERS, TEMPERATURE GAUGES, PRESSURE GAUGES, ETC 

Valves, strainers, flexible connections, temperature gauges, pressure gauges etc., will be provided where 
shown on the Tender Issue Drawings and where otherwise required to meet the requirements of the 
specification.  The types to be used are specified elsewhere within the specification.  In addition, drain 
cocks and air vents will be provided where required at all low points and at all high points in the LTHW 
Heating and Chilled Water systems, to fully drain and vent the pipework systems respectively. 

 

320.050 PRESSURISATION UNITS (HEAT RECOVERY SYSTEMS) 

Two LTHW Fully Packaged Pressurisation Units will be required for the Run-Around-Coil Heat Recovery 
systems supplied with the new Duty and Standby Air Handling Units serving Ward 2A HOTCT area, which 
are located within the new 4th Floor Plant Room.   

 
       The Heat Recovery system pressurisation units will be suitable for a maximum safe working pressure of up 

to approximately 3.0 bar(g) with system flow and return temperatures of approximately 15oC and 6oC 
respectively.  The cold fill pressures will set at approximately 1.2 bar(g) and the Heat Recovery System 
water volumes will each be approximately 200 litres.  The pressurisation units will be provided with the 
following (in addition to other items deemed necessary by the manufacturer):  duty/standby pumps, 
expansion vessel, pressure transducer, high and low system cut outs, mains water break tank, pump 
run/tripped and hand/off/auto indicators, BMS serial communications part, volt free signal relay (8 No), 
pump duly sharing and pulsing facilities, compact wall mounted cabinet, high and low water protection 
devices (within break tank) etc.  The pressurisation units will be manufactured by Aquatech, Model 2ET 
M45-C1-E supplied with a type 30V expansion vessel.  The pressurisation units will be suitable for a 
230V/1 Phase/50Hz electrical supply.  The Contractor will allow for the fitting of appropriate overflow 
pipes to be taken to the nearest floor gulley or trapped SWP, for safe discharge.  
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330.000 COLD WATER 

330.010 GENERAL 

Works in connection with the Domestic Cold Water Systems are all as generally detailed on the relevant 
Tender drawings and otherwise as described within the specification and other documentation forming 
part of the Tender package. 

 

330.020 SCOPE OF WORKS 

The scope of Works in connection with the Domestic Cold Water Services includes the following items in 
addition to other general Works specified elsewhere: 

1 Inspection of all associated existing Domestic Cold Water Services systems that may form part of 
the Works. 

2 The verification of all Domestic Cold Water Services pipework distribution systems and associated 
services that must be removed or temporarily laid aside for future use, as part of these works or 
for the client to use on some other project. 

3 The verification and recording of existing water flow rates at any commissioning devices on the 
existing Domestic Cold Water Services systems, prior to the commencement of any disruptive 
works in connection with the existing associated Domestic Cold Water Services. 

4 The strip out and removal of all existing redundant Domestic Cold Water Services systems and 
equipment as generally detailed on the Tender drawings together with all associated supports, 
etc. 

5 The temporary or permanent isolations of all associated existing Domestic Cold Water Services 
systems to ensure they can be set back to work promptly to meet the client’s operational 
requirements for other areas that are served from common Domestic Cold Water Services 
systems. 

6 The installation of new Domestic Cold Water Services systems as generally detailed on the 
Tender drawings and as required to meet the specification, including Domestic Cold Water 
Services pipework distribution systems, Isolating Valves, Regulating Valves, Non-return Valves, 
etc together with all necessary supports. 

7 The Flushing out, Chemical Treatment and final refilling of the Domestic Cold Waters Services 
system in accordance with SHTM procedures to fully satisfy the requirements of the local NHS 
Estates Department. 

8 The Commissioning/Balancing and setting to Work of the new and adjacent existing Domestic 
Cold Water Services systems forming part of the Works. 

 

330.030 SYSTEM DESCRIPTION 

It is proposed that the main existing Domestic Cold Water Services runs within the Ward 2A Hematoma 
Oncology Teenage Cancer Trust area will be extensively removed and thereafter replaced with new 
relocated mains to primarily suit the new Ventilation Ductwork distribution runs proposed for the main 
Ward Corridor areas.  Significant adjoining branch pipework serving the Bedroom and other adjacent 
areas will also have to be renewed to suit, including the provision of new associated branch 
isolating/regulating valves.  The various new branch connections will thereafter connect to the existing 
branch connections within the ceiling voids of the Bedroom Suite, etc areas, as generally indicated on the 
relevant Tender drawings.  We do not foresee any significant requirement to alter the existing Domestic 
Cold Water Services within the Ward 2A Bone Marrow Transplant area, however some relatively minor 
alterations may be required to the Domestic Cold Water Services systems in connection with the NPVL 
and MIBG areas, which are covered by Provisional Sums at this stage.  It is not anticipated that there will 
be any requirement to alter the existing Domestic Cold Water Services systems in connection with the 
Ward 2B Day Ward area. 
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A new Domestic Cold water Supply will be required to serve the new proposed 4th Floor Plant Room, and 
in particular the two Run-Around-Coil Heat Recovery systems. 

Appropriate allowances will be made for initially isolating and draining down the existing Domestic Cold 
Water Services system, such that it will not interfere with the general Domestic Cold Water Services 
provision to other existing adjacent areas, served by the same system.  On completion of the present 
Contract Works the new Domestic Cold Water Services system will be pressure tested, flushed and 
treated in accordance with the SHTM requirements to meet the requirements of the specification and local 
NHS Estates Department, and thereafter ultimately ‘set to work’. 

The existing and new proposed Domestic Cold Water Services systems are both of the Stainless Steel 
Press fit type as specifically detailed elsewhere within the specification.  The various new and modified 
Domestic Cold Water Services pipework distribution systems will be installed fully in accordance with the 
requirements of the specification and to otherwise meet the operational requirements of the local NHS 
Estates Department, although some distribution pipework may require to be re-routed to accommodate 
the new proposed Ventilation Ductwork runs.   A new branch connection will be required from the existing 
Boosted Domestic Cold Water Supply to serve the new Heat Recovery Systems incorporated within the 
new proposed Duty/Standby Supply and Extract Air Handling Units located within the new 4th Floor Plant 
room serving the refurbished Ward 2A HOTCT area, which will connect to the Heat Recovery systems via 
a common Pressurisation Unit incorporating a Water Board approved break tank. 

The existing and new proposed Domestic Cold Water Services systems are both of the Stainless Steel 
Press fit type as specifically detailed elsewhere within the specification.  The various new and modified 
Domestic Cold Water Services pipework distribution systems will be installed fully in accordance with the 
requirements of the specification and to otherwise meet the operational requirements of the local NHS 
Estates Department, although some distribution pipework may require to be re-routed to accommodate 
the new proposed Ventilation Ductwork runs.   A new branch connection will be required from the existing 
Boosted Domestic Cold Water Supply to serve the new Heat Recovery Systems incorporated within the 
new proposed Duty/Standby Supply and Extract Air Handling Units located within the new 4th Floor Plant 
room serving the refurbished Ward 2A HOTCT area, which will connect to the Heat Recovery systems via 
a common Pressurisation Unit incorporating a Water Board approved break tank. 

 

335.000 HOT WATER 

335.010 GENERAL 

Works in connection with the Domestic Hot Water Systems are all as generally detailed on the relevant 
Tender drawings and otherwise as described within the specification and other documentation forming 
part of the Tender package. 

 

335.020 SCOPE OF WORKS 

The scope of Works in connection with the Domestic Hot Water Services includes the following items in 
addition to other general Works specified elsewhere: 

1 Inspection of all associated existing Domestic Hot Water Services systems that may form part of 
the Works. 

2 The verification of all Domestic Hot Water Services pipework distribution systems and associated 
services that must be removed or temporarily laid aside for future use, as part of these works or 
for the client to use on some other project. 

3 The verification and recording of existing water flow rates at any commissioning devices on the 
existing Domestic Hot Water Services systems, prior to the commencement of any disruptive 
works in connection with the existing associated Domestic Cold Water Services. 
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4 The strip out and removal of all existing redundant Domestic Hot Water Services systems and 
equipment as generally detailed on the Tender drawings together with all associated supports, 
etc. 

5 The temporary or permanent isolations of all associated existing Domestic Hot Water Services 
systems to ensure they can be set back to work promptly to meet the client’s operational 
requirements for other areas that are served from common Domestic Hot Water Services 
systems. 

6 The installation of new Domestic Hot Water Services systems as generally detailed on the Tender 
drawings and as required to meet the specification, including Domestic Hot Water Services 
pipework distribution systems, Isolating Valves, Regulating Valves, Non-return Valves, etc 
together with all necessary supports. 

7 The Flushing out, Chemical Treatment and final refilling of the Domestic Hot Water Services 
system in accordance with SHTM procedures to fully satisfy the requirements of the local NHS 
Estates Department. 

8 The Commissioning/Balancing and setting to Work of the new and adjacent existing Domestic Hot 
Water Services systems forming part of the Works. 

335.030 SYSTEM DESCRIPTION 

It is proposed that the main existing Domestic Hot Water Services runs within the Ward 2A Hematoma 
Oncology Teenage Cancer Trust area will be extensively removed and thereafter replaced with new 
relocated mains to primarily suit the new Ventilation Ductwork distribution runs proposed for the main 
Ward Corridor areas.  Significant adjoining branch pipework serving the Bedroom and other adjacent 
areas will also have to be renewed to suit, including the provision of new associated branch 
isolating/regulating valves.  The various new branch connections will thereafter connect to the existing 
branch connections within the ceiling voids of the Bedroom Suite, etc areas, as generally indicated on the 
relevant Tender drawings.  We do not foresee any significant requirement for altering the existing 
Domestic Hot Water Services within the Ward 2A Bone Marrow Transplant area, however some relatively 
minor alterations may be required in connection with works in connection with the NPVL and MIBG areas, 
which are covered by Provisional Sums at this stage.  It is not anticipated that there will be any 
requirement to alter the existing Domestic Hot Water Services systems in connection with the Ward 2B 
Day Ward area.   

Appropriate allowances will be made for isolating and draining down the existing Domestic Hot Water 
Services system, such that it will not interfere with the general Domestic Hot Water Services provision to 
other existing adjacent areas, served by the same system.  On completion of the present Contract Works 
the new Domestic Hot Water Services system will be pressure tested, flushed and treated in accordance 
with the SHTM requirements to meet the requirements of the specification and local NHS Estates 
Department, and thereafter ultimately ‘set to work’.     
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340.010 DOMESTIC WATER SERVICES PIPEWORK SPECIFICATION AND STERILISATION 
PROCEDURES. 
Generally all water service pipework shall be carried using Gerberit – Mapress Stainless Steel Pressfitting 
System in accordance with BSEN-10312 Table 2 and DVGW541 Table 3, DVGW-W270+534, all stainless 
steel pipework shall be Seamless and shall have a minimum wall thickness of 1.0mm (316 grade). 
 
All pipework systems and components must be stainless steel and WRAS approved, including for the 
Kemper automatic secondary return/regulating valves – these shall be from their SST range, 
 
The complete water service pipework & associated plant shall be thoroughly and fully sterilised in 
accordance with BSEN 806-5:2012 & BS8558:2011 and in accordance with the GRI Estates department 
water sterilisation procedures along with SHTM 04-01 part E, and the entire new system(s) shall be 
subject to a leachate flushing regime, as detailed within SHTM 04-01 part E section 2 details the 
sequence for carrying out the procedure (NB – This is a 9 day process). Also as detailed within section 2 
of SHTM 04-01 part E is the use of peracetic acid as a suitable disinfectant to be used when stainless 
steel pipe work has been installed. Prior to hand over, all pipework, valves including TMV’s must be free 
from all Microorganisms, bacteria and viruses, including Pseudonymous, legionella etc. The contractor 
shall take due note and carryout this regime in accordance with SHTM 04-01 Part E. 
 
Sterilisation and water treatment shall be carried out as part of these works by the client current 
incumbent contractor: 
 
DMA Canyon Limited 
14 Canyon Road 
Wishaw 
ML2 0EG 
 
T - 01698 536790 
E - office@dmacanyon.co.uk 
 

345.000 SOIL WASTE DRAINAGE AND RAINWATER SERVICES 

345.010 GENERAL 

It is not envisaged that there will be a requirement to modify significant amounts of either Existing Soil 
Waste Drainage or Rainwater Drainage within the Ward 2A HOTCT, Ward 2A BMT and 2B DW areas, 
however Drainage facilities will have to be provided for the new Duty/Standby Supply and Extract Air 
Handling Units located within the new 4th Floor Plant room, to drain away the Condensate from the various 
Cooling Coils incorporated within the Supply and Exhaust AHUs (2 No Cooling Coils and 2 No Heat 
Recovery Coils).  Details of minor modifications to the Drainage Services on levels 2 (Ward 2A HOTCT & 
Ward 2A MIBG area) and level 3 (Bed Store) are detailed on the Tender drawings. 
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350.000 MEDICAL GAS SERVICES 

350.010 GENERAL 

Works in connection with the Medical Gas Systems are all as generally detailed on the relevant Tender 
drawings and otherwise as described within the specification and other documentation forming part of the 
Tender package.  

350.020 SCOPE OF WORKS 

The scope of Works in connection with the Medical Gas Services include the following items in addition to 
other general Works specified elsewhere: 

1 Inspection of all associated existing Medical Gas Services systems that may form part of the 
Works. 

2 The verification of all Medical Gas Services pipework distribution systems and associated services 
that may have to be altered or otherwise modified as part of these works to accommodate the new 
proposed Ventilation or other Services that have to be installed as part of the Project Works. 

3 The verification and recording of all appropriate existing certification relating to the Medical Gas 
Services systems that may be affected by the proposed alterations to the Medical Gas Services 
Systems, prior to the commencement of any disruptive works in connection with the existing 
associated Medical Gas Services. 

4 The strip out and removal of all existing redundant Medical Gas Services systems and equipment 
as generally detailed on the Tender drawings together with all associated supports, etc. 

5 The temporary or permanent isolations of all associated existing Medical Gas Services systems to 
ensure they can be set back to work promptly to meet the client’s operational requirements for 
other areas that are served from common Medical Gas Services systems. 

6 The installation of new Medical Gas Services systems as generally detailed on the Tender 
drawings, and as required to meet the specification, including Medical Gas Services pipework 
distribution systems, Isolating Valves, Pressure Regulating Devices, Pressure Gauges, etc 
together with all necessary supports. 

7 The carrying out of all necessary specialist welding and jointing and other general installation work 
by a Specialist NHS approved Medical Gas Services Company who will be responsible for 
progressing the works strictly in accordance with the relevant SHTM guidelines for Medical Gas 
Pipework Installations, to fully comply with the requirements of the local NHS Estates Department. 

8 The Commissioning/Balancing and general Setting to Work of the new and modified Medical Gas 
Services system including the provision of all appropriate certification. 

350.030 DESCRIPTION 
 
The Medical Gas Services works will be a contractor design element of the works, fully in compliance with 
SHTM 02-01 Part A.  The Medical Gas Services layout shown on the Tender drawings is to indicate 
general design intent only, and the number and locations of outlets required together with locations for 
isolating valves, medical gas alarm panels, etc.  The specialist design/build subcontractor will provide 
their own working drawings detailing all items that form part of their works including valves, bacteria filters 
etc. along with manufacturers technical literature for all system components for the design team’s and 
local NHS Estates/ AE approval, prior to the commencement of any work on site.  
The existing medical gas supplies serving Ward 2A as detailed, will be altered as pre required/detailed. 
The Specialist Medical Gas Contractor will carry out a full site survey of the relevant areas and allow for all 
appropriate remedial works to be carried out in connection with the Medical Gas Services to allow the 
necessary refurbishment Works to be progressed.  Any penetrations formed though the building fabric as 
part of the works will be sealed and fire stopped where required and otherwise made good. 
All Medical Gas Services works will be carried out in accordance with NHS Specification SHTM 02-01 Part 
A and QEUH Estates Department Engineering Standards.  All works to be undertaken by a recognised 
registered Specialist Medical Gas Services Contractor.  Further reference should also be made to notes 1 
to 9 on the relevant Tender Medical Gas Services layout drawing.  The Specialist Medical Gas Services 
Contractor must obtain a full compliance verification check and authority to proceed from QEUH Estates 
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and their AE prior to commencing work on site, and the Specialist Medical Gas Services Contractor must 
seek this within two weeks of main contractor appointment. 

The existing Medical Gases installations will be modified as required to facilitate the installation of new 
M&E Services equipment essentially within the main Ward 2A HOTCT Corridor ceiling void area as 
generally indicated on the Tender drawings. It is envisaged that these works will be of a relatively minor 
nature involving modifications to some of the existing pipe runs.  

All test certification for Specialist Gas Services Pipework Systems will be issued to the Design Team and 
the local NHS Estates Department and their AE for approval in a timeous manner to suit the Works 
Construction Programme. 

355.000 SPRINKLERS  

355.010 GENERAL 

Works in connection with the Sprinkler Services Systems are all as generally detailed on the relevant 
Tender drawings and otherwise as described elsewhere within the specification and other documentation 
forming part of the Tender package.  

 

355.030 SYSTEM DESCRIPTION 

It is envisaged that the existing Sprinkler System serving Ward 2A Hematoma Oncology Teenage Cancer 
Trust, will have to be modified to suit the new proposed M&E Services layout proposed for that area.  It is 
likely that alterations to the existing Sprinkler System within the Bedroom Suite and associated areas out 
with the main Ward Corridor will be of a fairly minimal nature.  Every attempt will be made to maintain the 
existing ceiling level within the main ward corridor, however if as planned it is not reduced in height, this is 
likely to result in further general pipework modifications to the main pipework services contained therein, 
including the Sprinkler Pipework Services system, to accommodate the proposed larger Ventilation 
Ductwork.  If the ceiling is however reduced in height the various branch connections to all heads, will 
have to be extended. 

It is unlikely that any alterations will be required to the Sprinkler Services System within the Ward 2A Bone 
Marrow Transplant area due to the minimal amount of new works proposed for that area, although this 
may have to be further reviewed if other possible works for that area, that have not yet been fully defined, 
are developed. 

It is also unlikely that any modifications will be required to the Sprinkler Services System within the Ward 
2B Day Ward area due to the nature of the new works proposed for that area. 

The main associated Sprinkler Zone pipework system serving the above areas will almost certainly have 
to be drained down, tested and refilled accordingly. 
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360.000 VENTILATION 
 
360.010 GENERAL 
Works in connection with the Ventilation Systems are all as generally detailed on the relevant Tender 
drawings and otherwise as described within the specification and other documentation forming part of the 
Tender package. 
 
360.020 SCOPE OF WORKS 
The scope of Works in connection with the Ventilation System will include the following items in addition to 
other general Works specified elsewhere: 

1 Inspection of all associated existing ventilation systems that may form part of the Works. 
2 The verification of all ventilation equipment and associated services that must be removed or 

temporarily laid aside for future use, as part of these works or for the client to use on some other 
project. 

3 The verification and recording of present air flow rates on existing Ventilation systems prior to the 
commencement of any disruptive works in connection with the existing associated Ventilation 
systems. 

4 The strip out and removal of all existing redundant Ventilation systems and equipment as 
generally detailed on the Tender drawings together with all associated supports, etc. 

5 The temporary or permanent isolations of all associated existing ventilation systems to ensure 
they can be set back to work promptly to meet the client’s operational requirements for other 
areas that are served from common 
Ventilation systems. 

6 The installation of new Ventilation systems as generally detailed on the Tender drawings and as 
required to meet the specification, including Ventilation Ductwork distribution systems, 
Grilles/Diffusers, Volume Control Dampers, Fire/Smoke Dampers, Access Panels, Isolation 
Dampers, Air Heater Batteries, Attenuators, Air Handling Units, Extract Fans, External Louvres, 
Pressure Stabilisers, etc together with all necessary supports. 

7 Works in connection with the modification of existing AHUs serving Ward 2A BMT and Ward 2B 
Day Ward, including removing existing Thermal Wheels, modifying/removing existing filter units, 
upgrading existing Fans/Motors/Inverter Drive Units and installing new HEPA and high efficiency 
Bag Filters, including the upgrade of corresponding power supplies where required.      

8 The Sterile Cleaning of all Ventilation Ductwork internally forming part of the Works, strictly in 
accordance with the requirements of SHTM 03-01. All other Ventilation Ductwork surfaces should 
also be kept visibly clean and free from dust and general debris. 

9 The Testing, Balancing and setting to Work of all new and existing Ventilation systems forming 
part of the Works. 

 
360.030 SYSTEM DESCRIPTION           

Within the Ward 2A Hematoma Oncology/Teenage Cancer Trust area it is proposed to initially remove all 
redundant Supply and Extract Ventilation ductwork and associated fittings serving the Bedroom Suites 
and the adjacent Corridor and general Service Areas, which includes most of the Ventilation ductwork 
within the Ward 2A HO/TCT area, as it is significantly undersized for the new proposed ventilation 
provision.  The present existing common Ventilation ductwork systems will be blanked off close to the 
where the existing Supply and Extract Ventilation branch ducts serving the Ward 2A HOTCT connect to 
the common riser ducts. It is proposed that the existing common Supply and Extract system will thereafter 
be rebalanced such that it only meets the requirements of the remainder of the areas that the common 
AHU presently serves, being the other general areas on levels excluding level 2, and delivers a similar 
Ventilation provision to what these other areas are being provided with at present.  A pre-commissioning 
check will be carried out to establish what the existing air flow volumes are prior to any system 
rebalancing work being carried out.  It is expected that the total air flow volume demand for the common 
system will obviously drop and the air flow duties of the associated AHU Supply and Extract Fans will be 
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reduced to meet the corresponding fall in demand, by prudent adjustment of the corresponding existing 
frequency inverter speed control drive units. 

It is proposed to provide new separate Duty/Standby Air Handling Units to solely serve Ward 2A 
Hematoma Oncology Teenage Cancer Trust area.  These Air Handling Units will be housed within a new 
Plantroom located at 4th Floor level.  Each AHU will incorporate Supply and Extract Fans (with external 
motors and Inverter Speed Drive Units), Motorised Isolation Dampers, LTHW Frost Coils, Chilled Water 
Cooling Coils, Main LTHW Heating Coils, Run-around Heat Recovery Coils, two pre-filters (M5 & F9) and 
a final HEPA filter (H12/H13).  The precise filter types will be selected to meet the local NHS Estate 
preferences, taking into account all specific operational concerns for the site.  It is proposed that the 
Supply and Extract units will be stacked to make efficient use of the available Plantroom space and 
mounted on 300mm high runner support beams to assist with spreading the weight of the units over the 
floor area.  The associated Fresh Air will be drawn in via a wall mounted External Louvre and the Extract 
Air exhausted through the roof above via a low profile Penthouse Louvre.  The Supply and Extract 
ventilation ductwork will be twinned together such that the corresponding Motorised Isolation Dampers will 
effectively isolate the de-energised Air Handling Unit.  It is also proposed that easily cleanable 
non-shedding Noise Attenuators will be installed on the ventilation ductwork on the room side of the AHU 
to effectively reduce the in-duct noise levels within the corresponding Supply and Extract ducts.  
Appropriate attenuation will also be provided on the outdoor side of the AHU where required, should there 
not be sufficient means of attenuation provided by the component parts of the AHU and the corresponding 
Fresh Air and Exhaust Air Ventilation ductwork.  Special care will be taken on the Fresh Air inlet, as it is 
recognised that the associated Intake Louvre is located directly above a general roof play area, however 
steps have been taken to negate any problematic noise issues, by installing appropriate attenuators and 
reducing the general intake velocity of the corresponding Fresh Air Inlet Louvre.   

The new proposed Supply and Extract ductwork will drop down a newly formed riser duct within the 3rd 
Floor Bed Store to pass down directly into the Ward 2A HOTCT ceiling void.  Automatic Fire/Smoke 
Dampers will be installed at both 3rd and 4th floor levels to maintain the present fire rated 
compartmentation requirements. 

It is envisaged that all new proposed general Supply and Extract ventilation ductwork will then generally 
run down the central Ward 2A Corridor ceiling void, where individual Supply Air ducts will branch off to 
serve the Bedroom, etc areas and maintain the Bedrooms and other positively pressurised rooms at a 
positive pressure of either +10 or +20 Pa with respect to the Main Ward 2A Corridor, depending on the 
existing provision of any intermediate TCT Lobbies or other rooms, which would be maintained at an 
intermediate pressure between the Bedroom and the main Ward 2A Corridor.  A Pressure Cascade 
facility will be provided to help minimise the contamination risks from within the Ward and general Hospital 
areas. The room pressures would be accurately controlled by means of wall mounted Pressure Stabiliser 
Units which will also effectively close when the corresponding room doors are operated, resulting in an 
outflow of air from the Bedroom to the Ward 2A Corridor from the Bedroom to a TCT Lobby, then to the 
main Ward 2A Corridor, where a TCT Lobby is provided.  All Bedroom and Special Accommodation Area 
Supply Air branch ducts will be fitted with a LTHW Re-heater Battery to provide accurate control of air 
temperature within the corresponding Bedrooms/Special Accommodation Areas.  Each Supply Air branch 
duct will also be provided with a Volume Control Damper for balancing, and a Motorised Gas Tight Control 
Damper for Room Isolation purposes.  Appropriate Swirl type Air Diffusers will be installed at ceiling level 
within each Bedroom to help provide a good even temperature spread across the room and also help 
maintain appropriate minimum terminal air velocities.  It is also proposed that the Supply Air Diffusers 
boxes should be capable of incorporating terminal HEPA filters to facilitate their possible easy installation 
at a future date if is considered appropriate to do so by the client, either as part of this contract or at some 
time in the future, which would additionally offer a final stage of HEPA filtration prior to the Supply Air 
entering the Bedroom, etc areas and provide additional cross contamination infection control within the 
Ward area.  Extract Ventilation for the Bedroom Suites and the general Ward areas will be via Ceiling 
mounted grilles generally located within the Ward Corridor area (it is not proposed to provide any extract 
grilles within the Bedrooms) such that the velocities of the outgoing air through either the closed or 
opened Bedroom door, can be maximised to assist with back contamination issues. 
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With regards to the Bedroom Suite Toilet Extract Ventilation provision it is proposed to reuse the existing 
Ventilation Ductwork as much as possible, as generally indicated on the Tender drawings close to where 
the existing branch duct on the main central station Toilet Extract system will be blanked off, and the 
relevant associated existing Central Station Toilet Extract Ventilation system recommissioned accordingly 
maintaining the present air flow volumes to the other areas outwith Ward 2a HOTCT area accordingly, 
albeit with a reduced total air flow duty.  The proposed new Toilet Extract Ventilation System serving 
Ward 2A HOTCT will incorporate significant sections of the existing system located within Ward 2A 
HOTCT, however it will ultimately connect to a new separate Toilet Extract Ventilation duct which will 
thereafter rise up to the new proposed 4th Floor Plant room and connect to a new duplicate Duty/Standby 
Toilet Extract Fan Units, prior to rising up to discharge through the roof above, by means of a common low 
profile Penthouse Louvre. 

Within the Ward 2A Bone Marrow Transplant area, it is proposed to essentially modify the present Air 
Handling Unit serving this area such that the existing Thermal Wheel Heat Recovery Device is removed, 
and the common interconnected opening blanked off, thereby virtually nullifying the risk of cross 
contamination between the Fresh Air Supply and the Exhaust Air Ventilation air streams.  It is anticipated 
that some of the adjacent electrical lighting modular trunking system will have to be temporarily removed 
to facilitate the removal of the existing Thermal Wheels, which it is advised by the AHU manufacturer can 
be removed in part sections.  Further proposed works to this AHU include the installation of final HEPA 
Filters (H12) on the Supply Section with F7 filters immediately upstream, to replace the existing F7/F9 
final filters presently installed.  In order to maximize the air flow of the existing Supply Ventilation System 
it is proposed to retain the existing fan unit, however upgrade the corresponding fan motor and inverter 
unit up to 11 kW, which is likely to result in a potential increase in the Air Supply Flow Volume of 
approximately 7.9%, or otherwise maintain the set existing air flow at a slightly higher system static 
pressure, which is likely to be required with an increase in the pressure drop of the new proposed final 
AHU HEPA filter unit.  It should be noted that it is not considered possible by the existing AHU 
manufacturer, to further effectively increase the performance of the existing AHU in terms of air flow/static 
pressure beyond these quoted figures, due to space restrictions within the existing AHU.     

Within the Ward 2B Day Ward area it is proposed to essentially modify the present Air Handling Unit 
serving this area such that the existing Thermal Wheel Heat Recovery Device is removed, and the 
common interconnected opening blanked off, thereby virtually nullifying the risk of cross contamination 
between the Fresh Air Supply and the Exhaust Air Ventilation air streams.  It is anticipated that some of 
the adjacent electrical lighting modular trunking system will have to be temporarily removed to facilitate 
the removal of the existing Thermal Wheels, which it is advised by the AHU manufacturer can be removed 
in part sections.  Further works to this AHU include the installation of final HEPA Filters (H12) on the 
Supply Section with F7 filters immediately upstream, to replace the existing F7/F9 final filters presently 
installed.  In order to maximize the air flow of the existing Supply Ventilation System it is proposed to 
replace the existing fan unit with a new upgraded Direct Driven Unit with a corresponding 11 kW motor 
and inverter drive unit, which is likely to result in a potential increase in the Air Supply Flow Volume of 
approximately 19%, or otherwise maintain the set existing air flow at say a slightly higher system static 
pressure, which is likely to be required with an increase in the pressure drop of the new proposed final 
AHU HEPA filter unit.  It should be noted that it is not considered possible by the existing AHU 
manufacturer, to further effectively increase the performance of the existing AHU in terms of air flow/static 
pressure beyond these quoted figures, due to space restrictions within the existing AHU. 

The above modification works in connection with the existing Ward 2A BMT and Ward 2B Day Ward Air 
Handling Units will be carried out by: 

Barkell Ltd.  
Unit 22, No 1 Industrial Estate,  
Consett, County Durham DH8 6SZ  
Contact Tel 01207 590 575  
Jamie Donald/P. Fenwick email: ahu@barkell.co.uk  

(refer to existing quotation reference Nos AS3822 Rev 00 and AS3698 Rev 2 dated 25th Jan 2019 & 26th 
Nov 2018 respectively.   
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Please note that the works in connection with the corresponding Inverter Drive and Power Supply Cable 
Upgrades will be carried out by the Specialist Controls Contractor as part of these Works. 

Part of the Ventilation Works involves a requirement to install additional Smoke Dampers, and interface 
them with all existing associated Power and Controls systems.  All necessary work in connection with 
extending or otherwise modifying the existing Smoke Damper System (including the installation of new 
Smoke Dampers and associated Controls and Power and Controls wiring will be carried out by: 

Entropic Ltd;  
Contact:  

  
 

 

365.000 PNEUMATIC TUBE SYSTEMS 

365.010   GENERAL 

Works in connection with the Pneumatic Tube Systems are all as generally detailed on the relevant 
Tender drawings and otherwise as described elsewhere within the specification and other documentation 
forming part of the Tender package. 
 

365.030 SYSTEM DESCRIPTION 

It is envisaged that the existing Pneumatic Tube System serving Ward 2A Hematoma Oncology Teenage 
Cancer Trust area, will have to be modified to suit the new proposed M&E Services layout for that area.  
It is likely that alterations to the existing Pneumatic Tube System within the Clean Utility/C. Drugs//C.Bay 
area outwith the main Ward Corridor will be of a relatively minimal nature.  Every attempt will be made to 
maintain the existing ceiling levels within the main ward areas, however this is likely to result in 
modifications to the Pneumatic Tube System pipework runs as generally detailed on the Tender 
associated drawings to allow the installation of the proposed larger Ventilation Ductwork. 

It is also envisaged that there will be modification works required to the Pneumatic Tube Systems within 
the ceiling void of the Ward 2A Corridor area adjacent to the Clean Utility/C.Drugs/C.Bay area, to facilitate 
the installation of new proposed M&E Services therein. 

It is however unlikely that any alterations will be required to the Pneumatic Tube System within the Ward 
2A Bone Marrow Transplant area due to the minimal amount of new works proposed for that area, 
although this may have to be further reviewed if other possible works for that area, that have not yet been 
fully defined, are developed. 

It is also unlikely that any modifications will be required to the Pneumatic Tube System within the Ward 2B 
Day Ward area due to the nature of the new works proposed for that area. 
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390.000    CONTROLS 
 
390.010   GENERAL 
 
The Works in connection with the Controls element of this project form part of the Mechanical Services 
Contract Works Package for QEUH Royal Hospital for Children, Glasgow. 

Further reference should also be made to the various other relevant sections of the specification for 
details of all General Preliminaries and Contract Conditions associated with the Works.  These other 
sections also provide details on the general scope of the Complete Works Package, together with 
information on the general Project Requirements. 

It is envisaged that the Mechanical Services Controls element of the works will be split into two main 
works packages. One essentially relates to the provision of a new autonomous BMS Controls System that 
serves Ward 2A Hematoma Oncology Teenage Cancer Trust area which is served from four new 
Mechanical Services Control Panels located within the new 4rth Floor Ventilation Plant Room, together 
with a Nurses Control Panel located at the Nurses’ Station within the Ward 2A Corridor.  The other 
Controls Works Package relates to modification work in connection with Existing Controls infrastructure 
services, which will have to be either altered or partly replaced to meet the specific requirements of the 
Outline Specification, which includes Power and Controls Work in connection with the modified Existing 
Air Handling Units serving Ward 2A BMT and Ward 2B Day Ward.  Other potential future works that may 
be incorporated into the Controls package as part of these works include works in connection with the new 
proposed NPVL SCH010 Room, which have not as yet been fully defined.  The Controls and associated 
Power Works in connection with the proposed NPVL SCH010 Room will be covered by a Provisional 
Sum, at this stage. 

The Control Panels will be located generally where shown on the Tender Issue drawings, however their 
precise location will be determined following detailed consideration of maintenance and general access 
requirements to all plant and equipment (and thereafter agreed with the CA in conjunction with the local 
NHS Estates Department).  The Electrical Power supplies to the new Control Panels will be provided by 
the main Electrical Services Contractor.  These will be all be taken from an appropriate Essential 
Services Power source within the Royal Hospital for Children Building.  It should be noted that each 
Mechanical Services Control Panel will be provided with an integral UPS Unit to help ensure a smooth 
change over when the Standby Ventilation Plant is energised in a power fail situation (this will allow the 
initial Duty Unit to shut down and be isolated appropriately).  A 15 kVA@ 3 minutes 3 Phase UPS unit will 
be allowed for each of the two main Ward 2A HOTCT AHU Control Panels, and a 6kVA @ 3 minutes 1 
Phase UPS will be allowed for each of the smaller Toilet/Dirty Extract Control Panels.  Connections from 
the RHC Building’s Comms Cable (WAN line) to each new Control Panel, will be carried out by others, out 
with these Contract Works.   

 

In addition to providing appropriate HVCA Controls and Power supplies from the four Ward 2A HOTCT 
Control Panels to the two new Air Handling Units and the two new Toilet/Dirty Fans and associated 
equipment housed within the new 4th floor Plant Room, C&P supplies will have to be taken to field 
mounted equipment located either within or adjacent to the various Bedrooms and other accommodation 
areas.  C&P supplies will also have to be taken to a Nurse’s Station Control Panel, located within the 
Nurse’s Station area of Ward 2A Corridor.  This new Control Panel will provide Room Pressure 
monitoring and alarm facilities for the various Bedrooms and other associated accommodation areas 
within Ward 2A HOTCT area.  Due to an increased Power requirement in the power supplies to the 
existing AHUs serving Ward 2A BMT and the Wart 2B Day Ward AHUs, an allowance will be made for 
new increased power supplies to the associated Supply Fan Motors, in addition to Controls Supplies to 
the new Filter facilities.  It is likely that other Controls and associated Power works will be required in 
connection with the new proposed NPVL SCH 010 Room within the Ward 2A BMT area, however as this 
has not been fully defined as yet, associated costs will be covered by a Provisional Sum Allowance, for 
the time being.   
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Reference should be made to other sections of this specification together with associated Tender 
Drawings for general details of all works that are to be included as part of this Contract (including 
strip-out/removal works, temporary works, etc). 

The Contract also includes for all necessary isolation, down takings and removal works in connection with 
the existing M & E Services.  The Main Contractor will also allow for all necessary down takings and 
removal works in connection with the Building Fabric, as part of this Project.   

All M&E Services systems will be installed, commissioned and set to work in full compliance with the 
requirements of the specification. All appropriate documentation required as part of these works, must be 
issued to the Client in advance of the project being officially handed over.  All critical (as determined by 
the CA) snagging or outstanding works that requires to be completed for the operation of the Ward 2A 
HOTCT, Ward 2A BMT and Ward 2B Day Ward areas covered by this Contract must be carried out 
satisfactorily prior to project handover, in order that the follow-up Client’s Validation Works can be 
progressed to suit the overall Client’s Works Programme. 

The Specialist Controls Contractor will fully assist the Mechanical Services Contractor with issues such as 
temporary shutdowns of existing Plant throughout the progress of the Contract, to meet the client’s 
precise operating requirements.    

As part of this Contract it will also be necessary for the Mechanical Services Contractor to liaise with all 
other specialist contractors and sub-contractors carrying out the works required to complete the Contract, 
including works not specifically described in detail within this particular specification, however that are 
otherwise required to complete works in connection with the Contract as a whole.  Reference should also 
be made to other Client’s Tender Documentation made available for the pricing of these works, such that 
due cognisance will be taken of these items in the preparation of the Contract Tender Cost.  There will be 
a significant Builders work element, which will be detailed elsewhere within the Contract Tender 
Documentation Package.  These works will include the forming and making good of various significant 
holes through the existing structure to facilitate the installation of the M&E Services Installations. Other 
general builders work including work in connection with the ceilings, walls and general building fabric, 
including redecoration works, will also be carried out by others outwith the Mechanical Services Works 
Package and is therefore detailed elsewhere within the Contract Tender Documentation Package.  Other 
Works of a more minor nature in connection with fixings of supports for the Mechanical Services Plant and 
equipment to the existing structure, will be carried out by the Mechanical Services Contractor. 

Following the award of the Contract any existing non-compliant issues, or matters of concern that are 
uncovered on site, should be highlighted to the Engineer/Contact Administrator at the earliest opportunity 
to allow due consideration to be made and appropriate remedial action taken. 

It is important that operation of the adjacent areas within the hospital are not unduly compromised, and it 
likely that the Local NHS Estates personnel will strive for only an absolute minimum amount of shutdowns 
over the shortest permissible periods.  These restrictions are further detailed elsewhere within the 
specification.  It should not be expected that other extended shutdown periods will necessarily be either 
granted or agreed with the NHS Estates Department, therefore every feasible attempt must be made to 
comply with these parameters.  All reasonable means will also be made to minimise the extent of on-site 
work within the Ward areas to minimise the impact the works may have on the other areas of the hospital, 
and also to help minimise the length of the Construction Programme period.  Adjacent Wards must be 
able to continue to operate throughout the progress of these contract works, in a fashion that permits the 
general proper ongoing operation of their duties with minimal impact on the patient’s or staff’s general 
comfort.  

The Mechanical Services Contractor and Specialist Controls Contractor will take full cognisance of all 
information contained within the Specification and Tender Documentation package including information 
included on all relevant Tender drawings and comply fully with all stated requirements, however due 
allowance should also be made for other equipment not specifically indicated or shown, but that is 
required for a full and complete system to enable it to perform its design task of operating and monitoring 
the complete Mechanical Services Systems and other associated equipment.    
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390.030   DESCRIPTION   

The description and operation of the new proposed M&E Services Power and Controls Systems are 
generally detailed below, to give an overall appreciation of the way the M&E Services installations operate 
and interrelate with one another. The existing Essential Services Power Systems will serve the new Ward 
2A HOTCT Ventilation Plant and associated Controls systems, such that they will continue to operate 
under general mains Power failure, or additionally if one of the Essential Services Power Cables are 
compromised in some way.  Also, if there is a failure in any component part of the main Ventilation Plant, 
a standby Ventilation Plant will be installed as part of these works, to provide back-up facilities 
automatically, within a reasonably short period of time, following Duty Plant failure. 

General reference will be made to the Controls Points Schedules and corresponding Controls Equipment 
Lists for further specific details of the Controls equipment required for each HVAC system.  It is expected 
that all control routines and staged alarm facilities will be programmed, and the necessary software 
provided to properly operate the M&E Services systems in connection with these works, and that all 
monitoring and staged alarm functions will be relayed to the existing BMS Front End. It should be noted 
that extensive use will be made of Virtual Switching/lights facilities, although there are some exceptions as 
identified within the Controls Points Schedules and the Controls Equipment Lists.  The precise location of 
all control panels will be determined on site with the agreement of the local NHS Estates Department, 
however general regard will be taken at Tender Stage of the approximate locations of the Control Panels 
as indicated on the Tender Drawings.  

All necessary Containment and Electrical Power and Controls Supplies will be provided for the new and 
existing upgraded HVAC Controls Systems and associated equipment from the various new and existing 
Mechanical Services Control (and associated Power) Panels, forming part of the Mechanical Services 
Contract.  The main Electrical Services Contractor will allow for providing new additional separate 
Electrical Power Supplies to each of the new Control Panels serving the duplicate Supply and Extract 
Ward 2A AHUs and the associated duplicate Toilet Extract fans.  These additional power supplies will be 
taken to individual isolators mounted on the wall adjacent to the proposed new Mechanical Services 
Control Panel locations within the new 4th floor Plant room.  The Specialist Controls contractor will allow 
for taking the power from these points up to the various Mechanical Services Control Panels. 

The automatic controls system will be of the DDC type comprising of an appropriate number of network 
controllers and field processing units/outstations which will be capable of stand-alone operation.  The 
FPU’s/outstations will also be fully networked such that all units may be interrogated from a portable 
operator’s terminal/keypad connected into any FPU/outstation unit. 

The Specialist Controls Contractor will provide a complete Controls and associated Power Installation that 
is fully and readily compatible with the existing installations on site, including all associated software 
provision.  And be fully responsible for fully setting the systems to work ready for final client Validation. 

The Mechanical Services Controls System serving Ward 2A Hematoma Oncology Teenage Cancer Trust 
area is essentially autonomous in nature, in that it can carry out its duties without any input from the main 
central Hospital’s BMS System, although it must be fully interfaced with the main Hospital’s BMS in such a 
way that all points can be monitored, and the various systems controlled and adjusted remotely from the 
main BMS.  Alarm conditions must also be capable of being picked up by the main central BMS Front 
End facility. It is understood the Ward 2A Controls System will be connected to a site wide BMS by means 
of an appropriate Comms Cable infrastructure system, as part of a separate Client’s Works Package. 

All necessary interlocks will also be provided with the building’s fire alarm system to meet the 
requirements of the local Fire Officer, although the wiring of such will also be carried out as part of the 
main Electrical Services Works Package. 

The new and upgraded existing Supply and Extract Air Handling Units and other associated plant and 
equipment is designed to meet all basic operational requirements of the new and upgraded facilies, 
however the precise duty performance of equipment such as Inverter Drive Units will have to be further 
adjusted as part of the commissioning process to generally meet the precise duty requirements of the 
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Pressure Cascade Ventilation System forming part of the new HVAC system serving Ward 2A HOTCT, 
together with the general requirements of the upgraded Ventilation Systems serving Ward 2A BM and 
Ward 2B.  The duplicate Standby Supply and Extract AHUs and will both incorporate single Supply and 
Extract external motors with individual Inverter Drive Units, to efficiently regulate the speed of the various 
fans to provide the correct air flow rates and room pressures for the new Ward 2A HOTCT facility.  The 
associated Ward 2A duplicate Toilet Extract Fan Units are similarly designed to meet the duty 
requirements, however further adjustment will be required to meet the precise Air Flow and room pressure 
requirements for the new HOTCT facility. 

It should be noted that the speed of the new Ward 2A HOTCT AHU Supply Fans will be regulated by means of their 
associated local individual Inverter Drive Units to maintain specific constant static pressure levels for each supply 
air system. In the event of a single motor/inverter drive failure or other significant failure in connection with the 
Duty AHU, the corresponding standby AHU will be arranged to automatically energise, with a fail alarm being 
generated.  All new Frequency Inverter drive Units will be mounted externally to the corresponding Supply 
and Extract AHU Units, to efficiently regulate the speed of the fan to provide the correct air flow and room 
pressures for the various Bedroom, etc areas.        

This will be regarded as a Critical Alarm condition which will momentarily disengage the general room low 
pressure alarms until a set time has elapsed whereby the Standby AHU will be expected to be made fully 
operational (and up to speed).  The failure of any significant plant item in connection with the Duty AHU 
(or its associated Heating/Chilled water Controls), will instigate a shutdown procedure for the associated 
Duty AHU to effectively isolate it from the general Ventilation system, which will include the closing of 
associated Ventilation Isolation Dampers, S&E Fans and corresponding Heating, Control Valves, etc., in a 
controlled and methodical manner that will avoid problematic operating issues.  The starting procedure for 
the Standby AHU will then be progressed in a sequenced manner such that the associated standby 
Heating and Cooling Valves will energise, and the corresponding Ventilation Isolation Dampers will open 
and engage the associated end switches, to allow the main Standby Supply Air Fan to ramp up to the 
appropriate speed and stabilise under control of its corresponding Air Pressure Sensor. 

Three stages of air filtration will be provided for the new Ward 2A HOTCT duty and standby Supply AHUs, 
and Single stage air filtration will be provided for the new Ward 2A HOTCT duty and standby Extract 
AHUs; Primary Filtration (M5) will be provided within the Supply AHUs prior to the Heat Recovery Coil 
(M5) and further F9 and HEPA filtration will be provided at the end of the Supply AHUs, and Primary 
Filtration (M5) will also be provided prior to the Heat Recovery Coil on the Extract AHUs, all as generally 
indicated on the Tender Drawings.  The pressure drops across all filters units will be individually 
monitored by Differential Pressure Sensors to provide an indication of their individual operating condition 
and trigger an alarm when the corresponding pressure drops approach their associated desired terminal 
operating limits. 

New Motorised Control Dampers will be provided on the both the intake and discharge side of the various 
new duty and standby Supply and Extract AHUs and Toilet Extract Fans as generally indicated on the 
Tender Drawings, to effectively close all appropriate Intake and Discharge Dampers on each 
corresponding AHU or Extract Fan when they are de-energised.  This facility may also be used to help 
isolate the Ventilation Plant for general maintenance purposes including possible plant cleaning.  The use 
of non-electric backdraught dampers may also be considered in the future to decrease the Changeover 
Time if deemed acceptable by the client.  The corresponding Fan Units will be prevented from operating 
when their corresponding dampers are not properly opened (and the end switches made). 

Frost Control routines will be incorporated where required into the controls software system that provide 
multi-level protection against Coil/pipework freezing, and other potentially problematic low temperature 
events.  Frost Coils will be provided for each new duplicate Supply AHU, which are designed to provide 
an off coil condition of 5oC db with an external design temperature of -10oC/sat, although consideration 
may be given to dropping the off-coil temperature slightly; perhaps around 3°C following general 
agreement from the local NHS Estates Department, to maximise the heat pick-up from the downstream 
Heat Recovery Coil.  Frost Thermostats will also ensure the Heating Valve opens during Frost Conditions 
on a proportional basis.  A pipeline mounted Police Sensor will ensure hot water is circulated through the 
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Frost Coils when required at low temperature conditions, prior to allowing the corresponding Supply Fans 
to operate.  The new duplicate Ward 2A HOTCT Supply and Extract AHUs also both incorporate Run 
around Coil Heat Recovery Systems incorporating a single Circulating Pump and a corresponding 3-port 
Control Valve, as part of a packaged Run Around Coil Heat Recovery Unit provided by the AHU 
manufacturer/supplier.  The Heat Recovery Coils will be designed to raise the Supply Air temperatures up 
to a minimum of approximately 13OC at the external Winter design temperatures, or up to approximately 
18oC where the external temperatures are higher, however not when Cooling is required.   Additional 
Control and monitoring facilities will be provided for the Ward 2A HOTCT AHU and Toilet Extract Control 
Systems, as generally indicated on the Tender Drawings.  A sequenced Heating facility will be provided 
to meat the Heat demands of the space as economically as possible, however the Primary Frost Coil must 
not be prevented from ensuring that the off-coil temperature is no less than a set minimum value (which 
has notionally been set at 5oC at design stage.  It is also important that when there is a cooling demand in 
the space that the supply air temperature is not unnecessarily raised to a temperature where it has to be 
thereafter lowered by the Cooling Coil within the Supply AHU.  The Heating output of the Heat Recovery 
Coil may have to be regulated by diverting Heating Water from the H/R Coil.  A transitional stage will be 
incorporated where the Heat Recovery Device is effectively isolated when full use is to be made of free 
Cooling to meet the Cooling Demand of the space.  When the external temperature thereafter rise to an 
exceptionally high value the Controls system will allow effective and controlled Pre-Cooling to take place 
at the Heat Recovery Device operating in reverse.  When Cooling is otherwise required from the Chilled 
Water Cooling Coil It will be arranged for it to lower the Supply Air temperature from 28oC db/19.5oC wb to 
approximately 14.5oC db/13.5oC wb, when it may thereafter pick up approximately 1.5oC in sensible gain 
thereafter, prior to supplying air to the various accommodation areas. 

The Heating and Cooling output of the corresponding Heating, Heat Recovery and Cooling Coils will be 
regulated by altering the position of a corresponding Control Valves mounted on the associated pipework 
systems serving the Coils.  The various Heating, Heat Recovery and Cooling Coils will operate under the 
dictates of their corresponding duct mounted temperature sensors mounted downstream of the various 
Coils with appropriate input from other Room and Duct mounted Temperature Sensors to fully evaluate 
the Heating and Cooling load requirements.   

Appropriate Reheat will also be made possible from the following main Heater Battery where required, if 
specific dehumidification is required due to high humidity levels detected within the general Return Air 
Duct from the accommodation areas.  The Heating and Cooling Coils will be capable of being controlled 
to provide a sliding dew point control for limiting the upper humidity levels whilst at the same time 
providing close db temperature control of the Supply Air.  It should be noted that if the Heat Recovery 
System fails for some reason, the Main Heating Coil is designed such that it will still be able to raise the 
Supply Air Temperature within the Air Handling Unit to at least 18oC at the external Winter design 
temperature of -10oC/saturated.  When there is a general heating load requirement within the Ward 2A 
areas the various LTHW Re-Heater Batteries will operate under the dictates of their various local Room 
Temperature Sensors to meet the heating demands of their respective rooms, by the automatic 
adjustment of the various corresponding local Heating Control Valves.  It will be possible to adjust the 
Room Temperatures set point value for the various Bedroom, etc areas by means of limited adjustment 
locally of the local Room temperature controller units (although limits to this will be set by the local BMS 
System to avoid indiscriminate tampering).  Cooling to the various Bedroom, etc areas is provided by 
Central Cooling with input from the local Room Temperature Sensors.  It is however important that the 
Cooling provision will be carried out as economically as possible, with the air flow volumes having been 
adjusted slightly to cater for the various different room cooling loads of the various rooms concerned.  It is 
however acknowledged that some re-heating will be required in certain circumstances especially if close 
temperature control is desired within the various temperature controlled Bedrooms, etc., however the 
facility of building in some flexibility with the acceptable range of room temperatures will be built into the 
Controls Software to help minimise wasteful re-heat. 

It is assumed that the existing Central Chilled Water Cooling System operates the associated existing 
Chiller Units in a stepped manner where appropriate, to meet the varying Cooling Load requirements.  
throughout the year and vary the corresponding Chilled Water flow rates accordingly.  It is also 
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understood that the existing Chilled Water system essentially operates essentially at constant Chilled 
Water Flow and Return design temperatures of approximately 8°C flow and 14°C return.  

The two new main AHUs serving Ward 2A HOTCT area are provided with individual Run-Around-Coil 
Heat Recovery Systems incorporating a Circulating Pump, 3-Port Control Valve, Temperature Sensors, 
etc which should be provided in a general kit form on a rig, by the AHU manufacturer.   The Heat 
Recovery Systems will both be provided with automatic water make-up facilities in the form of a 
Pressurisation Unit, all located within the new 4th Floor Plant Room.    

Air Flow Static Pressure sensors will be installed downstream of the various Supply and Extract Fans 
(final location of the pressure sensors will be determined on site).  Additional corresponding differential 
pressure switches will otherwise prove the general satisfactory operation of the Supply Fan.  Any 
significant issues relating to air flow will initially raise a first stage alarm on the BMS and thereafter be 
capable of shutting down the associated Ventilation System at a pre-set condition. 

A Digital Electronic Differential Pressure Monitoring and display system will be provided to record the 
differential air pressure across the various Bedroom/Corridor, Play Room/Corridor and Contingency 
Room/Corridor compartments within the Ward 2A HOTCT areas.  The individual room Air Pressure 
Monitoring Devices will be located within the ceiling voids immediately adjacent to each of the 
corresponding Pressure Controlled Rooms.  Each Air Pressure Monitoring Device will be connected to 
two ceiling mounted Air Probes (c/w Stainless Steel Facia Plates) by means of appropriately coloured 
PVC Tubing.  A pair of Air Probes will be provided for each Pressure Controlled Room, with one being 
mounted on the ceiling of the Pressure Controlled Room and the other on the ceiling of the adjacent 
Corridor.  Individual Stainless Steel (recessed facia plate) Digital Pressure Display Units will be provided 
for each pressure controlled room, to be mounted on the wall of the adjacent Corridor to the Pressure 
Controlled Room.  The DPDUs will be designed to show the original design room pressures/pressure 
differentials and the corresponding actual room pressures/pressure differentials with a clear indication of 
any deviations.  Time related alarm signals will be generated to indicate either unacceptable long term or 
short term deviations, which will be clearly identified on a Colour HMI Display Unit mounted on the facia of 
the local Nurses Station Control Panel.  An historical logging facilitiy will be provided to record ongoing 
pressure conditions and alarm events for all DPDUs, which will be housed within the Stainless Steel 
Nurses Control Panel.  The capacity for event recording and time intervals for pressure recording will be 
proportionally similar to the existing facility provided for Ward 2A BMT area, which is expected to cover a 
period of approximately 14 months.  A 24 hr battery back-up provision will be provided for the Pressure 
logging facility, with an indication lamp showing mains power failure. 

All necessary power supplies for the will be taken from the local KNX small Power supply Network. 

In addition to the Controls and associated Power installations in connection with the upgraded Ward 2A 
HOTCT area, there is a requirement to modify the existing Controls and associated Power installations in 
connection with the alteration to the existing Ward 2A Bone Marrow Transplant and Ward 2B Day Ward 
Air Handling Units, where the existing Thermal Wheel Units will be removed and the existing F7/F9 Bag 
filters replaced with new final F7 Bag Filters and H12 HEPA Filters immediately downstream.  Individual 
monitoring of each filter will be required by means of differential Pressure Sensors, to accurately assess 
the requirement for the replacement of each individual filter, as the replacement or cleaning periods of 
both will vary significantly.  The Specialist Controls Contractor will also be responsible for the provision of 
new upgraded Inverter Drive Units for the two upgraded AHU Supply Fan Motor concerned, together with 
the necessary upgrading of the corresponding Power Supplies to the Inverter Drive Units and the new 
associated upgraded Supply Fan Motors.  Work in connection with making good the existing Controls 
associated with the proposed removal of the Thermal Wheels should also be allowed for.  It should be 
noted that the general refurbishment works in connection with the two existing AHUs, will be carried out by 
the original AHU manufacturer (Barkell Ltd – refer to Ventilation section of the Particular Specification for 
further details).                    

The provision for monitoring the various Air/Water Temperatures, Pressures Humidifies and alarm events 
will be recorded on the main BMS Front End facility for the building.  Corresponding Sensors and other 
Controls Devices will be also be provided where indicated on either the Tender Drawings or where 
additionally noted on the following Controls Schedules below:  
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    BUILDING MANAGEMENT SYSTEM 
 
1. General: 
 
All Automatic Controls works will be carried out by an NHS approved Specialist Controls Contractor, who 
must also comply with the following requirements. 
The Building Management System (BMS) will be designed to control and monitor the complete HVAC 
Controls system. 

The new controls will be fully BACnet compliant and truly fully open protocol. All new installed controls 
systems will be capable of sitting on and fully interfacing with the client’s BOWS (BACnet Operator Works 
Station). 
Each project must be incorporated into the current BMS system architecture within the hospital or NHS 
facility concerned. Due care and attention must be taken when connecting to the sitewide Ethernet 
network. The Specialist Controls Contractor must arrange meetings and otherwise properly liaise with the 
Works Contractor together with the appropriate local NHS IT Department to ascertain the relevant IP 
Addresses, etc. 
The products being supplied as part of this contract must be approved through ASHRAE and BacNet 
Testing Laboratory (BTL) and this must be evidenced prior to the Controls Contract being awarded. The 
products being supplied must have the BTL trademark together with the relevant BacNet logo. 
The nomenclature or naming convention to be used within the engineering strategy is to follow the IES 
naming strategy carried out previously on the QEUH Royal Hospital for Children Site. Full details are 
available by contacting IES direct. 
Cognisance must be taken to ensure the following under listed tasks are carried out prior to, during, and 
after project completion: 
 
2. Network Architecture Drawing: 
 
NHS Energy Team (and on some sites the Hospital Estate Officers) are in possession of a 
Boardwide/Sitewide system architecture schematic drawing. This drawing MUST be updated with any new 
or modified projects immediately following completion of the project. Items to be detailed on this drawing 
are: 
➢ Controls Contractor Name & Address 
➢ Project Ref No. 
➢ Project Description 
➢ Project Location 
➢ Controllers Utilised 
➢ Spare Point Identification & Quantity 
➢ Network IP Address 

 
3. Conformity Document 
 
Prior to the engineering of the project software, a Conformity Document will be produced/shared and 
tabled at a meeting with the relevant project/estate officer/energy manager. The purpose of this document 
is to maintain the agreed format of works/graphics/settings etc for each new project installed on the site.  

On completion of the project, this document will be signed by the Controls Contractor, NHS Energy 
Manager and the Site NHS Estates Manager (on the assumption that all information is correct, and works 
have been carried out to an acceptable standard).  

All nomenclature within the control strategies will be in the IES agreed format to allow for future monitoring 
of set points etc. 
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This document will confirm and highlight the following: 

➢ Graphical Representations – Font colour, size, format etc 
➢ Project Ref No, Description, IP Address, Location on Network, etc 
➢ Time Schedules, Setpoints, Values, Limits, Alarm Levels etc 
➢ All points utilised and associated units of measurement, etc. 

 

4. Description of Operation Document (Des Ops) 
 
A Des Ops is to be supplied, which will describe the operation of the plant/equipment under the control’s 
strategy. This Des Ops will be agreed with the on-site Estates Operational team together with the relevant 
Energy Manager. It will be described in laymen’s terms and have any associated drawings in place to 
support the Des Ops. 
 
5. Operating & Maintenance Documentation 

 
On completion of any project or modification, an Operating & Maintenance manual will be produced and 
issued to the relevant Estate Officer. This manual will consist of the following items/sub-sections: 

➢ Complete set of Controls/Control Panel As-Fitted drawings; 
➢ Full description of operations (as previously agreed with Estate Officers/Consultants); 
➢ Full listing of data sheet documentation (associated with each item of equipment utilised on the 

project); 
➢ Commissioning Report (detailing all setpoints, alarm levels, time schedules, etc) 
➢ Full set of software drawings and back-up of same (memory stick to be handed over with 

Operating & Maintenance Manual); 
➢ Conformity Document (as detailed previously); 
➢ DesOps Document; 
➢ Graphical print out of all associated graphical representations shown on the BMS Command 

Centre(s). 
 
 
 
 
 
 
 
 
 
 
 
 
6. Naming Convention 
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The tenderer must provide consistency of approach through consistent nomenclature in their tender 
return.  Please refer to naming convention below for guidance.  NHS GG&C will work with the successful 
bidder to ensure that an agreed naming convention is used post-award. 

 
The naming convention template is identified below:  

BMS NAMING CONVENTION 
   

Plant/Software Point Datalog Name IES TAGS 

    
Temperature Sensor DhwPheDuty1FlowTemp #Temp #heatExchanger #flow 

Enable DhwPheEnable 
#enable #domestic # enable 
#heatExchanger 

PHE Output DhwPheSignal #run #domestic # heatExchanger 
Temperature Sensor DhwPheDuty2FlowTemp #Temp #heatExchanger #flow 
PHE Output DhwPheSignal #run #domestic #heatExchanger 
Enable DhwPheEnable #enable #domestic #heatExchanger 
Temperature Sensor DhwPheStandbyFlowTemp #Temp #heatExchanger #domestic 
Enable DhwPheEnable #domestic #heatExchanger #enable 
PHE Output DhwPheSignal #run #domestic #heatExchanger 
Temperature Sensor DhwsCommonFlowTemp #Temp #domestic #flow 
Temperature Sensor DhwsCommonReturnTemp #Temp #domestic #return 
Temperature Sensor ColdWaterSupplyTemp #Temp #water 
Enable DhwsSecPumpEnable #Temp #domestic #enable 

   
   

Example or Spelling 
Errors Common Name IES TAGS 

Boiler 01 Flow Setpoint Boiler 01 Flow SP #Boiler #Flow #SP #heat 
Boiler 02 Flow stpt Boiler 02 Flow SP #Boiler #Flow #SP #heat 
Boiler 03 Flow SP Boiler 03 Flow SP #Boiler #Flow #SP #heat 
Boiler 04 Flow sp Boiler 04 Flow SP #Boiler #Flow #SP #heat 

   
Notes:   
1.  Common Name does not need to use precisely the same text, however it still needs to 
allow for enough flexibility to differentiate between points on-site i.e. Boiler 01, 02, 03, 04  

2.  Common Name should contain enough key word text (without spelling errors) that allow 
the manual or automatic generation of #Tags. 

3.  Manual Tagging can be time consuming and is easy to miss all eventualities. So 
automated Tagging derived from Point Name is preferred option, but point name needs to be 
considered from outset. 

   

I 
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7. Command Centre and Web Server 
 
On completion of new (or modified) works, each Command Centre on the network (together with the 
associated Web Server) must be updated in line with the latest software. Due care and attention must be 
taken such as not to hinder the operation of ongoing projects when updating these PC’s. Estate Officers 
must be notified of any updates taking place in order to make them aware of any access issues raised by 
End Users during this time. 

 
8. Design Engineering 

 
Prior to works commencing on the software design for each project, the Controls Contractor must liaise 
with either the Design Consultant or the relevant Energy Manager/Estates Officer (depending on the 
design responsibility). The Controls Contractor will obtain the relevant information from this meeting in 
order to commence with the software design for the project. This design will also form part of the 
Operating & Maintenance document and will also be incorporated within the Conformity Document. 

 

9. Control Panel Types 
 
Where new control panels serve power to motive equipment (such as pumps, fans etc), these panels will 
be of the Form 2 type (power/control sections). This will allow access to be gained to the control section of 
the control panel without the need for isolating the power distribution section. In the case where new BMS 
controllers are purely replacing existing controllers, then a single enclosure will be acceptable. Normally, 
the power supply serving this single enclosure will be installed by the Estates Department. 

 
10. Graphics 
 
All new graphical displays created for installation onto the Command Centres and Web Server will follow 
the standard of the current graphics already installed eg: 

➢ Air Filter Displays: In all cases, Differential Pressure Sensors will be installed in lieu of Differential 
Pressure Switches; this will enable the graphical representation to show a ‘traffic light’ indication 
system. Whereby, Green will show a clean filter, Amber will show a filter nearing the change period 
& Red will show a filter dirty. 

➢ Valve Actuators: In all cases, where the percentage open of a valve is displayed, it will take the 
form of a fill box (Blue for Chilled Water and Red for Hot Water). 

➢ Pump Trip Conditions: These will be shown as a flashing Red trip indication when activated. 
 
11. Demonstration/Training 
 
Following completion of new/modified projects, the Controls Contractor will carry out a full demonstration 
of the new BMS equipment and plant interfaces to both the consultant and relevant Energy 
Manager/Estates Officer. Demonstrations of how to interact with the graphical displays via the Command 
Centres will also be reviewed as required. 
 
12. Alarm Handling & Notification 
 
Meetings are required to be arranged with the Design Consultant and/or the Energy Manager/Estates 
Officers in order to ascertain the alarm requirements for particular projects. Further to this meeting, the 
Controls Contractor will detail all relevant alarms on the Conformity Document, which will then be 
reviewed and signed off by the Site Estates Manager & the Energy Manager. 
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13. Data Logging & Archiving 
 
Data logging will be set up to incorporate all software points for daily archiving, then prepared for 
exporting into Open Building Information Exchange (oBIX) files. Files will automatically be transmitted to 
the Client’s central B-OWS and also to an outgoing Email account. 

 
     

WARD 2A HOTCT AHU 1 SYSTEM 
 

CONTROL PANEL 
 

Supply and erect a wall mounting enclosure having split power and control 
sections sized overall approximately 1200mm high x 600mm wide x 260mm deep 
each section having dust tight lockable access doors and finished externally with 
structure powder paint light grey RAL7035. 

 

POWER DISTRIBUTION 
1 TP&N Main Isolator – Door Interlocking – 4 Pole 
1 TP & N Mains Distribution Block 
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SUPPLY UNIT  
1 TP MCB 
1 Variable Speed Drive – Located adjacent to fan 
6 Control Relays 
1 Run Lights 
1 Trip Lights  
1 Duct Frost Trip Light 
3 Filter Dirty Lights 
1 Off/On/Auto Switch 

 
EXTRACT FANS 
1 TP MCB’s 
1 Variable Speed Drive – Located adjacent to fan 
2 Control Relays 
1 Run Lights 
1 Fault Lights 
1 Off/On/Auto Switch 

 
CONTROLS 

1 BMS Outstation – Refer to Points Schedule for Details 
1 Network Controller 
1 System Access & Display Panel 
1 Socket Outlet – Service Engineers Equipment 

   1 230/24 Volt Transformer  
   3 Control Circuit MCB’s 
   1 Building Fire Alarm Circuit Relay 
   1 Common Fault Light 
   1 Panel Live Light 
                                 1           Control Circuit Live Light 
 

PANEL WIRING & LABELLING SPECIFICATION 
All of the above to be prewired in colour coded LSF cables with all outgoing 
cables terminating at a Klippon terminal strip.  Cable ends to be identified by 'Z' 
type cable markers and all equipment to be identified using ivorine designation 
labels. 
All lights and switches specified are to be virtual with the exception of common 
fault and panel live lights and are to be viewed and accessed via the System 
Access & Display Panel. 

 
AUTOMATIC CONTROLS 
Supply and erect the following automatic controls (pipeline mounted equipment to 
be handed to BS Contractor for fitting). 

 
SUPPLY UNIT  

   1  Variable Speed Drive – Located adjacent to fan 
   1 Air Flow Proving Switch (DPS) 
   3 Filter Differential Pressure Sensors (including a HEPA 
    unit) 
   4 Damper Actuators c/w Auxiliary Switches 
   1 Duct Frost Thermostat 
   4 Motorised Control Valves (40/40/50/65mm dia)  
   5 Duct Temperature Sensors 
                                       1           Duct Frost Stat 
   1 Immersion Police Temperature Sensor 
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               1           Air Static Pressure Sensor 
 
   EXTRACT UNIT 
   1 Variable Speed Drive – Located adjacent to fans 
   1 Air Flow Proving Switch 
                                       1           Filter Differential Pressure Sensor 
                                       1           Duct Temperature Sensor 
                                    
                                       1           Duct Temperature/RH Sensor 
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  1           Air Static Pressure Sensor 
 
 
 
 
 
WARD 2A HOTCT AHU 1 BMS OUTSTATION POINTS SCHEDULE 
 
Software programme the following inputs /outputs: 
  

PLANT DO DI AO AI 
SUPPLY UNIT     
Fan Motor – Enable/Status/Control 1 2 1  
Fresh Air Supply Pre Filter Differential Pressure Sensor – Status 1   1 
Supply Air Secondary Filter Differential Pressure Sensor – Status 1   1 
Supply Air HEPA Filter Differential Pressure Sensor – Status 1   1 
Fresh Air & Supply Air Dampers – Enable/Status 4 4   
Duct Frost Thermostat – Status  1   
Pre-heater Battery Motorised Control Valve   1  
Cooling Battery Motorised Control Valve   1  
Re-heater Battery Motorised Control Valve   1  
Supply Duct Temperature Sensors (2 No Heating, 1 No Cooling & 1 No FA)    4 
Immersion Return Temperature Sensor    1 
Air Flow Proving Switch - Status (DPS) 

 
1 

 
 

Supply Duct Static Pressure Sensor 1   1 
HR (RAC) System Package 1 2 1  
Heat Recovery Duct Control Temperature Sensor    1 
HR System Pressurisation Unit-Status  1   
EXTRACT UNIT      
Fan Motor – Enable/Status/Control 1 2 1  
Air Flow Proving Switch (DPS)  1   
Extract Duct Static Pressure Sensor  1   1 
Filter Differential Pressure Sensor 1   1 
Dampers – Enable/Status 3 3   
Extract Duct Temperature Sensor    1 
Duct Temperature/RH Sensor    2 
SAFETY     
Building Fire Alarm Circuit - Status  1   

TOTAL POINTS C/F 20 22 12 20 
 
                                                
 
 ELECTRICAL INSTALLATION 
Carry out the electrical installation using LSF insulated cables, screened where necessary run within a 
galvanised trunking and conduit containment system.  Cables would terminate at local isolators/junction 
boxes where required with final connections to equipment being made using flexible conduit c/w glands 
and earth wires. 
 
PLANT WIRING 
Wire from the panel to the following. 
   1 Supply Fan Motor – Via Variable Speed Drive 
   1 Extract Fan Motor – Via Variable Speed Drive 
   2 Air Flow Proving Switches (DPS) 
                                       2           Duct Static Pressure Sensors   
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   4 Filter Differential Pressure Sensors 
   7 Damper Actuators 
   4 Motorised Control Valves (for Heating, Cooling & Heat 
    Recovery) 
   1 Nurse’s Control Panel 
   1 Immersion Temperature Sensor 
   1 Duct Temperature/RH Sensor 
   1 Duct Frost Thermostat 
   5 Duct Temperature Sensors 
   1 Heat Recovery System 
                                       1           HR System Pressurisation Unit 

1  AHU Lighting Circuit 

                                       1           Smoke Damper Panel Interface 
 
                                               
WARD 2A HOTCT AHU 2 SYSTEM 
 
CONTROL PANEL 
 
Supply and erect a wall mounting enclosure having split power and control sections sized overall 
approximately 1200mm high x 600mm wide x 260mm deep each section having dust tight lockable access 
doors and finished externally with structure powder paint light grey RAL7035. 
 
  POWER DISTRIBUTION 
  
  1 TP&N Main Isolator – Door Interlocking (4 Pole) 

1 TP & N Mains Distribution Block 
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SUPPLY UNIT  
1 TP MCB 
1 Variable Speed Drive – Located adjacent to fan 
6 Control Relays 
1 Run Lights 
1 Trip Lights  
1 Duct Frost Trip Light 
3 Filter Dirty Lights 
1 Off/On/Auto Switch 

 
EXTRACT FANS 
1 TP MCB’s 
1 Variable Speed Drive – Located adjacent to fan 
2 Control Relays 
1 Run Lights 
1 Fault Lights 
1 Off/On/Auto Switch 

 
CONTROLS 

1 BMS Outstation – Refer to Points Schedule for Details 
1 Network Controller 
1 System Access & Display Panel 
1 Socket Outlet – Service Engineers Equipment 

  1 230/24 Volt Transformer  
  3 Control Circuit MCB’s 
  1 Building Fire Alarm Circuit Relay 
  1 Common Fault Light 
  1 Panel Live Light 
              1           Control Circuit Live Light 
 

PANEL WIRING & LABELLING SPECIFICATION 
 
All of the above to be prewired in colour coded LSF cables with all outgoing 
cables terminating at a Klippon terminal strip.  Cable ends to be identified by 'Z' 
type cable markers and all equipment to be identified using ivorine designation 
labels. 
All lights and switches specified are to be virtual with the exception of common 
fault and panel live lights and are to be viewed and accessed via the System 
Access & Display Panel. 

 
AUTOMATIC CONTROLS 
 
Supply and erect the following automatic controls (pipeline mounted equipment to 
be handed to BS Contractor for fitting). 

 
SUPPLY UNIT  

   1  Variable Speed Drive – Located adjacent to fan 
   1 Air Flow Proving Switch (DPS) 
   3 Filter Differential Pressure Sensors (including a HEPA 
    unit) 
   4 Damper Actuators c/w Auxiliary Switches 
   1 Duct Frost Thermostat 
   4 Motorised Control Valves (40/40/50/65mm dia)  
   5 Duct Temperature Sensors 
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                                       1           Duct Frost Stat 
   1 Immersion Police Temperature Sensor 
               1           Air Static Pressure Sensor 
 
   EXTRACT UNIT 
   1 Variable Speed Drive – Located adjacent to fans 
   1 Air Flow Proving Switch 
                                       1           Filter Differential Pressure Sensor 
                                       1           Duct Temperature Sensor 
                                       1           Duct Temperature/RH Sensor 

  1           Air Static Pressure Sensor 
 
 
 
WARD 2A HOTCT AHU 2 BMS OUTSTATION POINTS SCHEDULE 
 
Software programme the following inputs /outputs: 
 

PLANT DO DI AO AI 
SUPPLY UNIT     
Fan Motor – Enable/Status/Control 1 2 1  
Fresh Air Supply Pre Filter Differential Pressure Sensor – Status 1   1 
Supply Air Secondary Filter Differential Pressure Sensor – Status 1   1 
Supply Air HEPA Filter Differential Pressure Sensor – Status 1   1 
Fresh Air & Supply Air Dampers – Enable/Status 4 4   
Duct Frost Thermostat – Status  1   
Pre-heater Battery Motorised Control Valve   1  
Cooling Battery Motorised Control Valve   1  
Re-heater Battery Motorised Control Valve   1  
Supply Duct Temperature Sensors (2 No Heating, 1 No Cooling & 1 No FA)    4 
Immersion Return Temperature Sensor    1 
Air Flow Proving Switch - Status (DPS) 

 
1 

 
 

Supply Duct Static Pressure Sensor 1   1 
HR (RAC) System Package 1 2 1  
Heat Recovery Duct Control Temperature Sensor    1 
HR System Pressurisation Unit-Status  1   
EXTRACT UNIT      
Fan Motor – Enable/Status/Control 1 2 1  
Air Flow Proving Switch (DPS)  1   
Extract Duct Static Pressure Sensor  1   1 
Filter Differential Pressure Sensor 1   1 
Dampers – Enable/Status 3 3   
Extract Duct Temperature Sensor    1 
Duct Temperature/RH Sensor    2 
SAFETY     
Building Fire Alarm Circuit - Status  1   

TOTAL POINTS C/F 20 22 12 20 
 
                        ELECTRICAL INSTALLATION 

Carry out the electrical installation using LSF insulated cables, screened where 
necessary run within a galvanised trunking and conduit containment system.  
Cables would terminate at local isolators/junction boxes where required with final 
connections to equipment being made using flexible conduit c/w glands and earth 
wires. 
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PLANT WIRING 

  Wire from the panel to the following. 
  1 Supply Fan Motor – Via Variable Speed Drive 
  1 Extract Fan Motor – Via Variable Speed Drive 
  2 Air Flow Proving Switches (DPS) 
                         2           Duct Static Pressure Sensors   
  4 Filter Differential Pressure Sensors 
  7 Damper Actuators 
  4 Motorised Control Valves (for Heating, Cooling & Heat Recovery) 
  1 Nurse’s Control Panel 
  1 Immersion Temperature Sensor 
  1 Duct Temperature/RH Sensor 
  1 Duct Frost Thermostat 
  5 Duct Temperature Sensors 
  1 Heat Recovery System 
                          1          HR System Pressurisation Unit 

1   AHU Lighting Circuit 
1  Smoke Damper Panel Interface 

 
WARD 2A HOTCT TEF 01 SYSTEM 
 

CONTROL PANEL  
Supply and erect a wall mounting enclosure having split power and control 
sections sized overall approximately 600mm high x 400mm wide x 210mm deep 
each section having dust tight lockable access doors and finished externally with 
structure powder paint light grey RAL7035. 

 

POWER DISTRIBUTION 
  1 SP&N Main Isolator – Door Interlocking (Double Pole) 

1 SP & N Mains Distribution Block 
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EXTRACT FAN 
1 SP MCB 
1 Soft Start Unit – Located adjacent to fan 
1 Control Relay 
1 Run Light 
1 Trip Light  
1 On/Off/Auto Switch 

 
CONTROLS 

1 BMS Outstation – Refer to Points Schedule for Details 
1 System Access & Display Panel 
1 Socket Outlet – Service Engineers Equipment 

  1 230/24 Volt Transformer  
  3 Control Circuit MCB’s 
  1 Building Fire Alarm Circuit Relay 
  1 Common Fault Light 
  1 Panel Live Light 
                          1           Control Circuit Live Light 
  

PANEL WIRING & LABELLING SPECIFICATION 
All of the above to be prewired in colour coded LSF cables with all outgoing 
cables terminating at a Klippon terminal strip.  Cable ends to be identified by 'Z' 
type cable markers and all equipment to be identified using ivorine designation 
labels. 
Note:  All lights and switches specified are to be virtual with the exception 
of common fault and panel live lights and are to be viewed and accessed via the 
System Access & Display Panel. 
 
AUTOMATIC CONTROLS 
Supply and erect the following automatic controls (pipeline mounted equipment to 
be handed to BS Contractor for fitting). 

 
EXTRACT FAN 

  1 Soft Start Controller – Located adjacent to fan 
  1 Air Flow Proving Switch 
              1           Air Static Pressure Sensor 
  
WARD 2A HOTCT TEF 01 SYSTEM BMS OUTSTATION POINTS SCHEDULE 
 

 Software programme the following inputs /outputs  
PLANT DO DI AO AI 

     
EXTRACT FAN (TEF 01)     
Motor – Enable/Status/Control 1 2 1  
Air Flow Proving Switch – Status  1   
Duct Static Pressure Sensor 1   1 
Dampers – Enable/Status 2 2   
     
SAFETY      
Building Fire Alarm Circuit – Status   1   
     

TOTAL POINTS ALLOCATED 4 6 1 1 
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   ELECTRICAL INSTALLATION 

Carry out the electrical installation using LSF insulated cables, screened where 
necessary run within a galvanised trunking and conduit containment system.  
Cables would terminate at local isolators/junction boxes where required with final 
connections to equipment being made using flexible conduit c/w glands and earth 
wires. 

 
PLANT WIRING 

  Wire from the panel to the following. 
  1 Extract Fan – Via Soft Start Controller 
  1 Air Flow Proving Switch 
             1          Duct Static Pressure Sensor 

2 Damper Actuators 

                        1           Smoke Damper Panel Interface 
 
 
WARD 2A HOTCT TEF 02 SYSTEM 
 

CONTROL PANEL  
Supply and erect a wall mounting enclosure having split power and control 
sections sized overall approximately 600mm high x 400mm wide x 210mm deep 
each section having dust tight lockable access doors and finished externally with 
structure powder paint light grey RAL7035. 

 

POWER DISTRIBUTION 
  1 SP&N Main Isolator – Door Interlocking (Double Pole) 

1 SP & N Mains Distribution Block 
 

EXTRACT FAN 
1 SP MCB 
1 Soft Start Unit – Located adjacent to fan 
1 Control Relay 
1 Run Light 
1 Trip Light  
1 On/Off/Auto Switch 

 
CONTROLS 

1 BMS Outstation – Refer to Points Schedule for Details 
1 System Access & Display Panel 
1 Socket Outlet – Service Engineers Equipment 

  1 230/24 Volt Transformer  
  3 Control Circuit MCB’s 
  1 Building Fire Alarm Circuit Relay 
  1 Common Fault Light 
  1 Panel Live Light 
                           1           Control Circuit Live Light 
  

PANEL WIRING & LABELLING SPECIFICATION 
All of the above to be prewired in colour coded LSF cables with all outgoing 
cables terminating at a Klippon terminal strip.  Cable ends to be identified by 'Z' 
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type cable markers and all equipment to be identified using ivorine designation 
labels. 
Note:  All lights and switches specified are to be virtual with the exception 
of common fault and panel live lights and are to be viewed and accessed via the 
System Access & Display Panel. 
 
AUTOMATIC CONTROLS 
Supply and erect the following automatic controls (pipeline mounted equipment to 
be handed to BS Contractor for fitting). 

 
EXTRACT FAN 

  1 Soft Start Controller – Located adjacent to fan 
  1 Air Flow Proving Switch 
              1           Air Static Pressure Sensor 
  
WARD 2A HOTCT TEF 02 SYSTEM BMS OUTSTATION POINTS SCHEDULE 
 

 Software programme the following inputs /outputs  
PLANT DO DI AO AI 

     
EXTRACT FAN (TEF 01)     
Motor – Enable/Status/Control 1 2 1  
Air Flow Proving Switch – Status  1   
Duct Static Pressure Sensor 1   1 
Dampers – Enable/Status 2 2   
     
SAFETY      
Building Fire Alarm Circuit – Status   1   
     

TOTAL POINTS ALLOCATED 4 6 1 1 
 
 
   ELECTRICAL INSTALLATION 

Carry out the electrical installation using LSF insulated cables, screened where 
necessary run within a galvanised trunking and conduit containment system.  
Cables would terminate at local isolators/junction boxes where required with final 
connections to equipment being made using flexible conduit c/w glands and earth 
wires. 

 
PLANT WIRING 

  Wire from the panel to the following. 
  1 Extract Fan – Via Soft Start Controller 
  1 Air Flow Proving Switch 
              1           Duct Static Pressure Sensor 

2 Damper Actuators 

                          1           Smoke Damper Panel Interface 
  
PRESSURE MONITORING SYSTEM 
The new Pressure Monitoring System will be designed to measure air pressures within the various rooms 
covered together with pressure differentials across the various Bedroom-Ward Corridor, Bedroom-TCT 
Corridor, Play/Dining Room-Ward Corridor and Contingency Room-Ward Corridor compartments.  Room 
Air Pressure Sensors/probes with Stainless steel mounting plates will be located on the ceilings of the 
various rooms served.  These will connect to an Air Pressure monitoring device provided for each 
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pressure controlled Bedroom, Play/Dining Room and Contingency Room by means of appropriate PVC 
Tubing.  Each of these Air Pressure Monitoring devices will be interfaced with individual LCD Pressure 
Display Units (with stainless steel face plates) which will be recessed locally into the walls of the adjacent 
Corridors.  All Air Pressure Monitoring Devices will be located in the an easily accessible part of the 
adjacent Corridor ceiling void.  All Air pressure Monitoring Devices will be interfaced with a new Stainless 
Steel Nurse’s Station Control Panel via appropriate Modbus Tap units.  The new Nurse’s Station Control 
Panel will be provided with a facia mounted Colour HMI Display screen, with a minimum size of 175mm.  
A new Data Logger Unit will be provided as part of this Contract designed to accurately monitor all 
Pressure Differentials, Room Pressures, etc at set time intervals which must meet the specific operating 
parameters set by the client, which will generally be in line with the present provision for the Ward 2A 
BMT, however proportionally uprated to cater for the increased number of rooms served within the new 
upgraded Ward 2A HOTCT area, in terms of  the ability and capacity to record a set amount of Historical 
Data  by the Logger Unit installed within the new Nurse’s Control Panel located at the Ward 2A Nurse’s 
station.   The new Data Logger will be capable of downloading the historical data in a form that can be 
readily printed out on standard A4 sheets in an easy to read format for review by Validation and other 
technical personnel. 

The specialist Controls Contractor will be responsible for the final Testing and Commissioning of all 
Pressure Monitoring Systems, together with the setting to work of the complete new Pressure Monitoring 
System prior to the client Validation Process. 

 
 
 

NURSE’S STATION CONTROL PANEL 
1 Stainless Steel Surface Mounted Control Panel incorporating LCD display 

Unit on Facia plate.  Similar to Existing Unit presently located at the 
Ward 2A Nurse’s Station c/w with the following:- 

1 Data Logger Unit for Room Pressures and to provide visual and audible 
indication of alarm conditions, with mute facility. 
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  1 Main Ventilation Plant On Light 
  1 Main Ventilation Plant Off Light 
  1 Common Fault Light 
                          19  Room Air Pressure Monitoring Devices and 6mm O.D  
   Colour Tubing) 
                           38         Ceiling mounted Air Sensors/Probes (connected to  
   above Tubing) 
 
 

NURSE’S STATION CONTROL PANEL HMI INTERFACE 
  19 Room Air Pressure Monitoring Devices 
  19 Room Alarm 
                          2        Ventilation Plant Status  
 

LOCAL ROOM AIR PRESSURE DISPLAY UNITS 
  19 Wall Mounted Pressure Digital Display Units 
              19 Pressure Sensor (for differential Pressure) 
  17   Bedrooms 
  1   Play/Dining Area 
  1   Contingency Area  
 

BEDROOM, ETC ROOM RE-HEATERS (LTHW) 
  20 Heating Control Valves (15mm dia) 
  20 Room Temperature Sensors 
                          20         Temperature Set Point Adjusters 
                          20         Duct Low Limit 
 
                           MISCELLANEOUS 
                            19   Gas Tight Room Motorised Isolation Dampers 
                            19         Local manual Open/Closed switch for above Isolation Damper 
                                       (this Damper will also be capable of being operated from the BMS) 
 
GENERAL SMALL POWER WIRING 
The specialist Controls Contractor will allow for providing all necessary Small Power wiring installations 
required to operate or otherwise serve field mounted equipment such as Outstation Units, Pressure 
Monitoring Devices, Control Valves, Dampers, Actuators, Remote Display Units, Nurses Control Panel (to 
also have 48 hour battery back-up provision), etc.  It is envisaged that these supplies will be connected to 
the local KNX infrastructure services as required.   
 
EQUIPOTENTIAL BONDING 
 
Carry out all necessary equipotential bonding to current IET regulations, including all equipotential 
bonding of metal works and containment systems to AHU, ductwork etc. 
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COMMUNICATIONS NETWORK 

 
CONTROL PANEL 
Supply and erect a wall mounting enclosure suitably sized to accommodate the 
following:- 

  1 Communications Network Controller 
  1 230/34 Volt Transformer 
  1 Socket Outlet – Service Engineer Equipment 
  3 SP MCB’s 

All the above to be prewired and labelled as per AHU control panel specification. 
 
ELECTRICAL INSTALLATION 
Carry out the installation of the BACnet communications network using an LSF 
insulated multi-core screened cable interconnecting each of the proposed AHU 
and ancillary Control Panels housing the BMS controllers to the network 
controller. The cables to be run on a suitable containment system.  An IT data 
point adjacent to the communications network control panel is to be provided by 
others. 
 
GRAPHICS 

Create and install onto the client’s existing BACnet Operators Workstation 
(B-OWS) colour graphics and user pages giving dynamic information and status 
of the proposed plant and equipment.  Alarms and calendars to be set up in 
conjunction with client’s representatives.  All graphics, calendars and alarms are 
to be created to match those that currently exist for similar plant.  The client has 
a confirmatory document which must be adhered to when graphics are to be 
installed. 

 

SERVICES 
 
Provide the following services. 

• ENGINEERING 

Provide all working and As Fitted Drawings including Operating & 
Maintenance Documentation. 

• COMMISSIONING 

Upon completion of the control installation and associated electrical 
works, carry out a full commissioning of the system. 

• DEMONSTRATION 

Upon completion of the commissioning, carry out a full demonstration of 
the plant to the client’s personnel. 
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STRIP OUT WORKS 
 
WIRING & CONTAINMENT SYSTEMS 

Identify, make safe then strip out all Power and Controls wiring and associated containment systems 
(where they do not support other services) and other existing redundant equipment which is effectively 
being replaced by the new Power and Controls Systems as part of these works.  Any controls equipment 
being made redundant that is connected to the existing BMS/Controls system should be removed from the 
central supervisory terminal graphics in such a way as to prevent spurious alarms. Upon completion of the 
stripping out of all necessary cables, containment systems, controls equipment, control panels, 
switchgear, etc., the Contractor will arrange for all materials to be removed from site and disposed of in a 
responsible manner.   

 

395.000 THERMAL INSULATION 
 
395.010 GENERAL 

Thermal insulation will be applied to the following: 

1. All new Fresh Air/Supply Air ventilation ductwork from external louvres up to the new Ward 2A 
HOTCT Supply AHUs and thereafter from the Supply AHUs to the various end points of the Supply 
Ventilation ductwork systems, as generally indicated on the Tender Drawings.  All Exhaust/Extract Air 
from the Ward 2A HOTCT Extract AHUs to the various end points of the Extract Ventilation ductwork 
systems and from the Extract AHUs to the Penthouse Exhaust Terminal as generally indicated on the 
Tender Drawings. All thermal insulation on the Supply and Extract Ventilation Ductwork systems will 
be vapour sealed, insulation systems will all have protective aluminium clad over the vapour seal, 
within Plantroom areas. 

2. All new Domestic Water Services pipework, line fittings, etc, that are located within ceiling/floor/wall 
voids and other areas covered by SHTM 04-01.  All thermal insulation on Domestic Mains Water 
Services and Domestic Cold Water Services pipework will be vapour sealed.  Thermal Insulation will 
be provided with protective aluminium cladding, over the vapour seal, where this is provided. 

3. All new LTHW Heating Services pipework, line fittings, etc. will be fully insulated, with Velcro jackets 
over valves. 

4. All new Chilled Water Services pipework, line fittings, etc.  All thermal insulation on Chilled Water 
pipework will be vapour sealed. Velcro jackets will be fitted over valves.  Insulation will all have 
protective aluminium cladding over the vapour seal.   

5. Insulation covering ventilation ductwork, domestic water services heating and         chilled water 
pipework will have a suitable low conductivity value, to ensure that there are no problematic issues 
accommodating it within the space available. 

Thermal insulation on pipework and ductwork within Plantroom areas will be covered with aluminium 
sheet, in accordance with the specification. 

All other thermal insulation will be covered with aluminium foil covering in accordance with the 
specification. 
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1.1.1 Project Schedule of Insulating Materials and Finishes 

 

Code Insulating Materials 

1. Calcium Silicate sections or slabs. 

2. Glass mineral wool pipe sections in 1.2m length with self- seal overlap and 
factory applied aluminium foil jacket. 

3. Glass mineral wool rigid slabs with factory applied aluminium foil facing or 
flexible mattress with factory applied aluminium. 

4. Phenolic Foam pipe sections with factory applied aluminium foil jacket. 

5. Phenolic Foam laminate with factory applied aluminium foil facing. 

 

Code Insulating Materials 
A Factory applied reinforced aluminium foil. 
B Hammerclad Aluminium Cladding. 
C Isogenapak PVC cladding.  Isogenpac (Internal use only) 
D Ventureclad External jacketing system. 
E Fibaroll FRP external cladding system 

Selection of Insulation & Facings (x denotes suitable alternatives). 

 

All mineral wool and Phenolic foam products to be supplied with factory applied aluminium foil 
facings. 

 

Services (includes 
associated fittings, 
equipment, tanks, 
vessels etc.) 

Location Insulating 
Material 
1) Calcium 
Silicate 
2) Glass Mineral 

Wool section 
3) Glass Mineral 

Wool Slab or 
Duct Wrap or 
Crimp Wrap 

4) Phenolic 
Sections 

5) Phenolic 
Laminate 

Final Covering 
A)Aluminium Foil 

(Factory 
applied) 
B) Aluminium 
sheet 
C) Isogenopac 
D) Ventureclad 
E) Fibaroll 

1 2 3 4 5 A B C D E 
Steam Condensate 
HTHW MTHW 
(Above 100oC) 

Plant Rooms x x x    x    
I I I I I I I I 
I I I I I I I I 
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Occupied x x x    x x x  
Hidden x x x   x     
External x x x   x x  x x 

MTHW (Below 
100oC) LTHW DHW 

Plant Rooms x x x x x  x x   
Occupied x x x x x  x x x  
Hidden x x x x x x     
External x x x x x x x  x x 

Chilled and Cold 
Water Services 

Plant Rooms  x  x x x x    
Occupied  x  x x x x x x  
Hidden  x  x x x  x   
External    x x  x  x x 

Chilled air 
conditioning 
Supply and 

Plant Rooms  x x x x x x    
Occupied  x x x x x x x x  
Hidden  x x x x x  x   

Plenum Ducts 
(rectangular, oval and 
circular ducting) 

External  x x x x  x  x x 

Warm air conditioning 
and return and plenum 
ducts (rectangular, 
oval and circular 
ducting) 

Plant Rooms  x x x x x x    
Occupied  x x x x x x x x  
Hidden  x x x x x  x   
External   x x x  x  x x 

Flue Gas Ducting Plant Rooms x x x    x    
Occupied x x x    x    
Hidden x x x    x    
External x x x    x  x x 

Preferences to be indicated (x) by specifier for particular projects 

 

1.1.2 Insulation Thickness Tables 

In accordance with BS 5422 : 2001 

Thickness shown in the tables are based on manufacturer’s typical declared thermal 
conductivity values at the appropriate mean  temperature  of insulation as follows:- 

 
Insulating material 

Mean temperature of insulation (°C) 
0 +10 +50 +75 +100 

Thermal conductivity (W/.K) 
Phenolic foam (PF) 0.021 0.021 0.023 0.025 * 
Glass mineral wool (WM) 0.032 0.032 0.037 0.040 0.044 
Nitrile rubber (NR) 0.035 0.037 0.040 0.043 * 
Calcium silicate (CS) * * 0.050 0.053 0.055 

 

* Not recommended for use at these mean temperatures where. 

Mean  temperature  of  insulation  =  Hot  face  temperature  +  Cold  face temperature 
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1.1.2.1 Table 1 

Thickness of insulation for chilled and cold water supplies to prevent condensation on a low 
emissivity outer finish (e.g. Bright Class O Foil) in an ambient still air temperature of 25°C and 
relative humidity of 80%. (BS 5422: 2001 – Table 8). 

 

 
Steel pipe 

size 

(mm) 

+10 +5 0 

Thickness of insulation (mm) 

NB OD Pheno

lic 

Foa

m 

Miner

al 

Wool 

Pheno

lic 

Foa

m 

Miner

al 

Wool 

Pheno

lic 

Foa

m 

Miner

al 

Woo

l 

15 21 15 20 15 25 20 30 

20 27 15 25 15 30 20 40 

25 34 15 25 20 30 25 40 

32 42 15 25 20 30 25 50 

40 48 15 30 20 30 25 50 

50 60 15 30 20 40 25 50 

65 76 20 30 25 40 30 50 

80 89 20 30 25 40 30 50 

100 114 20 30 25 40 30 50 

150 168 20 40 30 50 35 60 

200 219 20 40 30 50 40 60 

250 273 25 40 30 50 40 65 

300 324 25 40 35 60 40 65 

Vessels & flat 
surfaces 

30 50 40 65 50 80 

 

1.1.2.2 Table 2 

Environmental thickness of insulation for non-domestic heating installations to control heat 
loss. (BS 5422:2001 – Table 11) 

 

 
 

Steel pipe 

size 

(mm) 

Hot face temperature of installation (°C) 

Temperature of Water (°C) 
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+75 +100 +150 

Thickness of insulation (mm) 

NB OD Phenol

ic 

Foa

m 

Miner

al 

Wool 

Phenol

ic 

Foa

m 

Miner

al 

Wool 

Pheno

lic 

Foa

m 

Miner

al 

Wool 15 21 15 30 15 40 50 80 

20 27 15 40 20 40 60 80 

25 34 20 40 20 40 60 100 

32 42 20 40 20 50 65 100 

40 48 20 40 25 50 65 100 

50 60 20 40 25 50 65 100 

65 76 25 40 25 50 75 100 

80 89 25 50 30 60 75 100 

100 114 25 50 30 60 75 105 

150 168 25 50 35 60 75 105 

200 219 30 50 35 60 80 110 

250 273 30 50 35 60 80 110 

300 324 30 50 35 60 80 110 

Vessels & flat 
surfaces 

30 50 40 65 90 115 

 

1.1.2.3 Table 3 

Environmental  thickness  of  insulation  for  non-domestic  hot  water services. 

(BS 5422:2001 – Table 12) 

 

Steel pipe 
size 
(mm) 

Water temperature of 60°C 

Thickness of insulation (mm) 

NB OD Phenolic Foam Mineral Wool 

15 21 15 25 

20 27 15 30 

25 34 20 30 

32 42 20 30 

40 48 20 35 

50 60 20 35 
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65 76 25 35 

80 89 25 40 

100 114 25 40 

150 168 30 50 

200 219 30 50 

250 273 30 50 

300 324 30 50 

Vessels & flat surfaces 35 50 

 

Environmental thickness of insulation for domestic central heating installations (+75°C) and hot 
water supply systems (60°C) to control heat loss in potentially unheated indoor areas with 
ambient air temperature of – 1°C. 

(Reference BS 5422:2001 – Table 13) 

 

 
Outside diameter of 

Copper pipe (mm) 

Water Temperature of 60°C/75°C 

Thickness of insulation (mm) 

Phenolic Foam Mineral Wool 

10 15 25 

12 15 25 

15 15 30 

22 20 40 

28 20 40 

35 25 40 

42 25 40 

54 25 50 

Cylinders 35 50 

 

1.1.2.4 Table 5 

Environmental thickness of insulation for ductwork carrying warm air. (Reference BS 
5422:2001 – Table 10a) 

        Temperature difference between air inside ductwork and ambient air (°C) 

10 25 50 

Environmental thickness of Insulation (mm) 
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Phenolic 

Foam 

Mineral 

Wool 

Phenolic 

Foam 

Mineral 

Wool 

Phenolic 

Foam 

Mineral 

Wool 

20 40 25 50 35 65 

 

1.1.2.5 Table 6 

Thickness of insulation for condensation control on ductwork carrying chilled air in ambient 
conditions 25°C, 80% RH. 

(Reference BS 5422:2001 – Table 10 – low emissivity finish 0.05) 

 

Minimum air temperature inside the ductwork (°C) 

15 10 5 0 

Thickness of insulation (m) 

Phenol

ic 

Foa

m 

Miner

al 

Wool 

Phenol

ic 

Foa

m 

Miner

al 

Wool 

Phenol

ic 

Foa

m 

Miner

al 

Wool 

Phenol

ic 

Foa

m 

Miner

al 

Wool 20 30 25 50 40 75 50 100 

 

1.1.2.6 Table 7 

Minimum thickness of insulation required to give protection against freezing under specified 
commercial and institutional conditions. 

(Reference BS 5422:2001 – Table 15) 

Initial water temperature +2°C +2°C 

Minimum ambient 
temperature 
  

-6°C (Indoor unheated areas) -10°C (Outdoor) 

Evaluation period 12h 12h 

Permitted ice formation 50% 50% 

Pipe size (mm) Thickness of insulation (mm) 

O.Dia Bore Phenolic 
Foam 

Mineral Wool Phenolic 
Foam 

Mineral Wool 

Copper Pipes 

15,0 13,6 23 (25) 78 (80) 68 (70) 413 (420) 

22,0 20,2 10 (15) 23 (25) 21 (25) 58 (60) 
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28,0 26,2 7 (15) 13 (20) 13 (15) 28 (30) 

35,0 32,6 5 (15) 10 (20) 9 (15) 18 (20) 

42,0 39,6 4 (15) 7 (20) 7 (15) 13 (20) 

54,0 51,6 3 (15) 5 (20) 5 (15) 9 (20) 

76,1 73,1 2 (15) 4 (20) 4 (15) 6 (20) 

108,0 105,0 2 (15) 3 (20 3 (15) 4 (20) 

Steel Pipes 

21,3 16,0 18 (20) 48 (50) 44 (45) 173 (175) 

26,9 21,6 10 (15) 21 (25) 20 (20) 52 (60) 

33,7 27,2 7 (15) 14 (20) 13 (15) 29 (30) 

42,4 35,9 5 (15) 9 (20) 9 (15) 17 (20) 

48,3 41,8 4 (15) 7 (20) 7 (15) 13 (20) 

60,3 53,0 3 (15) 6 (20) 5 (15) 10 (20) 

76,1 68,8 3 (15) 4 (20) 4 (15) 7 (20) 

88,9 80,8 2 (15) 4 (20) 3 (15) 6 (20) 

 

Note: 

Thicknesses given are minimum calculated specifically against the criteria noted in the table. 
Adopting these thicknesses may not satisfy other design requirements. Thicknesses shown in 
brackets are nearest standard thicknesses normally available from manufacturers. 

Some of the insulation thicknesses calculated are too large to be applied in practice but are 
included to highlight the difficulty in protecting small diameter pipes against freezing under 
extreme conditions. In these cases, to provide the appropriate level of frost protection to 
certain sizes of pipes, it may be necessary to provide additional heat to the system, for 
example by controlled periodic circulation of the water or by heat tracing. 

Thickness calculations ignore the specific heat capacity and surface resistance of the 
insulation in order to allow for a common situation where the temperature of the insulation is 
lower than the initial temperature of the water. 

Assumed densities and specific heat capacities of water and pipe materials are:- 

Water: 1000 kg/m³ and 4200 J/kg.K 

Steel: 7840 kg/m³ and 455 J/kg.K 

Copper:    8900 kg/m³ and 390 J/kg.K 
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1.1.3 Specialist Insulation Contractor 

Include for all thermal insulation to be carried out by a Specialist Thermal Insulation Contractor. 

 

 

396.000 SUPPORTS FOR PLANT, EQUIPMENT, ETC. 
396.010 GENERAL 

The Mechanical Services Contractor will allow for providing all necessary Secondary Support Steelwork 
necessary for supporting the Supply and Extract Air Handling Units, Ex t r ac t  Fans  Sound Attenuators, 
Ventilation Ductwork, Heating Services/Chilled Water Services/Domestic Water Services/Soil & 
Rainwater Drainage/Sprinkler/Medical Gas/Pneumatic Tube System pipework, Containment, Controls 
Equipment, Control Panels, etc. 

Where necessary these supports will be structurally checked by the C l ien t ’s  Structural Engineer on 
behalf of the client, for stability and general soundness. 

The Mechanical Services Contractor will be responsible for providing all appropriate technical details of 
the plant and equ ipment  concerned to properly assist the Structural Engineer and allow them to make 
a proper value judgement on the likely acceptability or otherwise of the M e c h a n i c a l  S e r v i c e s  
Contractor’s proposals.  The M e c h a n i c a l  S e r v i c e s  Contractor will thereafter take full cognisance of 
the Structural Engineers comments and amend the proposals accordingly, where required/advised. 

 

397.000 O&M RECORD INFORMATION, CLIET TRAINIG.DEMONSTRATIONS  
 
Following completion and prior to handover the Sub-Contractor shall demonstrate to the user or his 
appointed representative, the satisfactory operation of all plant, equipment and controls associated with this 
project.   
 
The demonstration shall be thorough and shall include demonstration by specialist manufacturers where 
necessary and the automatic controls specialist.  Following satisfactory demonstration of the systems, they 
shall be handed over to the Employer for Client acceptance. 
 
The Sub-Contractor shall on Practical Completion of the works, provide 2 sets of binder style paper Record 
Drawings and Operating and Maintenance Instructions for all systems and components provided within the 
Electrical Services Contract Work with 1 No. copy of the Operating and Maintenance Manuals shall be on 
CD/DVD in an electronic format (PDF) within each binder style paper manual. Manuals shall be in the format 
as detailed within an in accordance with BSRIA BG01/07 
 
Record Drawings 
 
Record drawings of the contract works generally shall be provided at a scale to match the design drawings 
except for the site services layouts which may be produced at a scale no smaller than the tender drawings 
and plant rooms which must be produced at a scale of 1:50. 
 
During the course of the contract the Sub-Contractor shall keep on site a set of the contract drawings which 
shall be updated between the contract drawings and the actual installation. 
 
The Record Drawings shall show the complete installation including, the sizes and runs of all conduit and 
containment, and the precise location of all services which may be buried in the structure or laid solid in the 
ground. 
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The position and depth of all underground services shall be clearly indicated.  Services buried with a 
thermal or other protective envelope shall be clearly described. 
 
Operating and Maintenance Instructions 
 
Operating and Maintenance Instructions for the Electrical, Mechanical and Plumbing Contract Works shall 
comprise full details of all installations and equipment provided by the Sub-Contractor. 
 
The detailed requirements of the Operating and Maintenance Instructions are as described generally below:- 
 
General Technical Description: 
 
This section shall contain, for each service, information on where incoming services enter buildings, details 
and locations of main plant and equipment etc., an outline of the type of system employed, its component 
parts, the system controls and the principles of operation. 
 
Operating Instructions: 
 
This section shall contain for each service the item of equipment, details of start up procedures, shut down 
procedure, isolation procedures, procedures to be followed on fault indication and emergency shut down 
and/or isolation procedures. 
 
Inspection and Maintenance Instructions 
 
This section shall contain, in outline only, the maintenance requirement for all maintainable items of plant 
and equipment. 
 
Emergency Procedures: 
 
Instructions shall be included for action required for such circumstances as:- 
 
Fire 
 
General failure of the electrical system 
 
Recommended action on plant/equipment malfunction 
 
Information shall also be included on call out procedures, first aid and electrocution. 
 
Manufacturer’s Literature:- 
 
This section shall contain all manufacturers’ literature, including Operating and Maintenance information, 
together with an index of contents listing the equipment item and manufacturer’s name, address and 
telephone number. 
 
Recommended Spares: 
 
This section shall contain, for each equipment item, a list of manufacturer’s recommended spares including 
appropriate reference numbers. 
 
Record Drawings:- 
 
This section shall contain a complete index of Record Drawings as provided indicating the Drawing No., area 
of the Building and Title. 
 

Page 1086

A48946859



   
   
   

   
   
   

Commissioning Record Sheets: 
 
This section shall contain copies of all commissioning record sheets with an appropriate index. 
 
Test Certificate and Insurance Inspection Sheets: 
 
This section shall contain copies of all test certificates and insurance inspection sheets together with an 
appropriate index. 
 
A draft copy of the Operating and Maintenance Instructions shall be submitted to the Employer for approval 
and, following receipt of such approval, three sets of Operating and Maintenance Instructions, in substantial 
hard backed binders, shall be provided. 
 

 

       

Page 1087

A48946859



   
   
   

   
   
   

 
R - DISPOSAL SYSTEMS 
 
R10 RAINWATER PIPEWORK SYSTEMS 
 
PART 1 SYSTEM OBJECTIVES 
 
100.010 PERFORMANCE OBJECTIVES:  
• Alterations to existing systems to suit new installations as required and detailed on the (52) Series 
Drawings 
 
 
100.011 PERFORMANCE OBJECTIVES:  
• The purpose of this specification is that the rainwater pipework / gutter systems and equipment provided 
in compliance with it, will deliver the whole hospital engineering design philosophies and be compliant with 
all Department of Health (NHS Estates) documentation including, but not limited to HTM's and HBN's 
pertinent to the nature of the project. 
 
 
100.020 DESIGN PARAMETERS:  
• Relevant parts of BS EN 12056 
• BS 8490 for siphonic roof drainage systems. 
• Current Building Regulations Technical Guidance Documents and requirements of the Local Authority  
 
 
PART 2 SELECTION SCHEDULES FOR REFERENCE SPECIFICATIONS 
 
210.000 PIPELINES AND PIPEWORK 
 
210.010 GENERAL:  
• Comply with work section general clauses below 

• Fire stopping 
• All components forming the seal system, to be from the same manufacturer 
• Comply with BS 9999, relevant approved technical guidance to Building Regulations and BESA 
Technical Bulletin TB/032 
•  

• Provide proprietary penetration seal system. All products used, to have third party product certification 
by a scheme accredited by UKAS. 
• Type 
• Stone mineral wool, soft seal type lamella strip with a proprietary flexible coating, used in 
conjunction with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the 
application. For use in all applications including where movement of services needs to be 
accommodated. Tested and assessed to BS EN 1366-3 and BS EN 1366-4 and classified to BS EN 
13501-2. 
• Stone mineral wool ablative coated batt seal with a proprietary flexible coating, used in conjunction 
with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the application. 
Tested and assessed to BS EN 1366-3. 
•  

• Services expansion and contraction details n 
• All services passing through apertures in masonry walls/concrete floors or drywall 
partitions/systems. 

• Fire resistance 
• 2 hrs. 

• Only use UKAS accredited, third party installer certified specialist contractors. The specialists should 
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be ASFP members and their certification must cover the passive fire protection element they are 
installing. 
• Install all fire stopping systems in accordance with the manufacturer's written instructions and the test / 
assessment / certification evidence provided by the installer / manufacturer of the penetration seal. 
• Support centres for services passing through penetration seals serving fire barriers to be the same as 
those covered by the test / assessment / certification evidence provided by the installer / manufacturer 
of the penetration seal. 
• Install and inspect fire stopping systems in accordance with Building Regulations Approved Document 
B, ASFP Code of Practice TGD 17 and the general best practice guidance given in the ASFP On-site 
guide to installing fire-stopping. 

 
 
210.040 CAST/DUCTILE IRON PIPES AND FITTINGS:  
• Manufacturer To Match Existing - Ensign etc. 
• Fluid conveyed Rain Water 

• Cast iron/ductile iron pipes and fittings to BS 416-1 
• Spigot and socket - reference Y10.2350A 

• Cast iron/ductile iron pipes to BS 437 
• For flexible joints - reference Y10.2370A 

• Cast iron/ductile iron fittings to BS 437 
• For flexible joints - reference Y10.2380A 

• Cast iron pipes and fittings to BS EN 877 
• Red epoxy finish - reference Y10.2390A 
• Grey epoxy finish - reference Y10.2390B 

• Ductile iron pipes to BS EN 545 
• Flanged joints - reference Y10.2410A 
• Spigot and socket joints - reference Y10.2410B 

• Ductile iron pipes for water applications to BS ISO 2531 
• Flanged joints - reference Y10.2425A 
• Spigot and socket joints - reference Y10.2425B 

• Preinsulated ductile iron pipes, fittings, accessories and joints to BS ISO 9349 
• Application 
• Waste water / drainage 
• Location 
• Above ground 

• Joints 
• Flanged 
• Spigot and socket 
• Flexible joints for water applications to BS ISO 2531 
• Flexible joints for sewerage applications to ISO 7186 

• Jointing materials 
• Flanges to BS EN 1092-2. 
• Flanges BS EN 1092-2 PN  
• Cast iron flanges - reference Y10.3010C 

• Flange jointing rings 
• For cast iron - reference Y10.3020C 

• Use push-fit joints for cast iron pipe. 
• Couplings for cast iron pipes to BS EN 877 
• Stainless steel - reference Y10.3105A 
• Red ductile iron - reference Y10.3105B 
• Grey ductile iron - reference Y10.3105C 
• Black ductile iron - reference Y10.3105D 

• Spigot/socket caulked joints 
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• Reference Y10.3110A 
• Use push-in self anchor joints for ductile iron pipes. 
• Flexible couplings, sleeve type 
• For ductile iron pipework to BS EN 545, BS EN 598, BS EN 969 - reference Y10.3170A 

• Flexible flange adapters, sleeve type 
• For ductile iron pipework to BS EN 545, BS EN 598, BS EN 969 - reference Y10.3180A 

• Internal polyurethane lining 
• Provide internal polyurethane linings for ductile iron pipework in accordance with BS EN 15655. 

 
 
210.050 PLASTICS PIPES AND FITTINGS:  
• Fluid conveyed Rain Water 

• Plastics piping systems for water supply 
• Reference Y10.2455A - pipes to  
• BS EN ISO 1452-1 
• BS EN ISO 1452-2 
• BS EN ISO 1452-5 

• Reference Y10.2475A - fittings to 
• BS EN ISO 1452-1 
• BS EN ISO 1452-3 

• BS EN ISO 1452-5 
• Plastic piping systems, buried and above ground for water and other fluids (not potable water) 
• Pipes, fittings and joints to BS EN 15014 - reference Y10.2442 

• PVC-U fittings to BS 4514 
• Reference Y10.2490A 
• PP Pipes to BS EN 1451-1 and BS EN 15012 - reference Y10.2545A 
• Fittings to BS EN 1451-1 and BS EN 15012 - reference Y10.2555A 
• Solid wall PVC-U pipes to BS EN 1329-1 and BS 4514 - reference Y10.2580A 
• Structured-wall PVC-U pipes to BS EN 1453-1 - reference Y10.2580F 
• ABS pipes to BS EN 1455-1 - reference Y10.2580B 
• PE pipes to BS EN 1519-1 - reference Y10.2580C 
• SAN + PVC pipes to BS EN 1565-1 - reference Y10.2580D 
• PVC-C pipes to BS EN 1566-1 - reference Y10.2580E 
• GRP systems based on unsaturated polyester (UP) resin to BS ISO 10467 or BS EN 14364 
• PVC-U fittings to BS EN 1329-1 and BS 4514 - reference Y10.2585A 
• ABS fittings to BS EN 1455-1 - reference Y10.2585B 
• PE fittings to BS EN 1519-1 - reference Y10.2585C 
• SAN + PVC fittings to BS EN 1565-1 - reference Y10.2585D 
• PVC-C fittings to BS EN 1566-1 - reference Y10.2585E 
• Structured wall PVC-U pipes to BS EN 1453 - reference Y10.2495A 

• Plastic rainwater piping systems comprising pipes, fittings and brackets for above ground external use to 
BS EN 12200-1 
• Pipe material 
• Solid wall PVC-U. 

• Pipe type / details 
• Circular 

 
 
210.070 PIPEWORK ACCESSORIES:  
• Wall, floor and ceiling masking plates 
• Chromium plated - reference Y10.3190A. 
• Plastic - reference Y10.3190B 
• Pipe rings and clips 
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• Pipework support - reference Y10.4210 
 
 
210.080 GENERAL WORKMANSHIP:  
• Appearance - reference Y10.4010 
• Spacing - reference Y10.4020 
• Gradients - reference Y10.4030 
• Air venting requirements 
• Air bottles - reference Y10.4040A 
• Automatic air vents - reference Y10.4040B 

• Drain requirements - reference Y10.4050 
• Expansion and contraction - reference Y10.4060 
• Pipe fittings 
• Bends/swept tees - reference Y10.4070A 

• Elbows/square tees - reference Y10.4070B 
• Pipes through walls and floors - reference Y10.4110 
• Protect pipework penetrating fire separating elements in accordance with, Building Regulations, BS 
9999 and BESA Technical Bulletin TB/032. 
• Pipe sleeves 
• Reference Y10.4120A 
• Insulation carried through - reference Y10.4120B 

• Pipe through fire barriers - reference Y10.4125 
• Type 
• Proprietary sleeves 
• Ablative coated batt type 

• Fire resistance 
• 2 hours 
•  hrs 

• Connect to equipment. 
• Use distribution headers. 
• Temporary plugs, caps and flanges 
• Reference Y10.4150A. 

• Flanged joints general - reference Y10.4160 
• Dissimilar metals - reference Y10.4170 
• Pipe rings and clips - reference Y10.4180 
• Anchors - reference Y10.4190 

• Pipe supports - reference Y10.4205 
• Comply with the manufacturers' installation recommendations for the following proprietary pipe 
systems: 

• Support spacing 
• Tables for steel, copper, iron, PVC and ABS pipes - reference Y10.4220 
• For the following proprietary pipe systems comply with the manufacturers' installation 
recommendations: 

• Plastic pipe systems. 
• Maintenance and renewal - reference Y10.4240 
• Non-ferrous components - thoroughly clean and degrease. 
• Pipe collars (closers) for plastic pipes where they pass through fire resistant walls and floors. 
• Type 
• Stainless steel collar with fixing brackets with intumescent liner. 
• Pre-assembled wrap for casing within concrete floor or masonry wall. 

• Fire resistance 
• 2 hrs 

• Installation to be in accordance with the manufacturer's instructions and grouted/sealed using the 
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manufacturer's proprietary compound/sealant. 
• Standards 
• Test to BS EN 1366-3 and BS EN 1363-1. 

• Test to BS 476-20. 
 
 
210.110 WORKMANSHIP, CAST/DUCTILE IRON:  
• Flanged joints - reference Y10.7010 
• Caulked joints - reference Y10.7020 
• Flexible joints - reference Y10.7030 
 
 
210.120 WORKMANSHIP, PLASTIC PIPES:  
• Installation of thermoplastic piping for soil and waste discharge inside buildings and buried in ground 
within the building - reference Y10.8005 
• Installation of thermoplastic polybutylene and cross linked polyethylene piping for hot and cold water 
systems and heating systems - reference Y10.8006 
• Solvent welded joints, PVC - reference Y10.8010 
• Fusion joints, PE - reference Y10.8020 
• Mechanical fittings, PE - reference Y10.8030 
• Anchors, PVC - reference Y10.8040 
• Jointing polybutylene pipes and fittings - reference Y10.8050 
• Plastic pipes and fittings with secondary containment and fittings for underground fuel oil systems - 
reference Y10.8070. 
 
 
254.000 IDENTIFICATION - MECHANICAL 
 
 
254.010 GENERAL:  
• Comply with work section general clauses below 
• Requirements - reference Y54.1010 
• New systems - reference Y54.1020 
• Existing systems - reference Y54.1030 
• Colours - reference Y54.1040 
• Performance and durability - reference Y54.1045 

• Provide identification - mechanical as specified in work section  
 
 
254.020 PIPEWORK IDENTIFICATION:  
• Reference Y54.2010 
 
 
254.045 GRAPHICAL SYMBOLS FOR USE ON EQUIPMENT IN ACCORDANCE WITH BS EN 80416:  
• Reference Y54.2035 
 
 
254.070 LABORATORY OUTLETS:  
• Type  
• Application  
 
 
254.100 DANGER AND WARNING NOTICES:  
• Reference Y54.2090 
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254.110 SYSTEM IDENTIFICATION INSTALLATION CHARTS:  
• Perspex sheet glazing with frame - reference Y54.2100A 
 
 
290.000 FIXING TO BUILDING FABRIC 
 
 
290.010 GENERAL:  
• Comply with work section general clauses below 
• Preparation - reference Y90.1010 
• Manufacturer's drawings - reference Y90.1020 
• Fixings - reference Y90.1030 
• Loading details - reference Y90.1040 
• Building-in by others - reference Y90.1050 
• Size of fixing - reference Y90.1060 

• Greasing of fixings - reference Y90.1070 
 
 
290.020 FIXINGS:  
• Standards - reference Y90.2010 
• Plugs - reference Y90.2020 
• Screws - reference Y90.2030 
• Non-penetrative support systems - reference Y90.2080 
• Manufacturer and reference  
• Or approved equivalent. 

 
 
290.030 WORKMANSHIP:  
• Drilling - reference Y90.3010 
• Fixing to timber rails - reference Y90.3050 
• Fixing to hollow stud/tile/block wall 
• Reference Y90.3060A 

• Fixing to concrete, brickwork or blockwork 
• Reference Y90.3070A 

• Fixing to metalwork 
• Reference Y90.3080A 

• Fixing to structural steelwork and concrete structures 
• Reference Y90.3090A 

• Non-penetrative support systems for roof mounted equipment - reference Y90.3100# 
 
 
291.000 OFF-SITE PAINTING AND ANTI-CORROSION TREATMENT 
 
 
291.010 GENERAL  
• Comply with work section general clauses below 
• General requirements - reference Y91.1010 

• Damaged finishes - reference Y91.1020 
 
 
291.020 PAINT MATERIALS:  
• Paint materials 
• Reference Y91.2010A 
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• Paint quality - reference Y91.2020 
 
 
291.030 WORKMANSHIP  
• Weather and other conditions - reference Y91.3020 
• Cleaning and preparing for painting 
• Steel surfaces - reference Y91.3030A 
• Surfaces - reference Y91.3030B 
• Reference Y91.3030# 

• Application off-site - reference Y91.3040 
• Application - reference Y91.3050 
• Cold galvanizing - reference Y91.3060 
• Protection of bright machine parts - reference Y91.3070 
• Special protective finishes  
 
 
PART 3 SPECIFICATION CLAUSES SPECIFIC TO R10 
 
300.000 GENERAL / PRODUCT / MATERIALS  
 
 
300.005 DRAINAGE SPECIALIST:  
• On design and build projects engage a drainage specialist to develop the design, install, commission 
and set to work a roof drainage system operating under gravity inside the building in accordance with BS 
EN 12056-3 
 
 
BS APPENDIX 
 
BS 416-1:2009  
Discharge and ventilating pipes and fittings, sand-cast or spun in cast iron. Part 1 Specification for spigot 
and socket systems 
 
 
BS 437:2008   
Specification for cast iron drain pipes, fittings and their joints for socketed and socketless systems 
 
 
BS 476-7:1997   
Fire tests on building materials and structures. Part 7 Method of test to determine the classification of the 
surface spread of flame of products 
 
 
BS 476-20:1987   
Fire tests on building materials and structures. Part 20 Method for determination of the fire resistance of 
elements of construction (general principles) 
 
 
BS 4514:2001   
Unplasticized PVC soil and ventilating pipes of 82.4mm minimum mean outside diameter, and fittings and 
accessories of 82.4mm and of other sizes. Specification 
 
 
BS 8490:2007   
Guide to siphonic roof drainage systems   
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BS 9999:2017  
Fire safety in the design, management and use of buildings. Code of practice 
 
 
BS EN 545:2010   
Ductile iron pipes, fittings, accessories and their joints for water pipelines. Requirements and test methods 
 
 
BS EN 598:2007+A1:2009   
Ductile iron pipes, fittings, accessories and their joints for sewerage applications. Requirements and test 
methods 
 
 
BS EN 877:1999+A1:2006   
Cast iron pipes and fittings, their joints and accessories for the evacuation of water from buildings. 
Requirements, test methods and quality assurance 
 
 
BS EN 969:2009   
Specification for ductile iron pipes, fittings, accessories and their joints for gas pipelines. Requirements 
and test methods 
 
 
BS EN 1092-1:2018  
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 1 
steel flanges 
 
 
BS EN 1092-2:1997   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 2 
cast iron flanges 
 
 
BS EN 1329-1:2014+A1:2018  
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Unplasticized poly(vinyl chloride) (PVC-U). Specifications for pipes, fittings and the systems 
 
 
BS EN 1363-1:2012   
Fire resistance tests. General requirements   
 
 
BS EN 1366-3:2009   
Fire resistance tests for service installations. Penetration seals   
 
 
BS EN 1366-4:2006+A1:2010   
Fire resistance tests for service installations. Linear joint seals 
 
 
BS EN 1451-1:2017  
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Part 1 Polypropylene (PP). Specifications for pipes, fittings and the system 
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BS EN 1453-1:2017  
Plastics piping systems with structured-wall pipes for soil and waste discharge (low and high temperature) 
inside buildings. Unplasticized poly (vinyl chloride) (PVC-U). Part 1 Specifications for pipes and the 
system 
 
 
BS EN 1453-1:2017  
Plastics piping systems with structured-wall pipes for soil and waste discharge (low and high temperature) 
inside buildings. Unplasticized poly (vinyl chloride) (PVC-U). Part 1 Specifications for pipes and the 
system 
 
 
BS EN 1455-1:2000   
Plastics piping systems for soil and waste (low and high temperature) within the building structure. 
Acrylonitrile-butadiene-styrene (ABS). Part 1 Specifications for pipes, fittings and the system 
 
 
BS EN 1519-1:2000   
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Polyethylene (PE). Part 1 Specifications for pipes, fittings and the system 
 
 
BS EN 1565-1:2000   
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Styrene copolymer blends (SAN + PVC). Part 1 Specifications for pipes, fittings and the system 
 
 
BS EN 1566-1:2000   
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Chlorinated poly(vinyl chloride) (PVC-C). Part 1 Specification for pipes, fittings and the system 
 
 
BS EN 12056-1:2000   
Gravity drainage systems inside buildings. Part 1 General and performance requirements 
 
 
BS EN 12056-2:2000   
Gravity drainage systems inside buildings. Part 2 Sanitary pipework, layout and calculation 
 
 
BS EN 12056-3:2000   
Gravity drainage systems inside buildings. Part 3 Roof drainage, layout and calculation 
 
 
BS EN 12056-4:2000   
Gravity drainage systems inside buildings. Part 4 Wastewater lifting plants. Layout and calculation 
 
 
BS EN 12056-5:2000   
Gravity drainage systems inside buildings. Part 5 Installation and testing, instructions for operation, 
maintenance and use 
 
 
BS EN 12200-1:2016   
Plastics rainwater piping systems for above ground external use. Unplasticized poly(vinyl 
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chloride)(PVC-U). Specifications for pipes, fittings and the system   
 
 
BS EN 13501-2:2016  
Fire classification of construction products and building elements. Classification using data from fire 
resistance tests, excluding ventilation services   
 
 
BS EN 14364:2013   
Plastic piping systems for drainage and sewerage with or without pressure. Glass reinforced 
thermosetting plastics (GRP) based on unsaturated polyester resin (UP). Specifications for pipes, fittings 
and joints 
 
 
BS EN 15012:2007   
Plastics piping systems. Soil and waste discharge systems within the building structure. Performance 
characteristics for pipes, fittings and their joints 
 
 
BS EN 15014:2007   
Plastics piping systems. Buried and above ground systems for water and other fluids under pressure. 
Performance characteristics for pipes, fittings and their joints 
 
 
BS EN 15655:2009   
Ductile iron pipes, fittings and accessories. Internal polyurethane lining for pipes and fittings. 
Requirements and test methods 
 
 
BS EN 80416-1:2009   
Basic principles for graphical symbols for use on equipment. Part 1 Creation of symbol originals 
 
 
BS EN 80416-2:2001   
Basic principles for graphical symbols for use on equipment. Part 2 Form and use of arrows 
 
 
BS EN 80416-3:2002+A1:2011  
Basic principles for graphical symbols for use on equipment. Part 3 Guidelines for the application of 
graphical symbols 
 
 
BS EN ISO 1452-1:2009   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 1 General 
 
 
BS EN ISO 1452-2:2009   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 2 Pipes 
 
 
BS EN ISO 1452-3:2010   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 3 Fittings 
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BS EN ISO 1452-5:2009   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 5 Fitness for purpose of the system 
 
 
BS ISO 2531:2009   
Ductile iron pipes, fittings, accessories and their joints for water applications 
 
 
BS ISO 9349:2017   
Ductile iron pipes, fittings, accessories and their joints. Thermal preinsulated products   
 
 
BS ISO 10467:2018   
Plastics piping systems for pressure and non-pressure drainage and sewerage. Glass-reinforced 
thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin   
 
 
ISO 7186:2011   
Ductile iron products for sewerage applications   
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R11 FOUL DRAINAGE ABOVE GROUND 
 
PART 1 SYSTEM OBJECTIVES 
 
100.010 PERFORMANCE OBJECTIVES:  
• Alterations to the existing above ground drainage system, generally as detailed on the (52) Series 
Drawings 
 
 
100.011 PERFORMANCE OBJECTIVES:  
• The purpose of this specification is that the foul drainage above ground systems and equipment 
provided in compliance with it, will deliver the whole hospital engineering design philosophies and be 
compliant with all Department of Health (NHS Estates) documentation including, but not limited to HTM's 
and HBN's pertinent to the nature of the project. 
 
 
100.020 DESIGN PARAMETERS:  
• Relevant parts of BS EN 12056 
• Current Building Regulations Technical Guidance Documents and requirements of the Local Authority 
 
 
100.040 CONTROL REQUIREMENTS:  
• Isolations and and Liaison with NHS Estates along with wards the will be effected by the isolations will 
be required by the contractor on a local site level 
 
 
100.060 SYSTEM DRAWINGS:  
• Reference (52) Series Drawings 
 
 
PART 2 SELECTION SCHEDULES FOR REFERENCE SPECIFICATIONS 
 
210.000 PIPELINES AND PIPEWORK 
 
 
210.010 GENERAL:  
• Comply with work section general clauses below 
• prefabricated pipework - reference Y10.1010 

• Fire stopping 
• All components forming the seal system, to be from the same manufacturer 
• Comply with BS 9999, relevant approved technical guidance to Building Regulations and BESA 
Technical Bulletin TB/032 

• Provide proprietary penetration seal system. All products used, to have third party product certification 
by a scheme accredited by UKAS. 
• Type 
• Stone mineral wool, soft seal type lamella strip with a proprietary flexible coating, used in 
conjunction with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the 
application. For use in all applications including where movement of services needs to be 
accommodated. Tested and assessed to BS EN 1366-3 and BS EN 1366-4 and classified to BS EN 
13501-2. 

• Stone mineral wool ablative coated batt seal with a proprietary flexible coating, used in conjunction 
with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the application. 
Tested and assessed to BS EN 1366-3. 
• All services passing through apertures in masonry walls/concrete floors or drywall 
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partitions/systems. 
• Fire resistance 
• 2 hrs. 

• Only use UKAS accredited, third party installer certified specialist contractors. The specialists should 
be ASFP members and their certification must cover the passive fire protection element they are 
installing. 
• Install all fire stopping systems in accordance with the manufacturer's written instructions and the test / 
assessment / certification evidence provided by the installer / manufacturer of the penetration seal. 
• Support centres for services passing through penetration seals serving fire barriers to be the same as 
those covered by the test / assessment / certification evidence provided by the installer / manufacturer 
of the penetration seal. 
• Install and inspect fire stopping systems in accordance with Building Regulations Approved Document 
B, ASFP Code of Practice TGD 17 and the general best practice guidance given in the ASFP On-site 
guide to installing fire-stopping. 
 

 
210.040 CAST/DUCTILE IRON PIPES AND FITTINGS:  
• Type In line with existing systems, Ensign etc. 
• Application Above ground draiange systems. 
• Manufacturer Ensign or similar to match the existing systems installed 
• Or approved equivalent 

• Cast iron/ductile iron pipes and fittings to BS 416-1 
• Spigot and socket - reference Y10.2350A 

• Cast iron/ductile iron pipes to BS 437 
• For flexible joints - reference Y10.2370A 

• Cast iron/ductile iron fittings to BS 437 
• For flexible joints - reference Y10.2380A 

• Cast iron pipes and fittings to BS EN 877 
• Red epoxy finish - reference Y10.2390A 
• Grey epoxy finish - reference Y10.2390B 

• Ductile iron pipes to BS EN 545 
• Flanged joints - reference Y10.2410A 
• Spigot and socket joints - reference Y10.2410B 

• Ductile iron pipes for water applications to BS ISO 2531 
• Flanged joints - reference Y10.2425A 
• Spigot and socket joints - reference Y10.2425B 

• Jointing materials 
• Flanges to BS EN 1092-2. 
• Flanges BS EN 1092-2 PN  
• Cast iron flanges - reference Y10.3010C 

• Flange jointing rings 
• For cast iron - reference Y10.3020C 

• Use push-fit joints for cast iron pipe. 
• Couplings for cast iron pipes to BS EN 877 
• Stainless steel - reference Y10.3105A 
• Red ductile iron - reference Y10.3105B 
• Grey ductile iron - reference Y10.3105C 
• Black ductile iron - reference Y10.3105D 

• Spigot/socket caulked joints 
• Reference Y10.3110A 

• Use push-in self anchor joints for ductile iron pipes. 
• Flexible couplings, sleeve type 
• For ductile iron pipework to BS EN 545, BS EN 598, BS EN 969 - reference Y10.3170A 

• Flexible flange adapters, sleeve type 
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• For ductile iron pipework to BS EN 545, BS EN 598, BS EN 969 - reference Y10.3180A 
• Internal polyurethane lining 
• Provide internal polyurethane linings for ductile iron pipework in accordance with BS EN 15655. 

 
 
210.050 PLASTICS PIPES AND FITTINGS:  
• Plastics piping systems for water supply 
• Reference Y10.2455A - pipes to  
• BS EN ISO 1452-1 
• BS EN ISO 1452-2 
• BS EN ISO 1452-5 

• Reference Y10.2475A - fittings to 
• BS EN ISO 1452-1 
• BS EN ISO 1452-3 

• BS EN ISO 1452-5 
• Plastic piping systems, buried and above ground for water and other fluids (not potable water) 
• Pipes, fittings and joints to BS EN 15014 - reference Y10.2442 

• PVC-U fittings to BS 4514 
• Reference Y10.2490A 

• PVC-O to BS ISO 16422 
• Reference Y10.2491A 12666-1 

• Compression fittings for polyethylene 
• Reference Y10.2510A systems of PVC-U, PP and PE, to relevant parts of BS EN 13476 
• Pipes and fittings with smooth internal and external surface, Type A, to BS EN 13476-2 - reference 
Y10.2553A 

• Pipes and fittings with smooth internal and profiled external surfaces, Type B, to BS EN 13476-3 - 
reference Y10.2553B 
• Plastics piping systems for soil, waste and rainwater discharge within the building structure 
• PP Pipes to BS EN 1451-1 and BS EN 15012 - reference Y10.2545A 
• Fittings to BS EN 1451-1 and BS EN 15012 - reference Y10.2555A 
• Solid wall PVC-U pipes to BS EN 1329-1 and BS 4514 - reference Y10.2580A 
• Structured-wall PVC-U pipes to BS EN 1453-1 - reference Y10.2580F 
• PVC-U fittings to BS EN 1329-1 and BS 4514 - reference Y10.2585A 
• Structured wall PVC-U pipes to BS EN 1453 - reference Y10.2495A 

• Plastic rainwater piping systems comprising pipes, fittings and brackets for above ground external use to 
BS EN 12200-1 
• Pipe material 
• Solid wall PVC-U. 

• Pipe type / details 
• Circular 
• Special materials 
Unplasticised PVC pipes to BS EN 1401-1 
• Unplasticised PVC pipe fittings to BS EN 1401-1 

 
 
210.060 OTHER PIPES AND FITTINGS:  
 
 
210.070 PIPEWORK ACCESSORIES:  
• Wall, floor and ceiling masking plates 
• Chromium plated - reference Y10.3190A. 
• Plastic - reference Y10.3190B 
• Pipe rings and clips 
• Copper pipework 
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• Use plastic pipe clips. 
• Use brass pipe clips. 

• Pipework support - reference Y10.4210 
 
 
210.080 GENERAL WORKMANSHIP:  
• Appearance - reference Y10.4010 
• Spacing - reference Y10.4020 
• Gradients - reference Y10.4030 
• Air venting requirements 
• Air bottles - reference Y10.4040A 
• Automatic air vents - reference Y10.4040B 

• Drain requirements - reference Y10.4050 
• Expansion and contraction - reference Y10.4060 
• Pipe fittings 
• Bends/swept tees - reference Y10.4070A 

• Elbows/square tees - reference Y10.4070B 
• Pipes through walls and floors - reference Y10.4110 
• Protect pipework penetrating fire separating elements in accordance with, Building Regulations, BS 
9999 and BESA Technical Bulletin TB/032. 
• Pipe sleeves 
• Reference Y10.4120A 
• Insulation carried through - reference Y10.4120B 

• Pipe through fire barriers - reference Y10.4125 
• Type 
• Proprietary sleeves 
• Ablative coated batt type 

• Fire resistance 
• 2 hours 
•  hrs 

• Connect to equipment. 
• Use distribution headers. 
• Temporary plugs, caps and flanges 
• Reference Y10.4150A. 

• Flanged joints general - reference Y10.4160 
• Dissimilar metals - reference Y10.4170 
• Pipe rings and clips - reference Y10.4180 
• Anchors - reference Y10.4190 

• Pipe supports - reference Y10.4205 
• Comply with the manufacturers' installation recommendations for the following proprietary pipe 
systems: 
• Plastic pipe systems. 
•  

• Support spacing 
• Tables for steel, copper, iron, PVC and ABS pipes - reference Y10.4220 
•  

• Isolation and regulation 
• Reference Y10.4230A 

• Maintenance and renewal - reference Y10.4240 
• Clean by removing cement and clean off all pipework and brackets. 
• Non-ferrous components - thoroughly clean and degrease. 
• Pipe collars (closers) for plastic pipes where they pass through fire resistant walls and floors. 
• Type 
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• Stainless steel collar with fixing brackets with intumescent liner. 
• Pre-assembled wrap for casing within concrete floor or masonry wall. 

• Fire resistance 
• 2 hrs 
•  hrs 

• Installation to be in accordance with the manufacturer's instructions and grouted/sealed using the 
manufacturer's proprietary compound/sealant. 
• Standards 
• Test to BS EN 1366-3 and BS EN 1363-1. 

• Test to BS 476-20. 
 
 
 
210.100 WORKMANSHIP, COPPER PIPEWORK:  
• Compression joints - reference Y10.6030 
• Capillary joints - reference Y10.6040 
• Anchors 
• Flanges - reference Y10.6060A 

• Saddle clamps - reference Y10.6060B 
 
 
210.110 WORKMANSHIP, CAST/DUCTILE IRON:  
• Flanged joints - reference Y10.7010 
• Caulked joints - reference Y10.7020 
• Flexible joints - reference Y10.7030 
 
 
210.120 WORKMANSHIP, PLASTIC PIPES:  
• Installation of thermoplastic piping for soil and waste discharge inside buildings and buried in ground 
within the building - reference Y10.8005 
• Installation of thermoplastic polybutylene and cross linked polyethylene piping for hot and cold water 
systems and heating systems - reference Y10.8006 
• Solvent welded joints, PVC - reference Y10.8010 
• Fusion joints, PE - reference Y10.8020 
• Mechanical fittings, PE - reference Y10.8030 
• Anchors, PVC - reference Y10.8040 
• Jointing polybutylene pipes and fittings - reference Y10.8050 
• Plastic pipes and fittings with secondary containment and fittings for underground fuel oil systems - 
reference Y10.8070. 
 
 
211.000 PIPELINE ANCILLARIES 
 
 
211.080 TEST PLUGS:  
• Self sealing test points - reference Y11.2670A 
• Valve controlled test points - reference Y11.2670B 
 
 
211.120 TUNDISHES:  
• Copper - reference Y11.2690A 
• Mild steel, galvanized - reference Y11.2690B 
 
 

Page 1103

A48946859



   
   
   

   
   
   

211.160 LOOSE ITEMS:  
• Keys for spindle shank valves - reference Y11.3010A 
• Number  

• For drain cocks - reference Y11.3010B 
• Number  
 
 
254.000 IDENTIFICATION - MECHANICAL 
 
 
254.010 GENERAL:  
• Comply with work section general clauses below 
• Requirements - reference Y54.1010 
• New systems - reference Y54.1020 
• Existing systems - reference Y54.1030 
• Colours - reference Y54.1040 
• Performance and durability - reference Y54.1045 

• Provide identification - mechanical as specified in work section  
 
 
254.020 PIPEWORK IDENTIFICATION:  
• Reference Y54.2010 
 
 
254.045 GRAPHICAL SYMBOLS FOR USE ON EQUIPMENT IN ACCORDANCE WITH BS EN 80416:  
• Reference Y54.2035 
 
 
254.100 DANGER AND WARNING NOTICES:  
• Reference Y54.2090 
 
 
254.110 SYSTEM IDENTIFICATION INSTALLATION CHARTS:  
• Perspex sheet glazing with frame - reference Y54.2100A 
 
 
290.000 FIXING TO BUILDING FABRIC 
 
 
290.010 GENERAL:  
• Comply with work section general clauses below 
• Preparation - reference Y90.1010 
• Manufacturer's drawings - reference Y90.1020 
• Fixings - reference Y90.1030 
• Loading details - reference Y90.1040 
• Building-in by others - reference Y90.1050 
• Size of fixing - reference Y90.1060 

• Greasing of fixings - reference Y90.1070 
 
 
290.020 FIXINGS:  
• Standards - reference Y90.2010 
• Plugs - reference Y90.2020 
• Screws - reference Y90.2030 
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• Non-penetrative support systems - reference Y90.2080 
 
 
290.030 WORKMANSHIP:  
• Drilling - reference Y90.3010 
• Fixing to timber rails - reference Y90.3050 
• Fixing to hollow stud/tile/block wall 
• Reference Y90.3060A 

• Fixing to concrete, brickwork or blockwork 
• Reference Y90.3070A 

• Fixing to metalwork 
• Reference Y90.3080A 

• Fixing to structural steelwork and concrete structures 
• Reference Y90.3090A 

• Non-penetrative support systems for roof mounted equipment - reference Y90.3100# 
 
 
291.000 OFF-SITE PAINTING AND ANTI-CORROSION TREATMENT 
 
 
291.010 GENERAL  
• Comply with work section general clauses below 
• General requirements - reference Y91.1010 

• Damaged finishes - reference Y91.1020 
 
 
291.020 PAINT MATERIALS:  
• Paint materials 
• Reference Y91.2010A 

• Paint quality - reference Y91.2020 
 
 
291.030 WORKMANSHIP  
• Weather and other conditions - reference Y91.3020 
• Cleaning and preparing for painting 
• Steel surfaces - reference Y91.3030A 
• Surfaces - reference Y91.3030B 
• Reference Y91.3030# 

• Application off-site - reference Y91.3040 
• Application - reference Y91.3050 
• Cold galvanizing - reference Y91.3060 
• Protection of bright machine parts - reference Y91.3070 
 
 
BS APPENDIX 
 
BS 416-1:2009  
Discharge and ventilating pipes and fittings, sand-cast or spun in cast iron. Part 1 Specification for spigot 
and socket systems 
 
 
BS 437:2008   
Specification for cast iron drain pipes, fittings and their joints for socketed and socketless systems 
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BS 476-7:1997   
Fire tests on building materials and structures. Part 7 Method of test to determine the classification of the 
surface spread of flame of products 
 
 
BS 476-20:1987   
Fire tests on building materials and structures. Part 20 Method for determination of the fire resistance of 
elements of construction (general principles) 
 
 
BS 4514:2001   
Unplasticized PVC soil and ventilating pipes of 82.4mm minimum mean outside diameter, and fittings and 
accessories of 82.4mm and of other sizes. Specification 
 
 
BS 9999:2017  
Fire safety in the design, management and use of buildings. Code of practice 
 
 
BS EN 545:2010   
Ductile iron pipes, fittings, accessories and their joints for water pipelines. Requirements and test methods 
 
 
BS EN 598:2007+A1:2009   
Ductile iron pipes, fittings, accessories and their joints for sewerage applications. Requirements and test 
methods 
 
 
BS EN 877:1999+A1:2006   
Cast iron pipes and fittings, their joints and accessories for the evacuation of water from buildings. 
Requirements, test methods and quality assurance 
 
 
BS EN 969:2009   
Specification for ductile iron pipes, fittings, accessories and their joints for gas pipelines. Requirements 
and test methods 
 
 
BS EN 1092-1:2018  
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 1 
steel flanges 
 
 
BS EN 1092-2:1997   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 2 
cast iron flanges 
 
 
BS EN 1092-3:2003   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 3 
copper alloy flanges      
 
 
BS EN 1092-4:2002   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 4 
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aluminium alloy flanges 
 
 
BS EN 1329-1:2014+A1:2018  
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Unplasticized poly(vinyl chloride) (PVC-U). Specifications for pipes, fittings and the systems 
 
 
BS EN 1363-1:2012   
Fire resistance tests. General requirements   
 
 
BS EN 1366-3:2009   
Fire resistance tests for service installations. Penetration seals   
 
 
BS EN 1366-4:2006+A1:2010   
Fire resistance tests for service installations. Linear joint seals 
 
 
BS EN 1401-1:2009   
Plastics piping systems for non-pressure underground drainage and sewerage. Unplasticized poly(vinyl 
chloride) (PVC-U). Part 1 Specifications for pipes, fittings and the system 
 
 
BS EN 1451-1:2017  
Plastics piping systems for soil and waste discharge (low and high temperature) within the building 
structure. Part 1 Polypropylene (PP). Specifications for pipes, fittings and the system 
 
 
BS EN 1453-1:2017  
Plastics piping systems with structured-wall pipes for soil and waste discharge (low and high temperature) 
inside buildings. Unplasticized poly (vinyl chloride) (PVC-U). Part 1 Specifications for pipes and the 
system 
 
 
BS EN 1453-1:2017  
Plastics piping systems with structured-wall pipes for soil and waste discharge (low and high temperature) 
inside buildings. Unplasticized poly (vinyl chloride) (PVC-U). Part 1 Specifications for pipes and the 
system 
 
 
BS EN 12056-1:2000   
Gravity drainage systems inside buildings. Part 1 General and performance requirements 
 
 
BS EN 12056-2:2000   
Gravity drainage systems inside buildings. Part 2 Sanitary pipework, layout and calculation 
 
 
BS EN 12056-3:2000   
Gravity drainage systems inside buildings. Part 3 Roof drainage, layout and calculation 
 
 
BS EN 12056-4:2000   
Gravity drainage systems inside buildings. Part 4 Wastewater lifting plants. Layout and calculation 
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BS EN 12056-5:2000   
Gravity drainage systems inside buildings. Part 5 Installation and testing, instructions for operation, 
maintenance and use 
 
 
BS EN 12200-1:2016   
Plastics rainwater piping systems for above ground external use. Unplasticized poly(vinyl 
chloride)(PVC-U). Specifications for pipes, fittings and the system   
 
 
BS EN 13476-1:2018  
Plastics piping systems for non-pressure underground drainage and sewerage. Structured-wall piping 
systems of unplasticized poly(vinyl chloride) (PVC-U), polypropylene (PP) and polyethylene (PE). Part 1 
General requirements and performance characteristics 
 
 
BS EN 13476-2:2018  
Plastics piping systems for non-pressure underground drainage and sewerage. Structured-wall piping 
systems of unplasticized poly(vinyl chloride) (PVC-U), polypropylene (PP) and polyethylene (PE). 
Specifications for pipes and fittings with smooth internal and external surface and the system, Type A   
 
 
BS EN 13476-3:2018  
Plastics piping systems for non-pressure underground drainage and sewerage. Structured-wall piping 
systems of unplasticized poly(vinyl chloride) (PVC-U), polypropylene (PP) and polyethylene (PE). Part 3 
Specifications for pipes and fittings with smooth internal and profiled external surface and the system, 
Type B 
 
 
BS EN 13501-2:2016  
Fire classification of construction products and building elements. Classification using data from fire 
resistance tests, excluding ventilation services   
 
 
BS EN 15012:2007   
Plastics piping systems. Soil and waste discharge systems within the building structure. Performance 
characteristics for pipes, fittings and their joints 
 
 
BS EN 15014:2007   
Plastics piping systems. Buried and above ground systems for water and other fluids under pressure. 
Performance characteristics for pipes, fittings and their joints 
 
 
BS EN 15655:2009   
Ductile iron pipes, fittings and accessories. Internal polyurethane lining for pipes and fittings. 
Requirements and test methods 
 
 
BS EN 80416-1:2009   
Basic principles for graphical symbols for use on equipment. Part 1 Creation of symbol originals 
 
 
BS EN 80416-2:2001   
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Basic principles for graphical symbols for use on equipment. Part 2 Form and use of arrows 
 
 
BS EN 80416-3:2002+A1:2011  
Basic principles for graphical symbols for use on equipment. Part 3 Guidelines for the application of 
graphical symbols 
 
 
BS EN ISO 1452-1:2009   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 1 General 
 
 
BS EN ISO 1452-2:2009   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 2 Pipes 
 
 
BS EN ISO 1452-3:2010   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 3 Fittings 
 
 
BS EN ISO 1452-5:2009   
Plastics piping systems for water supply and for buried and above-ground drainage and sewerage under 
pressure. Unplasticized poly(vinyl chloride) (PVC U). Part 5 Fitness for purpose of the system 
 
 
BS ISO 2531:2009   
Ductile iron pipes, fittings, accessories and their joints for water applications 
 
 
BS ISO 16422:2014   
Pipes and joints made of oriented unplasticized poly(vinyl chloride) (PVC-O) for the conveyance of water 
under pressure. Specifications 
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S - PIPEWORK and DUCTWORK SYSTEMS 
 
PART 1 SYSTEM OBJECTIVES 
 
100.060 SYSTEM DRAWINGS:  
• (53), (55) and (56) Series Drawings 
 
 
PART 2 SELECTION SCHEDULES FOR REFERENCE SPECIFICATIONS 
 
210.000 PIPELINES AND PIPEWORK 
 
210.010 GENERAL:  
• Comply with work section general clauses below 
• prefabricated pipework - reference Y10.1010 
• Supply pre-insulated underground pipeline as schedule reference Pre-insulated Pipework  
• Location As detailed on the drawings 

• Fire stopping 
• All components forming the seal system, to be from the same manufacturer 
• Comply with BS 9999, relevant approved technical guidance to Building Regulations and BESA 
Technical Bulletin TB/032 

• Provide proprietary penetration seal system. All products used, to have third party product certification 
by a scheme accredited by UKAS. 
• Type 
• Stone mineral wool, soft seal type lamella strip with a proprietary flexible coating, used in 
conjunction with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the 
application. For use in all applications including where movement of services needs to be 
accommodated. Tested and assessed to BS EN 1366-3 and BS EN 1366-4 and classified to BS EN 
13501-2. 

• Stone mineral wool ablative coated batt seal with a proprietary flexible coating, used in conjunction 
with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the application. 
Tested and assessed to BS EN 1366-3. 
• All services passing through apertures in masonry walls/concrete floors or drywall 
partitions/systems. 

• Fire resistance 
• 2 hrs. 

• Only use UKAS accredited, third party installer certified specialist contractors. The specialists should 
be ASFP members and their certification must cover the passive fire protection element they are 
installing. 
• Install all fire stopping systems in accordance with the manufacturer's written instructions and the test / 
assessment / certification evidence provided by the installer / manufacturer of the penetration seal. 
• Support centres for services passing through penetration seals serving fire barriers to be the same as 
those covered by the test / assessment / certification evidence provided by the installer / manufacturer 
of the penetration seal. 
• Install and inspect fire stopping systems in accordance with Building Regulations Approved Document 
B, ASFP Code of Practice TGD 17 and the general best practice guidance given in the ASFP On-site 
guide to installing fire-stopping. 
 

 
 
 
 
210.015 STAINLESS STEEL PIPES AND FITTINGS:  
• Manufacturer and reference Gervberit 316 Grade 
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• Welded stainless steel tubes for general purpose 
• Light gauge to BS EN 10312 - reference Y10.2220 for push and press-fit systems 
• Size range - nominal diameter (DN) up to and including 150mm 
• Size range - nominal diameter (DN)  
• Wall thickness - to be suitable for the application duty / testing requirements 
• Wall thickness in accordance with BS EN 10312 
• Table 2 - Series 2 (1mm - 3mm depending on OD) 

• To BS EN 10217-7 - reference Y10.2250B for general purpose use. 
• To ASTM A312 (dimensions determined by ANSI B36.19) for general use. 

• Joints - up to and including 50mm - screwed. 
• Joints - up to and including 50mm - welded and flanged. 
• Joints - 65mm and above - welded and flanged. 

• Seamless stainless steel tubes for general purpose 
• To BS EN 10216-5 - reference Y10.2250A 
• To ASTM A312 (dimensions determined by ANSI B36.19) 
• Size - nominal diameter (DN) 200mm and above 
• Wall thickness - to be suitable for the application duty / testing requirements. 
• Grade of steel for general purpose 
• 316 

• Seamless stainless steel tubes and fittings to BS 4825 for food and chemical industry applications - 
reference Y10.2230 and Y10.2240. 
• Size range - nominal diameter (DN)  
• Wall thickness - to be suitable for the application duty / testing requirements. 
• Wall thickness Minimum of 1mm 
• Grade of steel 
• 316S11 
• 316S13 
• 316S31 
• 316S33 

• Stainless steel push-fit fittings - reference Y10.2257 
• Stainless steel fittings, grooved for mechanical joints 
• Reference Y10.2255A 
• Reference Y10.2255# 

• Mechanical joints, grooved stainless steel pipes reference Y10.3152A 
• Light gauge stainless steel for push-fit and press-fit systems to BS EN 10312 - reference Y10.2220 
• Light gauge stainless steel for push-fit and press-fit systems reference Y10.2221 
• Use press fitting jointing system for stainless steel pipe for pressure purposes. 
• Jointing equipment for press fitting jointing system - reference Y10.3125 
• Press fittings for stainless steel pipe - reference Y10.3130# 

 
 
 
210.025 MALABLE IRON / STEEL PIPES AND FITTINGS: PIPE-IN-PIPE:  
• Application LTHW and Chilled Water Applications 
• Carbon steel pipes to BS EN 10253-1 or BS EN 10253-2 
• Heavy, black - reference Y10.2010A 
• Medium, black - reference Y10.2010B 

• Reference Y10.2010# 
• Carbon steel fittings to BS EN 10253-1 or BS EN 10253-2 
• Heavy weight - reference Y10.2060A 
• Medium weight - reference Y10.2060B 

• Malleable cast iron fittings, screwed 
• Black - reference Y10.2070A 
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• Jointing materials 
• Screwed joints to relevant parts of BS EN 10226 
• Paste and hemp and PTFE tape - reference Y10.3030A 
• PTFE tape - reference Y10.3030B 
• Where chemical cleaning is required - reference Y10.3030C 

• Union connections 
• Railroad pattern - spherical seating bronze to iron.  
• Navy pattern - spherical seating bronze to bronze. 

• Welding rods 
• Reference Y10.3050A 

• Outer pipe 
• Carbon steel pipes to BS EN 10255 
• Heavy, black - reference Y10.2010A 

• Medium, black - reference Y10.2010B 
• Carbon steel fittings to BS EN 10253-1 or BS EN 10253-2 
• Heavy weight - reference Y10.2060A 
• Medium weight - reference Y10.2060B 

• Malleable cast iron fittings, screwed 
• Black - reference Y10.2070A 
• Jointing materials 
• Screwed joints to BS 21 and BS EN 10226-1. 
• Paste and hemp and PTFE tape - reference Y10.3030A 
• PTFE tape - reference Y10.3030B 
• Where chemical cleaning is required - reference Y10.3030C 

• Union connections 
• Railroad pattern - spherical seating bronze to iron. 
• Navy pattern - spherical seating bronze to bronze. 

• Welding rods 
• Reference Y10.3050A 
 
 
210.060 OTHER PIPES AND FITTINGS:  
 
 
210.090 WORKMANSHIP, STEEL PIPEWORK:  
• Welding, general 
• Class 1 - reference Y10.5010A 
• Class 2 - reference Y10.5010B 

• Welded joints - reference Y10.5020 
• Painting welded joints - reference Y10.5030 
• Flanged joints - reference Y10.5040 
• Screwed joints - reference Y10.5050 
• Mechanical joints - reference Y10.5060 
• Anchors 
• U-bolts - reference Y10.5070A 

• Flanges - reference Y10.5070B 
• Pipework painting - reference Y10.5090 
• Installation of stainless steel pipework 
• Compression joints - reference Y10.5100 
• Mechanical joints - Y10.5060 

 
 
210.100 WORKMANSHIP, COPPER PIPEWORK:  
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• Compression joints - reference Y10.6030 
• Capillary joints - reference Y10.6040 
• Anchors 
• Flanges - reference Y10.6060A 

• Saddle clamps - reference Y10.6060B 
 
 
211.000 PIPELINE ANCILLARIES 
 
 
211.010 GENERAL:  
• Comply with work section general clauses below 
• Safety and relief valves, bursting discs, self-operated, application and standards - reference Y11.1010 

• For applicable valves comply with BS EN 16668 for all essential safety requirements of the Pressure 
Equipment (Safety) Regulations 2016. Valves excluded from conformance to this standard in the 
Regulations shall meet "sound engineering practice" by conformity to the relevant product standard. 
• Face to face and centre to face dimension of PN and Class designated flanged metal valves to be in 
accordance with BS EN 558 
• In addition to the particular valve type standard, valves to be used in, or connected to, water supply pipe 
systems, above or below ground carrying water intended for human consumption to comply with the 
relevant parts of BS EN 1074 and BS 5163 as appropriate to the application. 
• BS EN 1074-1 - General requirements 
• BS EN 1074-2 - Isolating valves 
• BS EN 1074-3 - Check valves 
• BS EN 1074-4 - Air valves 
• BS EN 1074-5 - Control valves 
• BS EN 1074-6 - Hydrants 

• Valves and components of valves specified are as defined in BS EN 736-1 and BS EN 736-2. 
• Testing of valves 
• Pressure test metallic valves at manufacturer's works, in accordance with BS EN 12266-1 or BS ISO 
5208 in conjunction with given specific requirements of the valve product or performance standard. 
• Undertake supplementary tests below in accordance with BS EN 12266-2 in conjunction with given 
specific requirements  of the valve product or performance standard 
• Obturator strength 
• Back seat tightness 
• Operability 
• Anti-static design at 12V 
• Anti-static design at 100V 
• Fire tested design 
• Flow resistance 

• Pressure test thermoplastic valves at manufacturer's works, in accordance with BS ISO 9393-1 in 
conjunction with given specific requirements of the valve product or performance standard 
 
 
211.030 STOP VALVES:  
• Service fluid 
• Water 
• PN to suit system maximum working pressure. 
• WRAS approved for water services applications. 
• Comply with BS EN 1074-1 and BS EN 1074-2 in addition to the particular valve type standard, for 
valves for water supply applications carrying water for human consumption. 
• Kitemark certified. 
• Pipe material 
• To suit copper tube. 
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• To suit steel tube. 
• Copper alloy globe type stop valves (stop cocks) to BS EN 1213 for potable water supplies 
• Compression ends for copper - reference Y11.2015A 
• Capillary - reference Y11.2015C 
• Threaded - reference Y11.2015D 

• Copper alloy gate valves for general use to BS 5154 
• Screwed to BS EN ISO 228-1, or ISO 7-1 - reference Y11.2020A 
• Compression to BS EN 1254-2 - reference Y11.2020B 
• Flanged to BS EN 1092-3 - reference Y11.2020C 
• Loose nut/union end - reference Y11.2020D 

• Cast iron gate valves for general use to BS EN 1171 
• Grey cast iron flanged to BS EN 1092-2 - reference Y11.2030A 

• Copper alloy globe valves for general use to BS 5154 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2040A 
• Flanged to BS EN 1092-3 - reference Y11.2040B 
• Compression to BS EN 1254-2 - reference Y11.2040C 
• Compression to BS EN 1254-3 - reference Y11.2040D 

• Cast iron globe valves for general use to BS EN 13789 
• Grey cast iron flanged to BS EN 1092-2 - reference Y11.2050A 

• Steel parallel slide for steam and other high temperature / pressure applications to BS EN 1984 
• Reference Y11.2060A 

• Steel wedge type gate valve for general use to BS EN 1984 
• Flanged to BS EN 1092-1 - reference Y11.2070A 
• Threaded - reference Y11.2070D 
• Auxiliary connections  

• Ball valves 
• Application, standard and material 
• Potable water - copper alloy to BS EN 13828, PN 10 and distribution temperature of 65 °C with 
occasional excursions up to 90 °C permitted for a period of 1 hour maximum. 
• General purpose heating, cooling and other applications - copper alloy to BS EN 13547. 
• Steam and high temperature / pressure applications - steel to BS ISO 7121 - reference Y11.2160#. 

• Screw driver/key operated 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2080A 
• Compression to BS EN 1254-2 - reference Y11.2080B 

• Lever operated 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2080C 
• Compression to BS EN 1254-2 - reference Y11.2080D 

• Lockshield 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2080E 

• Compression to BS EN 1254-2 - reference Y11.2080F 
• Servicing valves, for water services for maintenance of fittings / appliances, copper alloy to BS 6675 
• Handwheel operated 
• Screwed ends - reference Y11.2085A 
• Compression ends - reference Y11.2085B 
• Capillary ends - reference Y11.2085C 

• Lever operated 
• Screwed ends - reference Y11.2085D 
• Compression ends - reference Y11.2085E 
• Capillary ends - reference Y11.2085F 

• Screw driver operated 
• Screwed ends - reference Y11.2085G 
• Compression ends - reference Y11.2085H 

• Capillary ends - reference Y11.2085I 
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• Butterfly valves for general use to BS EN 593 
• Semi-lugged between flanges to BS EN 1092-2 
• Lever operated - reference Y11.2090A 
• Gear operated - reference Y11.2090B 

• Between mechanical joints 
• Lever operated - reference Y11.2090C 
• Gear operated - reference Y11.2090D 

• Fully-lugged to BS EN 593 - reference Y11.2090E 
• Lever operated. 

• Gear operated. 
• Cast iron gate type for waterworks purposes to relevant parts of BS 5163 
• Key operated type A - reference Y11.2110A 
• Closed bottom taper plug valves for gas installations for buildings to BS EN 331. 
 
 
211.050 DOUBLE REGULATING VALVES:  
• Service fluid 
• Water 
• WRAS approved. 
• Kitemark certified. 
• Pipe material 
• To suit copper tube. 
• To suit steel tube. 

• Butterfly type to BS EN 593 
• Between flanges to BS EN 1092-2 
• Lever operated - reference Y11.2210A 
• Gear operated - reference Y11.2210B 

• Between mechanical joints 
• Lever operated - reference Y11.2210C 

• Gear operated - reference Y11.2210D 
• Globe valves to BS 7350, section 3.1. 
• Copper alloy 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2220A 
• Flanged to BS EN 1092-2 - reference Y11.2220B 

• Cast iron 
• Flanged to BS EN 1092-2 - reference Y11.2220C 
 
 
211.060 FLOW MEASUREMENT VALVES:  
• Service fluid 
• Water 
• WRAS approved. 
• Kitemark certified. 
• Pipe material 
• To suit copper tube. 
• To suit steel tube. 

• Flow measurement devices to BS 7350 
• Section 3.2 Type 3 
• Copper alloy 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2230A 
• Flanged to BS EN 1092-3 - reference Y11.2230B 

• Cast iron 
• Flanged to BS EN 1092-2 - reference Y11.2230C 
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• Section 3.2 Type 4 
• Copper alloy 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2230E 
• Flanged to BS EN 1092-3 - reference Y11.2230F 

• Cast iron - reference Y11.2230G 
• Variable orifice valve 

• Fixed orifice valve 
 
 
211.065 PRESSURE INDEPENDENT CONTROL VALVES (PICV'S):  
• Select, install and commission valves to provide the functions of flow limitation, modulating or on/off 
control and differential pressure control within a single valve body. 
• Commission valves in accordance with the manufacturer's recommendations and Commissioning 
Specialists Association TM18. 
• The valve manufacturer shall provide test results for each type and size of PICV to be used on the 
project in accordance with BSRIA Test Method for Pressure Independent Control Valves BTS 1/2012. 
• Incorporate a flushing drain in the pipework between the terminal unit and the PICV. 
• Type 
• Full stroke constant kv where the control and flow setting functions are separated within the valve and 
the full stroke of the valve is available for control. 
• Full stroke variable kv where the control valve section has a constant unchangeable stroke distance 
but its kv can be varied by means of an inlet port with an adjustable opening size. 
• Stroke limited variable kv where the control valve and flow setting devices are combined in a single 
component. 
• Globe. 
• Rotary, characterised ball. 
•  

• Valve characteristic/control function 
• On/off. 
• Linear (modulating). 
• Equal percentage (modulating). 

• Application 
• Heating terminal units  
• Cooling terminal units  

• Heating and cooling terminal units  
• Manufacturer and reference  
• Or approved equivalent. 

• Duties 
• To suit terminal unit design flow rates as detailed in equipment schedules   

• Duties and details as schedule reference Motorised Control Valvesd 
• Relevant parts of BS EN 60534 
• Valve leakage class to BS EN 60534-4 when shut off. 
• IV. 
•  

•  
• Maximum pressure differential (kPa)  
• Minimum operating pressure differential for PICV operation (kPa)  
• Materials 
• Body - DZR brass. 
• Globe or ball - brass. 
• Stem - brass. 
• O-Ring/diagram - EPDM rubber. 
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• Springs - stainless steel. 
•  

• Features 
• Facility to measure pressure drop across valves at commissioning. 
• Actuator 
• TRV actuator for radiators. 
• TRV with capillary sensor for radiators and radiant panels. 
• Thermo - electric on/off. 
• 0-10V proportional electric for modulating control. 

• 3 point floating control. 
• Prefabricated packaged valve assembly requirements 
• Type of heating/cooling terminal: 
• Fan coil units - heating and cooling. 
• Fan coil units - cooling only. 
• Chilled beams - heating and cooling. 
• Chilled beams - cooling only. 
• Chilled ceiling panels. 
• Radiators 
• Radiant panels 
•  

• Components required: 
• PICV. 
• Ball type isolation valves on flow and return. 
• Flushing by-pass with 3-port valve. 
• Flushing blow down drain valve. 
• Flow measurement venturi for commissioning verification. 
•  

• Component to be pre-assembled and tested at the manufacturer's works, test pressure (kPa)  
•  

• Labeling requirements  
 
 
211.070 FLOW REGULATORS AND COMBINATION VALVES:  
• Service fluid 
• Water 
• WRAS approved. 
• Kitemark certified. 
• Pipe material 
• To suit copper tube. 

• To suit steel tube. 
 
211.075 HEAT METERS:  
• Manufacturer and reference Kamstrup - Ultrasonic 
• Or approved equivalent. 

• Standards 
• Meters - BS EN 1434-1, BS EN 1434-2, BS EN 1434-3, BS EN 1434-4, BS EN 1434-5 
• Heat meter installation commissioning, operational monitoring and maintenance - BS EN 1434-6 
• Provide heat meters with integrator, flow sensor, matched pair of temperature sensors and 
interconnecting cables calibrated as a single unit at manufacturer's works. Installations to be in 
accordance with manufacturer's recommendations. 
• RHI compliant heat meters and their installation shall meet the requirements of the following: 
• The Renewable Heat Incentive Scheme Regulations 2018 as amended. 
• The most recent version of Ofgem Renewable Heat Incentive Guidance Volume One: Eligibility and 
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How to Apply. 
• Annex MI-004 of the EU Measuring Instruments Directive (MID) 2004/22/EC  refer to Directive 
2014/32/EU from 20th April 2016. 

• Commissioning to be carried out by the manufacturer. 
• Metering installation arrangement for RHI eligibility 
• Standard metering  
• Multiple metering 

• Meter accuracy class for RHI eligibility as defined in Annex MI-004 of the MID/BS EN 1434-1 
• Class 2. 

• For RHI installation with a capacity of 45Wth and below the installation shall be undertaken by a 
Microgeneration Certification Scheme (MCS) certified installer. 
• For RHI installation of a capacity of 1MWth and above or when the installation is classed as a multiple 
metering arrangement or steam is to be metered, provide an independent report on metering as defined 
by Ofgem. 
• Arrangement 
• In-line. 

• Service fluid 
• Water. 
• Water/Glycol mix (% Glycol)  

 
 
211.080 TEST PLUGS:  
• Self sealing test points - reference Y11.2670A 
• Valve controlled test points - reference Y11.2670B 
 
 
211.090 RADIATOR VALVES TO BS 2767:  
• Manufacturer and reference Herz Valves 

• Kitemark certified. 
• Type 4 - reference Y11.2260A 
• Finish 

• Natural. 
 
 
211.100 PIPELINE STRAINERS:  
• Bronze (Y type) 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2680A 
• Flanged to BS EN 1092-3 - reference Y11.2680B 
• Compression to BS EN 1254-2 

Reference Y11.2680C 
• Cast iron/ductile iron  
• Y type - flanged to BS EN 1092-2 - reference Y11.2680D 
• Flanged suction diffuser type reference Y11.2680G 
• Cast iron body with ductile iron cover and cast iron guide vanes (PN16) 
• Ductile iron body and cover, and ductile guide vanes (PN25) 

• Ductile iron grooved ends 
• Y type - reference Y11.2680E 
• Suction diffuser strainer - reference Y11.2680F 

 
 
211.110 THERMOSTATIC RADIATOR VALVES TO BS EN 215:  
• Application Remote with capliairy for ceiling mounted radaiant panels 
• Manufacturer and reference Herz Valves 

• Kitemark certified. 
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• Table A.1 - Series D - reference Y11.2270A 
• Pattern 
• Straight 

• Angle 
• Table A.2 - Series F - reference Y11.2270B 
• Pattern 
• Straight 

• Angle 
• Table A.3 - Series S - reference Y11.2270C 
• Pattern 
• Straight 

• Angle 
• Table A.4 - Series GB - reference Y11.2270D 
• Pattern 
• Straight 

• Angle 
• Tamper proof Table A.1 - Series D - reference Y11.2270E 
• Pattern 
• Straight 

• Angle 
• Tamper proof Table A.2 - reference Y11.2270F 
• Pattern 
• Straight 

• Angle 
• Tamper proof Table A.3 - reference Y11.2270G 
• Pattern 
• Straight 

• Angle 
• Tamper proof Table A.4 - reference Y11.2270H 
• Pattern 
• Straight 

• Angle 
 
 
211.120 TUNDISHES:  
• Copper - reference Y11.2690A 
 
 
211.140 GAUGES:  
• General - reference Y11.2700A 
• 150mm black stoved enamel finish 
• Flush panel mounting - reference Y11.2700B 
• Direct mounting - reference Y11.2700C 

• 100mm - finish  
• Temperature gauges general - reference Y11.2710A 
• Mercury in steel - reference Y11.2710B 
• Vapour pressure to BS EN 13190 
• Direct mounting - reference Y11.2710C 

• Pressure and altitude gauges - reference Y11.2720 
• Vacuum gauges - reference Y11.2730 
• Differential pressure gaugess 
• Hardwood - reference Y11.2750A 
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211.150 CONTROL VALVES:  
• WRAS approved. 
• Kitemark certified. 
• Ball control valves 
• Open/close - reference Y11.2315A 
• Two way - reference Y11.2315B 
• Three way - reference Y11.2315C 

 
 
211.160 LOOSE ITEMS:  
• Keys for spindle shank valves - reference Y11.3010A 
• Number  

• For drain cocks - reference Y11.3010B 
• Number  
 
 
211.170 CHECK VALVES:  
• WRAS approved. 
• Kitemark certified. 
• Service fluid 
• Water. 
• Pipe material 
• To suit copper tube. 
• To suit steel tube. 

• Copper alloy check type to BS 5154 
• Swing type screwed to relevant parts of BS EN 10226 - reference Y11.2320A 
• Swing type flanged to BS EN 1092-3 - reference Y11.2320B 

• Steel and cast iron check valves to BS EN 16767 
• Swing check 
• Flanged - reference Y11.2330A 
• Grooved for mechanical joints. 
• Wafer body - reference Y11.2330B 

• Lift check 
• Flanged - reference Y11.2330C 
• Wafer body - reference Y11.2330D 

• Body material 
• Grey cast iron 
• Malleable cast iron 
• SG cast iron 

• Steel 
• Wafer flange fitting type 
• Reference Y11.2340A 
• Steel globe stop and check type to BS EN 13709 - reference Y11.2370# 
• Device to prevent contamination of water by backflow to BS EN 14451 
• Combined check and anti-vacuum - reference Y11.2385A 

• Anti-back syphonage valve, combined check and anti-vacuum type 
• Reference Y11.2390A 

• Anti-back syphonage valve, hose union anti-vacuum type 
• Reference Y11.2391A 
 
 
211.180 WORKMANSHIP:  
• Installation - reference Y11.4010 
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• Location - reference Y11.4020 
• Positions  

• Location of thermostatic radiator valves - reference Y11.4025 
• Positioning of components 
• Flow/pressure measurement valves - reference Y11.4030 
• Double regulating variable orifice valves - reference Y11.4040 
• Install control ball valves in accordance with manufacturer's recommendations. 
• Control components 
• Reference Y11.4050A 

• Provide outlets of vent cocks with discharge pipes. 
• Valve stuffing boxes - reference Y11.4070 
• Discharge connections 
• Safety and Relief valves - reference Y11.4080A 
• Vent cocks - reference Y11.4080B 
• Air bottles - reference Y11.4080C 
• Automatic air vents - reference Y11.4080D 

• Expansion devices - reference Y11.4090 
• Expansion compensators - reference Y11.4100 
• Flexible connections installation - reference Y11.4110 
• Terminal unit connections - install hose connections strictly in accordance with manufacturer's 
instructions. 
 
 
211.210 DRAIN COCKS:  
• WRAS approved. 
• Kitemark certified. 
• Throughway gland cock type 
• Reference Y11.2440A 

• Screwdown to BS 2879, type 1 - reference Y11.2450 
• Ball type - reference Y11.2460 
 
 
211.220 VENT COCKS:  
• Kitemark certified. 
• Two way gland cock type - reference Y11.2470 
• Ball type - reference Y11.2480 
• Three way gland cock type - reference Y11.2490 
• Plug valve type 
• Wrench operated - reference Y11.2500A 
• Gear operated - reference Y11.2500B 

 
 
211.230 AUTOMATIC AIR VENTS:  
• Application At high points on LTHW systems 
• Manufacturer and reference Spirotech - Spirotop AAV's 

• Float type 
• Reference Y11.2510A 

 
 
 
211.260 EXPANSION ARRANGEMENTS/DEVICES AND FLEXIBLE CONNECTIONS/HOSES:  
Expansion Bellows and Flexible Hose Compensatorsps 
• Steel 
• Reference Y11.2610A 
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• Galvanized after manufacture. 
• Copper - reference Y11.2620 

• Expansion compensators 
• Axial bellows 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2630A 
• Flanged to BS EN 1092-1 - reference Y11.2630B 

• Articulated bellows 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2630D 
• Flanged to BS EN 1092-1 - reference Y11.2630E 

• Slip-type axial, grooved and expansion compensators 
• Reference Y11.2630J 

• Multiple grooved couplings type compensators 
• Reference Y11.2630K 

• Hose compensators 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2640A 
• Flanged to BS EN 1092-1 - reference Y11.2640B 
• Standard 
• Corrugated metal hoses to comply with BS EN 14585-1 and PD CEN/TR 14585-3 

• Flexible connections for noise and vibration attenuation 
• EPDM rubber, up to 100°C 
• Flanged to BS EN 1092-1 - reference Y11.2650A 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2650B 

• Grooved flexible mechanical joints for noise and vibration attenuation 
• Install 3 grooved flexible mechanical joints after the source of vibration and before the first change in 
pipe direction. Installation to be strictly in accordance with the manufacturer's instructions. 

• Convoluted stainless steel, above 100°C 
• Flanged to BS EN 1092-1 - reference Y11.2650C 

• EPDM rubber, up to 70°C 
• Flanged to BS EN 1092-1 - reference Y11.2650D 
• Screwed to relevant parts BS EN 10226 - reference Y11.2650E 

• Chlorobutyl rubber, up to 100°C 
• Flanged to BS EN 1092-1 - reference Y11.2650F 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2650G 

• Chlorobutyl rubber, up to 60°C 
• Flanged to BS EN 1092-1 - reference Y11.2650H 

• Screwed to relevant parts of BS EN 10226 - reference Y11.2650I 
• Terminal heating and cooling unit connections 
• Heating services 
• Stainless steel - reference Y11.2660A 
• Stainless steel with quick release couplings - reference Y11.2660B 
• Rubber - reference Y11.2660C 

• Chilled water services 
• Stainless steel - reference Y11.2660D 
• Stainless steel with quick release couplings - reference Y11.2660E 
• Rubber - reference Y11.2660F 

• Corrugated metal hoses to comply with BS EN 14585-1 and PD CEN/TR 14585-3 
• Flexible hose assemblies for drinking water installations to connect sanitary tap ware, heaters and 
similar appliances with maximum operating temperature 70°C to be in accordance with BS EN 13618. 
Flexible hose assemblies intended for use as integral parts of appliances, to be in accordance with BS EN 
61770 
• Hose and hose assemblies for saturated steam and hot water condensate. 
• Application  
• Standard - BS EN ISO 6134  
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• Type 1 - low pressure, maximum working pressure 6 bar 
• Type 2 - high pressure, maximum working pressure 18 bar 
• Incorporate an oil-resistant cover 

 
 
225.000 CLEANING AND CHEMICAL TREATMENT 
 
 
225.010 GENERAL:  
• Comply with work section general clauses below 
• Conditions for cleaning and chemical treatment - reference Y25.1010 
• Method statement - reference Y25.1015 

• Comply with Approved Codes of Practice and associated technical guidance published by HSE on the 
requirements of the Health and Safety at Work etc. Act 1974 and the Control of Substances Hazardous to 
Health Regulations 2002 as amended, that apply to the risk from exposure to legionella bacteria. 
 
 
225.020 CLEANING AND CHEMICAL TREATMENT SPECIALIST:  
• Reference Y25.2010 
• Use one of the following specialists Phoenix Commissioning, COTS, Contract Engineering, or NHS 
current term maintenance contractor that looks after the QUEH and RHC Building/Systems 

• On closed systems the specialist shall, in addition to specific requirements detailed elsewhere in this 
specification or drawings, undertake the following: 
• Obtain relevant information on the closed system to be treated. 
• Evaluate which treatment options will achieve the corrosion control and water quality objectives, taking 
account of regulatory issues and product selection constraints. 
• Follow up the treatment programme with proper monitoring of chemical, microbiological and physical 
parameters, ideally including monitoring of corrosion rates. 

• On open evaporation cooling systems the specialist shall, in addition to specific requirements detailed 
elsewhere in this specification or drawings, review the design and confirm the system can be operated 
and maintained in accordance with HSE L8 Approved Code of Practice and Guidance - Legionnaire's' 
Disease: The control of legionella bacteria in water systems and associated technical guidance in 
HSG274 Part 1: The control of legionella bacteria in evaporative cooling systems. 
 
 
225.040 PRELIMINARY CHECKS:  
• Reference Y25.2030A 
• Systems applicable Domestic Water Systems, LTHW, Chilled Water Systems 
 
 
225.050 PROCEDURAL PRECAUTIONS:  
• Reference Y25.2040A 
• Including taking samples - reference Y25.2040B 
 
 
225.060 CHEMICAL INJECTION AND DOSING METHODS:  
• Water treatment methods 
• Reference Y25.2050# 
• Water treatment methods for hot water heating closed circuit recirculating systems - reference 
Y25.2050A 
• Water treatment methods for chilled and condenser water closed circuit recirculating systems - 
reference Y25.2050B 
• Water treatment methods for cooling tower hot water heating closed circuit recirculating systems - 
reference Y25.2050C 

• Method of introducing chemicals into closed systems - reference Y25.2060A 
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• Method of introducing chemicals into open recirculating systems - reference Y25.2060B 
• Packaged plant - reference Y25.2060C 
• Dosing for closed systems - reference Y25.2060D 
• Dosing pot capacity to be sized by water treatment specialist to suit system capacity and chemicals 
used. 
• Dosing for open systems - reference Y25.2060E 
• Dosing chemicals - reference Y25.2065 
 
 
225.065 CORROSION TEST COUPON RACKS:  
• Type  
• Serpentine, incorporating isolation valves on both sides of the rack and built-in flow control to hold the 
water flow through the rig at the ASTM recommended velocity of 0.6m/s to 1.8m/s. 

• Standard 
• ASTM D2688 
 
 
225.090 FLUSHING:  
• Application 
• Heating, cooling and other closed pipework systems 
• BSRIA Guide BG 29/2012 - Pre-commission Cleaning of Pipework Systems - reference Y25.3010B 
• System filling 
• Temporary connection from mains in compliance with  
• England and Wales - The Water Supply (Water Fittings) Regulations 1999 as amended, the Water 
Act 2014 and The Construction Products Regulations 2013. 
• Scotland - The Water Supply (Water Fittings) Byelaws 2014. 
• Northern Ireland - The Water Supply (Water Fittings) Regulations 2009. 
• Temporary connection from fire hydrant pipework. 

• By installation of temporary tank and pump arrangement. 
• Flush system until discharge water is visually clear. 

• Services supplying water for domestic use - reference Y25.3010D 
 
 
 
225.100 PURGING:  
• Testing and purging gas pipework from the outlet of the Emergency Control Valve (ECV) fitted on the 
end of the gas service that is owned by the Gas Transporter and the inlet connection to the gas appliance. 
• Industrial and commercial installation - reference Y25.3020A 

• Small low pressure industrial and commercial installations (having a volume not exceeding 1m3) - 
reference Y25.3020B 
 
 
225.110 CHEMICAL CLEANING AND SOLIDS REMOVAL:  
• BSRIA Application Guide 29/2012: Pre-commission Cleaning of Pipework Systems. 
• Inhibited acid - reference Y25.3030A 
• Formulated products - reference Y25.3030B 

• Cleaning and chemical treatment regime - reference Y25.3035 
 
 
 
225.120 DISINFECTION:  
• General - reference Y25.3040 
• Hot and cold water systems - reference Y25.3050 
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225.150 DOCUMENTATION:  
• Reference Y25.3090 
 
 
230.000 AIR DUCTLINES AND ANCILLARIES 
 
 
230.010 GENERAL:  
• Comply with work section general clauses below 
• Ductwork installation standards - reference Y30.1010 
• Ductwork dimensions - reference Y30.1020 

• Electrical bonding terminal - reference Y30.1030 
• Location Refer to (57) Series Drawings 
• Fire stopping 

• All components forming the seal system to be from the same manufacturer. All products used, to 
have third party product certification by a scheme accredited by UKAS. 

• Only use UKAS accredited, third party installer certified specialist contractors. The specialists should 
be ASFP members and their certification must cover the passive fire protection element they are 
installing. 
• Install all fire stopping systems in accordance with the manufacturer's written instructions and the test / 
assessment / certification evidence provided by the installer / manufacturer of the penetration seal. 
• Support centres for services passing through penetration seals serving fire barriers to be the same as 
those covered by the test / assessment / certification evidence provided by the installer / manufacturer 
of the penetration seal. 
• Install and inspect fire stopping systems in accordance with Building Regulations Approved Document 
B, ASFP Code of Practice TGD 17 and general best practice guidance given in the ASFP On-site guide 
to installing fire-stopping. 
 

 
230.020 INSTALLER SELECTION:  
• Use a member of the BESA (Building Engineering Services Association) specialising in manufacturing 
and installing ductwork. 
• Where post installation cleaning is specified, appoint a specialist cleaning contractor to undertake the 
work in accordance with BESA TR/19, and supply and install any additional cleaning openings to suit their 
selected specific methods of cleaning and to suit the practical site conditions relative to the fabric of the 
building and position of other services. 
• Existing systems that require inspection and cleaning prior to modification or re-commissioning 
(including kitchen extract systems). 
• Employ a specialist, approved in accordance with Loss Prevention Standard LPS 2084, to undertake 
the following: 

 
 
230.030 DUCTWORK AND FITTINGS:  
• Type Refer to (57) Series Drawings 
• Application Supply and Extract Ventilation systems as detailed 
• Electrical bonding terminal - reference Y30.1030 

• Design Information 
• Pressure classification 
• Class A, positive - reference Y30.2010A 
• Class A, negative - reference Y30.2010B 

• Cleanliness quality class to BS EN 15780 and BESA TR/19 
• High. 
• Prior to final commissioning, in addition to a visual assessment of the internal surfaces, undertake 
Preferred Vacuum Test (PVT) to establish dust accumulation level is within the acceptable level for the 
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cleanliness quality class listed in Table 2 (A.4) in BESA TR/19. 
• Protection Delivery and Installation (PDI) level to BS EN 15780 and BESA TR/19 
• Advanced (including post installation cleaning) - reference Y30.4090C 
• Reference Y30.4090#  

• Post installation cleaning for advance level of PDI 
• To be undertaken by a ductwork cleaning specialist. 
• Dry method - reference Y30.4090D 
• Wet method - reference Y30.4090E 
• Medium pressure ductwork - reference Y30.2030B 

• Low pressure ductwork - reference Y30.2030C 
• Ductwork strength and air leakage testing, circular sheet metal ductwork - reference Y30.2035 
• Ductwork strength and air leakage testing, rectangular sheet metal ductwork - reference Y30.2036. 
 
 
 
230.040 SHEET METAL DUCTWORK TO DW/144:  
• Material 
• Zinc coated. Hot-dip galvanised steel to BS EN 10346. 
• Pre-coated steel. 

• Protective finishes 
• Galvanizing. 
• Metal spraying. 
• Paint. 

• Construction 
• Rectangular. 
• Circular. 
• Man access and safety bars - reference Y30.2070 

 
 
230.070 FIRE RESISTING / SMOKE EXTRACT DUCTWORK AND METHOD OF MAINTAINING FIRE 
INTEGRITY:  
• Type and method of fire rating 2 Hour 
• Fire protection material Specialist Coatings - Paint and Applied Materials 
• Ventilation systems to be protected Refer to (57) Series Drawing for locations and Specific Ductwork 
that is to be fire rated 
• Install and inspect fire resisting duct systems in accordance with Building Regulations and ASFP Code 
of Practice TGD 18. 
• The installation shall be fully in accordance with the test certification. 
• Supply fire resisting ductwork as schedule reference Fire Rated Ductwork  
• Supply fire resisting ductwork as below 
• Duct type 
• Fire outside duct Type A  

• Application 
• Fire protection of supply and extract ventilation ductwork  

• Fire resistance when tested to the requirements of BS EN 1366-1, BS EN 1366-8 or BS EN 1366-9 
and classified in accordance with BS EN 13501-3 for ventilation ducts or BS EN 13501-4 for smoke  
control ducts using BS EN "EI" nomenclature by UKAS accredited certification body. 
• Integrity 120 mins 
• Fire rating when tested to the requirements of BS 476-24 by a UKAS accredited certification body. 

• Thermal insulation requirements 
• As detailed in Y 50 / D1.9.10. 
• Minimum thickness to control heat loss and heat gain in accordance with Building Regulations. 

• Pressure class of ductwork to BESA DW/144: Classs 
• Smoke and heat control duct systems to BS EN 12101-7 
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• BS 9999 for general fire safety 
• BS EN 1363-1 Fire resistance tests. General requirements 
• BS EN 1366-1 Fire resistance tests for service installations. Ventilation ducts 
• BS EN 1366-9 Fire resistance tests for service installations. Single compartment smoke extraction 
ducts 
• BS EN 13501-3 Classification using data from fire resistance tests on products and elements used in 
building service installations: fire resisting ducts and fire dampers 
• BS EN 13501-4 Classification using data from fire resistance tests on components of smoke control 
systems 

• Fire protection with fire dampers or automatically actuated fire and smoke dampers triggered by smoke 
detectors - reference Y30.2110A 
• Fire protection with fire resisting enclosures 
• Reference Y30.2110B 
• Fire resisting ductwork tested to BS EN 1366 - reference Y30.2110E 
• Fire resisting and smoke / heat control ductwork tested to BS EN 1366 - reference Y30.2110F 

• The manufacturer/installer shall be assessed and registered in accordance with BS EN ISO 9001 
• Systems/materials shall be listed within the Loss Prevention Certification Board (LPCB) Red Book. 
• Systems/materials used shall have third party accreditation by a UKAS accredited certification body. 
 
 
230.080 INSULATED DUCTWORK:  
• Type Supply and Extract systems 
• Application for heat recovery and acoustic issues 

• External thermal/acoustic insulation 
• Reference Y30.2121 

 
 
230.090 SUPPORTS:  
• Hangers and supports 
• Reference Y30.2140A 

• Support of air terminal units 
• Reference Y30.2150A 

 
 
230.100 ACCESSORIES:  
• Construction and finishes - reference Y30.3010 
• Inspection/servicing access openings 
• Metal ductwork - reference Y30.3020A 
• BESA TR/19 - reference Y30.3020D 

• Test holes 
• Metal ductwork - reference Y30.3030A 

• Holes for controls/instruments - metal ductwork - reference Y30.3040 
• Installation of instruments and controls - reference Y30.3042 
• Cleaning access 
• Basic level of PDI - reference Y30.3050A 
• Intermediate level of PDI - reference Y30.3050B 
• Advanced level of PDI with post installation cleaning - reference Y30.3050C 

• Flexible joint connections 
• Reference Y30.3110A 

 
 
230.110 REGULATING DAMPERS - METAL DUCTWORK:  
• Type Fire Smopke Dampers and Isolation Dampers 
• Manufacturer and reference Halton and Actionair 
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• Or approved equivalent. 
• Acoustic testing requirements to BS EN ISO 5135  
• Balancing dampers 
• Steel single-blade dampers - reference Y30.3060A 
• Steel multi-blade dampers - reference Y30.3060B 

• Control dampers 
• Steel single-blade dampers - reference Y30.3060C 

• Steel multi-blade dampers - reference Y30.3060D 
 
 
230.150 COMBINATION SMOKE AND FIRE DAMPERS:  
• Type Refer to (50) Series and (57) Series Drawings 
• Application Fire Smoke Dampers 
• Manufacturer and reference Actionair 
• Control mode To Suit Existing - Refer to Entropic 
• General - reference Y30.3089 
• Steel single-blade - reference Y30.3090A 
• Steel multi-blade - reference Y30.3090B 
• Combination smoke control / fire dampers to be in accordance with BS EN 12101-8 tested to BS EN 
1366-10 and BS EN 1366-2 and classified in accordance with BS EN 13501-4. 
 
 
230.180 AIR DUCTLINES & ANCILLARIES WORKMANSHIP:  
• General - reference Y30.4010 
• Ductwork supports - reference Y30.4020 
• Component support on pre-insulated aluminium ductwork 
• Reference Y30.4025 

• Duct support for vapour seal continuity 
• Reference Y30.4030A 

• External ductwork 
• Construction 
• Galvanised steel to BESA DW/144 Section 26, protected from the elements by a watertight 
membrane installed immediately after the ductwork has been installed. 
• Galvanised steel to BESA DW/144 Section 26 not protected by a watertight membrane. 

• Insulation 
• Refer to Thermal Insulation specification clauses / schedule. 

• Protective finish 
• Painting  
• Aluminium cladding. 
• Laminating foil / film jacketing system  
• External ductwork supports - reference Y30.4040 

• As shown on drawings  
• Ductwork floor support - reference Y30.4050 
• Drainage of ductwork - reference Y30.4060 
• Connections to building openings 
• Metal ductwork, comply with DW/144, Appendix K. 

• Weather proofing 
• Flashing plate and cowl - reference Y30.4100A 
• Ductwork sleeves 
• Flanged - reference Y30.4110B 

• Fire rated ductwork sleeves 
• Provide as indicated on drawing. 

• Installation of control equipment 
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• Reference Y30.4130 
• Positions 
• Position components as indicated and in accordance with manufacturer's instructions as shown on 
the following drawings 
• Contract drawings. 
• Manufacturer's drawings. 
• Specialist supplier's drawings. 
• Specialist contractor's drawings. 

• Instrument connections 
• Reference Y30.4140 

• Damper access - reference Y30.4160 
 
 
241.000 FANS 
 
 
241.010 GENERAL:  
• Comply with general clauses below 
• Standards 
• Reference Y41.1000 

• Design duties, fan selection, efficiency and EC ecodesign requirements for fans and ventilation units. 
• Reference Y41.1010 

• Protection 
• Reference Y41.1020 

• Supply fans as schedule reference Fans Referecne AHU specification and Schedules 
• Location Level 4 new Plant Room 

• Ensure all electrical equipment supplied and installed is suitable for power supply indicated. 
• Provide details of electrical input, starting and performance characteristics of all motors above 750W to 
an agreed format. 
• Where appropriate ensure motors and drives are supplied complete with keys and keyways. 
• Supply fans as schedule reference (50) Series Drawing 
 
 
241.020 FAN AND MOTOR:  
• Application  
• Included in air handling unit reference AHU AHU/01 and AHU/02 Supply and AHU/01 and AHU/02 
Extract 
• Manufacturer and reference 
• Select fans from Quality Assured firms. 
• Fully Eurovent Certified as an assembly and for indivdual components 
• Or approved equivalent. 

• Electrical supply to BS EN 60038 
• Single-phase. 
• 3-phase. 
• 3-phase and neutral. BS EN 10143 
• Construct casing from mild steel coated with epoxy polyester finish. 

• Motor 
• Type 

• Asynchronous induction with Variable Speed Drive (VSD). 
• Permanent-Magnet Synchronous, with Variable Speed Drive (VSD). 
• Magnet free synchronous reluctance with VSD. 
• EC Permanent-Magnet Synchronous with integral AC to DC converter and electronic controls with 
0-10V control input. 
• EC Permanent-Magnet Synchronous with integral AC to DC converter and electronic controls with 
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0-10V control input and integral PID controller to enable sensors to be connected directly to the motor. 
• Standards - reference Y92.1010 
• General - reference Y92.2020 
• Provide protected enclosures against external mechanical impacts in accordance with BS EN 62262 
• IK 08. 

• On belt driven fan fit motors on slide rails - reference Y92.2030 
• Motor efficiency 
• Efficiency class - IE2 - reference Y92.2025A 
• Efficiency class - IE3 - reference Y92.2025B 
• Efficiency class - IE4 - reference Y92.2025C 

• Degree of protection in accordance with BS EN 60034-5 
• IP55. 
• Method of motor cooling in accordance with BS EN 60034-6 

• Surge suppressors 
• Manufacturer fitted - reference Y92.1040A 

• Motor operating conditions 
• Standard operating conditions 
• Non standard operating conditions (above 1000m with air conditions exceeding 40°C and 50% 

• Motors - over temperature protection 
• Thermistors - reference Y92.2060A 
• Reference Y92.2060# 

• Drives 
• Indirect drives 
• Toothed belt - reference Y92.2070A 
• Flat belt - reference Y92.2070B 

• Direct coupled drives 
• Reference Y92.2080A 

• Variable speed drives (VSDs) 
• Frequency converters (VSD) tailor made for HVAC application 
• Located in control panel or exposed wall or frame mounted - reference Y72.2190A 
• Located in motor control centre - reference Y72.2190B 
• Reference Y72.2190# 
• Demarcation of responsibilities and location of VSD 
• Integrated with pump motor, supplied and selected by pump manufacturer to suit design duty 
• Supplied and selected by the controls specialist to suit plant duty and provided as part of local plant 
controls for integration with BMS  
• Located remote from motor 

• Guards 
• Reference Y92.2090A 
• Motor mounting classification - reference Y92.2100# 

 
 
241.050 WORKMANSHIP  
• Location - reference Y41.4010 
• Attitude - reference Y41.4020 
• Alignment - reference Y41.4030 
• Testing - reference Y41.4040 
• Drain connections - reference Y41.4050 
 
 
250.000 THERMAL INSULATION 
 
 
250.010 GENERAL:  
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• Comply with work section general clauses reference below 
• Temperature range - reference Y50.1010 
• Standards - reference Y50.1020 
• Materials - reference Y50.1030 
• Pre-insulated equipment - reference Y50.1032 
• Protection applied in situ - reference Y50.1034 
• European classification for reaction to fire performance - reference Y50.1035A 
• European classification for reaction to fire performance - reference Y50.1035# 
• Spread of flame - reference Y50.1050A 
• Spread of flame - reference Y50.1050# 
• Smoke emission characteristics - reference Y50.1055 
• Electrical bonding terminal - reference Y50.1080 

• Inspection and testing - reference Y50.1090 
• Make good any sections that are cut during inspection for thickness and compliance with specification. 
• Insulation thicknesses 
• Reference Y50.2289 

 
 
 
250.020 INSTALLER SELECTION:  
• Use a contractor specialising in the supply and installation of thermal insulation. 

• Use thermal insulation materials supplied by a manufacturer assessed and registered in accordance 
with BS EN ISO 9001. 
• Use thermal insulation materials supplied by a manufacturer assessed and registered in accordance 
with BS EN ISO 14001. 
• Use thermal insulation materials supplied by a manufacturer assessed and registered in accordance 
with BS OHSAS 18001 
 
 
 
250.030 MINERAL WOOL THERMAL INSULATION - PIPEWORK:  
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 

• Smoke emission characteristics 
• Reference Y50.1055  

• Electrical bonding terminal - reference Y50.1080  
• Inspection and testing - reference Y50.1090 
• Materials  
• Standard - BS EN 14303. 

• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
• Mineral wool pipe insulation 
• Foil faced - Rock mineral wool reference Y50.2030A 
• Canvas covered - Rock mineral wool reference Y50.2030B 
• Foil faced - Glass mineral wool reference Y50.2030C 
• Canvas covered - Glass mineral wool reference Y50.2030D 
• Vapour barrier permeance 

• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
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• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
• Roofing felt - reference Y50.2200B 
• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Valve and flange insulation 
• Application  

• Thickness table 
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286 
• Insulation thickness calculation methods, ECA Enhanced - reference Y50.2287 
• Insulation thickness tables - reference Y50.2289 
• Non-domestic hot water supply services Building Regulations (rock mineral wool) - reference 
Y50.2290 
• Non-domestic hot water supply services Building Regulations (glass mineral wool) - reference 
Y50.2295 
• Non-domestic hot water supply services ECA Enhanced - reference Y50.2307 
• Non-domestic heating installations, Building Regulations (rock mineral wool) - reference Y50.2310 
• Non-domestic heating installations, Building Regulations (glass mineral wool) - reference Y50.2315 
• Non-domestic heating installations, ECA Enhanced - reference Y50.2327 
• Domestic central heating and hot water system, Building Regulations - reference Y50.2330 
• Domestic central heating and hot water systems, ECA Enhanced - reference Y50.2331 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies rock mineral wool - reference Y50.2395 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies glass mineral wool - reference Y50.2396 
• Protection against freezing rock mineral wool - reference Y50.2420 
• Protection against freezing glass mineral wool - reference Y50.2421 

• Thickness of insulation  
• Thickness of insulation for refrigeration pipework and equipment to BS 5422 - reference Y50.2495# 
• Thickness of insulation for process pipework and equipment to BS 5422 - reference Y50.2490# 
 
 
250.040 CLOSED CELL MATERIALS THERMAL INSULATION - PIPEWORK:  
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 
• Smoke emission characteristics 

• Electrical bonding terminal - reference Y50.1080  
• Inspection and testing - reference Y50.1090 
• Materials  
• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
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• Closed cell rigid phenolic preformed sections 
• Foil faced - reference Y50.2110A 

• High density rigid phenolic pipe and duct insulation - Reference Y50.2130A 
• Closed cell nitrile rubber preformed flexible sections 
• Reference Y50.2140A 

• Vapour barrier permeance 
• Reference Y50.2170 

• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
Roofing felt - reference Y50.2200B 
• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Valve and flange insulation 
• Application  

• Thickness table 
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286 
• Insulation thickness calculation methods, ECA Enhanced - reference Y50.2287 
• Insulation thickness tables - reference Y50.2289 
• Non-domestic hot water service area - reference  
• Non-domestic hot water service area, Building Regulations - phenolic foam - reference Y50.2305 
• Non-domestic hot water service area, Building Regulations - nitrile rubber - reference Y50.2306 
• Non-domestic hot water supply services, ECA Enhanced maximum permitted heat losses - reference 
Y50.2307 
• Non-domestic heating installations, Building Regulations - phenolic foam - reference Y50.2325 
• Non-domestic heating installations, Building Regulations - nitrile rubber - reference Y50.2326 
• Non-domestic heating installations, ECA Enhanced maximum permitted heat losses -  reference 
Y50.2327 
• Domestic central heating and hot water systems, ECA Enhanced maximum permitted heat losses - 
reference Y50.2331 
• Domestic central heating and hot water systems, Building Regulations - phenolic foam - reference 
Y50.2336 
• Domestic central heating and hot water systems, Building regulations - nitrile rubber - reference 
Y50.2337 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies - phenolic foam - reference Y50.2411 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies - nitrile rubber - reference Y50.2412 
• Protection against freezing 
• Phenolic foam - reference Y50.2430 
• Nitrile rubber - reference Y50.2440 

• Thickness of insulation  
• Thickness of insulation for refrigeration pipework to BS 5422 - reference Y50.2495# 
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250.060 MINERAL WOOL THERMAL INSULATION - DUCTWORK:  Performance 
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 

• Smoke emission characteristics 
• Reference Y50.1055 
• Electrical bonding terminal - reference Y50.1080  

• Inspection and testing - reference Y50.1090 
• Materials  
• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
• Mineral wool duct insulation 
• Rigid 
• Foil faced - Rock mineral wool reference Y50.2040A 
• Foil faced - Glass mineral wool reference Y50.2040B 

• Flexible 
• Foil faced - Rock mineral wool reference Y50.2050A 
• Foil faced - Glass mineral wool reference Y50.2050B 

• Lamella duct insulation 
• Foil faced - Rock mineral wool reference Y50.2060A 
• Foil faced - Glass mineral wool reference Y50.2060C 
• Kraft paper - Rock mineral wool reference Y50.2060B 
• Kraft paper - Glass mineral wool reference Y50.2060D 

• Crimped mat ductwork insulation - reference Y50.2065 
• Metal mesh faced mattresses for the insulation of high temperature ducts, tanks, vessels and other 
equipment 
• Galvanized mesh 
• One face - reference Y50.2070A 
• Both faces - reference Y50.2070B 

• Stainless steel mesh 
• One face - reference Y50.2070C 

• Both faces - reference Y50.2070D 
• Fire protection insulation 
• Flat ductwork 
• Mitred joints - reference Y50.2080A 
• Butted joints - reference Y50.2080B 

• Circular ductwork 
• Section - reference Y50.2080C 
• PSM - reference Y50.2080D 

• Wired mattress - reference Y50.2080E 
• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
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• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
• Roofing felt - reference Y50.2200B 
• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Thickness table 
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286 
• Insulation thickness tables - reference Y50.2289 
• Insulation thickness on ductwork, Building Regulations - reference Y50.2456 
• Condensation control on chilled air ductwork, rock mineral wool - reference Y50.2460 
• Condensation control on chilled air ductwork, glass mineral wool - reference Y50.2461 

• Thickness of insulation  
 
 
250.070 CLOSED CELL MATERIALS THERMAL INSULATION - DUCTWORK:  
• Type  
• Application  
• Manufacturer and referencet 

• Temperature of fluid in ducts (°C)  
• European Classification for Reaction to Fire Performance 
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 

• Smoke emission characteristics 
• Reference Y50.1055  
• Electrical bonding terminal - reference Y50.1080  

• Inspection and testing - reference Y50.1090 
• Materials  
• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
• Closed cell rigid phenolic foam (PF) slab 
• Obtain written confirmation from the manufacturer that the material is CFC and HCFC free. 
• Foil faced - reference Y50.2120A 
• Reference Y50.2120B 

• High density phenolic pipe and duct support foam 
• Reference Y50.2130A 
• Obtain written confirmation from the manufacturer that the material is CFC and HCFC free. 

• Closed cell nitrile rubber elastomeric sheet 
• Reference Y50.2140A 

• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
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• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
• Roofing felt - reference Y50.2200B 
• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Thickness table 
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286 
• Insulation thickness tables - reference Y50.2289 
• Insulation thickness on ductwork, Building Regulations - reference Y50.2456 
• Condensation control on chilled air ductwork - phenolic foam - reference Y50.2470 
• Condensation control on chilled air ductwork - closed cell FEF nitrile foam - reference Y50.2475 

• Thickness of insulation 
 
 
 
250.080 THERMAL INSULATION - PLANT:  Performance 
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 

• Smoke emission characteristics 
• Reference Y50.1055 
• Electrical bonding terminal - reference Y50.1080  

• Inspection and testing - reference Y50.1090 
• Materials  
• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
• Mineral fibre duct insulation 
• Rigid 
• Foil faced - reference Y50.2040A 

• Flexible 
• Foil faced - reference Y50.2050A 

• Lamella duct insulation 
• Foil faced - reference Y50.2060A 
• Kraft paper - reference Y50.2060B 

• Metal mesh faced mattresses 
• Galvanized mesh 
• One face - reference Y50.2070A 
• Both faces - reference Y50.2070B 

• Stainless steel mesh 
• One face - reference Y50.2070C 

• Both faces - reference Y50.2070D 
• Mineral fibre insulation for hot water storage vessels 
• Resin bonded slabs 
• To comply with Building Regulations, Non-domestic Building Services Compliance Guide - reference 
Y50.2308 

• Closed cell rigid phenolic foam (PF) slab 
• Obtain written confirmation from the manufacturer that the material is CFC and HCFC free. 
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• Foil faced - reference Y50.2120A 
• Reference Y50.2120B 

• High density phenolic pipe and duct support foam 
• Reference Y50.2130A 
• Obtain written confirmation from the manufacturer that the material is CFC and HCFC free. 

• Closed cell nitrile and EPDM rubber elastomeric sheet and preformed sections. 
• Reference Y50.2140A 

• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
• Roofing felt - reference Y50.2200B 
• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Protection for heat exchangers and other vessels 
• Aluminium 
• Reference Y50.2230A 
• With chest covers - reference Y50.2230B 
• Aluminium-zinc coated steel 

• Multi-layer laminate - reference Y50.2230E 
• Mineral wool insulation for boiler flues 
• With aluminium casing - reference Y50.2240A 

• Supply pre-insulated boiler flues  
• Supply cylinder jackets  
• Pumps and other irregular shapes - reference Y50.2280 
• Thickness of insulation 
• Unless specified otherwise elsewhere, the thicknesses for flat surfaces or irregular shaped plant items 
shall not be less than that for the largest pipe size given in the thickness tables below  
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286   
• Insulation thickness tables - reference Y50.2289 
• Non-domestic hot water supply services (Building Regulations) 
• Rock mineral wool - reference Y50.2290 
• Glass mineral wool - reference Y50.2295 

• Non-domestic heating installations (Building Regulations) 
• Rock mineral wool - reference Y50.2310 
• Glass mineral wool - reference Y50.2315 

• Domestic central heating and hot water systems, Building Regulations (rock mineral wool) - reference 
Y50.2330 
• Steam and condensate systems, mineral wool - reference Y50.2340 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies rock mineral wool - reference Y50.2395 
• Protection against freezing 
• Mineral wool - reference Y50.2420 
• Phenolic foam - reference Y50.2430 
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• Nitrile rubber - reference Y50.2440 
• Insulation thickness on ductwork, Building Regulations - reference Y50.2456 
• Condensation control on chilled air ductwork 
• Rock mineral wool - reference Y50.2460 
• Phenolic foam - reference Y50.2470 
• Closed cell nitrile foam - reference Y50.2475 

• Thickness of insulation to BS 5422 for process pipework and equipment- reference Y50.2490#. 
• Thickness of insulation to BS 5422 for refrigeration pipework and equipment -reference Y50.2495#  
• Thickness of insulation 
 
 
 
250.090 WORKMANSHIP PIPEWORK INSULATION:  
• General - reference Y50.3010 
• Installation of foil faced mineral wool insulation - reference Y50.3020 
• Installation of foil faced phenolic foam insulation - reference Y50.3030 
• Installation of closed cell nitrile rubber insulation - reference Y50.3050 
• Installation of protection 
• Polyisobutylene (PIB) - reference Y50.3120 
• Self-adhesive multi-layer laminate covering - reference Y50.3125 
• Sheet metal finish 
• Reference Y50.3130A 

• Canvas - reference Y50.3150 
• Roofing felt - reference Y50.3160 
• Aluminium sheeting - reference Y50.3170 
• Aluminium-zinc coated steel - reference Y50.3180 
• Rigid PVC - reference Y50.3190 

• Flanges and valves - reference Y50.3210 
• Installation where insulation is carried through pipeline support 
• Reference Y50.3230A 
• Closed cell insulation - reference Y50.3230B 

• Liquid vapour barriers - reference Y50.3260 
• Integrity of vapour barriers - reference Y50.3270 
 
 
250.100 WORKMANSHIP DUCTWORK INSULATION:  
• General - reference Y50.3010 
• Installation of foil faced rigid or slotted slab insulation - reference Y50.3060 
• Installation of foil faced flexible insulation - reference Y50.3070 
• Installation of foil faced lamella insulation - reference Y50.3080 
• Installation of protection 
• Polyisobutylene (PIB) - reference Y50.3120 
• Self-adhesive multi-layer laminate covering - reference Y50.3125. 
• Sheet metal finish 
• Reference Y50.3140A 

• Canvas - reference Y50.3150 
• Roofing felt - reference Y50.3160 
• Aluminium sheeting - reference Y50.3170 
• Aluminium-zinc coated steel - reference Y50.3180 
• Rigid PVC - reference Y50.3190 

• Installation where insulation is carried through ductwork support - reference Y50.3250 
• Liquid vapour barriers - reference Y50.3260 
• Integrity of vapour barriers - reference Y50.3270 
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250.110 WORKMANSHIP EQUIPMENT INSULATION:  
• General - reference Y50.3010 
• Installation of insulation on tanks - reference Y50.3090 
• Installation of mineral wool insulation on vessels - reference Y50.3100 
• Installation of phenolic foam insulation on vessels - reference Y50.3110 
• Installation of protection 
• Polyisobutylene (PIB) - reference Y50.3120 
• Self-adhesive multi-layer laminate covering - reference Y50.3125 
• Sheet metal finish 
• Reference Y50.3140A 

• Canvas - reference Y50.3150 
• Roofing felt - reference Y50.3160 
• Aluminium sheeting - reference Y50.3170 
• Aluminium-zinc coated steel - reference Y50.3180 
• Rigid PVC - reference Y50.3190 

• Liquid vapour barriers - reference Y50.3260 
• Integrity of vapour barriers - reference Y50.3270 
 
 
251.000 TESTING AND COMMISSIONING OF MECHANICAL SERVICES 
 
 
251.010 GENERAL:  
• Carry out testing and commissioning as specified in section SHTM 03-01 
 
 
251.020 SPECIALIST:  
• Use a commissioning specialist who is a member of The Commissioning Specialists Association (CSA). 
• Or approved equivalent 
 
 
251.030 STATIC TESTING:  
• Carry out air pressure and leakage testing on air ductwork in accordance with specification section 
covering air ductlines and ancillaries. 
• Carry out pressure / leakage testing of builders work air shafts, voids and floor plenums where they are 
used for supply ventilation - reference Y51.2015 
• Pressure testing 
• General - reference Y51.2010 
• Hot and cold water supply systems, water circulating systems (LTHW, MTHW, HTHW, chilled and 
condenser water) and steam and condense lines - reference Y51.2020 
• Underground pipework 
• Test pre-insulated bonded steel pipe systems for district heating in accordance with BS EN 13941. 
• Test pre-insulated non bonded pipe systems in accordance with the system manufacturer's 
recommendations. 
• Test pre-insulated bonded flexible pipe systems in accordance with the system manufacturer's 
recommendations. 

• Underground cold water supply mains - reference Y51.2040 
• Fire risers - reference Y51.2050 
• Refrigerant pipework 
• Strength pressure test - reference Y51.2055A 
• Leak test - reference Y51.2055B 
• Deep vacuum test - reference Y51.2055C 
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• Gas pipework 
• Pressure testing - reference Y51.2060 

• Oil pipework - reference Y51.2065 
• Piped medical gases - reference Y51.2070 
• Condense and overflow systems - reference Y51.2075 
• Soil, waste, ventilation, anti-syphon and rainwater pipework - reference Y51.2080 
• Underslab drainage - reference Y51.2090 

• Vacuum testing - reference Y51.2100 
• Provide an air compressor and subject the pipework to sectional testing by air at low pressure (not 
exceeding 0.5 bars) before commencing any flushing or testing with water. 
• On completion of all cleaning, flushing and air testing operations, recharge each system with clean water 
and subject them to sectional hydraulic tests of one and a half times the working pressure. 
• There is to be no loss of pressure for a period of not less than 30 minutes for each test. 
 
 
251.040 COMMISSIONING:  
• Commissioning codes - reference Y51.3020 
• Commissioning 
• Water distribution 
• Including BSRIA pre-commissioning check list 
• Reference Y51.3030 

• Air distribution 
• Including BSRIA pre-commissioning check list 

• Reference Y51.3040 
• Automatic control systems - reference Y51.3070 

• Instruments and gauges 
• Reference Y51.3090A 

• Commissioning records 
• Distribution  
• For air systems 
• To BSRIA Guide BG 49/2015 - reference Y51.3100A 

• For water systems 
• To BSRIA Guide BG 2/2010 - reference Y51.3100B 

• BMS commissioning 
• Control system specification details required for commissioning - reference Y51.3110 
• Pre-commissioning - reference Y51.3120 
• Plant ready for control system commissioning 
• Reference Y51.3130A 

• Control system requirements for plant commissioning - reference Y51.3140 
• Commissioning of building services as required by Scottish Technical Handbook Section 6.7. 
• Commissioning - reference Y51.3150 

 
 
251.050 PERFORMANCE TESTING:  
• System performance testing - reference Y51.4010 
• Testing of residential ventilation systems - reference Y51.4015 
• Where applicable, on ventilation facilities correct the measured air flow rate when ambient measuring 
conditions are different from standard conditions in accordance with PD CEN/TS 17153. 
• Specific Fan Power Validation tests 
• After fitting clean filters, air handling systems to be commissioned under validation load. Measure the 
specific fan power SFP of each system for calculation of the building "as constructed" CO2 emission 
rate. 
• Details  
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• Environmental tests for HVAC systems 
• Artificial loads - reference Y51.4020A 
• Ambient Air Quality - reference Y51.4020B 

• Recorders - reference Y51.4030 
• Seven day space temperature recorders 
• Number  
• For (weeks) Two 

• Relative humidity recorders 
• Number  
• For (weeks) Two coils 

•  
 
 
252.000 VIBRATION ISOLATION MOUNTINGS 
 
 
252.010 GENERAL:  
• Comply with work section general clauses below 
• Design intent - reference Y52.1010 
• Spring anti vibration mountings - reference Y52.1020 
• Locking facility - reference Y52.1040 

• Supply plant and pipework vibration isolation as schedule reference  
 
 
252.020 MAT AND PAD MOUNTINGS:  
• Duty 

• Configured mat mountings 
• Neoprene/composite fibre/synthetic rubber 
• Reference Y52.2010A 

• Natural rubber - reference Y52.2010B 
• High temperature synthetic rubber 
• Reference Y52.2010C 

• Resilient mat mountings 
• Cast in base - reference Y52.2010D 

• Pad mountings 
• Composite synthetic rubber - reference Y52.2010E 
 
 
252.030 MOUNTINGS:  
• Turret compression mountings 
• Synthetic rubber - reference Y52.2020A 
• Lockable facility - reference Y52.1040 

• Neoprene - reference Y52.2020B 
• Lockable facility - reference Y52.1040 

• Spring compression mountings - reference Y52.2030 
• Lockable facility - reference Y52.1040 

• Captive spring mountings - reference Y52.2040 
 
 
252.040 EQUIPMENT HANGINGS:  
• Spring compression hangers - reference Y52.2060 
• Lockable facility - reference Y52.1040 

• Combined turret/spring compression hangers 
• Synthetic rubber - reference Y52.2070A 
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• Lockable facility - reference Y52.1040 
• Neoprene - reference Y52.2070B 
• Lockable facility - reference Y52.1040 

 
 
252.050 PIPEWORK HANGERS:  
• Spring compression hangers - reference Y52.2060 
• Lockable facility - reference Y52.1040 

• Combined turret/spring compression hangers 
• Synthetic rubber - reference Y52.2070A 
• Lockable facility - reference Y52.1040 

• Neoprene - reference Y52.2070B 
• Lockable facility - reference Y52.1040 

 
 
252.060 HORIZONTALLY RESTRAINED SPRING MOUNTINGS:  
• Horizontally restrained spring mountings 
• Reference Y52.2080 
• Lockable facility - reference Y52.1040 

 
 
252.070 INERTIA BASES:  
• Manufacturer and reference. 

• Reinforced concrete - reference Y52.2090A 
• Lockable facility - reference Y52.1040 

• Welded steel frame - reference Y52.2090B 
• Lockable facility - reference Y52.1040 
 
 
252.080 VIBRATION ISOLATION HOSES:  
• Vibration isolation hoses - reference Y52.2100 
•  
 
 
252.090 PIPEWORK NOISE VIBRATION ISOLATION:  
• Natural corkwood - reference Y52.2110A 
• Reconstituted corkwood granules - reference Y52.2110B 
• Rubber matting - reference Y52.2110C 
 
 
252.100 WORKMANSHIP:  
• Horizontally restrained spring mountings - reference Y52.3040 
 
 
252.110 PIPE, WALL AND RISER SEALS:  
• Sponge foam packing - reference Y52.2120A 
• Mineral fibre packing - reference Y52.2120B 
 
 
254.000 IDENTIFICATION - MECHANICAL 
 
 
254.010 GENERAL:  
• Comply with work section general clauses below 
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• Requirements - reference Y54.1010 
• New systems - reference Y54.1020 
• Existing systems - reference Y54.1030 
• Colours - reference Y54.1040 

• Performance and durability - reference Y54.1045 
 
 
254.020 PIPEWORK IDENTIFICATION:  
• Reference Y54.2010 
 
 
254.030 DUCTWORK IDENTIFICATION:  
• Reference Y54.2020 
 
 
254.040 PLANT AND EQUIPMENT IDENTIFICATION:  
• Type Generally in line with current NHS GGC convention and Assett Registers 
• Application Client to confirm exact details 
• Lettering 
• Laminated plates, multi-coloured with outer layer removed for lettering - reference Y54.2030B 

 
 
254.045 GRAPHICAL SYMBOLS FOR USE ON EQUIPMENT IN ACCORDANCE WITH BS EN 80416:  
• Reference Y54.2035 
 
 
254.050 VALVE AND COCK IDENTIFICATION:  
• Reference Y54.2040 
 
 
254.070 LABORATORY OUTLETS:  
• Type  
• Application  
 
 
254.080 AIR VOLUME REGULATING AND CONTROL DAMPER IDENTIFICATION:  
• Reference Y54.2070 
 
 
254.090 INSTRUMENT IDENTIFICATION:  
• Reference Y54.2080 
 
 
254.100 DANGER AND WARNING NOTICES:  
• Reference Y54.2090 
 
 
290.000 FIXING TO BUILDING FABRIC 
 
 
290.010 GENERAL:  
• Comply with work section general clauses below 
• Preparation - reference Y90.1010 
• Manufacturer's drawings - reference Y90.1020 
• Fixings - reference Y90.1030 
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• Loading details - reference Y90.1040 
• Building-in by others - reference Y90.1050 
• Size of fixing - reference Y90.1060 

• Greasing of fixings - reference Y90.1070 
 
 
290.020 FIXINGS:  
• Standards - reference Y90.2010 
• Plugs - reference Y90.2020 
• Screws - reference Y90.2030 
• Non-penetrative support systems - reference Y90.2080 
• Manufacturer and reference  
• Or approved equivalent. 

 
 
290.030 WORKMANSHIP:  
• Drilling - reference Y90.3010 
• Fixing to timber rails - reference Y90.3050 
• Fixing to hollow stud/tile/block wall 
• Reference Y90.3060A 

• Fixing to concrete, brickwork or blockwork 
• Reference Y90.3070A 

• Fixing to metalwork 
• Reference Y90.3080A 

• Fixing to structural steelwork and concrete structures 
• Reference Y90.3090A 

• Non-penetrative support systems for roof mounted equipment - reference Y90.3100# 
 
 
291.000 OFF-SITE PAINTING AND ANTI-CORROSION TREATMENT 
 
 
291.010 GENERAL  
• Comply with work section general clauses below 
• General requirements - reference Y91.1010 

• Damaged finishes - reference Y91.1020 
 
 
291.020 PAINT MATERIALS:  
• Paint materials 
• Reference Y91.2010A 

• Paint quality - reference Y91.2020 
 
 
291.030 WORKMANSHIP  
• Weather and other conditions - reference Y91.3020 
• Cleaning and preparing for painting 
• Steel surfaces - reference Y91.3030A 
• Surfaces - reference Y91.3030B 
• Reference Y91.3030# 

• Application off-site - reference Y91.3040 
• Application - reference Y91.3050 
• Cold galvanizing - reference Y91.3060 
• Protection of bright machine parts - reference Y91.3070 
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BS APPENDIX 
 
BS 476-3:2004   
Fire tests on building materials and structures. Part 3 Classification and method of test for external fire 
exposure to roofs 
 
 
BS 476-4:1970   
Fire tests on building materials and structures. Part 4 Non-combustibility test for materials 
 
 
BS 476-6:1989+A1:2009   
Fire tests on building materials and structures. Part 6 Method of test for fire propagation for products 
 
 
BS 476-7:1997   
Fire tests on building materials and structures. Part 7 Method of test to determine the classification of the 
surface spread of flame of products 
 
 
BS 476-10:2009   
Fire tests on building materials and structures. Part 10 Guide to principles, selection, role and application 
of fire testing and their outputs  
 
 
BS 476-11:1982   
Fire tests on the building materials and structures. Part 11 Method for assessing the heat emission from 
building materials  
 
 
BS 476-12:1991   
Fire tests on building materials and structures. Part 12 Method of test for ignitability of products by direct 
flame impingement 
 
 
BS 476-13:1987, ISO 5657:1986   
Fire tests on building materials and structures. Part 13 Method of measuring the ignitability of products 
subjected to thermal irradiance 
 
 
BS 476-20:1987   
Fire tests on building materials and structures. Part 20 Method for determination of the fire resistance of 
elements of construction (general principles) 
 
 
BS 476-20:1987   
Fire tests on building materials and structures. Part 20 Method for determination of the fire resistance of 
elements of construction (general principles) 
 
 
BS 476-21:1987   
Fire tests on building materials and structures. Methods for determination of the fire resistance of 
loadbearing elements of construction   
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BS 476-22:1987   
Fire tests on building materials and structures. Part 22 Method for determination of the fire resistance of 
non-loadbearing elements of construction 
 
 
BS 476-24:1987, ISO 6944:1985   
Fire tests on building materials and structures. Part 24 Method for determination of the fire resistance of 
ventilation ducts 
 
 
BS 476-31.1:1983   
Fire tests on building materials and structures. Part 31.1 Methods for measuring smoke penetration 
through doorsets and shutter assemblies. Method of measurement under ambient temperature conditions 
 
 
BS 476-32:1989   
Fire tests on building materials and structures. Part 32 Guide to full scale fire tests within buildings 
 
 
BS 476-33:1993, ISO 9705:1993   
Fire tests on building materials and structures. Part 33 Full-scale room test for surface products 
 
 
BS 2767:1991   
Specification for manually operated copper alloy valves for radiators 
 
 
BS 2879:1980   
Specification for draining taps (screw-down pattern) 
 
 
BS 4825-1:1991+A2:2009   
Stainless steel tubes and fittings for the food industry and other hygienic applications. Part 1 Specification 
for tubes 

Partially replaced by BS EN 10357:2013 
 

 
BS 4825-2:1991+A2:2009   
Stainless steel tubes and fittings for the food industry and other hygienic applications. Part 2 Specification 
for bends and tees 
 
 
BS 4825-3:1991+A2:2009   
Stainless steel tubes and fittings for the food industry and other hygienic applications. Part 3 Specification 
for clamp type couplings 
 
 
BS 4825-4:1991+A1:2009   
Stainless steel tubes and fittings for the food industry and other hygienic applications. Part 4 Specification 
for threaded (IDF type) coupling 
 
 
BS 4825-5:1991+A1:2009   
Stainless steel tubes and fittings for the food industry and other hygienic applications. Part 5 Specification 
for recessed ring joint type couplings 
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BS 5154:1991   
Specification for copper alloy globe, globe stop and check, check and gate valves. 

Partially replaced by BS EN 12288 
 
 
BS 5163-1:2004   
Valves for waterworks purposes. Part 1 Predominantly key-operated cast iron gate valves. Code of 
practice 
 
 
BS 5163-2:2004   
Valves for waterworks purposes. Part 2 Stem caps for use on isolating valves and associated water 
control apparatus. Specification 
 
 
BS 5422:2009   
Method for specifying thermal insulating materials for pipes, tanks, vessels, ductwork and equipment 
operating within the temperature range -40°C to +700°C 
 
 
BS 6675:1986   
Specification for servicing valves (copper alloy) for water services   
 
 
BS 7350:1990   
Specification for double regulating globe valves and flow measurement devices for heating and chilled 
water systems      
 
 
BS 9999:2017  
Fire safety in the design, management and use of buildings. Code of practice 
 
 
BS EN 215-1:1991   
Thermostatic radiator valves. Part 1 Requirements and test methods 
 
 
BS EN 215:2004   
Thermostatic radiator valves. Requirements and test methods 
 
 
BS EN 331:2015  
Manually operated ball valves and closed bottom taper plug valves for gas installations for buildings 
 
 
BS EN 558:2017   
Industrial valves. Face-to-face and centre-to-face dimensions of metal valves for use in flanged pipe 
systems. PN and Class designated valves  
 
 
BS EN 593:2017  
Industrial valves. Metallic butterfly valves for general purposes. 
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BS EN 736-1:2018  
Valves. Terminology. Definition of types of valves 
 
 
BS EN 736-2:2016   
Valves. Terminology. Definition of components of valves   
 
 
BS EN 1074-1:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. General 
requirements  
 
 
BS EN 1074-1:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. General 
requirements  
 
 
BS EN 1074-2:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Isolating 
valves   
 
 
BS EN 1074-2:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Isolating 
valves   
 
 
BS EN 1074-3:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Check valves   
 
 
BS EN 1074-4:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Air valves   
 
 
BS EN 1074-5:2001   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Control 
valves   
 
 
BS EN 1074-6:2008   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Hydrants   
 
 
BS EN 1092-1:2018  
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 1 
steel flanges 
 
 
BS EN 1092-2:1997   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 2 
cast iron flanges 
 
 
BS EN 1092-3:2003   
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Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 3 
copper alloy flanges      
 
 
BS EN 1092-4:2002   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 4 
aluminium alloy flanges 
 
 
BS EN 1171:2015  
Industrial valves. Cast iron gate valves      
 
 
BS EN 1213:2000   
Building valves. Copper alloy stopvalves for potable water supply in buildings. Tests and requirements 
 
 
BS EN 1254-2:1998   
Copper and copper alloys. Plumbing fittings. Part 2 fittings with compression ends for use with copper 
tubes 
 
 
BS EN 1254-3:1998   
Copper and copper alloys. Plumbing fittings. Part 3 Fittings with compression ends for use with plastics 
pipes 
 
 
BS EN 1363-1:2012   
Fire resistance tests. General requirements   
 
 
BS EN 1366-1:2014   
Fire resistance tests for service installations. Ventilation ducts   
 
 
BS EN 1366-1:2014   
Fire resistance tests for service installations. Ventilation ducts   
 
 
BS EN 1366-2:2015  
Fire resistance tests for service installations. Part 2 Fire dampers 
 
 
BS EN 1366-3:2009   
Fire resistance tests for service installations. Penetration seals   
 
 
BS EN 1366-3:2009   
Fire resistance tests for service installations. Penetration seals   
 
 
BS EN 1366-4:2006+A1:2010   
Fire resistance tests for service installations. Linear joint seals 
 
 
BS EN 1366-4:2006+A1:2010   
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Fire resistance tests for service installations. Linear joint seals 
 
 
BS EN 1366-5:2010   
Fire resistance tests for service installations. Service ducts and shafts   
 
 
BS EN 1366-6:2004   
Fire resistance tests for service installations. Part 6 Raised access and hollow core floors 
 
 
BS EN 1366-7:2004   
Fire resistance tests for service installations. Part 7 Conveyor systems and their closures 
 
 
BS EN 1366-8:2004   
Fire resistance tests for service installations. Part 8 Smoke extraction ducts 
 
 
BS EN 1366-8:2004   
Fire resistance tests for service installations. Part 8 Smoke extraction ducts 
 
 
BS EN 1366-9:2008   
Fire resistance tests for service installations. Single compartment smoke extraction ducts   
 
 
BS EN 1366-9:2008   
Fire resistance tests for service installations. Single compartment smoke extraction ducts   
 
 
BS EN 1366-10:2011+A1:2017  
Fire resistance tests for service installations. Part 10 Smoke control dampers 
 
 
BS EN 1366-12:2014   
Fire resistance tests for service installations. Non-mechanical fire barrier for ventilation ductwork   
 
 
BS EN 1434-1:2015+A1:2018  
Thermal energy meters. General requirements 
 
 
BS EN 1434-1:2015+A1:2018  
Thermal energy meters. General requirements 
 
 
BS EN 1434-2:2015+A1:2018  
Thermal energy meters. Constructional requirements   
 
 
BS EN 1434-2:2015+A1:2018  
Thermal energy meters. Constructional requirements   
 
 
BS EN 1434-3:2015  

Page 1150

A48946859



   
   
   

   
   
   

Heat Meters. Data exchange and interfaces  
 
 
BS EN 1434-3:2015  
Heat Meters. Data exchange and interfaces  
 
 
BS EN 1434-4:2015+A1:2018  
Thermal energy meters. Pattern approval tests 
 
 
BS EN 1434-4:2015+A1:2018  
Thermal energy meters. Pattern approval tests 
 
 
BS EN 1434-5:2015+A1:2019  
Thermal energy meters. Initial verification tests   
 
 
BS EN 1434-5:2015+A1:2019  
Thermal energy meters. Initial verification tests   
 
 
BS EN 1434-6:2015+A1:2019  
Thermal energy meters. Installation, commissioning, operational monitoring and maintenance 
 
 
BS EN 1434-6:2015+A1:2019  
Thermal energy meters. Installation, commissioning, operational monitoring and maintenance 
 
 
BS EN 1984:2010   
Industrial valves. Steel gate valves 
 
 
BS EN 10143:2006   
Continuously hot-dip coated steel sheet and strip. Tolerances on dimensions and shape 
 
 
BS EN 10216-1:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 1 Non-alloy steel tubes 
with specified room temperature properties 
 
 
BS EN 10216-1:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 1 Non-alloy steel tubes 
with specified room temperature properties 
 
 
BS EN 10216-2:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 2 Non-alloy and alloy 
steel tubes with specified elevated temperature properties 
 
 
BS EN 10216-2:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 2 Non-alloy and alloy 
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steel tubes with specified elevated temperature properties 
 
 
BS EN 10216-3:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 3 Alloy fine grain steel 
tubes 
 
 
BS EN 10216-3:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 3 Alloy fine grain steel 
tubes 
 
 
BS EN 10216-4:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 4 Non-alloy and alloy 
steel tubes with specified low temperature properties 
 
 
BS EN 10216-4:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 4 Non-alloy and alloy 
steel tubes with specified low temperature properties 
 
 
BS EN 10216-5:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 5 Stainless steel tubes 
 
 
BS EN 10216-5:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 5 Stainless steel tubes 
 
 
BS EN 10217-1:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 1 Non-alloy steel tubes with 
specified room temperature properties 
 
 
BS EN 10217-1:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 1 Non-alloy steel tubes with 
specified room temperature properties 
 
 
BS EN 10217-2:2002+A1:2005  
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 2 Electric welded non-alloy 
and alloy steel tubes with specified elevated temperature properties 
 
 
BS EN 10217-2:2002+A1:2005  
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 2 Electric welded non-alloy 
and alloy steel tubes with specified elevated temperature properties 
 
 
BS EN 10217-3:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 3 Alloy fine grain steel 
tubes 
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BS EN 10217-3:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 3 Alloy fine grain steel 
tubes 
 
 
BS EN 10217-4:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 4 Electric welded non-alloy 
steel tubes with specified low temperature properties 
 
 
BS EN 10217-4:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 4 Electric welded non-alloy 
steel tubes with specified low temperature properties 
 
 
BS EN 10217-5:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 5 Submerged arc welded 
non-alloy and alloy steel tubes with specified elevated temperature properties 
 
 
BS EN 10217-5:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 5 Submerged arc welded 
non-alloy and alloy steel tubes with specified elevated temperature properties 
 
 
BS EN 10217-6:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 6 Submerged arc welded 
non-alloy steel tubes with specified low temperature properties 
 
 
BS EN 10217-6:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 6 Submerged arc welded 
non-alloy steel tubes with specified low temperature properties 
 
 
BS EN 10217-7:2014  
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 7 Stainless steel tubes 
 
 
BS EN 10217-7:2014  
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 7 Stainless steel tubes 
 
 
BS EN 10226-1:2004   
Pipe threads where pressure tight joints are made on the threads. Taper external threads and parallel 
internal threads. Part 1 dimensions, tolerances and designation 
 
 
BS EN 10226-2:2005   
Pipe threads where pressure tight joints are made on the threads. Taper external threads and taper 
internal threads. Dimensions, tolerances and designation 
 
 
BS EN 10226-3:2005  
Pipes threads where pressure-tight joints are made on the threads. Verification by means of limit gauges   
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BS EN 10253-1:1999   
Butt-welding pipe fittings. Part 1 Wrought carbon steel for general use and without specific inspection 
requirements 
 
 
BS EN 10253-2:2007   
Butt-welding pipe fittings. Part 2 Non alloy and ferritic alloy steels with specific inspection requirements 
 
 
BS EN 10253-3:2008   
Butt-welding pipe fittings. Wrought austenitic and austenitic-ferritic (duplex) stainless steels without 
specific inspection requirements 
 
 
BS EN 10253-4:2008   
Butt-welding pipe fittings. Wrought austenitic and austenitic-ferritic (duplex) stainless steels with specific 
inspection requirements 
 
 
BS EN 10255:2004   
Non-alloy steel tubes suitable for welding and threading. Technical delivery conditions 
 
 
BS EN 10312:2002   
Welded stainless steel tubes for the conveyance of aqueous liquids including water for human 
consumption. Technical delivery conditions 
 
 
BS EN 10346:2015  
Continuously hot-dip coated steel flat products for cold forming. Technical delivery conditions 
 
 
BS EN 12101-3:2015  
Smoke and heat control systems. Specification for powered smoke and heat control ventilators (Fans) 
 
 
BS EN 12101-7:2011   
Smoke and heat control systems. Part 7 Smoke duct sections 
 
 
BS EN 12101-8:2011   
Smoke and heat control systems. Part 8 Smoke control dampers 
 
 
BS EN 12266-1:2012  
Industrial valves. Testing of valves. Pressure tests, test procedures and acceptance criteria. Mandatory 
requirements 
 
 
BS EN 12266-2:2012  
Industrial valves. Testing of metallic valves. Tests, test procedures and acceptance criteria. 
Supplementary requirements 
 
 
BS EN 13190:2001   
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Thermal insulation products for buildings. Factory made products of phenolic foam (PF). Specification 
 
 
BS EN 13501-2:2016  
Fire classification of construction products and building elements. Classification using data from fire 
resistance tests, excluding ventilation services   
 
 
BS EN 13501-3:2005+A1:2009   
Fire classification of construction products and building elements. Part 3 Classification using data from fire 
resistance tests on products and elements used in building service installations: fire resisting ducts and 
fire dampers 
 
 
BS EN 13501-4:2016   
Fire classification of construction products and building elements. Classification using data from fire 
resistance tests on components of smoke control systems   
 
 
BS EN 13547:2013   
Industrial valves. Copper alloy ball valves   
 
 
BS EN 13618:2016   
Flexible hose assemblies in drinking water installations. Functional requirements and test methods   
 
 
BS EN 13709:2010   
Industrial valves. Steel globe and globe stop and check valves 
 
 
BS EN 13789:2010   
Industrial valves. Cast iron globe valves 
 
 
BS EN 13828:2003   
Building valves. Manually operated copper alloy and stainless steel ball valves for potable water supply in 
buildings. Tests and requirements 
 
 
BS EN 13941:2009+A1:2010   
Design and installation of pre-insulated bonded pipe systems for district heating 
 
 
BS EN 14303:2015  
Thermal insulation products for building equipment and industrial installations. Factory made mineral wool 
products (MW). Specification. 
 
 
BS EN 14451:2005   
Devices to prevent pollution by backflow of potable water. In-line anti-vacuum valves DN 8 to DN 80. 
Family D, type A 
 
 
BS EN 14585-1:2006   
Corrugated metal hose assemblies for pressure applications. Requirements   
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BS EN 15780:2011   
Ventilation for buildings. Ductwork. Cleanliness of ventilation systems 
 
 
BS EN 16668:2016+A1:2018  
Industrial valves. Requirements and testing for metallic valves as pressure accessories   
 
 
BS EN 16767:2016   
Industrial valves. Steel and cast iron check valves   
 
 
BS EN 60034-5:2001   
Rotating electrical machines. Part 5 Degrees of protection provided by the integral design of rotating 
electrical machines (IP code). Classification 
 
 
BS EN 60034-6:1994, IEC 60034-6:1991   
Rotating electrical machines. Part 6 Methods of cooling (IC Code) 
 
 
BS EN 60038:2011   
CENELEC standard voltages 
 
 
BS EN 60534-1:2005   
Industrial-process control valves. Control valve terminology and general considerations  
 
 
BS EN 60534-2-1:2011   
Industrial-process control valves. Flow capacity. Sizing equations for fluid flow under installed conditions 
 
 
BS EN 60534-2-3:2016  
Industrial-process control valves. Flow capacity. Test procedures 
 
 
BS EN 60534-2-4:2009   
Industrial-process control valves. Flow capacity. Inherent flow characteristics and rangeability  
 
 
BS EN 60534-2-5:2003   
Industrial-process control valves. Flow capacity. Sizing equations for fluid flow through multistage control 
valves with interstage recovery  
 
 
BS EN 60534-3-1:2000, IEC 60534-3-1:2000   
Industrial-process control valves. Dimensions. Face-to-face dimensions for flanged, two-way, globe-type, 
straight pattern and centre-to-face dimensions for flanged, two-way, globe-type, angle pattern control 
valves  
 
 
BS EN 60534-3-2:2001, IEC 60534-3-2:2001   
Industrial-process control valves. Dimensions. Face-to-face dimensions for rotary control valves except 
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butterfly valves  
 
 
BS EN 60534-3-3:1998, IEC 60534-3-3:1998   
Industrial-process control valves. Dimensions. End-to-end dimensions for buttweld, two-way, globe-type, 
straight pattern control valves  
 
 
BS EN 60534-4:2006   
Industrial-process control valves. Inspection and routine testing  
 
 
BS EN 60534-5:2004   
Industrial-process control valves. Marking  
 
 
BS EN 60534-6-1:1998, IEC 60534-6-1:1997   
Industrial-process control valves. Mounting details for attachment of positioners to control valves. 
Positioner mounting on linear actuators 
 
 
BS EN 60534-6-2:2001, IEC 60534-6-2:2000   
Industrial-process control valves. Mounting details for attachment of positioners to control valves. 
Positioner mounting on rotary actuators 
 
 
BS EN 60534-7:2010   
Industrial-process control valves. Control valve data sheet  
 
 
BS EN 60534-8-1:2005   
Industrial-process control valves. Noise considerations. Laboratory measurement of noise generated by 
aerodynamic flow through control valves  
 
 
BS EN 60534-8-2:2011   
Industrial-process control valves. Noise considerations. Laboratory measurement of noise generated by 
hydrodynamic flow through control valves  
 
 
BS EN 60534-8-3:2011   
Industrial-process control valves. Noise considerations. Control valve aerodynamic noise prediction 
method  
 
 
BS EN 60534-8-4:2015  
Industrial-process control valve. Noise considerations. Prediction of noise generated by hydrodynamic 
flow  
 
 
BS EN 60534-9:2007   
Industrial-process control valves. Test procedure for response measurements from step inputs  
 
 
BS EN 61770:2009+A11:2018  
Electric appliances connected to the water mains. Avoidance of backsiphonage and failure of hose-sets 
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BS EN 62262:2002   
Degrees of protection provided by enclosures for electrical equipment against external mechanical 
impacts (IK code) 
 
 
BS EN 80416-1:2009   
Basic principles for graphical symbols for use on equipment. Part 1 Creation of symbol originals 
 
 
BS EN 80416-2:2001   
Basic principles for graphical symbols for use on equipment. Part 2 Form and use of arrows 
 
 
BS EN 80416-3:2002+A1:2011  
Basic principles for graphical symbols for use on equipment. Part 3 Guidelines for the application of 
graphical symbols 
 
 
BS EN ISO 228-1:2003   
Pipe threads where pressure-tight joints are not made on the threads. Part 1 Dimensions, tolerances and 
designation 
 
 
BS EN ISO 5135:1999   
Acoustics. Determination of sound power levels of noise from air-terminal devices, air-terminal units, 
dampers and valves by measurement in a reverberation room 
 
 
BS EN ISO 6134:2017   
Rubber hoses and hose assemblies for saturated steam. Specification   
 
 
BS EN ISO 9001:2015  
Quality management systems. Requirements 
 
 
BS ISO 5208:2015   
Industrial valves. Pressure testing of metallic valves   
 
 
BS ISO 7121:2016  
Steel ball valves for general-purpose industrial applications 
 
 
BS ISO 9393-1:2004  
Thermoplastics valves for industrial applications. Pressure test methods and requirements. General   
 
 
ISO 7-1:1994   
Pipe threads where pressure-tight joints are made on the threads. Part 1 Dimensions, tolerances and 
designation 
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T - COOLING DISTRIBUTION 
 
PRIMARY / SECONDARY COOLING DISTRIBUTION 
 
PART 1 SYSTEM OBJECTIVES 
 
100.010 PERFORMANCE OBJECTIVES  
• New Chilled Water Distribution System – Reference (55) Series Drawings.38 
 
 
 
100.011 PERFORMANCE OBJECTIVES  
The purpose of this specification is that the primary/secondary cooling distribution systems, plant and 
equipment provided in compliance with it, will deliver the whole hospital engineering design philosophies 
and be compliant with all Department of Health (NHS Estates) documentation including, but not limited to 
SHTM's and SHBN's pertinent to the nature of the project. 
 
 
100.030 SYSTEM DESCRIPTION  
• Alteration and extension to existing systems as required to allow for new Chilled Water Distribution 
systems as required for the project 
 
 
100.060 SYSTEM DRAWINGS  
Refer to the (55) Series Drawings 
 
 
PART 2 SELECTION SCHEDULES FOR REFERENCE SPECIFICATIONS 
 
210.000 PIPELINES AND PIPEWORK 
 
210.010 GENERAL:  
• Comply with work section general clauses below 
• prefabricated pipework - reference Y10.1010 

• Fire stopping 
• All components forming the seal system, to be from the same manufacturer 
• Comply with BS 9999, relevant approved technical guidance to Building Regulations and BESA 
Technical Bulletin TB/032 

• Provide proprietary penetration seal system. All products used, to have third party product certification 
by a scheme accredited by UKAS. 
• Type 
• Stone mineral wool, soft seal type lamella strip with a proprietary flexible coating, used in 
conjunction with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the 
application. For use in all applications including where movement of services needs to be 
accommodated. Tested and assessed to BS EN 1366-3 and BS EN 1366-4 and classified to BS EN 
13501-2. 

• Stone mineral wool ablative coated batt seal with a proprietary flexible coating, used in conjunction 
with acoustic intumescent sealant and/or high expansion intumescent sealant to suit the application. 
Tested and assessed to BS EN 1366-3. 
• All services passing through apertures in masonry walls/concrete floors or drywall 
partitions/systems. 

• Fire resistance 
• 2 hrs. 

• Only use UKAS accredited, third party installer certified specialist contractors. The specialists should 
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be ASFP members and their certification must cover the passive fire protection element they are 
installing. 
• Install all fire stopping systems in accordance with the manufacturer's written instructions and the test / 
assessment / certification evidence provided by the installer / manufacturer of the penetration seal. 
• Support centres for services passing through penetration seals serving fire barriers to be the same as 
those covered by the test / assessment / certification evidence provided by the installer / manufacturer 
of the penetration seal. 
• Install and inspect fire stopping systems in accordance with Building Regulations Approved Document 
B, ASFP Code of Practice TGD 17 and the general best practice guidance given in the ASFP On-site 
guide to installing fire-stopping. 

 
 
210.020 CARBON STEEL PIPES AND FITTINGS:  
• Welded carbon steel tubes 
• To BS EN 10225, heavy, black - reference Y10.2010A 
• Size - nominal diameter (DN) up to and including 150mm. 
• Size - nominal diameter (DN)  

• To BS EN 10225, medium, black - reference Y10.2010B 
• Size - nominal diameter (DN) up to and including 150mm. 
• Size - nominal diameter (DN)  

• To BS EN 10217-1 - reference Y10.2050  
• Size - nominal diameter (DN) 200mm and above. 
• Size - nominal diameter (DN)  
• Wall thickness - to be suitable for the application duty / testing requirements. 
• Wall thickness  

• Joints - up to and including 50mm - screwed. 
• Joints - up to and including 50mm - welded and flanged. 
• Joints - 65mm and above - welded and flanged. 
• Heavy black, grooved ends to BS EN 10255 - reference Y10.2010E 
• Medium, black, grooved ends to BS EN 10255 - reference Y10.2010F 
• Medium, galvanized, grooved ends - reference Y10.2010H 

• Seamless carbon steel tubes 
• To BS EN 10225, heavy, black - reference Y10.2010A 
• Size - nominal diameter (DN) up to and including 150mm. 
• Size - nominal diameter (DN)  

• To BS EN 10225, medium, black - reference Y10.2010B 
• Size - nominal diameter (DN) up to and including 150mm. 
• Size - nominal diameter (DN)  

• To BS EN 10216-1 - reference Y10.2030 
• Size - nominal diameter (DN) 200mm and above. 
• Size - nominal diameter (DN)  
• Wall thickness - to be suitable for the application duty / testing requirements. 
• Wall thickness  

• Joints - up to and including 50mm - screwed. 
• Joints - up to and including 50mm - welded and flanged. 
• Joints  - 65mm and above  - welded and flanged. 
• Joints - grooved ends for mechanical joints. 
• Carbon steel pipes for push-fit and press-fit systems 

• Light gauge galvanised - reference Y10.2012A 
• Butt welding carbon steel fittings. 
• To BS EN 10253-1 for general use without specific inspection requirements - reference Y10.2060A 
• To BS EN 10253-2 with specific inspection requirements for use on applications covered by the 
Pressure Equipment (Safety) Regulations 2016 - reference Y10.2060B 

• Malleable cast iron fittings, screwed 
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• Black - reference Y10.2070A 
• Galvanised - reference Y10.2070B 

• Steel threaded  pipe fittings 
• Type 
• Seamless fittings manufactured from seamless tube, forging or rolled bar. 
• Fabricated fittings manufactured from welded tube or where welding forms part of the fabrication of 
the fitting. 

• Reference Y10.2090 
• Fittings, grooved for mechanical joints 
• Galvanised cast iron - reference Y10.2080E 
• Painted steel - reference Y10.2080F 
• Special materials 

• Jointing materials 
• Circular flanges 
• Flanges to BS EN 1092-1 and BS ISO 7005-1 
• PN  
• Class  

• Welding flanges - reference Y10.3010A 
• Screwed flanges - reference Y10.3010B 

• Jointing rings for circular flanges 
• Non-metallic flat for flanges to BS EN 1092-1 - reference Y10.3020A 
• Metallic for flanges to BS EN 1092-1 - reference Y10.3020B 

• Screwed joints to relevant parts of BS EN 10226 
• Paste and hemp and PTFE tape - reference Y10.3030A 
• PTFE tape - reference Y10.3030B 
• Where chemical cleaning is required - reference Y10.3030C 

• Union connections 
• Railroad pattern - spherical seating bronze to iron.  
• Navy pattern - spherical seating bronze to bronze.  

• Welding rods 
• Reference Y10.3050A 

 
210.060 OTHER PIPES AND FITTINGS:  
 
210.080 GENERAL WORKMANSHIP:  
• Appearance - reference Y10.4010 
• Spacing - reference Y10.4020 
• Gradients - reference Y10.4030 
• Air venting requirements 
• Air bottles - reference Y10.4040A 
• Automatic air vents - reference Y10.4040B 

• Drain requirements - reference Y10.4050 
• Expansion and contraction - reference Y10.4060 
• Pipe fittings 
• Bends/swept tees - reference Y10.4070A 

• Elbows/square tees - reference Y10.4070B 
• Pipes through walls and floors - reference Y10.4110 
• Protect pipework penetrating fire separating elements in accordance with, Building Regulations, BS 
9999 and BESA Technical Bulletin TB/032. 
• Pipe sleeves 
• Reference Y10.4120A 
• Insulation carried through - reference Y10.4120B 

• Pipe through fire barriers - reference Y10.4125 
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• Type 
• Proprietary sleeves 
• Ablative coated batt type 

• Fire resistance 
• 2 hours 
•  hrs 

• Connect to equipment. 
• Use distribution headers. 
• Temporary plugs, caps and flanges 
• Reference Y10.4150A. 

• Flanged joints general - reference Y10.4160 
• Dissimilar metals - reference Y10.4170 
• Pipe rings and clips - reference Y10.4180 
• Anchors - reference Y10.4190 

• Pipe supports - reference Y10.4205 
• Comply with the manufacturers' installation recommendations for the following proprietary pipe 
systems: 
•  

• Isolation and regulation 
• Reference Y10.4230A 

• Maintenance and renewal - reference Y10.4240 
• Clean by removing cement and clean off all pipework and brackets. 
• Non-ferrous components - thoroughly clean and degrease. 
• Pipe collars (closers) for plastic pipes where they pass through fire resistant walls and floors. 
• Type 
• Stainless steel collar with fixing brackets with intumescent liner. 
• Pre-assembled wrap for casing within concrete floor or masonry wall. 

• Fire resistance 
• 2 hrs 

• Installation to be in accordance with the manufacturer's instructions and grouted/sealed using the 
manufacturer's proprietary compound/sealant. 
• Standards 
• Test to BS EN 1366-3 and BS EN 1363-1. 

• Test to BS 476-20. 
 
210.090 WORKMANSHIP, STEEL PIPEWORK:  
• Welding, general 
• Class 1 - reference Y10.5010A 
• Class 2 - reference Y10.5010B 

• Welded joints - reference Y10.5020 
• Painting welded joints - reference Y10.5030 
• Flanged joints - reference Y10.5040 
• Screwed joints - reference Y10.5050 
• Mechanical joints - reference Y10.5060 
• Anchors 
• U-bolts - reference Y10.5070A 

• Flanges - reference Y10.5070B 
• Pipework painting - reference Y10.5090 
• Installation of stainless steel pipework 
• Compression joints - reference Y10.5100 
• Mechanical joints - Y10.5060 
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211.000 PIPELINE ANCILLARIES 
 
211.010 GENERAL:  
• Comply with work section general clauses below 
• Safety and relief valves, bursting discs, self-operated, application and standards - reference Y11.1010 

• For applicable valves comply with BS EN 16668 for all essential safety requirements of the Pressure 
Equipment (Safety) Regulations 2016. Valves excluded from conformance to this standard in the 
Regulations shall meet "sound engineering practice" by conformity to the relevant product standard. 
• Face to face and centre to face dimension of PN and Class designated flanged metal valves to be in 
accordance with BS EN 558 
• In addition to the particular valve type standard, valves to be used in, or connected to, water supply pipe 
systems, above or below ground carrying water intended for human consumption to comply with the 
relevant parts of BS EN 1074 and BS 5163 as appropriate to the application. 
• BS EN 1074-1 - General requirements 
• BS EN 1074-2 - Isolating valves 
• BS EN 1074-3 - Check valves 
• BS EN 1074-4 - Air valves 
• BS EN 1074-5 - Control valves 
• BS EN 1074-6 - Hydrants 

• Valves and components of valves specified are as defined in BS EN 736-1 and BS EN 736-2. 
• Testing of valves 
• Pressure test metallic valves at manufacturer's works, in accordance with BS EN 12266-1 or BS ISO 
5208 in conjunction with given specific requirements of the valve product or performance standard. 
• Undertake supplementary tests below in accordance with BS EN 12266-2 in conjunction with given 
specific requirements  of the valve product or performance standard 
• Obturator strength 
• Back seat tightness 
• Operability 
• Anti-static design at 12V 
• Anti-static design at 100V 
• Fire tested design 

• Flow resistance 
 
 
211.030 STOP VALVES:  
• Service fluid 
• Water 
• PN to suit system maximum working pressure. 
• WRAS approved for water services applications. 
• Comply with BS EN 1074-1 and BS EN 1074-2 in addition to the particular valve type standard, for 
valves for water supply applications carrying water for human consumption. 
• Kitemark certified. 
• Pipe material 
• To suit copper tube. 
• To suit plastic tube. 
• To suit steel tube. 

• Copper alloy globe type stop valves (stop cocks) to BS EN 1213 for potable water supplies 
• Compression ends for copper - reference Y11.2015A 
• Compression ends for plastics - reference Y11.2015B 
• Capillary - reference Y11.2015C 
• Threaded - reference Y11.2015D 

• Copper alloy gate valves for general use to BS 5154 
• Screwed to BS EN ISO 228-1, or ISO 7-1 - reference Y11.2020A 
• Compression to BS EN 1254-2 - reference Y11.2020B 
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• Flanged to BS EN 1092-3 - reference Y11.2020C 
• Loose nut/union end - reference Y11.2020D 

• Cast iron gate valves for general use to BS EN 1171 
• Grey cast iron flanged to BS EN 1092-2 - reference Y11.2030A 

• Copper alloy globe valves for general use to BS 5154 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2040A 
• Flanged to BS EN 1092-3 - reference Y11.2040B 
• Compression to BS EN 1254-2 - reference Y11.2040C 
• Compression to BS EN 1254-3 - reference Y11.2040D 

• Cast iron globe valves for general use to BS EN 13789 
• Grey cast iron flanged to BS EN 1092-2 - reference Y11.2050A 

• Steel parallel slide for steam and other high temperature / pressure applications to BS EN 1984 
• Reference Y11.2060A 

• Steel wedge type gate valve for general use to BS EN 1984 
• Flanged to BS EN 1092-1 - reference Y11.2070A 
• Threaded - reference Y11.2070D 
• Auxiliary connections  

• Ball valves 
• Application, standard and material 
• Potable water - copper alloy to BS EN 13828, PN 10 and distribution temperature of 65 °C with 
occasional excursions up to 90 °C permitted for a period of 1 hour maximum. 
• General purpose heating, cooling and other applications - copper alloy to BS EN 13547. 
• Steam and high temperature / pressure applications - steel to BS ISO 7121 - reference Y11.2160#. 
• Gas - to BS EN 331. 

• Screw driver/key operated 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2080A 
• Compression to BS EN 1254-2 - reference Y11.2080B 

• Lever operated 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2080C 
• Compression to BS EN 1254-2 - reference Y11.2080D 

• Lockshield 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2080E 

• Compression to BS EN 1254-2 - reference Y11.2080F 
• Servicing valves, for water services for maintenance of fittings / appliances, copper alloy to BS 6675 
• Handwheel operated 
• Screwed ends - reference Y11.2085A 
• Compression ends - reference Y11.2085B 
• Capillary ends - reference Y11.2085C 

• Lever operated 
• Screwed ends - reference Y11.2085D 
• Compression ends - reference Y11.2085E 
• Capillary ends - reference Y11.2085F 

• Screw driver operated 
• Screwed ends - reference Y11.2085G 
• Compression ends - reference Y11.2085H 

• Capillary ends - reference Y11.2085I 
• Butterfly valves for general use to BS EN 593 
• Semi-lugged between flanges to BS EN 1092-2 
• Lever operated - reference Y11.2090A 
• Gear operated - reference Y11.2090B 

• Between mechanical joints 
• Lever operated - reference Y11.2090C 
• Gear operated - reference Y11.2090D 
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• Fully-lugged to BS EN 593 - reference Y11.2090E 
• Lever operated. 

• Gear operated. 
• Cast iron gate type for waterworks purposes to relevant parts of BS 5163 
• Key operated type A - reference Y11.2110A 
• Closed bottom taper plug valves for gas installations for buildings to BS EN 331. 
 
 
211.040 REGULATING VALVES:  
• Service fluid 
• Water 
• WRAS approved. 
• Kitemark certified. 
• Pipe material 

• To suit steel tube. 
 
211.050 DOUBLE REGULATING VALVES:  
• Service fluid 
• Water 
• WRAS approved. 
• Kitemark certified. 
• Pipe material 
• To suit steel tube. 

• Butterfly type to BS EN 593 
• Between flanges to BS EN 1092-2 
• Lever operated - reference Y11.2210A 
• Gear operated - reference Y11.2210B 

• Between mechanical joints 
• Lever operated - reference Y11.2210C 

• Gear operated - reference Y11.2210D 
• Globe valves to BS 7350, section 3.1. 
• Copper alloy 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2220A 
• Flanged to BS EN 1092-2 - reference Y11.2220B 

• Cast iron 
• Flanged to BS EN 1092-2 - reference Y11.2220C 
 
 
211.060 FLOW MEASUREMENT VALVES:  
• Service fluid 
• Water 
• WRAS approved. 
• Kitemark certified. 
• Pipe material 
• To suit steel tube. 

• Flow measurement devices to BS 7350 
• Section 3.2 Type 3 
• Copper alloy 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2230A 
• Flanged to BS EN 1092-3 - reference Y11.2230B 

• Cast iron 
• Flanged to BS EN 1092-2 - reference Y11.2230C 

• Section 3.2 Type 4 
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• Copper alloy 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2230E 
• Flanged to BS EN 1092-3 - reference Y11.2230F 

• Cast iron - reference Y11.2230G 
• Variable orifice valve 

• Fixed orifice valve 
 
 
211.080 TEST PLUGS:  
• Self sealing test points - reference Y11.2670A 
• Valve controlled test points - reference Y11.2670B 
 
 
211.100 PIPELINE STRAINERS:  
• Bronze (Y type) 
• Screwed to relevant parts of BS EN 10226 - reference Y11.2680A 
• Flanged to BS EN 1092-3 - reference Y11.2680B 
• Compression to BS EN 1254-2 

Reference Y11.2680C 
• Cast iron/ductile iron  
• Y type - flanged to BS EN 1092-2 - reference Y11.2680D 
• Flanged suction diffuser type reference Y11.2680G 
• Cast iron body with ductile iron cover and cast iron guide vanes (PN16) 
• Ductile iron body and cover, and ductile guide vanes (PN25) 

• Ductile iron grooved ends 
• Y type - reference Y11.2680E 
• Suction diffuser strainer - reference Y11.2680F 

 
 
211.120 TUNDISHES:  
• Copper - reference Y11.2690A 
• Mild steel, galvanized - reference Y11.2690B 
 
 
211.140 GAUGES:  
• Manufacturer and referencet 

• General - reference Y11.2700A 
• 150mm black stoved enamel finish 
• Flush panel mounting - reference Y11.2700B 
• Direct mounting - reference Y11.2700C 

• 100mm - finish  
• Temperature gauges general - reference Y11.2710A 
• Mercury in steel - reference Y11.2710B 
• Vapour pressure to BS EN 13190 
• Direct mounting - reference Y11.2710C 

• Pressure and altitude gauges - reference Y11.2720 
• Vacuum gauges - reference Y11.2730 
• Differential pressure gaugess 
• Hardwood - reference Y11.2750A 

 
 
211.150 CONTROL VALVES:  
• WRAS approved. 
• Kitemark certified. 
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• Ball control valves 
• Open/close - reference Y11.2315A 
• Two way - reference Y11.2315B 
• Three way - reference Y11.2315C 

 
 
211.170 CHECK VALVES:  
• WRAS approved. 
• Kitemark certified. 
• Service fluid 
• Water. (°C) 

• Copper alloy check type to BS 5154 
• Swing type screwed to relevant parts of BS EN 10226 - reference Y11.2320A 
• Swing type flanged to BS EN 1092-3 - reference Y11.2320B 

• Steel and cast iron check valves to BS EN 16767 
• Swing check 
• Flanged - reference Y11.2330A 
• Grooved for mechanical joints. 
• Wafer body - reference Y11.2330B 

• Lift check 
• Flanged - reference Y11.2330C 
• Wafer body - reference Y11.2330D 

• Body material 
• Grey cast iron 
• Malleable cast iron 
• SG cast iron 

• Steel 
• Wafer flange fitting type 
• Reference Y11.2340A 
• Steel globe stop and check type to BS EN 13709 - reference Y11.2370# 
• Device to prevent contamination of water by backflow to BS EN 14451 
• Combined check and anti-vacuum - reference Y11.2385A 

• Anti-back syphonage valve, combined check and anti-vacuum type 
• Reference Y11.2390A 

• Anti-back syphonage valve, hose union anti-vacuum type 
• Reference Y11.2391A 
 
 
211.180 WORKMANSHIP:  
• Installation - reference Y11.4010 
• Location - reference Y11.4020 
• Positioning of components 
• Flow/pressure measurement valves - reference Y11.4030 
• Double regulating variable orifice valves - reference Y11.4040 
• Install control ball valves in accordance with manufacturer's recommendations. 
• Control components 
• Reference Y11.4050A 

• Provide outlets of vent cocks with discharge pipes. 
• Valve stuffing boxes - reference Y11.4070 
• Discharge connections 
• Safety and Relief valves - reference Y11.4080A 
• Vent cocks - reference Y11.4080B 
• Air bottles - reference Y11.4080C 
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• Automatic air vents - reference Y11.4080D 
• Expansion devices - reference Y11.4090 
• Expansion compensators - reference Y11.4100 
• Flexible connections installation - reference Y11.4110 
• Terminal unit connections - install hose connections strictly in accordance with manufacturer's 
instructions. 
 
 
211.210 DRAIN COCKS:  
• WRAS approved. 
• Kitemark certified. 
• Throughway gland cock type 
• Reference Y11.2440A 

• Screwdown to BS 2879, type 1 - reference Y11.2450 
• Ball type - reference Y11.2460 
 
 
211.220 VENT COCKS:  
• Ball type - reference Y11.2480 
• Three way gland cock type - reference Y11.2490 
• Plug valve type 
• Wrench operated - reference Y11.2500A 
• Gear operated - reference Y11.2500B 

 
 
211.230 AUTOMATIC AIR VENTS:  
• Float type 
• Reference Y11.2510A 

 
 
250.000 THERMAL INSULATION 
 
 
250.010 GENERAL:  
• Comply with work section general clauses reference below 
• Temperature range - reference Y50.1010 
• Standards - reference Y50.1020 
• Materials - reference Y50.1030 
• Pre-insulated equipment - reference Y50.1032 
• Protection applied in situ - reference Y50.1034 
• European classification for reaction to fire performance - reference Y50.1035A 
• European classification for reaction to fire performance - reference Y50.1035# 
• Spread of flame - reference Y50.1050A 
• Spread of flame - reference Y50.1050# 
• Smoke emission characteristics - reference Y50.1055 
• Electrical bonding terminal - reference Y50.1080 

• Inspection and testing - reference Y50.1090 
• Make good any sections that are cut during inspection for thickness and compliance with specification. 
• Insulation thicknesses 
• Reference Y50.2289 

 
 
 
250.020 INSTALLER SELECTION:  
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• Use a contractor specialising in the supply and installation of thermal insulation. 
• Use thermal insulation materials supplied by a manufacturer assessed and registered in accordance 
with BS EN ISO 9001. 
• Use thermal insulation materials supplied by a manufacturer assessed and registered in accordance 
with BS EN ISO 14001. 
• Use thermal insulation materials supplied by a manufacturer assessed and registered in accordance 
with BS OHSAS 18001 
 
 
 
250.030 MINERAL WOOL THERMAL INSULATION - PIPEWORK:  
• Temperature of fluid in pipes (°C)  
• European Classification for Reaction to Fire Performance 
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 

• Smoke emission characteristics 
• Reference Y50.1055  

• Electrical bonding terminal - reference Y50.1080  
• Inspection and testing - reference Y50.1090 
• Materials  
• Standard - BS EN 14303. 

• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
• Mineral wool pipe insulation 
• Foil faced - Rock mineral wool reference Y50.2030A 
• Canvas covered - Rock mineral wool reference Y50.2030B 
• Foil faced - Glass mineral wool reference Y50.2030C 
• Canvas covered - Glass mineral wool reference Y50.2030D 
• Vapour barrier permeance 

• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
• Roofing felt - reference Y50.2200B 
• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Valve and flange insulation 
• Application  

• Thickness table 
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286 
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• Insulation thickness calculation methods, ECA Enhanced - reference Y50.2287 
• Insulation thickness tables - reference Y50.2289 
• Non-domestic hot water supply services Building Regulations (rock mineral wool) - reference 
Y50.2290 
• Non-domestic hot water supply services Building Regulations (glass mineral wool) - reference 
Y50.2295 
• Non-domestic hot water supply services ECA Enhanced - reference Y50.2307 
• Non-domestic heating installations, Building Regulations (rock mineral wool) - reference Y50.2310 
• Non-domestic heating installations, Building Regulations (glass mineral wool) - reference Y50.2315 
• Non-domestic heating installations, ECA Enhanced - reference Y50.2327 
• Domestic central heating and hot water system, Building Regulations - reference Y50.2330 
• Domestic central heating and hot water systems, ECA Enhanced - reference Y50.2331 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies rock mineral wool - reference Y50.2395 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies glass mineral wool - reference Y50.2396 
• Protection against freezing rock mineral wool - reference Y50.2420 
• Protection against freezing glass mineral wool - reference Y50.2421 

• Thickness of insulation  
• Thickness of insulation for refrigeration pipework and equipment to BS 5422 - reference Y50.2495# 
• Thickness of insulation for process pipework and equipment to BS 5422 - reference Y50.2490# 
 
 
250.040 CLOSED CELL MATERIALS THERMAL INSULATION - PIPEWORK:  
• Reference Y50.1035A 

• Spread of flame as BS 476-7 
• Reference Y50.1050A 
• Smoke emission characteristics 

• Electrical bonding terminal - reference Y50.1080  
• Inspection and testing - reference Y50.1090 
• Materials  
• Thermal conductivity - reference Y50.2010 
• Thermal performance life expectancy 
• For plant design life - reference Y50.2015A 
• Details - reference Y50.2015B 

• Restrictions on use of materials - reference Y50.2020 
• Closed cell rigid phenolic preformed sections 
• Foil faced - reference Y50.2110A 

• High density rigid phenolic pipe and duct insulation - Reference Y50.2130A 
• Closed cell nitrile rubber preformed flexible sections 
• Reference Y50.2140A 

• Vapour barrier permeance 
• Reference Y50.2170 

• Vapour barrier coatings 
• Bitumen - reference Y50.2180A 
• Vinyl - reference Y50.2180B 
• Solvent polymers- reference Y50.2180C 
• Bitumen emulsion- reference Y50.2180D 

• Adhesives - reference Y50.2190 
• Protection 
• Application  
• Self-adhesive multi-layer laminate covering - reference Y50.2200A 
Roofing felt - reference Y50.2200B 
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• Flat aluminium-zinc coated steel - reference Y50.2200C 
• Ribbed aluminium-zinc coated steel - reference Y50.2200D 
• Aluminium sheeting - reference Y50.2200E 
• Canvas - reference Y50.2200G 
• Canvas with aluminium bands - reference Y50.2200H 
• Reinforcement 

• Valve and flange insulation 
• Application  

• Thickness table 
• Insulation thickness calculation methods, Building Regulations - reference Y50.2286 
• Insulation thickness calculation methods, ECA Enhanced - reference Y50.2287 
• Insulation thickness tables - reference Y50.2289 
• Non-domestic hot water service area - reference  
• Non-domestic hot water service area, Building Regulations - phenolic foam - reference Y50.2305 
• Non-domestic hot water service area, Building Regulations - nitrile rubber - reference Y50.2306 
• Non-domestic hot water supply services, ECA Enhanced maximum permitted heat losses - reference 
Y50.2307 
• Non-domestic heating installations, Building Regulations - phenolic foam - reference Y50.2325 
• Non-domestic heating installations, Building Regulations - nitrile rubber - reference Y50.2326 
• Non-domestic heating installations, ECA Enhanced maximum permitted heat losses -  reference 
Y50.2327 
• Domestic central heating and hot water systems, ECA Enhanced maximum permitted heat losses - 
reference Y50.2331 
• Domestic central heating and hot water systems, Building Regulations - phenolic foam - reference 
Y50.2336 
• Domestic central heating and hot water systems, Building regulations - nitrile rubber - reference 
Y50.2337 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies - phenolic foam - reference Y50.2411 
• Cooled water supplies, Building Regulations and condensation control on cooled and cold water 
supplies - nitrile rubber - reference Y50.2412 
• Protection against freezing 
• Phenolic foam - reference Y50.2430 
• Nitrile rubber - reference Y50.2440 

• Thickness of insulation  
• Thickness of insulation for refrigeration pipework to BS 5422 - reference Y50.2495# 
 
 
250.090 WORKMANSHIP PIPEWORK INSULATION:  
• General - reference Y50.3010 
• Installation of foil faced mineral wool insulation - reference Y50.3020 
• Installation of foil faced phenolic foam insulation - reference Y50.3030 
• Installation of closed cell nitrile rubber insulation - reference Y50.3050 
• Installation of protection 
• Polyisobutylene (PIB) - reference Y50.3120 
• Self-adhesive multi-layer laminate covering - reference Y50.3125 
• Sheet metal finish 
• Reference Y50.3130A 

• Canvas - reference Y50.3150 
• Roofing felt - reference Y50.3160 
• Aluminium sheeting - reference Y50.3170 
• Aluminium-zinc coated steel - reference Y50.3180 
• Rigid PVC - reference Y50.3190 
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• Flanges and valves - reference Y50.3210 
• Installation where insulation is carried through pipeline support 
• Reference Y50.3230A 
• Closed cell insulation - reference Y50.3230B 

• Liquid vapour barriers - reference Y50.3260 
• Integrity of vapour barriers - reference Y50.3270 
 
 
250.110 WORKMANSHIP EQUIPMENT INSULATION:  
• General - reference Y50.3010 
• Installation of insulation on tanks - reference Y50.3090 
• Installation of mineral wool insulation on vessels - reference Y50.3100 
• Installation of phenolic foam insulation on vessels - reference Y50.3110 
• Installation of protection 
• Polyisobutylene (PIB) - reference Y50.3120 
• Self-adhesive multi-layer laminate covering - reference Y50.3125 
• Sheet metal finish 
• Reference Y50.3140A 

• Canvas - reference Y50.3150 
• Roofing felt - reference Y50.3160 
• Aluminium sheeting - reference Y50.3170 
• Aluminium-zinc coated steel - reference Y50.3180 
• Rigid PVC - reference Y50.3190 

• Liquid vapour barriers - reference Y50.3260 
• Integrity of vapour barriers - reference Y50.3270 
 
 
251.000 TESTING AND COMMISSIONING OF MECHANICAL SERVICES 
 
 
251.010 GENERAL:  
• Carry out testing and commissioning as specified in section  
 
 
251.020 SPECIALIST:  
• Use a commissioning specialist who is a member of The Commissioning Specialists Association (CSA). 
• Or approved equivalent 
 
 
251.030 STATIC TESTING:  
• Carry out air pressure and leakage testing on air ductwork in accordance with specification section 
covering air ductlines and ancillaries. 
• Carry out pressure / leakage testing of builders work air shafts, voids and floor plenums where they are 
used for supply ventilation - reference Y51.2015 
• Pressure testing 
• General - reference Y51.2010 
• Hot and cold water supply systems, water circulating systems (LTHW, MTHW, HTHW, chilled and 
condenser water) and steam and condense lines - reference Y51.2020 
• Underground pipework 
• Test pre-insulated bonded steel pipe systems for district heating in accordance with BS EN 13941. 
• Test pre-insulated non bonded pipe systems in accordance with the system manufacturer's 
recommendations. 
• Test pre-insulated bonded flexible pipe systems in accordance with the system manufacturer's 
recommendations. 
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• Underground cold water supply mains - reference Y51.2040 
• Fire risers - reference Y51.2050 
• Refrigerant pipework 
• Strength pressure test - reference Y51.2055A 
• Leak test - reference Y51.2055B 

• Deep vacuum test - reference Y51.2055C pressure (not exceeding 0.5 bars) before commencing any 
flushing or testing with water. 
• On completion of all cleaning, flushing and air testing operations, recharge each system with clean water 
and subject them to sectional hydraulic tests of one and a half times the working pressure. 
• There is to be no loss of pressure for a period of not less than 30 minutes for each test. 
 
 
251.040 COMMISSIONING:  
• Commissioning codes - reference Y51.3020 
• Commissioning 
• Water distribution 
• Including BSRIA pre-commissioning check list 
• Reference Y51.3030 

• Air distribution 
• Including BSRIA pre-commissioning check list 
• Reference Y51.3040 

• Boiler plant - reference Y51.3050 
• Steam systems - reference Y51.3052 
• Gas plant and systems - reference Y51.3055 
• Refrigerating systems - reference Y51.3060 
• Automatic control systems - reference Y51.3070 

• Instruments and gauges 
• Reference Y51.3090A 

• Commissioning records 
• Distribution  
• For air systems 
• To BSRIA Guide BG 49/2015 - reference Y51.3100A 

• For water systems 
• To BSRIA Guide BG 2/2010 - reference Y51.3100B 

• BMS commissioning 
• Control system specification details required for commissioning - reference Y51.3110 
• Pre-commissioning - reference Y51.3120 
• Plant ready for control system commissioning 
• Reference Y51.3130A 

• Control system requirements for plant commissioning - reference Y51.3140 
• Commissioning of building services as required by ADL2 (Section 5.16-5.28). 
• Commissioning of building services as required by Scottish Technical Handbook Section 6.7. 
• Commissioning - reference Y51.3150 

 
 
254.000 IDENTIFICATION - MECHANICAL 
 
 
254.010 GENERAL:  
• Comply with work section general clauses below 
• Requirements - reference Y54.1010 
• New systems - reference Y54.1020 
• Existing systems - reference Y54.1030 
• Colours - reference Y54.1040 
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• Performance and durability - reference Y54.1045 
• Provide identification - mechanical as specified in work section  
 
 
254.020 PIPEWORK IDENTIFICATION:  
• Reference Y54.2010 
 
 
254.030 DUCTWORK IDENTIFICATION:  
• Reference Y54.2020 
 
 
254.040 PLANT AND EQUIPMENT IDENTIFICATION:  
• Type  
• Application  
• Lettering 
• Laminated plates, multi-coloured with outer layer removed for lettering - reference Y54.2030B 

 
 
254.045 GRAPHICAL SYMBOLS FOR USE ON EQUIPMENT IN ACCORDANCE WITH BS EN 80416:  
• Reference Y54.2035 
 
 
254.050 VALVE AND COCK IDENTIFICATION:  
• Reference Y54.2040 
 
 
254.060 MEDICAL GAS TERMINAL UNITS:  
• Type  
• Application  
 
 
254.070 LABORATORY OUTLETS:  
• Type  
• Application  
 
 
254.080 AIR VOLUME REGULATING AND CONTROL DAMPER IDENTIFICATION:  
• Reference Y54.2070 
 
 
254.090 INSTRUMENT IDENTIFICATION:  
• Reference Y54.2080 
 
 
254.100 DANGER AND WARNING NOTICES:  
• Reference Y54.2090 
 
 
254.110 SYSTEM IDENTIFICATION INSTALLATION CHARTS:  
• Type  
• Application  
• Perspex sheet glazing with frame - reference Y54.2100A 
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290.000 FIXING TO BUILDING FABRIC 
 
 
290.010 GENERAL:  
• Comply with work section general clauses below 
• Preparation - reference Y90.1010 
• Manufacturer's drawings - reference Y90.1020 
• Fixings - reference Y90.1030 
• Loading details - reference Y90.1040 
• Building-in by others - reference Y90.1050 
• Size of fixing - reference Y90.1060 
• Greasing of fixings - reference Y90.1070 

• Carry out fixing to building fabric as specified in work section  
 
 
290.020 FIXINGS:  
• Standards - reference Y90.2010 
• Plugs - reference Y90.2020 
• Screws - reference Y90.2030 
• Non-penetrative support systems - reference Y90.2080 
• Manufacturer and reference  
• Or approved equivalent. 

 
 
290.030 WORKMANSHIP:  
• Drilling - reference Y90.3010 
• Fixing to timber rails - reference Y90.3050 
• Fixing to hollow stud/tile/block wall 
• Reference Y90.3060A 

• Fixing to concrete, brickwork or blockwork 
• Reference Y90.3070A 

• Fixing to metalwork 
• Reference Y90.3080A 

• Fixing to structural steelwork and concrete structures 
• Reference Y90.3090A 

• Non-penetrative support systems for roof mounted equipment - reference Y90.3100# 
 
 
291.000 OFF-SITE PAINTING AND ANTI-CORROSION TREATMENT 
 
 
291.010 GENERAL  
• Comply with work section general clauses below 
• General requirements - reference Y91.1010 

• Damaged finishes - reference Y91.1020 
 
 
291.020 PAINT MATERIALS:  
• Paint materials 
• Reference Y91.2010A 

• Paint quality - reference Y91.2020 
 
 
291.030 WORKMANSHIP  
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• Weather and other conditions - reference Y91.3020 
• Cleaning and preparing for painting 
• Steel surfaces - reference Y91.3030A 
• Surfaces - reference Y91.3030B 
• Reference Y91.3030# 

• Application off-site - reference Y91.3040 
• Application - reference Y91.3050 
• Cold galvanizing - reference Y91.3060 
• Protection of bright machine parts - reference Y91.3070 
• Special protective finishes  
 
 
BS APPENDIX 
 
BS 476-3:2004   
Fire tests on building materials and structures. Part 3 Classification and method of test for external fire 
exposure to roofs 
 
 
BS 476-4:1970   
Fire tests on building materials and structures. Part 4 Non-combustibility test for materials 
 
 
BS 476-6:1989+A1:2009   
Fire tests on building materials and structures. Part 6 Method of test for fire propagation for products 
 
 
BS 476-7:1997   
Fire tests on building materials and structures. Part 7 Method of test to determine the classification of the 
surface spread of flame of products 
 
 
BS 476-7:1997   
Fire tests on building materials and structures. Part 7 Method of test to determine the classification of the 
surface spread of flame of products 
 
 
BS 476-10:2009   
Fire tests on building materials and structures. Part 10 Guide to principles, selection, role and application 
of fire testing and their outputs  
 
 
BS 476-11:1982   
Fire tests on the building materials and structures. Part 11 Method for assessing the heat emission from 
building materials  
 
 
BS 476-12:1991   
Fire tests on building materials and structures. Part 12 Method of test for ignitability of products by direct 
flame impingement 
 
 
BS 476-13:1987, ISO 5657:1986   
Fire tests on building materials and structures. Part 13 Method of measuring the ignitability of products 
subjected to thermal irradiance 
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BS 476-20:1987   
Fire tests on building materials and structures. Part 20 Method for determination of the fire resistance of 
elements of construction (general principles) 
 
 
BS 476-21:1987   
Fire tests on building materials and structures. Methods for determination of the fire resistance of 
loadbearing elements of construction   
 
 
BS 476-22:1987   
Fire tests on building materials and structures. Part 22 Method for determination of the fire resistance of 
non-loadbearing elements of construction 
 
 
BS 476-24:1987, ISO 6944:1985   
Fire tests on building materials and structures. Part 24 Method for determination of the fire resistance of 
ventilation ducts 
 
 
BS 476-31.1:1983   
Fire tests on building materials and structures. Part 31.1 Methods for measuring smoke penetration 
through doorsets and shutter assemblies. Method of measurement under ambient temperature conditions 
 
 
BS 476-32:1989   
Fire tests on building materials and structures. Part 32 Guide to full scale fire tests within buildings 
 
 
BS 476-33:1993, ISO 9705:1993   
Fire tests on building materials and structures. Part 33 Full-scale room test for surface products 
 
 
BS 2879:1980   
Specification for draining taps (screw-down pattern) 
 
 
BS 5154:1991   
Specification for copper alloy globe, globe stop and check, check and gate valves. 

Partially replaced by BS EN 12288 
 
 
BS 5163-1:2004   
Valves for waterworks purposes. Part 1 Predominantly key-operated cast iron gate valves. Code of 
practice 
 
 
BS 5163-2:2004   
Valves for waterworks purposes. Part 2 Stem caps for use on isolating valves and associated water 
control apparatus. Specification 
 
 
BS 5422:2009   
Method for specifying thermal insulating materials for pipes, tanks, vessels, ductwork and equipment 
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operating within the temperature range -40°C to +700°C 
 
 
BS 6675:1986   
Specification for servicing valves (copper alloy) for water services   
 
 
BS 7350:1990   
Specification for double regulating globe valves and flow measurement devices for heating and chilled 
water systems      
 
 
BS 9999:2017  
Fire safety in the design, management and use of buildings. Code of practice 
 
 
BS EN 331:2015  
Manually operated ball valves and closed bottom taper plug valves for gas installations for buildings 
 
 
BS EN 558:2017   
Industrial valves. Face-to-face and centre-to-face dimensions of metal valves for use in flanged pipe 
systems. PN and Class designated valves  
 
 
BS EN 593:2017  
Industrial valves. Metallic butterfly valves for general purposes. 
 
 
BS EN 736-1:2018  
Valves. Terminology. Definition of types of valves 
 
 
BS EN 736-2:2016   
Valves. Terminology. Definition of components of valves   
 
 
BS EN 1074-1:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. General 
requirements  
 
 
BS EN 1074-2:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Isolating 
valves   
 
 
BS EN 1074-3:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Check valves   
 
 
BS EN 1074-4:2000   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Air valves   
 
 
BS EN 1074-5:2001   

Page 1178

A48946859



   
   
   

   
   
   

Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Control 
valves   
 
 
BS EN 1074-6:2008   
Valves for water supply. Fitness for purpose requirements and appropriate verification tests. Hydrants   
 
 
BS EN 1092-1:2018  
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 1 
steel flanges 
 
 
BS EN 1092-2:1997   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 2 
cast iron flanges 
 
 
BS EN 1092-3:2003   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 3 
copper alloy flanges      
 
 
BS EN 1092-4:2002   
Flanges and their joints. Circular flanges for pipes, valves, fittings and accessories, PN designated. Part 4 
aluminium alloy flanges 
 
 
BS EN 1171:2015  
Industrial valves. Cast iron gate valves      
 
 
BS EN 1213:2000   
Building valves. Copper alloy stopvalves for potable water supply in buildings. Tests and requirements 
 
 
BS EN 1254-2:1998   
Copper and copper alloys. Plumbing fittings. Part 2 fittings with compression ends for use with copper 
tubes 
 
 
BS EN 1254-3:1998   
Copper and copper alloys. Plumbing fittings. Part 3 Fittings with compression ends for use with plastics 
pipes 
 
 
BS EN 1363-1:2012   
Fire resistance tests. General requirements   
 
 
BS EN 1366-3:2009   
Fire resistance tests for service installations. Penetration seals   
 
 
BS EN 1366-4:2006+A1:2010   
Fire resistance tests for service installations. Linear joint seals 
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BS EN 1984:2010   
Industrial valves. Steel gate valves 
 
 
BS EN 10216-1:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 1 Non-alloy steel tubes 
with specified room temperature properties 
 
 
BS EN 10216-2:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 2 Non-alloy and alloy 
steel tubes with specified elevated temperature properties 
 
 
BS EN 10216-3:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 3 Alloy fine grain steel 
tubes 
 
 
BS EN 10216-4:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 4 Non-alloy and alloy 
steel tubes with specified low temperature properties 
 
 
BS EN 10216-5:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 5 Stainless steel tubes 
 
 
BS EN 10216-5:2013   
Seamless steel tubes for pressure purposes. Technical delivery conditions. Part 5 Stainless steel tubes 
 
 
BS EN 10217-1:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 1 Non-alloy steel tubes with 
specified room temperature properties 
 
 
BS EN 10217-2:2002+A1:2005  
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 2 Electric welded non-alloy 
and alloy steel tubes with specified elevated temperature properties 
 
 
BS EN 10217-3:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 3 Alloy fine grain steel 
tubes 
 
 
BS EN 10217-4:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 4 Electric welded non-alloy 
steel tubes with specified low temperature properties 
 
 
BS EN 10217-5:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 5 Submerged arc welded 
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non-alloy and alloy steel tubes with specified elevated temperature properties 
 
 
BS EN 10217-6:2002   
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 6 Submerged arc welded 
non-alloy steel tubes with specified low temperature properties 
 
 
BS EN 10217-7:2014  
Welded steel tubes for pressure purposes. Technical delivery conditions. Part 7 Stainless steel tubes 
 
 
BS EN 10225:2009   
Weldable structural steels for fixed offshore structures. Technical delivery conditions   
 
 
BS EN 10226-1:2004   
Pipe threads where pressure tight joints are made on the threads. Taper external threads and parallel 
internal threads. Part 1 dimensions, tolerances and designation 
 
 
BS EN 10226-2:2005   
Pipe threads where pressure tight joints are made on the threads. Taper external threads and taper 
internal threads. Dimensions, tolerances and designation 
 
 
BS EN 10226-3:2005  
Pipes threads where pressure-tight joints are made on the threads. Verification by means of limit gauges   
 
 
BS EN 10253-1:1999   
Butt-welding pipe fittings. Part 1 Wrought carbon steel for general use and without specific inspection 
requirements 
 
 
BS EN 10253-2:2007   
Butt-welding pipe fittings. Part 2 Non alloy and ferritic alloy steels with specific inspection requirements 
 
 
BS EN 10253-3:2008   
Butt-welding pipe fittings. Wrought austenitic and austenitic-ferritic (duplex) stainless steels without 
specific inspection requirements 
 
 
BS EN 10253-4:2008   
Butt-welding pipe fittings. Wrought austenitic and austenitic-ferritic (duplex) stainless steels with specific 
inspection requirements 
 
 
BS EN 10255:2004   
Non-alloy steel tubes suitable for welding and threading. Technical delivery conditions 
 
 
BS EN 12266-1:2012  
Industrial valves. Testing of valves. Pressure tests, test procedures and acceptance criteria. Mandatory 
requirements 
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BS EN 12266-2:2012  
Industrial valves. Testing of metallic valves. Tests, test procedures and acceptance criteria. 
Supplementary requirements 
 
 
BS EN 13190:2001   
Thermal insulation products for buildings. Factory made products of phenolic foam (PF). Specification 
 
 
BS EN 13501-2:2016  
Fire classification of construction products and building elements. Classification using data from fire 
resistance tests, excluding ventilation services   
 
 
BS EN 13547:2013   
Industrial valves. Copper alloy ball valves   
 
 
BS EN 13709:2010   
Industrial valves. Steel globe and globe stop and check valves 
 
 
BS EN 13789:2010   
Industrial valves. Cast iron globe valves 
 
 
BS EN 13828:2003   
Building valves. Manually operated copper alloy and stainless steel ball valves for potable water supply in 
buildings. Tests and requirements 
 
 
BS EN 13941:2009+A1:2010   
Design and installation of pre-insulated bonded pipe systems for district heating 
 
 
BS EN 14303:2015  
Thermal insulation products for building equipment and industrial installations. Factory made mineral wool 
products (MW). Specification. 
 
 
BS EN 14451:2005   
Devices to prevent pollution by backflow of potable water. In-line anti-vacuum valves DN 8 to DN 80. 
Family D, type A 
 
 
BS EN 16668:2016+A1:2018  
Industrial valves. Requirements and testing for metallic valves as pressure accessories   
 
 
BS EN 16767:2016   
Industrial valves. Steel and cast iron check valves   
 
 
BS EN 80416-1:2009   
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Basic principles for graphical symbols for use on equipment. Part 1 Creation of symbol originals 
 
 
BS EN 80416-2:2001   
Basic principles for graphical symbols for use on equipment. Part 2 Form and use of arrows 
 
 
BS EN 80416-3:2002+A1:2011  
Basic principles for graphical symbols for use on equipment. Part 3 Guidelines for the application of 
graphical symbols 
 
 
BS EN ISO 228-1:2003   
Pipe threads where pressure-tight joints are not made on the threads. Part 1 Dimensions, tolerances and 
designation 
 
 
BS EN ISO 9001:2015  
Quality management systems. Requirements 
 
 
BS ISO 5208:2015   
Industrial valves. Pressure testing of metallic valves   
 
 
BS ISO 7005-1:2011   
Pipe flanges. Part 1 Steel flanges for industrial and general service piping systems 
 
 
BS ISO 7121:2016  
Steel ball valves for general-purpose industrial applications 
 
 
ISO 7-1:1994   
Pipe threads where pressure-tight joints are made on the threads. Part 1 Dimensions, tolerances and 
designation 
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Briefing & Overview 
Bone Marrow Transplant Service, Ward 4b 
Queen Elizabeth University Hospital 
 
 
The Bone Marrow Transplant  (BMT) service  transferred  from  the Beatson West of Scotland Cancer 
Centre on 06 June 2015.  
 
As part of routine  infection control measures  for BMT,  it was agreed  to reintroduce  the  routine air 
sample testing in line with the frequency applied at the Beatson.  
 
On  30  June,  I was  contacted  by  the  Clinical  Service Manager  to  notify me  that Microbiology  and 
Infection Control had received the results of the air samples. The air sample measurements were  in 
excess of the recommended standards for a BMT Unit. At a meeting on 01 July, the ICD reported that 
only 1 of the 24 rooms met the specification; the other rooms has reading  in excess of 5000 against 
an acceptable normal air particle count of 1000 for a BMT area.  
 
It was also noted that the pentamadine treatment room should have negative air pressure however 
this did  not  appear  to  be  in  place.   Dr Peters,  ICD,  reported  that  she has  asked  for  copies of  the 
commissioning and validation data but this had not yet been provided to her. The same data has been 
requested for Theatres, HDU,  lobbied rooms and hepa‐filter areas and will be provided to Anne and 
Kevin for the rest of the sites.  
 
With  regard  to BMT,  it was agreed  that a potential  solution would be  to  increase  the air  flow and 
ventilation to ward 4b. The aim of this being to  increase the pascal measurement to between 5–10, 
and increase the air exchanges in the room to 12 per hour.  Accordingly on the evening of 01 July the 
ventilation  system  was  increased  to maximum  capacity.  A  number  of  other measures  were  also 
agreed: 
 

 Move to ensure that the door and room seals are adequately air tight 
 Increase the cleaning schedules to twice daily  
 Introduce prophylaxis porzaconazole to allograft patients (anti‐fungal medication) 
 Re sample the ward to assess if an improvement had been achieved. 

 
It was agreed  that  it would be  sensible  to await  the outcome of  the  re‐sampling exercise prior  to 
making any decision about alternative accommodation for the patients.   
 
The group reconvened on 03 July to assess progress from the above. 
 
It was reported that the air exchange rate being achieved was around 6 per hour, still lower than the 
desired 12. The pascal measurement from the rooms to the corridor was around 5; the lower end of 
the  accepted  range.  The  ICD  reported  that whilst  there  had been  an  improvement  in  the  particle 
count  across  9  rooms,  the  remainder  remained  non  compliant  and  out with  the  accepted  normal 
standard. The ICD also reported that there had been some fungal growth from environmental swabs 
taken in the unit.  
 
Following clinical debate,  it was agreed that on the balance of risk,  it would be safer to transfer the 
patients back to the Beatson West of Scotland Cancer Centre until such times as a permanent solution 
could  be  implemented  to  ward  4b.  However,  as  an  evaluation  of  the  Beatson  would  need  to 
undertaken, the balance of risk suggested that  it would be safer to  leave the patients at QEUH over 
the weekend until an assessment of the Beatson could be undertaken on 06 July. 
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Dr Craig Williams (Lead Infection Control Doctor) returned from leave on 06 and attended the review 
meetings on 1100 & 1500. Dr Williams concurred with his ICD colleagues and BMT Consultants that it 
would be clinically appropriate to transfer the patients back to the Beatson until the environmental 
issues could be resolved.  
 
Dr Williams  requested  the  validation  and  commissioning  results  for  the  BMT  Unit  and  a  further 
engineering view on the hepa‐filtration and ventilation issues. Dr Williams briefly reviewed the clinical 
specification for the unit and stated that it seemed fine from his interpretation. Peter Moir agreed to 
develop a programme of work and financial plan related to rectifying the function of the unit.  
 
It is proposed for clinical safety, pending ambulance availability and other infrastructure support, that 
BMT patients and acute leukaemia patients will transfer from the Queen Elizabeth University Hospital 
on 8th July back to the Beatson West of Scotland Cancer Centre.  
 
This will affect 18 patients  
 
A  communication  plan  will  be  put  in  place  with  patients  and  their  families,  press  and  other 
stakeholders. It is planned to tell the patients tomorrow once the infrastructure is in place.  
 
 
Gary Jenkins 
Director: Regional Services 
06 July 2015 
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Section 1 – Scope of Works 
 

 
Adults Ward 4B is located on the 4th floor in Queen Elizabeth University Hospital. Adults Ward 4B is supplied by 3 Air 
Handling Units located on level 3 plant room, just below one level from the department. 
 
Main traverse readings will be taken from both the supply and extract ducts and the invertor readings recorded. 
 
To ensure compliance with SHTM03-01, the following tests will be carried out; 
 
1 - Supply volume flow rates from each terminal grille and air change rates calculated. 
2 – Record room pressures and compare with the Digital Pressure Panel 
3 – DOP integrity test all supply HEPA filters 
4 – Provide an electronic validation report 

 

. 
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Section 2 – Executive Summary   
 

Recorded the supply volumes and calculated the air change rates, all achieve or are acceptable to the required 
specification. 

The room pressures are above the minimum required limits. 

The change of HEPA filters in each individual Isolation Room was carried out and old filters boxed ready for disposal. 

The DOP Filter integrity test all HEPA Filters was carried out. All filters achieved an integrity of 99.99% MPPS. 
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Section 3 – Air Volumes & Air Change Rates 

 
Air Volume Methodology 

 
Room Air Change Rate Calculation Methodology 

 
 
 

Objective: 

To provide documented evidence to verify the supply air volume rates through individual filter terminals are in 
accordance with their design volumes. 

Prerequisites – Supply and Extract Air Handling Unit maintenance complete.  

Test Method  

• Micromanometer – calibrated and used in conjunction with Pitot tube to measure air velocity in 
appropriate ducting, to calculate air volume for Balometer factor. 

• The HVAC System(s) is operational and stable. 

Methodology: 

•   Hold the balometer hood over the diffuser/grille face and ensure balometer is set in the correct direction 
and read off the measured air volume flow rate. 

Acceptance Criteria 

• Calibration certificates for all test equipment are appended to the report. 

Objective 

To provide documented evidence to verify the room air change rate to each room within the Area based on 
measurement of the total supply air volume to the room in accordance with the design specification. 

Pre-Requisites 

• The tests described in the air volume methodology have been completed. 

Methodology 

• Insert all supply air volumes into the results table. 

• Calculate the total supply air volume to each room by the addition of all supply HEPA filter flow rates within 
the room. 

• Calculate the air change rate per hour for each room using the following equation: 

Total volume of all supply terminal HEPA filter flowrates (m3/h)  

                          Volume of the room (m3) 

  

Acceptance Criteria 

• All rooms must achieve the minimum number of air change rates specified in the design data. 
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Section 3 – Air Volumes & Air Change Rates 
 
AHU Invertor Readings & Filter Pressure Drops 

AHU 31-63 Primary Filter PD 55Pa 

Supply Invertor 44Hz (A) Secondary Filter PD 120Pa 

Extract Invertor 30Hz (B) Extract Filter PD  15Pa 

 
Supply Duct Traverse 

Test Point / 

Location 
Design Volume m³/s Duct Size mm Duct Area m² Design Velocity m/s 

TP2 / 4th Floor Riser 0.899 700 x 350 0.245 3.67 

 A B C D 

1 6.10 4.70 5.00 7.00 

2 5.80 3.90 5.30 6.30 

3 5.60 3.60 5.10 4.30 

4 5.60 3.50 5.10 4.40 

Total 23.10 15.70 20.50 22.00 

Overall Total 81.30 

Average Velocity m/s Test Volume m³/s % Design Static Pressure Pa 

5.08 1.245 139 380 

 

Test Point / 

Location 
Design Volume m³/s Duct Size mm Duct Area m² Design Velocity m/s 

TP1 / 4th Floor Riser 1.04 500 x 500 0.25 4.16 

 A B C 

1 5.96 5.70 5.00 

2 5.48 5.90 5.30 

3 5.31 5.20 5.10 

4 5.15 5.60 5.10 

Total 21.90 22.40 20.50 

Overall Total 64.80 

Average Velocity m/s Test Volume m³/s % Design Static Pressure Pa 

5.40 1.35 130 369 
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Section 3 – Air Volumes & Air Change Rates 
 
Extract Duct Traverse 

Test Point / 

Location 
Design Volume m³/s Duct Size mm Duct Area m² Design Velocity m/s 

Main TH 1.392 700 x 450 0.315 4.42 

 A B C D 

1 3.80 3.20 3.30 3.90 

2 3.30 3.40 3.50 3.10 

3 3.60 2.50 2.50 2.80 

4 3.60 2.50 2.10 2.00 

Total 14.30 11.60 11.40 11.80 

Overall Total 49.10 

Average Velocity m/s Test Volume m³/s % Design Static Pressure Pa 

3.069 0.967 69 120 

 
AHU Invertor Readings & Filter Pressure Drops 

AHU 31-63EF01 

Extract Invertor 70Hz (B) Extract Filter PD 15Pa 

 
Extract Main Test Point 

Test Point / 

Location 
Design Volume m³/s Duct Size mm Duct Area m² Design Velocity m/s 

Main TH 0.698 500 x 350 0.175 3.99 

 A B C 

1 6.00 5.80 5.80 

2 5.70 6.00 5.80 

3 5.80 5.70 5.90 

4 5.70 5.90 5.80 

Total 23.20 23.40 23.30 

Overall Total 69.90 

Average Velocity m/s Test Volume m³/s % Design Static Pressure Pa 

5.825 1.019 146 204 

 
Extract Test Point 

Test Point / 

Location 
Design Volume m³/s Duct Size mm Duct Area m² Design Velocity m/s 

TH1 0.0898 250 ᶲ 0.0491 1.83 

 A B 

1 1.90 1.80 

2 2.00 1.90 

3 1.90 2.20 

4 1.90 1.70 

Total 7.70 7.60 

Overall Total 15.30 

Average Velocity m/s Test Volume m³/s % Design Static Pressure Pa 

1.9125 0.0939 105 9 

I I I 
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Section 3 – Air Volumes & Air Change Rates 
 
Supply Grille Volume Flow Rates 

Room Room ID 
Test Volume  Design Volume 

l/s 
% of Design 

mᶟ/hr l/s 

76 A4-HOW-190 324 90 80 113 

77 A4-HOW-193 392 109 80 136 

78 A4-HOW-195 324 90 80 113 

79 A4-HOW-198 364 101 80 126 

80 A4-HOW-202 385 107 80 134 

81 A4-HOW-050 324 90 80 113 

82 A4-HOW-053 302 84 80 105 

83 A4-HOW-055 338 94 80 118 

84 A4-HOW-058 328 91 80 114 

85 A4-HOW-059 306 85 80 106 

86 A4-HOW-062 385 107 80 134 

87 A4-HOW-064 342 95 80 119 

88 A4-HOW-067 335 93 80 116 

89 A4-HOW-031 403 112 100 112 

90 A4-HOW-029 407 113 80 141 

91 A4-HOW-026 371 103 80 129 

92 A4-HOW-024 382 106 80 133 

93 A4-HOW-021 317 88 80 110 

94 A4-HOW-020 310 86 80 108 

95 A4-HOW-017 317 88 80 110 

96 A4-HOW-015 396 110 80 138 

97 A4-HOW-012 356 99 80 124 

98 A4-HOW-011 392 109 80 136 

99 A4-HOW-009 378 105 80 131 
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Section 3 – Air Volumes & Air Change Rates 
 
Extract Grille Volume Flow Rates 

Room Room ID 
Test Volume 

Design Volume l/s % of Design 
mᶟ/hr l/s 

76 A4-HOW-190 104 29 30 97 

77 A4-HOW-193 104 29 30 97 

78 A4-HOW-195 115 32 30 107 

79 A4-HOW-198 108 30 30 100 

80 A4-HOW-202 104 29 30 97 

81 A4-HOW-050 94 26 30 87 

82 A4-HOW-053 104 29 30 97 

83 A4-HOW-055 126 35 30 116 

84 A4-HOW-058 90 25 30 83 

85 A4-HOW-059 95 26 30 87 

86 A4-HOW-062 126 35 30 116 

87 A4-HOW-064 94 26 30 87 

88 A4-HOW-067 86 24 30 80 

89 A4-HOW-031 94 26 30 87 

90 A4-HOW-029 86 24 30 80 

91 A4-HOW-026 108 30 30 100 

92 A4-HOW-024 108 30 30 100 

93 A4-HOW-021 108 30 30 100 

94 A4-HOW-020 108 30 30 100 

95 A4-HOW-017 94 26 30 87 

96 A4-HOW-015 94 26 30 87 

97 A4-HOW-012 112 31 30 103 

98 A4-HOW-011 108 30 30 100 

99 A4-HOW-009 97 27 30 90 
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Section 3 – Air Volumes & Air Change Rates 
 
31-63/EF01 Extract Volume Flow Rates 

Room Grill Reference 

Test Volume  
Design Volume 

l/s 
% of Design 

mᶟ/hr l/s 

Corridor Area 512-EG002 346 96 90 107 

Corridor Area 514-EG008 274 76 75 101 

Corridor Area 513-EG006 281 78 75 104 

Corridor Area 513-EG008 284 79 75 105 

Corridor Area 514-EG009 360 100 75 133 

Corridor Area 513-EG007 310 86 77 112 

Corridor Area 513-EG004 342 95 63 151 

Corridor Area 513-EG003 328 91 55 165 

Corridor Area 513-EG002 328 91 54 169 

Corridor Area 513-EG001 389 108 60 180 

 
125AHU05 Clean Utility Volume Flow Rates 

Room Grill Reference 

Test Volume  
Design Volume 

l/s 
% of Design 

mᶟ/hr l/s 

Clean Utility Supply Grille 131 36 tbc 107 

Clean Utility Extract Grille 130 36 Tbc 101 

 
Pentamidine Treatment Room Volume Flow Rates 

Room Grill Reference 

Test Volume  
Design Volume 

l/s 
% of Design 

mᶟ/hr l/s 

HOW-003 Supply Grille 284 79 tbc 107 

HOW-003 Extract Grille 395 110 Tbc 101 
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Section 3 – Air Volumes & Air Change Rates Continued…… 
Air Change Rates 

Room Reference 
Recorded Air 

Volume mᶟ/hr 
Room Volume m³ Recorded  ac/hr 

Design Air Change 

Rates ac/hr 

Room 76 324 45.9 7.1 6 

Room 77 392 45.9 8.5 6 

Room 78 324 45.9 7.1 6 

Room 79 364 45.9 7.9 6 

Room 80 385 54.0 7.1 6 

Room 81 324 48.6 6.7 6 

Room 82 302 45.9 6.6 6 

Room 83 338 45.9 7.4 6 

Room 84 328 48.6 6.7 6 

Room 85 306 48.6 6.3 6 

Room 86 385 45.9 8.4 6 

Room 87 342 45.9 7.5 6 

Room 88 335 45.9 7.3 6 

Room 89 403 45.9 8.8 6 

Room 90 407 45.9 8.9 6 

Room 91 371 48.6 7.6 6 

Room 92 382 48.6 7.3 6 

Room 93 317 48.6 6.5 6 

Room 94 310 48.6 6.4 6 

Room 95 317 45.9 6.9 6 

Room 96 396 45.9 8.6 6 

Room 97 356 48.6 7.3 6 

Room 98 392 48.6 8.1 6 

Room 99 378 64.80 5.8 6 

Clean Utility 131 36.4 3.6 6 

Pentamidine 395 45.3 8.7 6 

A balometer factor of 1.0 was used. 

Equipment Used 

Test Instruments Used Serial No. Calibration Due 

Balometer 90526046 September 2018 
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Section 4 – Filter Integrity Test 
 

Objective 

To provide documented evidence to verify that each HEPA filter installation within the HVAC System(s), comprising 
the filter, seal and housing, does not permit the passage of particulate material in sufficient quantities to 
compromise the design intent of the filter. This will be achieved by smoke integrity testing. 

Prerequisites  

• Aerosol generator – calibrated to be capable of generating a poly-dispersed aerosol having the size 
distribution given in PD6609:2000 Annex B, Clause C.2.1. 

• Photometer – calibrated and suitable for the measurement of mass concentration of airborne particles 
having the size distribution given in PD6609:2000 Annex B, Clause C.2.1 and having an accuracy of better 
than ±5% over the range of a five expandable, six decade resolution and a minimum threshold sensitivity 
0.0001µg/l and capable of measuring aerosol concentration in the range of 10 to 100mg/m³. The 
photometer shall have a sample flow rate 0.4 ± 0.05 l/s 

• Sampling probe - a suitable sampling probe is required which is designed for maximum coverage of 
isokinetic flow rates. 

• Calibration certificates – are required for the above and must be appended to the test report. 

 

Methodology 

The test will be performed by introducing an aerosol challenge upstream of each HEPA filter and scanning 
immediately downstream of the filters and support frame. 

A test report will be prepared which will include confirmation of the methodology used, results of testing for each 
filter, whether each test is a pass or fail, the location of any detected leaks and indication of the position and 
extent of any repairs and calibration certificates for all test equipment used. 

Acceptance Criteria 

• Aerosol concentration readings must be < 0.01 % of the upstream concentration within all grade of rooms. 

• A test report is prepared which includes confirmation of the methodology used, results of testing for each filter, 
whether each test is a pass or fail. If a fail is recorded replace the filter and retest. 

• Attach copy of calibration certificates for all test equipment. 

•  
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Section 4 – Filter Integrity Test 
 
Filter Integrity Results 

Room 
Room 

Reference ID 

Filter 
Pressure 
Drop Pa 

Set Upstream 
Concentration 

mg/m³ 

Downstream 
% 

penetration 

% Upstream 
Aerosol 

Concentration 
Post Scan 

Pass/Fail 

76 A4-HOW-190 New Filter 47 0.0001 100 Pass 

77 A4-HOW-193 New Filter 52 0.0004 97 Pass 

78 A4-HOW-195 New Filter 28 0.0001 98 Pass 

79 A4-HOW-198 New Filter 67 0.0003 102 Pass 

80 A4-HOW-202 New Filter 63 0.0009 100 Pass 

81 A4-HOW-050 New Filter 34 0.0001 97 Pass 

82 A4-HOW-053 New Filter 40 0.0002 100 Pass 

83 A4-HOW-055 New Filter 46 0.0008 103 Pass 

84 A4-HOW-058 New Filter 78 0.0005 101 Pass 

85 A4-HOW-059 New Filter 65 0.0007 100 Pass 

86 A4-HOW-062 New Filter 80 0.0009 100 Pass 

87 A4-HOW-064 New Filter 88 0.0003 102 Pass 

88 A4-HOW-067 New Filter 82 0.001 100 Pass 

89 A4-HOW-031 New Filter 77 0.0002 103 Pass 

90 A4-HOW-029 New Filter 74 0.0004 104 Pass 

91 A4-HOW-026 New Filter 80 0.0009 100 Pass 

92 A4-HOW-024 New Filter 64 0.0003 99 Pass 

93 A4-HOW-021 New Filter 80 0.001 102 Pass 

94 A4-HOW-020 New Filter 63 0.0008 102 Pass 

95 A4-HOW-017 New Filter 21 0.0001 100 Pass 

96 A4-HOW-015 New Filter 28 0.002 101 Pass 

97 A4-HOW-012 New Filter 39 0.003 100 Pass 

98 A4-HOW-011 New Filter 31 0.004 98 Pass 

99 A4-HOW-009 New Filter 23 0.001 103 Pass 

Clean Utility HOW-039 New Filter 80 0.007 100 Pass 

 

 
 
 
 

Test Instruments Used Serial No. Calibration Due 

Photometer 11200 March 2018 

Aerosol Generator 12198 June 2018 
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Section 5 - Room Pressure Differentials 
 
Room Pressure Differential Methodology 

Objective 

To provide documented evidence to verify the room pressure regime throughout the Cleanroom suite is in 
accordance with their design values. 

Pre-Requisites 

             All supply and extract volumes are set to client specification 

• All LAF unit(s) are operational, where applicable. 

• The HVAC System(s) must have been operating normally and continuously for at least 24 hours prior to 

commencement of the test. 

• The tests are to be carried out “unmanned at rest”. Ensure that area supervision have been informed to keep 

personnel out of the area. 

• The test operator has been trained to use the test equipment and is wearing appropriate clean area clothing. 

• Room pressure alarms/information;  

• High room pressure set at 15Pa  

• Low room pressure alarm set at 5Pa  

• Door open or out of specification alarm is set for a 2 minute period before alarming.  

• Room pressure alarms can be silenced from the button on the digital display set at each room door 

entry (on the stainless steel plate).  

 

Methodology 

• With the Micromanometer properly zeroed, attach the tubing to the positive connection on the instrument, then 
place the other end of the tubing underneath the room door, with the tubing going into the higher pressured 
room. 

• Record the reading into the appropriate position on the table below. 
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Section 5 - Room Pressure Differentials 

Room Pressure Differentials, Temperature, Humidity & Noise Levels 

Room Room 
Recorded 

Pressure Pa 
Target Pa 

Recorded Temp 
Target 18-28ºC 

Recorded Noise 
Target 35dba 

Room 76 Corridor 7.6 5 – 10 23.5 28.2 

Room 77 Corridor 7.0 5 – 10 23.2 29.5 

Room 78 Corridor 6.8 5 – 10 25.0 30.0 

Room 79 Corridor 9.2 5 – 10 23.9 31.0 

Room 80 Corridor 7.4 5 – 10 23.5 29.8 

Room 81 Corridor 7.0 5 – 10 22.4 29.2 

Room 82 Corridor 8.1 5 – 10 21.0 29.0 

Room 83 Corridor 9.4 5 – 10 20.0 29.7 

Room 84 Corridor 8.7 5 – 10 23.4 32.0 

Room 85 Corridor 7.2 5 – 10 22.9 31.1 

Room 86 Corridor 8.6 5 – 10 23.1 28.0 

Room 87 Corridor 8.4 5 – 10 23.5 29.5 

Room 88 Corridor 8.4 5 – 10 19.8 30.2 

Room 89 Corridor 8.5 5 – 10 19.3 28.4 

Room 90 Corridor 8.4 5 – 10 23.6 29.7 

Room 91 Corridor 10.0 5 – 10 18.9 29.3 

Room 92 Corridor 11.2 5 – 10 19.2 28.5 

Room 93 Corridor 8.3 5 – 10 27.7 29.6 

Room 94 Corridor 7.4 5 – 10 19.8 29.8 

Room 95 Corridor 13.0 5 – 10 22.9 27.4 

Room 96 Corridor 10.6 5 – 10 23.2 28.2 

Room 97 Corridor 7.2 5 – 10 19.3 28.1 

Room 98 Corridor 7.5 5 – 10 19.8 29.6 

Room 99 Corridor 6.5 5 – 10 22.2 27.9 

Clean Utility Corridor 0.5 + - - 

Ward 4B Link Corridor 6 + - - 

Ward 4B Ward 4C 6 + - - 

Ward 4B Stairwell 4 + - - 

Equipment Used  

Test Instrument Used Serial Number Calibration Due Date 

Micromanometer 7827 November 2017 

Environmental Meter 160506299 September 2018 
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Section 6 – Ward 4B Schematic 
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Section 7 - Calibration Certificates 
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CERTIFICATE OF CALIBRATION 

Issued By I RC Ltd 

Date of Issue 19 September 2017 

Instrument Repairs & Calibration 
7 Howard Court Industrial Estate 
East Kilbride, G74 4QZ 
Tel: 01355 264120 Fax: 01355 264150 
www.instrument-repairs.com 

Certificate Number 
224854 

Page 1 of 2 Pages 

Approved Sianatory 
Dlg~lly signed by l<.eith 
Low 
DN: cn=Kelth Low, o=IRC 

 Ltd,ou=IRCLtd, 

ment~repairs.com, c=GB 
Date:2017.09,1911:21:41 
+ol'00' 

U N.Anderson Q K.Low DC.Moore DA.Rae 

Customer : H&V Commissioning Services Ltd 
Kilknowe Offices, 16 Barrmill Road 
Galston KA4 8HY 

Date Received : 07 September 2017 

Instrument - System ID: 
Description : 
Manufacturer: 
Model Number : 
Serial Number: 
Procedure Version: 

Environmental Conditions 

!RC02204 
Balometer 
Alnor 
EBT-721 
90526046 
2592 

Job Number: R87915 
Ref. Number : AC-C-06 

Site: 
Location : 

Last Certificate Number : 
Last Calibration Date : 

Temperature : 23°C +/- 2°c Mains Voltage : 230V +/- 1 ov 
Relative Humidity : 50% +/- 20% Mains Frequency : 50Hz +/- 1 Hz 

------------------- ---------
Comments 

A. All prime parameters found to be within specification. 

Results at the time of test carry no long term stability of the instrument. 

This certificate records the ON RECEIPT calibration status. 

Recalibration period 52 weeks by customer request. 

Traceability Information 
Instrument description 
Mensor CP6000 

Serial number 
610020 

Certificate number 
13027 /8/9/30/33 

Cal. Date 
09/11/2015 

Cal. Period 
104 

Calibrated By : K Low Date of Calibration : 19 September 2017 
This is to certify that the above instrument was fully calibrated. Work carried out was in accordance with procedures laid down in BS EN ISO/IEC 17025:2005. 
The accuracies of the standards used are traceable to Nati.anal Standards.via UKAS approved laboratories. 
The copyright of this certificate is owned by IRC Ltd and may not be reproduced except with the prior written approval of the issuing laboratory. 
The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2 providing a level of confidence of approximately 95%. 
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CERTIFICATE OF CALIBRATION 

Test Title 

Pressure 
Pascals 

End of Results 

Uncertainties 

Pressure TE69 

Tolerance 

2.8pa 
22.9pa 
40.4pa 

Applied Value 

249.0pa 
1 992.0pa 
3 736.0pa 

0-1000mBar +/- 0.01% of reading 

Reading 

250.0pa 
1 995pa 
3 737pa 

Certificate Number 

224854 

Page 2 of 2 Pages 

Pass/Fail 

Pass 
Pass 
Pass 
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Customer 

TRACEABLE CERTIFICATION & CALIBRATION REPORT 

Digital Aerosol Photometer 

H & V Commissioning Services 
Kllknowe Office 
16 Barrmill Road 
Galston 
Ayshire 

Envirtonmental Conditions 

P.0# 

Model ATl-2G 
Tern rature 22.4 ·c Serial No. 11200 

Ambient Pressure 100 kPa ID# 2248 

Calibration Eauioment 
Multimeter Electronic Balance Flowmeter 

Model U3402A HP220DC Flow Meter 
Serial Number MY50060007 D455800028 F165086/01 
Cal Due Date Apr-17 May-17 Oct-18 

Calibration Data 
Volumetric Flow: U min + 5% of reading 

Test Point Measurement 2G Outout ABS ERROR Allowed ERROR Cal status 
As Found 28.30 27.60 0.70 1.4 Pass 
Aslett 28.30 28.20 0.10 1.4 Pass 

Stray Liaht: Volts 
As Found As Left 

Strav Liaht 0.0027 0.0076 
P1 = ONDINA Concentration: 100 11g/L +/· 10% of Reading• 

Test Point Generator I 2G Outout I ABS ERROR ALLOWED ERROR CAL Status 
As Found 100.00 81 .30 18.70 10 Fail 
As Left 100.00 100.60 -0.60 10 Pass 

P2 = Emery Concentration: 10011g/L +/- 10% of Reading• 

Test Point Generator 2G Outout ABS ERROR ALLOWED ERROR CAL Status 
As Found 100.00 80.80 19.20 10 Fall 
Aslett 100.00 99.04 0.96 10 Pass 

P3 = HIGH Concentration: 100 11a/L +/· 3011a/L 

Test Point Generator 2G Output ABS ERROR ALLOWED ERROR CAL Status 
As Found I 100.00 85.00 15.00 30 Pass 
As Left 100.00 103.00 -3.00 30 Pass 

Notes: 

Cleaned internal filters, tubing & rewired optical chamber lamp due to intermittent fault. 

TUR 1:1 

Condition of Unit 
AS FOUND AS LEFT 

[ ] In tolerance I J Inoperable l>J Calibrated as left LJ New instrument 

0 Out of tolerance 
□ 

No calibration 
performed 

Maintenance Performed 
Rework 

□ scattering 0 Test scanning probe 0 Leak Check 
chamber 

0 Clean Sampling 
□ Test Absolute Filter □ Printer 

System 

□ 
Replace Cell 

□ Replace Gaskets 0 Voltage Checks 
Lamo 

0 Align Optics 0 Tighten Loose Hardware 0 Final Test 

Calibration Statement 

The instrument listed on this certificate has been calibrated against standards traceable to NIST or other recognized national 
metrology institutes, derived from ratio type measurements, or compared to nationally recognized consensus standards. A 

test uncertainty ratio of 4:1 [k-2, approx. 95% confidence level] was maintained unless otherwise stated. Ail results contained 
within this certificate relate only to the item(s) cal ibrated. Any number of factors may cause the calibrated item to drift out ol 
calibration before the instruments cal ibration Interval has expired. This certificate shall not be reproduced except in full and 

with written consent of ATI . This unit has been calibrated to the most recent revision of PCL-030-WI . . 
Calibrated by L . HANTEA Signed  

Cal Date 02 March 2017 Cal Due 018 

SR19220 SN11200 TDA-2G.xls Page 1 of 1 

ATI UK Ltd 
Unit 10 
Pro1ea way 
Pixmore Avenue 
Letchworth 
Hertfordshire 
SG61JT 
United Kingdom 

Telephone: 
+44 (0) 1462 6764-46 
Facsimile : 
+44 (0)1462 486078 

Email: saleuk@atitest.com 

Web: 
www.atitest.co.uk 

Registered Office 
Unit 10 
Protea way 
Pixmore Avenue 
Letchworth 
Hertfordshire 
SG61JT 

Registered In England 
No. GB 3889548 

VAT Number 
GB 770 8627 05000 
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ti 
CERTIFICATE OF COMPLIANCE 

No G/29466 
AEROSOL GENERATOR 

s C i e n c e s 

The Standards used have been calibrated by internal and external procedures traceable to National Standards. 
This Aerosol Generator has been tested with Finavestan A80 B 

Date of Calibration: 15-Jun-17 Model Serial No 

Customer H & V Commisioning Services CF Taylor 12198 

Address Kilknowe Office 

16 Barrmill Road 

Galston 

KA4 8HH 

Service Report No 29466 

STANDARDS USED 

INSTRUMENT 
MANUFACTURER SERIAL No 

LAST CERT 

DESCRIPTION RECAL NO 

Photometer Air Techniques 12076 19-Apr-17 29181 

Airflow Meter Airflow Developments 115135 19-May-17 12574 

Airflow HLF Bench Gelman Sciences 9436-89 25-Nov-16 28644 

Electrical Safety Tester Martindale MPAT+ 78491386 27-Apr-17 386428 

Aerosol Diluter Air Techniques 13940 27-Jul-16 28001 

AEROSOL OUTPUT CONCENTRATION RESULTS ELECTRICAL SAFETY TEST 
Inlet Bottle Oil Flow Heater Block HLF Bench Upstream 

RESULTS 
Pressure Valve Temperature Airflow Concentration 

(PSI) (DC) (L/min) (µg/L) Test No: 0452 

5 N/A 355 13,336.2 165 Test Mode: Class one 

10 N/A 355 13,336.2 500 Visual: Pass 

15 N/A 355 13,336.2 775 Earth Test: 0.090 

20 N/A 355 13,336.2 920 Insulation Test: 11 19.9MO 

25 N/A 355 13,336.2 1,100 Load Test: 0.91KVA 

30 N/A 355 13,336.2 1,200 Leakage Test: 00.lmA 

FLOW RATE 
ATI TDA-5B I N/A LPM 

CALCULATED RESULTS 

Generator Output (g/min) = Upstream Concentration (µg/L) x HLF Bench Airflow (L/min) / 1,000,000 

Pressure Output (g/min) Pressure Output (g/min) 

5psi 2.20 25psi 14.67 

l0psi 6.67 30psi 16.00 

15psi 10.34 

20psi 12.27 

Out Of Limit Errors As Found. Comments: None. 

 
Next Calibration Due 15-Jun-18 I Engineer A.Laurance 

OptiCal Sciences Limited 
Envirotest House 

Anglia Way, Moulton Park Industrial Estate, Northampton NN3 6JA 
Telephone: 0844 334 0100 Fax: 0844 334 0101 Email: info@optical-sciences.co.uk 

Visit our Website at www.optical-sciences.co.uk 
QSF13 30/06/2010 
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CERTIFICATE OF CALIBRATION

Issued By   Cuthbertson Laird Group 

Date of Issue

Certificate Number

HAM13016

Page  1 of 2

Cuthbertson Laird Group

Parkburn Court

Hamilton

Glasgow Road

ML3 0QQ

Customer : H & V Commisioning
16 Barmill Road Galston

Ayrshire KA4 8HH

Instrument -
System ID :

Description :

Manufacturer :

Model Number :

Serial Number :

Procedure Version 

ID216

AutoZeroing Micromanometer

DPM

TT470S

7827

2227

Environmental Conditions
Temperature :

Relative Humidity :

Mains Voltage :

Mains Frequency 

Comments
This Certificate Records The On Receipt Calibration Status Of The Instrument.

Traceability Information
Instrument Description Serial Number Certificate Number Cal. Date

Cal. Period

Air Neotronics MP6KS

Druck DPI142

0141232

2562944

20637

24756

20/07/2015

29/10/2016

104

52

Calibrated By : D Semple Date of Calibration :

This is to certify the above instrument was fully tested and calibrated.  Work carried out was in accordance with procedures laid down in 
BS EN ISO/IEC 17025:2005.  The accuracies of the standards used are traceable to National Standards, via UKAS approved 
laboratories.

Approved Signatory

28  November 2016

28  November 2016

20°C ± 1°C

50%RH ± 15%RH

240V ± 10V

50Hz ± 1Hz

Customer Ref:

D. Semple

Electronically Signed

Weeks

Date Received 22  November 2016
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CERTIFICATE OF CALIBRATION

Test Title Applied Value Reading

Certificate 

HAM13016

Page 2 of 2

Uncertainties

Pressure

7kPa 1.000kPa 1.01kPa 10Pa

7kPa 2.000kPa 2.01kPa 10Pa

7kPa 3.000kPa 3.01kPa 10Pa

7kPa 4.000kPa 4.02kPa 10Pa

7kPa 5.000kPa 5.03kPa 10Pa

7kPa 6.000kPa 6.03kPa 10Pa

1999Pa 400Pa 399Pa 1Pa

1999Pa 800Pa 798Pa 1Pa

1999Pa 1600Pa 1595Pa 1Pa

199.9Pa 40.0Pa 39.9Pa 0.1Pa

199.9Pa 80.0Pa 79.9Pa 0.1Pa

199.9Pa 160.0Pa 159.7Pa 0.1Pa

Velocity

100m/s 5.0m/s 5.0m/s 1Pa

100m/s 10.0m/s 10.0m/s 1Pa

100m/s 25.0m/s 25.0m/s 1Pa

100m/s 50.0m/s 50.0m/s 1Pa

End Of Results

28/11/2016  Printed using Transmille ProCal / ProCal-Track : Standard Certificate V1.00Printed On : 
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CERTIFICATE OF CALIBRATION 

Issued By Cuthbertson Laird Group 

Date of Issue 04 September 2017 
Date Received 31 Auaust 2017 

Cuthbertson Laird Group 

Parkburn Court 

Glasgow Road 

Hamilton --------
Customer: 

Instrument -

ML30 Q Q 

H & V Commisioning 
16 Barmill Road 
Ayrshire 

System ID: 
Description : 
Manufacturer : 
Model Number : 
Serial Number : 
Customer Ref: 

1023629 
Environment Meter 
Precision Gold 
N09AQ 
160506299 

Procedure Version 2491 

Environmental Conditions 
Temperature : 20°c ± 1 °c 
Relative Humidity : 50%RH ± 15%RH 

Comments 

Galston 
KA4 SHH 

Mains Voltage : 240V ± 1 0V 
Mains Frequency 50Hz ± 1 Hz 

This Certificate Records The On Receipt Calibration Status Of The Instrument. 

Traceability Information 
Instrument Description Serial Number Certificate Number 

Pulsar P100B 035219 G002819 
Vaisala HMl41 Indicator S1330009 A22418029-1 
Vaisala HMP41/45 Probe J3215002 A22418029-1. 

Certificate Number 
HAM18771 

Page 1 of 2 

Approved Signatory 
D. Semple 

Electronically Signed 

Cal. Period 
Cal. Date Weeks 

14/09/2016 52 
29/08/2017 52 
29/08/2017 52 

Calibrated By : D Semple Date of Calibration: 04 September 2017 

This is to certify the above instrument was fully tested and calibrated. Work carried out was in accordance with procedures laid down in 
BS EN ISO/IEC 17025:2005. The accuracies of the standards used are traceable to National Standards, via UKAS approved 
laboratories. 
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CERTIFICATE OF CALIBRATION 

Test Title 

Sound Level Meter 
Loe 
HiC 
HiC 

Humidity Meter 
%Rh 

Temperature Meter 
oc 

End Of Results 

Applied Value 

94dB 
94dB 
104dB 

47.2%Rh 

21.1°c 

Reading 

92.SdB 
93.SdB 
103.3dB 

44.8%Rh 

21.3°C 

Certificate 
HAM18771 

Page2 of 2 

Uncertainties 

0.6dB 
0.6dB 
0.6dB 

1.6%Rh 

0.33°C 

Printed On : 04/09/2017 Printed using Transmille ProCal / ProCal-Track : Standard Certificate V1 .00 
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QEUH - Ward 48 Works 

Brookfield BM 
MULTIPLEX -

The following documents make up the pack of information in relation to the Ward 4B upgrade works for approval 
by NHS GG&C Project Team. 

1. Ward 48 - Description of Works 

2. Ward 48 - Architectural Drawings 
2.1 NA-SZ-04-SK-332-001-01 (Ceiling detail) 
2.2 NA-ZE-04-SK-332-001-03 (Floor plan 1 of 3} 
2.3 NA-ZE-04-SK-332-002-03 (Floor plan 2 of 3} 
2.4 NA-ZE-04-51(-332-003-03 (Floor plan 3 of 3) 

3. Light Fitting - Mirage MX24. Data sheet. 

4. Room Pressure Gauge - Dwyer Magnahelic Gauge Series 2300-60Pa. Data sheet. 

5. Access Hatch - Profi lix Standard wall & ceiling panel. Data sheet. 

6. Above Ceiling Maintenance Requirements. 

7. Brookfield Multiplex Programme for Works 

8. Proposed Access Routes 

8.1 For Builders mater.ials and staff. 
8.2 For hospital services Core A to Ward 4C and Core C 

22nd July 2015. 
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QEUH - Ward 4b Upgrade Works 

Introduction 

Brookfield 
MULTIPLEX 

BM - 1 
This documents sets out the works to be carried out to upgrade the 24 bedrooms in the Haemato-oncology Ward 
(4b) on Level 4 of the Queen Elizabeth University Hospital to achieve between 5 and 10 pascals differential 
pressure between the bedrooms and the corridors. 

Works to be carried out 

In order to provide a sealed room, which will assist in achieving the required 5-10 Pascals differential pressure, an 
MF ceiling will be installed within the 24 bedrooms. The ceiling will be taped filled and painted and sealed at al l 
interfaces with adjoining walls and services. The ensuite rooms currently have a grid and tile type ceiling wh ich 
will be retained but with the services and ti les silicon sealed . 

The current recessed down lighters within the room will be fitted with a diffuser to provide an IP44 rating. On 
request from the NHS Estates team the diffuser will be sealed using transparent silicon. 

The current ventilation system (Air handling unit 31 AHU63 located within Plantroom 31 on Level 3) serving Ward 
4b is currently at its maximum performance and achieving approximately 6 air changes per hour. To ensure that 
there is some additional capacity within the supply unit, the motors, inverter drives (run and standby) and 
associated electrical supply will be upgraded. This will assist in achieving the desired room differential pressure 
(5-l0pa) and allow for additional resistance as filters degrade. All filters within the AHU will be changed prior to 
re-commissioning and the AHU and supply duct work re-cleaned. 

The current HEPA filters within the supply diffuser housing within the 24 bedrooms will be replaced with new 
filters. 

The users have requested a visual indication of room pressures, to achieve this a magnahelic type analogue 
differential pressure gauge (as installed in isolation rooms) will be installed at each room. 

During the installation process we will carry out a daily "builders" clean to maintain a level of cleanliness and 
follow this with a sparkle clean prior to commissioning works commencing. 

Maintenance Access 

At present there are mechanical and electrical services running above the ceiling of the rooms, this is generally, 
ventilation ductwork, Smoke dampers, heating pipework, duct mounted heating coil, heating controls, domestic 
water pipework, medical gas pipework, electrical containment, WIFI data point, fire alarm void detector, Nurse 
call input/ output unit. In order to gain access to the maintainable items and items that may need access for fault 
finding (fire alarm void detector, smoke dampers, heating controls, electrical trunking, duct mounted heating coi l, 
data point) access hatches will be provided in the cei ling. These hatches will be sealed after the works are 
complete using silicon sealant. 

The HEPA filters are installed within the supply air diffuser mounting and can be accessed by removing the diffuser 
from the room side. 

Rev 1 
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QEUH - Ward 4b Upgrade Works 

Commissioning & Validation 

Brookfield 
MULTIPLEX 

BM -
On completion of the installation works the commissioning period will commence. The following activities will be 
carried out: 

1. The Air handling Unit and Supply ductwork will be cleaned and swab samples taken for analysis. 
2. The AHU filters will be changed 
3. The ventilation systems (supply and extract) will be re-commissioned (initially with the existing HEPA 

filters remaining to avoid any possible degradation during commissioning) and room differential pressures 
measured to ensure 5-10 pascals are achieved 

4. The existing HEPA filters will be changed and challenge tests (DOP) will be carried out on each filter. 
5. Room pressures wil l again be measured and adjusted if required and the magnahelic gauges calibrated. 
6. The ward corridor to the non-ward areas (Core C, Core G and Core A corridor) differential pressure will be 

measured to ensure a positive pressure is achieved. 
7. Commissioning results will be collated and uploaded to Zl:ltec 

At various agreed stages throughout the process we will invite the NHS Project Team (and other interested 
parties) to witness the commissioning/ tests etc. 

Once the above items have been completed the area will be handed back to the NHS to allow a deep clean and 
microbiological testing to be carried out. 

Pentamidine Treatment Room 

The pentamidine treatment room (HOW 004) is currently achieving an air change rate of 10 air changes per hour 
and is under a negative pressure (-1.SPa). No further works are proposed for this room. 

Rev 1 
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New South Glasgow Hospitals 

Mirage MX24 

R02 

R02E 

MX24Y226P/SRFA525 - Standard 

MX24Y226PEP/SRFA525 - Emergency 

MXA24-IP44 -Attachment 

MIRAGE MX24 - Compact fluorescent 
down lighter, with a 240mm diameter white 
bezel and vacuum metallsed plain 
reflector. With IP44 attachment. 
Supplied and fitted with a 1 metre lead 
and Wago 5 pole flat plug suitable for 
Wago tee. 

IMl;NSIONS (L 'x W xlH) 

420mm x 240mm x 171mm High, Cut Out:- 230mm 

2 x 26W TC-0 

CO~TRO.L GEAR 

DALI 

FINISH ,. .. 
' • • 'I.' • ., 

• . ~ • t • . " . • . :.__ - -

White 

Em pro - 3hr Integral 

2.0kg - Standard 

3.0kg • Emergency 

Document Reference : 
•. fvlE-XX-DC-541-100 
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4.0 
Serles 
2000 Magnehelic® Differential Pressure Gages 

Indicate Poslllve, Negalive or Differential, Accurale wllllln 2% 
RUBBER PRESSURE RELIEF PLUG 
Will UNSEAT ITSELF WHEN GAGE 

IS OVEnPAESSUfllZEO .025 (.64) SPACE CREATED BY 3 SPACER 
PADS WHEN SURFACE MOUNTED. 

1310·32 X 3/1614.76) DEEP 
fiOLES EQUALLY SPACED ON 
A04·1181104.78l 80LTCIRCLE 
FOR PANEL MOUNTING 

DO NOT oosmucr. PROVIDES PATH- 17/32 
1/8 FEMAlE NPT 
HIGH PRESSURE 
CONNECTIQrJ 

FOR RELIEF OF OVERPRESSURE. - -[13.49) 

{ , .. . 

..----++-n, ~ 1/8 FEMALE 

04·1/2 
f!M.31 

15/32(11.91) -
1-11/16 (42.061 

IIPHIIGII 
PRESSURE 
COllllECTION 
1/8 FEMALE 
NPT LOW 
PRESSURE 
CONNECTION 

-7/16111.111 

f/j:;=;~~~.l 1-3/4 
\\~===(l:»+.i~f-.-'.I 4 t4 s J 

11116 
117.46) 

1/8 FEMALE NPT LOW 
PRESSURE CONNECTION 

1/8 FEMALE NPT 
IIIGtl PRESSURE 
comlECTIOtl 

ii .. , ... ~ 
Senn here 

05·1/2 15/32 
-J139.7or- f11.91r ~7/3t r:1• • • 

1,:1 ' .• to watch 
product vldoo 

MO NTING l1ING "f64.29f 
3/10 

[4.76) 

Select tho Dwyor" Maonohe!lc~ gage ro,· high nmorncy - gunn1nlecd wlthl11 2,1 of 
rull,scale-and forU1e wide choice of8t model, n,11lln\Jlc to 1ultyuu,·11ced, prc<hely. Ui lng 
Ih1~•e,•'1 tlmplc, frkllonlc" Magnehcllc' ll"1• mo,·emeut, It qukkly lndlcnle. low nlr 01· 
11011-<:01·1·0,ivc gn, pi·usm·ea - tlO,ci• po,ltlvc, negative fracuum) 01· dllrcrenllnl. 'the 
<leslgu ,esl,r.. •l1ocl<, vlb111lion and over•pr~uurcs. No n1011omrtcr nuld lo e1•npor11te, 
frec,c 01· c.nu,c loxk 01· leveling ,,.·oblcm,. lt's lnexpe11,l1·e, too, 
The Mngnchelle' gage 1, lhe lnd1111ly a1n11dru·d lo mc11.1w·e rnn nnd blower n1·c11em~,. 
filw· r eslslance, nlr veloclly, ru111nco dmn, preu111·e d1'0p nea,m 01·1fi,•e plalu, liquid 
le,·els will, lmbble,· oyslcm; w1d ~1·cu111·c1 In tluld nmpllJler or nuldlc 1ystemt. ltnho 
rheck, gno,nlr ratio eonlJ•ol, nnd nutomBlle ,•ruvc,, nnd moullors blood nnrl 1·esplmlo11· 
p1·euw·u In uiedkal care equipment. 

MOUNTING 
A sing le case size Is used lor mosl models of Magnehellc" oages. They can be 
flush or surface mounlecl wllh standard hardware supplied. Allhough calibrated lor 
vertical position , many ranges obove 1 ·· maybe used ot ony angle by simply ro­
zerolng. However, for maximum accuracy, t11ey musl be calibrated In Iha same 
poslllon In which they are used. These characterisllcs make Magnehellc' gages 
Ideal for both stationary and porlablo epplicallons. A 4-9116" hole ls required for 
nush panel mounling. Complete mounting and connecllon f~llngs, plus lnstrucllons, 
are rumlshod wilh each lnstrument.O 

ACCESSORIES 

-~~= 

. ~·j~~ \;;; ~ 
I 

Modal A•432 Por1able KIi 
Combine carl)'lng ca~e wilh any Magnehellc" oooe 
of standard range, except high pressure 
connccllon, Includes g ft (2.7 m) of 3/16" ID rubber 
tubing, standhang bracket and terminal lube will1 
holder, 

Model A-605 Air FIiter Gage Accessory Kit 
Adapts any standard Magnehellc, gage ror uso as 
an air filler gage, Includes aluminum surface 
mounting bracket with sc,ews, two 6 II (1,5 m) 
lengths of 1W aluminum tubing two stallc pressure 
lips end two molded plastic venl valves, Integral 
compression fillings on bolh lips and valves. 

A-6058 Air Flltor Gago Accessory 1(11, Air nner kit wilh two plasllc open/close 
valves, two 4" sieel stalic lips, plastic lubing end mounting llange 

A·G05C Air FIUer Gage Accossory 1(11, Air llller kit wilh two plaslic open/close 
valves, lwo plaslic static lips, plastic tubing and mounting flange 

4 DWYER INSTRUMENTS, INC. I www.dwyer-insl.com 

SPECIFICATIONS Temperature Limits : 20 to 140' F' 
Sorvlco: Air and non-combusllble, (·6.67 lo 60'C). -20' F (·28' C) with low 
compallble gases (nalural gas opllon lemperalure option. 
avallable). Note: May be used with Slzo: ~- (101.6 mm) diameter dial lace. 
hydrogen. Order a Buna-N dlapluagm. Mounting Orlentallon: Diaphragm In 
Pressures must be less lhan 35 psi, ver11cal poslllon . Consull factory ror 
Welled Materials: Consult faclory, olhcr poslllon orientations. 
Housing: Die cast aluminum case and Process Connecllons: 1/8" female 
bezel, with acrylic cover. Exterior finish NPT duplicate high end low pressure 
Is coated gray to withstand 168 hour laps• ona pair side and one pair back. 
sall spray corrosion lest. Wolahl: 1 lb 2 oz (510 g), MP & HP 2 
Accuracy: :1:2% of FS (:1:3% en • 0, lo 2 oz (963 g). 
•100 Pa, -125 Pa, lOMM ond :1:4% on Standard Accossorles: Two 116" NPT 
• 00, -60 Pa, -6MM ranges). !11rougho111 pluos for duplicate pressure taps, two 
range al 70"F (21. 1 'C). 1/8" pipe thread lo rubber tubing 
Pressure Llmlls: -20 In Hg to 15 pslgt adapter, and three nush mounUng 
(-0.677 to 1.03~ bnr); MP opflon: 35 adopters wllh sc1ews. (Mounllng and 
pslg (2.41 bar); HP option: 80 pslg ~nap ring retainer subsliluled tor lhree 
(5.li2 bar). adapters In MP & HP gage 
Overpress ure: Reller plug opens al accessortes .) 
epproxlma!ely 25 pslg (1.72 bar), Agoncy Approval: RoHS. Nole: -SP 
slandard aaoes only.O models not RoHS approved. 

t For applications 1•1llh high cycle rate wilhln gage total pressure reling, noxl higher 
rallng Is recommended. See Medium end High pressure opllpns. 

Flush, Surface, Jnlegraled Plate or Pipe Mounted 

Enclosure Mounl od 

OSee page 'l (Magnehollc~ Gago Mounflng Ar.cessorles) 
OOver Prolec llon Note: Seo pogo 5 (Series ?.000) 

Room to corridor differential pressure gauge 

Model : Dwyer 2300-60Pa 
Speci fi ca tion : -30 pascals to +30 Pascals scale (centre- 0 pascals) 

Flush mounted on wall at entrance to room Mounting: 
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~e;~~s Magnehelic® Gage Models & Ranges 

Clear plastic face Is highly resistant to breakage. Provides 
undistorted viewing of polnler and scale. 

Precision ll!ho-prlnted scalo Is occurale and easy lo read. 

Calibrated range spring Is I/al spring steel. Small amplllude 
or motion assures conslslency and long Illa. II reacts 10 
pressure on diaphragm. Live length adjus table lor callbrallon . 

Red !Ip pod pointer or heal trealed aluminum tubing Js easy 
to see. II Is rigid ly mounted on the helix shall, 

Polntor slops or molded rubber prevent pointer over-travel 
withoul damage. 

"Wishbone" a~sembly provides mounllno ror helix , helix 
bearings and poin ter shaft. 

Jewoled bearings are shock-reslstanl mounled; provide 
virtually rrlcllon-free mollon for he lix. Motion damped wilh 
high viscosity silicone fluid. 

Helix Is precision made from en elloy or high magnetic 
permeability. Mounled In Jewe led bearings, II lums freely, 
following lhe magnetic fleld lo move lhe pornter ocmss 
the scale. 

Zero adjustment screw Is convenlenlly localed In lhe plastic , 
cover, end Is accessible wilhoul removing cover. -
0-ring seal provides pressure \lghlness. 

Model 
Ra(;Jlo Inches 
of ator Model 

Range 
PSI Model 

2000·00Nf" .05,0-,2 2201 0·1 2uuu•uM~~~" 
2000-QOf" 0-,25 2202 0-2 2000-iOMI t• 
2000-0f• 0-.50 2203 0-3 200Q.15MM 
2001 0-1 .0 2204 0-4 200Q.25MM 
2002 0-2,0 2205 0-5 2000·30MM 
2003 0·3.0 2210' 0-10 2000-50MM 
2004 0-4.0 2215' 0-16 2000-BOMM 
2005 0-5.0 2220' 0-20 200Q.100MM 
2006 0-6.0 2230" 0-30 200o.125MM 
2008 0·6.0 Range, 2000-150MM 
2010 0-10 CM of 2000·200MM 
2012 0-12 Model Water 2000-250MM 
2015 0-15 12000-15\;M 10-15 2000-3DOMM 

Range MM 
of Water 
U·b 
0-10 
0·15 
0-25 
0·30 
0-50 
0-60 
0-100 
0-125 
0-150 
0-200 
0-250 
0-300 

Model 

OVERPRESSURE PROTECTION 
Blowout plug Is comprtsed or a rubber plug on the rear wltlcll 
funcllons as a rellel valve by unsealing and venllng lhe gage 
lnlerlor when over pressure reaches approximate ly 26 pslg 
(1.7 bar). To provide e fre e path for pressure relief, !here are 
four spacer pads which maintain 0.023" clearance when gage 
Is surface mounled. Oo not obstrucl lhe gap created by these 
pads. 
The blowout plug Is no\ used on models above 180" of waler 
pressure, medium or high pressure models, or on gages 
which require an elastomer other lhan sil icone for the 
diaphragm. 
The blowout plug should nol be used as a system 
overpressure control. High supply pressures may sllll cause 
Iha gage lo fall due to over pressurization, resulllng In 
property damage or ser ious Injury. Good eng ineering 
pracllces should bo utilized lo prevent your system from 
exceeding the ratings or ony componenl. 

Die cast nlumlrtum case ls rreclslon mads and lrldlle-dlpped 
lo wllhsland 160 l1our sal spray corrosion test. Exterior 
finished In baked dark gray hammerlold. One case size Is 
used for all standard pressure oplions, and for bolh surfac.i 
and flush mounllng. 

SIiicone rubbor diaphragm wllh lnlegrnfly molded o .rfng Is 
supported by front and rear plates. It Is locked and sealed In 
position wllh a sealing plate and relalnlng ring. Diaphragm 
motion Is res\llcled lo prevent d.amage due to overpressures. 

Samarium Coball m2gnot mounted DI ono end or range sp~ng 
roleles hell~ without mechanical linkages. 

Range, Dual Scale Air Veloclly Unlls 
kPa For use wllh oltot tube 

,uuu-u,51\l'A IO•U,b Ran~e In 
2000-1KPA 0·1 w.c. 
2000-1.SKPA 0-1.6 ~':!~;IIY 2000-2KPA 0·2 Mortel 
2000-2.Sl{PA 0-2.5 2000·00AVt0 0•,25/ 
2000•3KPA 0·3 301)-2000 
2000-4KPA 0-4 2000-0AVt• 0·,50/ 
2000-SKPA Q.5 500-2800 
2000-SKPA 0·6 2001AV 0-1,0/ 
2000·10KPA 0-10 500-4000 
2000-15KPA 0-15 2002AV 0·2,0/ 
2000-20KPA 0-20 1000-5600 
2000•25KPA 0-25 2005AV 0-5.0/ 

2020 0-20 2000-20CM 0-20 Zero Center Ranoos 2000-3Dl<PA 0-30 2000-0800 
2025 0·25 2010AV 0-101 2000-250M 0·25 2300·6MMt0 3-1).3 Zero Cenler Ranges 2030 0-30 2000-50CM 0-50 2000-12500 
2040 0-40 2000-80CM 0-60 

230D-10MMf • 5-0·5 2300-1KPA ,5-0.,5 
2300·20MM • 10-0-10 2300·2I(PA 1-0-1 2050 0-50 2000·100CM 0-100 Modol 2300·2,5I{PA 1.25-0-1.25 2060 0-60 Renoo Pa 20Do.150CM 0-150 

2080 0-00 2000.2oocM 0-200 2000,60NPAfu 110·'1-~U 2300·3l{PA 1.5--0-1.6 
2100 0·100 2000-250CM Q.250 2000-60PA1" 0-00 Dual Scale Engllsh/Melrlc Models 
2120 0-120 2000.3oocM 0-300 2000-100P l' 0-100 Ranoe, Range, 
2150 0-150 Zo ra Conter Rannes 

2000·125PA • 0·125 Modol lnw.c. Pn or kPa 
2160 0·160 2000-250PA 0·250 1200u,Ouv1" u-.~5 IU•l>~ 1"8 
2180' 0·100 2300-4CM 2-0-2 2000-300PA 0-300 
2250' 2300·10CM 5-0·5 2000,500PA 0-500 

2000-00f• 0·0,5 0·125 Pa 
0-250 20010 0-1 .0 0·250 Pa 

Zero Center Ranges 2300•3DCM 15-0-15 2000,760PA 0-760 20020 0-2.0 0·500 Pe 
2000·100DPA 0-1000 2003D 0-3.0 0·750 Pa 2300-0Qfu 0.125·0·U,1<:> 

2300-0t• .25-0-.25 Zoro Center Ranges 2004D 0-4.0 0·1.0 kPa 
2301 .5-0-.6 Model Ranae Pa 2005D 0-5,0 0-1.25 kPa 
2302 1-0·1 tThese ranges callbra\ed 

2300:100PAt·· 130·U·30 2000D 0-6.0 0-1.5 kPa 
for verllcel !Cale position, 2000D 0-8 .0 0-2.0 kPa 2304 2-0-2 

2310 5-0·5 • Accuracy +/-3% 2300·120PA 
2320 10-0.10 • • ~ccuiacy +/-~% 2300·200PA 
2330 15-0·15 'M opl on slan ard 2300•250PA "HP option standard 2300-JOOPA 

2300-SOOPA 
2300-1000PA 

VELOCITY AND VOLUMETRIC FLOW UNITS 
Scales are available on the Ma~nehelic" Utal read In velocity unlls (FPM, mis) or 
voI,.Imelrlc flow units (SCFM, m /s, m'llt). Stocked veloci ly units wllh dual ro nge 
scales In Inches w,c, and feet per minute are shown above. For other ranges con\acl 
Iha faclory. 
When ordering volumelrlc flow scales please speciry Iha ma.imum flow rate and lls 
corresponding pressure, Example: 0.6 In 1•1.c. c 16,000 CFM. 

50·0·50 
60·0·60 20100 0·10 0·2.5 kPa 
100·0·100 2015D 0-15 0-3.7 kPa 
125·0·1 25 2020D 0-20 0-5 kPa 
150·0·150 2025D 0-25 0·6.2 kPa 
250·0-250 2050D 0-50 0·12.4 kPa 
500-0-500 2060D 0·60 0-15 kPa 

ACCESSORIES 
A-321, Safety Reller Valve 
A-446, 3-plece magnel kit lor mounllng Magnet,ellc,. gage dlreclly to magnelic 
sur1ace 
A-135, Rubber gasket for panel mounting 
A-401, Plasllc Carry Case 

A-31 OA 3-Way Vent Valves 
In applications where pressure Is conllnuous and lho 
Magnehellc~ gage Is connected by metal or plastic lubing 
which cannot be easily removed, we suggest using Dwyer 
A·310Avent valves to connecl gage, Pressure can lhen be 
removed 10 check or re-zero the gage. 

CONTACT US I U.S. 219/879·8000 I U.1<. (+44) (0)1494·461707 I A.U. (+61) (0) 2 4272 2055 I China +852·23101 007 5 

0 

~ 
ii! 
" "' !!. 

l 
c 
cil 
G) .. 
"' m 

Page 1221

A48946859



DATA SHEET 

Profilex Standard Wall & Ceiling Panel 

Specification 
Application: Wall and ceilings 
Performance: Non-fire rated 
Lock: Budget lock 
Frame: Picture frame 
Door: Flush metal door 
Size (mm): 550x550 
Productcode:5200115021 
Weight (kg): 6 

General information 

5.0 

A general purpose, non-fire rated, beaded frame access panel for application in both walls and ceilings, making 
access to hidden services quick and easy. This panel is widely specified in Gypframe and MF metal systems as 
well as being suitable for blockwork ·construction. It is covered by British Gypsum SpecSure® Lifetime Warranty 
system, which ensures quality and technical support throughout the building life span. Could serve as a base for 
any bespoke access panel that is required. 

Description 
The panel is designed to seamlessly fit within plasterboard as well as masonry constructions. Fitted with a 
budget lock, flush metal face, manufactured in zinc coated mild steel, 1.2mm gauge. It is fitted with a picture 
frame where the supporting construction has already been built. The panels are factory painted in polyester 
powder coated RAL 991 0 gloss white and the frame remains visible alter installation. Powder coat etch primer 
white available upon request as a bespoke access panel option. Foam dust seal fitted to the front of the frame 

Hinge: pin hinge 
Door: removable 

Dimensions 
Panel is manufactured in 3 standard dimensions, further sizes available on request as bespoke access panels0 

Standard dimensions are as follows - hinge side stated first (mm): 
300 X 300 
450 X 450 
550 X 550 
600 X 600 

The 550 x 550 panel is specially designed to fit seamlessly into British Gypsum framed systems, i.e. panel size 
550mm x 550mm to fit between 600mm stud centres. 

Installation 
1. Insert frame into prepared aperture. Ensure the pre-cut hole is 10mm larger all around than the panel 

size. 
2. For large size, heavy panels, take the door oft. 
3. Using screws, fix the frame into the framework I masonry ensuring: 

• The fixings are made using the pre-prepared holes on all 4 sides of the frame - it helps to 
prevent cracking. 

• When screwing through the beaded frame flange, ensure that the heads of the screws are 
below the edge of the frame, spaced at 150mm centres. 

4. Replace the door if removed. When the door is shut, ensure the gap between the panel and the door is 
equal all around. 

5. Apply tape directly over where the beaded frame meets the plasterboard (to assist in 
preventing cracking). 

6. Finish with plaster or joint compound 
7. Decorate as required. 

Artux Lid 
Pasbue lane 

Rudd1r..9to"• N.nt:lngham 
NG I 16AE 

WW'\'t P1ot,l~x CO l•k 
Slilndii<d fl'l'1'lls. 0BIJ0 0326345 Bn,po<.e p,1ne1<; 0 115 9 9116 
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DATA SHEET 

Fire Ratings 
All Profilex Access Panels are tested in accordance with BS476: Part22: 1987 or BS EN1634-1: 2000. All tests 
were carried out at The Building Test Centre at British Gypsum, East Leake. 

Below summaries our range and certificates 

Panel ranQe Tvpe of protection EN/BS Test number 
Non -Fire rated access panels n/a n/a No test reauired - non fire rated 
FR1 Wall panels Integrity {both EN BTC 17168F 

directions) 
FR1 Wall panels Integrity {both BS 

directions) BTC 17468F - Panel A 
FR1 Wall panels Integrity (both BS 

directions) BTC 17468F - Panel D 
FR1 Ceiling (Metal faced) Integrity BS BTC 17469F - Panel 3 
FR 1 Ceiling (Plasterboard faced) Integrity BS BTC 17469F - Panel 4 
FR 1 Ceiling {Metal faced) Integrity BS BTC 17 469F - Panel 5 
FR1 Ceil ina (Metal faced) Integrity BS BTC 17 469F - Panel 6 
FR1 Loft Hatch Panel {Metal Faced) Integrity BS BTC 17 469F - Panel 1 
FR2 oanel Integrity BS BTC 2047F 

Maintenance 
Profilex Access Panels are designed to be maintenance free. An occasional wipe over to remove any marks on 
the paintwork finish is sufficient. The piano hinge and lock mechanism may be oiled periodically if required, with 
a standard metal lubricant, to ensure trouble-free door operation. 

Spares 
A range of spare and replacement parts are available. Please contact Artex Ltd. at the address shown on this 
leaflet for details of your nearest stockist. 

ArtnA.L!ct 
P~stu;a la,10 

Rud\l,ngtoe f'/ollu><~•am 
NGl I GAE 

w•,·,w Piohlo..c.co uk. 
Sland··•d p. ,101$ 0800 03263-15 8e;po~e par.el<· 0115 98J 9116 
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Maintainable Equipment 

Smoke Dampers 

Fire Alarm Void Detector 

Heating Controls 

Electrical Trunking 

Heater Battery 

Maintenance Requirement 

12 Monthly 

12 Monthly 

12 Monthly 

5 Yearly 

12 Monthly 

Comment 

Visual Inspection 

Test 

Check Operation 

Inspection & test 

<o.o 
Check & Clean fins as required 
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Brookfleld BM DI Ward 4B works I 
"This programme Is 

N~ copytlghl and lhe 
proper1y or Bfookfiold 

~U~~. ~L1~~ 1• Cons1rucli011 {UK) Lid 
and m usl not be used Cr~at4il!r (1iMgow with out wrilten approvar·. 

and Clyd12-

2015 

Line Name Duration Start Finish July I Auqust I September 
120 127 ,3 110 117 124 131 17 114 121 I 

1 2 3 4 5 6 I 7 8 9 10 I 

1 Ward 48 works 10w 20 Jul 15 25 Sep 151 I 

I 
>----

2 NHS to remove non-fixed medical equipment 3d 20 Jul 15 22 Jul 15 2 - I : 
I >----

3 Issue drawings and spec to NHS for ROD 2d 20 Jul 15 21Jul15 3 mi I 
I >----

4 NHS approval period I 3d 22 Jul 15 24 Jul 15 48 I 
>----

5 1 Protect fixed furniture 1d 20Jul15 20 Jul 15 5 ~ 
"' I 

,___ 

6 Erect Hai-Scribe scheme 1d 21Jul15 21Jul15 6 1 .. I 
>----

7 Strip services from ceiling grid 3d 22 Jul 15 24 Jul 15 
7 - I 

>----

8 Remove existing ceiling tiles and grid 3d 27Jul15 
I 

29 Jul 15 s• I 
>----

9 Produce service penetration setting out drawings 1w 23 Jul 15 29 Jul 15 
I 

9 ) I >----

10 'Install MF grid and plasterboard 1w 3d 30 Jul 15 10 Aug 15 
I 

10 ~t~~:;:; ...................... ,:;,::~•::;:::~:~I 
I - I 

1 1 Sign off service penetrations and hatch positions 1w 3d 31Jul15 11 Aug 15 11 ~=~: ... ::.-.w.-... ~,;:::::~:=:~~~-rn I 

I 
>----

12 Install magnahelic pressure gauges 1w 31Jul15 06 Aug 15 12 :~~::=:==--~~:::~::~ I 

I ....--

13 Ames tape and mist coat to ce ilings 1w 3d 03 Aug 15 12 Aug 15 13 :~:;:~-:;,;>.::~~ ~l'<-..">;:._~I I 

I -
14 :Reinstate services into ceilings 1w 2d 10 Aug 15 18 Aug 15 14 ~::;.~::~~ I 

- I 

15 Carry out differential pressure checks in first room to be complete 1d 12 Aug 15 12 Aug 15 15 ~ 
I 

I 

-
16 Fit access hatches 3d 19 Aug 15 21Aug15 - I 

16 ' I 

- I 
17 Final decoration 1w 24 Aug 15 28 Aug 15 17 :~:»~.-::::: 

I 

-
I 18 Mastic ceilings in en-suites+ pre commissioning sealing 1w 19 Aug 15 25 Aug 15 18 mmtt~ I 

- ' '\ I 

19 M&E Commissioning 3w 31Aug15 18 Sep 15 19 
I '\ - -20 Upgrade AHU fan / motor 3d 31 Aug 15 02 Sep 15 

... 
20 

-
21 lm 21 Carry out supply duct+ AHU cleaning & change filter 2d 03 Sep 15 04 Sep 15 
I -

22 Re-baliance supply and extract ventilation 3d 07 Sep 15 09 Sep 15 I 22 21m 
-
23 Remove existing HEPA filters and replace with new 1d 

-
15 Sep 15 15 Sep 15 I 2~ J 

I I 

24 Carry out HEPA filter challenge (DOP) test 2d 16 Sep 15 17 Sep 15 I 24 ;if 
- -
25 Check room differential! presures and adjust as required 1d 18 Sep 15 18 Sep 15 I 2s m 

-
26 Mastic to access hatches 1d 21 Sep 15 21 Sep 15 I 26 rn -
27 Sparkle dean 3d 10 Sep 15 14 Sep 15 

I 

27 Ilk! I -

28 Final pressure check and inspection 1w 21Sep15 25 Sep 15 
I 

I 28 "">x:\i:,N:::'Z 

29 Handover department to NHS 28 Sep 15 28 Sep 15 
I 

29 0 I 

Dale of Issue: 20/071201:5 Drawn By: GA 

11 Comments: 
11 Programme No. : BM-GA-Warcl4B 

Print Date: 20{07/2015 Page 1 of 1 : Revision: Revision Date: 20/07/2015 
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Brookfield BM 
MULTIPLEX 

NHS 
' rt/ ,, 

Greater Glasgow 
and Clyde 

QUEEN ELIZABETH 
U1Nl1VERS,ITY HOSPITAL 

WARD4B 
u - R . E W0 1RK . 
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Brookfield BM 
MULTIPLEX -

QEUH - Ward 4b Upgrade Works 

Contents 

1. Description of works carried out 

2. Summary of Testing & Commissioning 

3. Room Air Permeability Results 

4. Ventilation Commissioning and HEPA Filter Testing 

5. Ventilation Duct Work cleaning report 

6. Room Pressure Monitoring System Cqmmissioning 

Report 

7. Room Pressure Monitoring System O&M Information & 

Drawings ' . 

8. Client Training Register 
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QEUH - Ward 4b Upgrade Works 

Introduction 

Brookfield 
MULTIPLEX 

BM -
Th is documents sets out the works carried out to upgrade the 24 bedrooms in the Haemato-oncology Ward (4b) 
on Level 4 of the Queen Elizabeth University Hospital to achieve between 5 and 10 pascals differential pressure 
between the bedrooms and the corridors. 

Works carried out 

In order to provide a sea led room, an MF plasterboard ceiling has been insta lled within the 24 bedrooms. The 
cei ling has been taped and painted and sealed at all interfaces with adjoining walls and services. The en-suite grid 
and tile ceiling has been retai led but with the services and tiles silicon sealed . 

To ensure that the rooms were sufficiently sealed we have carried out room air permeability testing to the 
parameters set out in SHPN 04-01 Supplement 1. 

The recessed down lighters within the room have all been fitted with a diffuser to provide an IP44 rating. 

The ventilation (Supply and extract) to the ward bedrooms is provided by Air handling unit 31 AHU63 and the 
corridor is provided with extract ventilation from extract fan 31-63 EF01 (both the fan and AHU are located within 
Plantroom 31 on Level 3). In order to provide a more robust ventilation system and to assist in achieving the 
desired room pressures the AHU supply fans, motors and frequency inverters (duty and standby) were uprated. 
The ventilation systems have been re-balanced to achieve the room differential pressures (between 5-10Pa} and 
the pressure from the corridor to the rest of the hospital (positive pressure). The AHU filters were replaced. 

The 24 bedrooms are fitted with HEPA filtration in the supply diffusers. A new HEPA filter has been f itted and 
validated in each room as part of the works. DoP test ports are provided within the ductwork above the ceiling in 
each room to allow each room HEPA to be tested . 

A digital differential pressure monitoring system has been installed within the ward. Sensors have been located 
above the corridor ceilings linked to air tubes in the rooms and corridor which measure the different ia l pressure 
from the room to the corridor with a read out of the pressure displayed on an panel next to the room door. The 
pressures of all t he rooms are displayed on a central panel located at the nurses station. If the pressure in the 
room drops be low 5Pa or above 15pa for more than 2 minutes then an alarm will sound at the room display and 
at the central display at the nurses station, the aud ible alarm can be silenced at both the room display and the 
central display. When the rooms return to within the parameters then the alarms will automatical ly reset. 

Maintenance Access 

There are mechanica l and electrical services running above the ce iling of the rooms, this is generally, ventilation 
ductwork, Smoke dampers, heating pipework, duct mounted heating coil, heating controls, domestic water 
pipework, medical gas pipework, electrical containment, WIFI data point, fire alarm void detector, Nurse call input 
/ output unit. In order to gain access to the maintainable items and items that may need access for fault finding 
(fire alarm void detector, smoke dampers, heating controls, electrical trunking, duct mounted heating coil, data 
point) hatches have been provided in the ceiling. These hatches have been sealed using silicon sealant and would 
need to be re-sealed after they have been opened for access. 
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Brookfield BM 
MULTIPLEX 

QEUH - Ward 4b Upgrade Works 

Commissioning & Validation 

On completion of the installat ion works the fol lowing commissioning and validat ion has been carried out: 

1. The Air handling Unit and Supply ductwork were cleaned and swab samples taken for analysis. 
2. The AHU filters were ch anged 
3. The ventilation systems (supply and ext ract) were re -commissioned 
4. Air Permeability tests were carried out in the 24 rooms. 
5. The room to corridor pressures were set and measured 
6. The corridor to hosp ital pressures were measured 
7. The room supply HEPA filters have been changed and challenge tests completed (DOP) 
8. The new Room differential pressure monitoring system has been commissioned and val idated 
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- ------------------ - -- -----~--- ------ ---

' , - - - - - -

31 AHU 63 Suppfy 
& Extract HOW-031 Yes 6 5-lOPa Yes 0 Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-029 Yes 6 5-lOPa ves Yes Yes Yes 

31 AHU 63 Supply j 

& Extract HOW-026 Yes 6 5- lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-024 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-021 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-020 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-017 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AH U 63 ~upply 
~ -

& Extract HOW-015 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-012 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-011 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-009 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-067 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AH U 63 Supply 
& Extract HOW-064 Yes 6 5- lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Ext ract HOW-062 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Sup ply 
& Extract HOW-059 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Ext ract HOW-058 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-055 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Su pply 
& Extract HOW-053 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHLI 63 Supply 
& Extract HOW-050 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-202 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Ext ract HOW-198 Yes 6 5-10Pa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Extract HOW-195 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AHU 63 Supply 
& Ext ract HOW-193 Yes 6 5-lOPa Yes Yes Yes Yes 

31 AH U 63 Supply 
& Extract HOW-190 Yes 6 5-lOPa Yes Yes Yes Yes 
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Our ref: SBB/524395 

FAQ: Gillon Armstrong 
Brookfield Multiplex Europe 
Site Office 
Institute of Neurological Science 
Queen Elizabeth University Hospital 
1345 Govan Road 
Glasgow 
G514TF 

Email only: Gillon.Armstrong  

Dear Mr Armstrong 

New South Glasgow Hospital -Isolation Room Testing 
Adult's Hospital Ward Bed 4B 

Abbey Park 
Humber Roacl 

COVENTRY 
CV3 4AO 

UI< 

Telephone: +~•1 (0)2H 6 505600 
Fax: +4 4 (0)2476 50 1~1 7 

,·1ww.rsk.co.uk 

27'h October 2015 

I write to confirm the results of the air permeabil ity testing which we have undertaken on the isolation 

rooms within Ward 4B. 

Testing was undertaken lo prove compliance with the requirement of HBN 04 Supplement 1 - Isolation 

Facilities in Acute Settings. This requires that the enclosure have 'an average leakage rate of no more 
than 1 1/s of air per m3 of envelope volume' at a positive and negative pressure differential of 20Pa. 

Further, the measured positive and negative leakage rates should be within 5% of each other. 

Each test included the entrance lobby and main room. Tl1e ceiling mounted air supply and extract grilles 

were temporarily sealed with tape during the tests. No further temporary sealing was present at the time 
of the tests. A 'Minneapolis' door fan system was utilised to undertake each test. The fan was installed 

within the lobby access door to the corridor to each enclosure. A multipoint test in accordance with 
CIBSE TM23; 2000 was undertaken to ensure maximum accuracy. 

Cont'd 

ASK E11vi10nmenl Lid 
Regis~o:;1cd ofr1ce 

34 No,n P:ace · Aberd~en · Aberde~nsti:rc • AB IO 1 F\ "-l • U,< 
R~ is1ered in St:ollilnd No. 115530 

\'/\'Nt.rsl<.co.uk 
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Test Results 

Bed 76 (HOW-190) 

Positive pressure test result; 

Negative pressure test result; 

0.680 1/s per m' at 20Pa 

0.64 7 Ifs per m' at 20Pa 

Variation between +ve and - ve results; 4.85% 

Average result; 0.664 1/s perm' at 20Pa 

Test results comply with the required criteria laid down in HSN 04 Supplement 1 

Bed 77 (HOW-193) 

Positive pressure test resu lt ; 

Negative pressure test result ; 

0.856 1/s per m3 at 20Pa 

0.8441/s per m:i at 20Pa 

Variation between +ve and -ve results ; 1.40% 

Average result ; 0.850 1/s per m3 at 20Pa 

Test results comply with the required criteria laid down in HSN 04 Supplement 1 

Bed 78 (HOW-195) 

Positive pressure test result; 

Negative pressure test result; 

Variation between +ve and - ve resul ts; 

0.858 f/s per m'at 20Pa 

0.886 1/s per m' at 20Pa 

3.16% 

Average result; 0.872 1/s per m' at 20Pa 

Test results comply with the required criteria laid down In HSN 04 Supplement 1 

Bed 79 (HOW-198) 

Positive pressure test result ; 

Negative pressure test result; 

Variation between +ve and -ve results; 

0.953 1/s per m' al 20Pa 

0.986 1/s per m' al 20Pa 

3.35% 

Average result; 0.970 1/s per m• at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 80 (HOW-202) 

Positive pressure test result; 

Negative pressure lest result; 

Variation between +ve and -ve results; 

0.580 1/s per m' at 20Pa 

0.589 1/s perm' at 20Pa 

1.52% 

Average result ; 0.0.584 1/s per m' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

SBB/524395 Page 2 of 7 2ih October 2015 
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Test Results Continued 

Bed 81 (HOW-050) 

Positive pressure test result; 

Negative pressure test result; 

Variation between +ve and -ve results; 

Average result ; 

0.742 I/s perm' at 20Pa 

0.744 I/s perm' at 20Pa 

0.27% 

0.743 I/s perm• at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 82 (HOW-053) 

Positive pressure test result ; 

Negative pressure test result; 

Variation between +ve and -ve results; 

0.897 I/s per m3 at 20Pa 

0.917 1/s per m3 at 20Pa 

2.18% 

Average result; 0.907 I/s per m3 at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 83 (HOW-055) 

Positive pressure test resu lt; 

Negative pressure test result ; 

0.997 Ifs per m' at 20Pa 

0.967 I/s per m' at 20Pa 

Variation between +ve and - ve results; 3.01% 

Average result ; 0.957 I/s perm' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 84 (HOW-058) 

Positive pressure test result; 

Negative pressure test result; 

0.808 I/s per m'at 20Pa 

0.842 1/s per m' at 20Pa 

Variation between +ve and -ve results; 4.04% 

Average result; 0.825 I/s perm' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 85 (HOW-059) 

Positive pressure test result; 

Negative pressure test result ; 

0.847 I/s per m' at 20Pa 

0.842 I/s per m' at 20Pa 

Variation between +ve and -ve results ; 0.59% 

Average result; 0.844 I/s per m' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

S88/524395 Page 3 of 7 2yth October 2015 
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Test Results Continued 

Bed 86 (HOW-062) 

Positive pressure test resu lt; 

Negative pressure test result; 

0.889 I/s per m1 at 20Pa 

0.914 1/s per m' at 20Pa 

Variation between +ve and -ve results; 2.74% 

Average result; 0.902 I/s per m' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 87 (HOW-064) 

Positive pressure test result; 

Negative pressure test result ; 

Variation between +ve and - ve results; 

Average result; 

0.947 I/s per m' at 20Pa 

0.919 I/s per m' at 20Pa 

2.96% 

0.933 1/s per m1 at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 88 (HOW-067) 

Positive pressure test result ; 

Negative pressure test result; 

0.725 I/s perm' at 20Pa 

0.7441/s per m1 at 20Pa 

Variation between +ve and -ve results ; 2.55% 

Average result; 0.716 I/s perm' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 89 (HOW-031) 

Posi tive pressure test resul t; 

Negative pressure test resul t; 

0.786 I/s per m1 at 20Pa 

0.753 l/s perm' at 20Pa 

Variation between +ve and - ve results; 4.20% 

Average result; 0.770 l/s perm' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 90 (HOW-029) 

Positive pressure tesl result; 

Negative pressure test resu lt ; 

0.856 I/s per m' at 20Pa 

0.828 I/s per m' al 20Pa 

Variation between +ve and -ve results; 3.27% 

Average result; 0.842 1/s perm' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

SBB/524395 Page 4 of 7 27th October 2015 
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Test Results Continued 

Bed 91 (HOW-026) 

Positive pressure test result; 

Negative pressure test resu lt; 

Variation between +ve and -ve results ; 

Average result ; 

0.994 1/s per m' at 20Pa 

0.994 1/s per m' at 20Pa 

0% 

0.994 1/s per m' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 92 (HOW-024) 

Positive pressure test result; 

Negative pressure test result; 

Variation between +ve and -ve results; 

Average resul t; 

0.947 1/s per m1 at 20Pa 

0.903 I/s per m' at 20Pa 

4.64% 

0.925 1/s per m• at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 93 (HOW-021) 

Positive pressure test result; 

Negative pressure test result; 

Variation between +ve and -ve results; 

0.750 J/s per m3 at 20Pa 

0.739 I/s per m3 at 20Pa 

1.47% 

Average result; 0.744 I/s perm• at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 94 (HOW-020) 

Posit ive pressure test result; 

Negative pressure test result ; 

0.750 1/s perm' at 20Pa 

0.742 1/s perm• at 20Pa 

Variation between +ve and -ve results; 1.07% 

Average resu lt ; 0.746 1/s per m1 at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 95 (HOW-017) 

Positi ve pressure test result; 

Negative pressure test result; 

0. 756 1/s per m3 at 20Pa 

0.783 1/s per m3 at 20Pa 

Variation between +ve and -ve results; 3.45% 

Average result; 0.770 1/s per m3 at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

SBB/524395 Page 5 of 7 2?1h October 2015 

Page 1237

A48946859



Test Results Continued 

Bed 96 (HOW-015) 

Positive pressure test result; 

Negative pressure test result; 

0.961 I/s per mlat 20Pa 

0.919 1/s per m' at 20Pa 

Variation between +ve and -ve results; 4.37% 

Average result; 0.940 1/s per m1 at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 97 (HOW-012) 

Positive pressure test result; 

Negative pressure test result; 

0.939 I/s per ms at 20Pa 

0.947 I/s per m1 at 20Pa 

Variation between +ve and -ve results; 0.84% 

Average result; 0.943 1/s per m1 at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 98 (HOW-011) 

Positive pressure test result; 

Negative pressure test result; 

0.930 1/s per m3 at 20Pa 

0.956 1/s per m3 at 20Pa 

Variation belween +ve and -ve results; 2.72% 

Average result ; 0.943 1/s perm' at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

Bed 99 (HOW-009) 

Positive pressure test resu lt; 

Negative pressure lest result; 

Variation between +ve and -ve results ; 

0.792 1/s per m' at 20Pa 

0.806 1/s per m' at 20Pa 

1.61% 

Average result; 0.799 1/s per m'at 20Pa 

Test results comply with the required criteria laid down in HBN 04 Supplement 1 

SBB/524395 Page 6 of 7 2ih October 2015 
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I trust that the above resul ts are self explanatory, but please do not hesitate to contact me if you should 
have any queries. 

Yours sincerely 

Stuart B Borland BSc BArch RIAS 
Director 
Building Science Division 
RSK Environment Limited 

SBB/524395 Page 7 of 7 27'h October 2015 
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ISSUED BY: IAN MCKF:NZIE 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST:1975 

Kilknowe Office, 
16 Barrmill Road, 
Galston, 
Ayrshire, KA48HH. 
TF.L N°. 01563 821991 
FAX N". 01563 822220 
E-Mail: talk2ns@h1mclv.co.uk 

CONTRACT: NSGH, ADULT & CHILDREN$ HOSPITAL-PLANTROOM 31 

SYSTEM: 31-AHU 63 SUPPLY (4TH FLOOR HAEMATOLOGY) 

t 

AIR SYSTEMS PRE COMMISSIONlNG SHEET ✓ X NIA i 

1. Check AHLI for damage and Iha! all lhe components are secure .,/ I 
I 

I 

2. Check the transit strops have been removed. If applicable ✓ 
I 

3. Check pulleys are secure, light, aligned and betls are correctly tensioned, If applicable ✓ 
! 

4. Check witrl t11e conlrols engineer that the system rs available to run and thai plant rotation is e-0rrec! ✓ 
: 

5. Check all ductwork/air termlnals are fitted and lhat air regu!aling dampers are open ✓ 
I 

$. Cl1eck louvres are llUed and clear from obstructions, If applicable ✓ ! 

7. Check fire dampers are open, if applicable ✓ ! 
I 

I Check lhe motor overloads are suitable and set 
; 

' 8. ✓ 

9. Check VAV or GAV boxes are inslalled correctly and ready for use. ✓ 

10, Check tho floor plenums are complolo, if applicaole ✓ 

11. Comp!ete commissioning lest sheels. ✓ 

COMMENTS: 

ENGINEER: JAN MCKENZIE DATE: 7/10/15 SHEET 2 OF 10 

( 

( 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 Barrmill Road, 
Galstont 
Ayrshire~ KA48HH. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
E~Mnil: talk2us@baudv.co.uk 

CONTRACT: NSGH. ADULT & CHILDRENS HOSPITAL- PLANTROOM 31 

AHU TEST SHEET 

SYSTEM: 31-AHU 63 SUPPLY (4TH FLOOR HAEMATOLOGY) 

.·, ·, : > ' '',', ' ' .f ,, ;';;{;; ;; AHU ·· ··• ~,_;,) ::, . .:: ,,· ' '·' · •. ',,.,,:'.,,,;.,, 
", '" ' ' ' ·,.· ·•:.•. ,,,,, ' ,' 

AHU Manufacturer Barkell Fan Size 355 
Fan Manufacturer Comefri AHU Serial No OP1B3043173 
Fan Tvoe CentrifuQal AHU Model N". NTHZ355R 

•/;:l.'j~,;c;e '' 
,, ' 

• · .;.etttf;f Desian Test % Design 
Air Volume (US} 2800 2426 87 
External Static Pressure {Pa) 2616 Inlet I 356 Outlet I 663 Total I 1019 
Fan Rotational Speed (R.P.M) 3850 3089 

I Pre Filter (Pa) Inlet I .. Outret I * AP I 55 
Filter Test Data I Sec Filter (Pa) Inlet I .. Outlet I " AP I 120 

ul'''' ... ) , : >:;,::>,• ···r . ' ' "' :·; MOT0.R}':".}\r. ,, '' ; ,,j;;;';}ffff' ; w : 
',',:'. ,"' 

", ", ½ ~ ;\ \'~ ~ • ; -
',· 

Manufacturer TEC Output kW 11.0 
Serial N° 1411 ~0923253 Motor Full Load Current 19.8 I Amps 
Voltaoe 400 Motor Running Current 15.0 l Amps 
' ' '.. ,, . ,, ;. '. ... , ·<+\ .\, . ' : ·. Design Test ·, _.,,, ·-:c ',; ,•; 

Rotational Speed, 2930 2574 
' ;·' " <{ i?+ / ,; • . .. ' .. ',, ·---._. __ _ \,?DRIVE DETAILS __ _"_:_:~::~~-;~~"i~~r\Lti-:=:-0:;.:{A· ~.~ .·_·.·:;<< .• J' . ,., 
Motor Pullev/Shaft Size (mm0) 180X2 38 Motor Pulley Taper Lock Size 2012 
Fan Pullev/Shaft Size (mm0l 150X4 50 Fan Pulley Taper Lock Size 2517 
Belt Type/Size XPZ 975 N°. OfBe!ts 4 
Shaft Centres mm 270 Ad:ustment - I 30 I + I 20 I mm 
Variable Speed Drive Yes Set Point 44Hz 

·,• -·•·· - , ;• ., ' ' .. ' ' ' ·.· .... ••·· STANDBY PLANT-· . .. .., /<.. . . 

TestAirVolume I 2426 I Inlet Pressure * I Motor Rotational Speed 2574 I Motor Running Current 
%Design I 87 I Outlet Pressure * I Fan Rotational Speed 3089 I 1s.o I Amps 
Variable Speed Drive Yes Set Point 44Hz 

Comments. 

Motor 2 Serial No. 1411-0923253 

Motor & Fan Pulley= SPZ 

Control static pressure set point "" 663 Pa 

" Filter pressures taken from magnehelic gauges. 

Main Volume = TH 1 ~ 1348 Ifs + TH2 - 1078 1/s = 2426 1/s 

Instrument Used (Ref N°,) HV05/1, HV05/4 & HV05/5 

Date: 7 /10/15 I Engineer: Ian McKenzie & Daniel Kane Sheet 3 of 10 
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Kilknowe Office, H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1976 

16 Barrmill Road, ( 
Galston, 
Ayrshire, KA48HH. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
E-Mnil: talk2us@h11ndv.co.uk 

CONTRACT: NSGH, ADULT & CHILDRENS HOSP1TAL- PLANTROOM 31 

DUCT VOLUME TEST SHEET 

SYSTEM; 31 - AHU 63 SUPPLY (4TH FLOOR HAEMATOLOGY) 

VELOCITY PROFILE (taken facing air flow) TEST HOLE LOCATION; LEVEL 4 RISER T3 

Test Hole Duct Dia 
Duct Size (mm) 

Duct Design Air Design Air 
Ref (mm) Area Volume Velocity 

.......• .· ;,M~tfi~JHolQtif<· 1:;'P;''.M2 :US, MIS .. 
c",:c 

TH1 500 500 0.2500 1040 4.16 

5.90 5.80 5.10 

5.50 5.70 5.10 

5.30 5.50 5.20 

5.10 5.50 5.00 

Velocity Sub Totals 

21.80 22.50 20.40 

Total Velocity 
Number of Average Measured 

%Design 
Static 

Readings Veloclty Air Volume Pressure 

. ·.MiS .. <Mi$?. :·;;; • ./, '1'S .... · ·. 
.Pa .. . ,,.: . 

64.7 12 5.39 1348 130 365 
Remarks: Test hole sen.es Branch A 

Instrument Used: HV05/1 

Date: 7/10/15 Engineer: Ian McKenzie & Daniel Kane Sheet 4 of 10 
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H&V 
H&V 
H&V 

Commissioning Services Ltd Kilknowe Office, 
16 Barrmill Road, 
Galston, 

EST: 1975 

Ayrshire, KA48HH. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
E-M11il: t11lk2us@h11mlv.co.uk 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL - PLANTROOM 31 

DUCT VOLUME TEST SHEET 

SYSTEM: 31 -AHLI 63 SUPPLY (41H FLOOR HAEMATOLOGY) 

VELOCITY PROFILE (taken facing air flow) TEST HOLE LOCATION: LEVEL 4 RISER T3 

Test Hole Duct Dia 
Duct Size (mm) 

Duct Design Air Design Air 
Ref (mm) Area Volume Velocity 

·Widlti.x Hel9hL· M2 '. LIS• ... · :::-·.; 

.•Ml$ .. 

TH2 700 350 0.2450 900 3.67 

6.00 4.80 4.50 7.10 

6.00 3.70 3.00 5.90 

5.50 3.50 2.90 4.50 

Velocity Sub Totals 

17.50 12.00 10.20 13.10 

Total Velocity 
Number of Average Measured 

% Design 
Static 

Readings Velocity Air Volume Pressure 
·.· 

··.·M/S····.· 
-.· .. ··• · .. . •i. s';". t: .• \ .. • '."?rvi?s ,.; ·· .. :}·••·.•i,fds'{i ·'{: '.'.'l>i.t'i, .· Pa' . ··• 

. .--. --· ---~ ·-:••"'"- .. -·- •,•, 

52.8 12 4.40 1078 120 376 
Remarks: Test Hole sen.es Branch B 

Instrument Used: HV05/1 

I 

Date: 7/10/15 Engineer: Ian McKenzie & Daniel Kane 
I 

Sheet 5 of 10 

REV: 19/10/15 LOC: hvsht 2 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1976 

Ki]knowe Officet 
16 Barrmill Road, 
Galston, 
Ayrshire, KA48HH. 
TEL N'l. 01563 821991 
FAX N°. 01563 822220 
E~Mail: taJk2us@haudv.co.uk 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL - PLANTROOM 31 

GRILLE TEST SHEET 

SYSTEM: 31 -AHU 63 SUPPLY (4TH FLOOR HAEMATOLOGY) 

VELOCITY PROFILE (taken facing air flow) TEST HOLE LOCATION: CEILING VOID 

Test Hole Duct Dia 
Duct Size (mm) 

Duct Design Air Design Air 
Ref (mm) Area Volume Velocity 
.. . · \'"'?'." \·•-•·· c· ·. , V\l!dth Helght ;~ <. >t'.=M~ · . . . ,. . Lf~· MIS, 

.. 

. .,_ ·- X 

TH3 200 0.0314 80 2.55 

Velocity Sub Totals 

Total Velocity 
Number of Average Measured 

%Design 
Static 

Readings VeJocity Air Volume Pressure 

MIS 
. 

. -·•- .·. -'-"· '.-'· ' 

MIS -_ -_- _= "-•-rJs·,-•- • "'°'" __ -- 1: '"" ., • ·c::i::;;,o_ . .'..is .e~·::=. _._.· .. ·.· .. . 

Remarks: NOT REQUIRED - DIRECT BALOMETER VOLUMES USED. 

Instrument Used: -

Date: 7/10/15 Engineer: Ian McKenzie & Danlel Kane Sheet 6 of10 

REV; 19/10/15 LOC: hvsht2 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 Barrmill Road, 
Galston, 
Ayrshire, KA48HH. 
TJ<:L N°, 01563 821991 
FAX N°. 01563 822220 
E-M11il: talk2us@baudv.co.nk 

CONTRACT: NSGH. ADULT & CHILDRENS HOSPITAL - PLANTROOM 31 

GRILLE TEST SHEET 

SYSTEM: 31-AHU 63 SUPPLY {4TH FLOOR HAEMATOLOGY) 

Doslgn Data Initial Test Data Final Test & Regulation Data 

Tenninal or Ut::SI~" Balometer lnllial Batometer Final Balometer Barometer Final 
Ref No 

Air Volume 
Air Volume 1/s Air Volume Ifs Factor Air Volume Ifs 

% Design 
1,~ 

BRANCH A 

512-HG005 80 57 91 .. 
--

k 

512-HGOM 80 53 97 .. . * 

512-HGOOO 80 47 92 .. .. * 

512-HG002 80 56 95 .. .. ., 

512-HG001 80 61 105 * 
., 

* 

513-HG009 80 82 84 .. • . 
513-HG010 80 95 83 -l,- " * 
513-HG011 80 94 87 .. • .. 
513-HG016 80 81 83 " .. * 
513-HG015 80 86 84 * " " 
513-HG014 80 77 106 . • k 

513-HG013 80 93 100 . .. ., 

513-HG012 80 105 91 * .. ~ 

Remarks: *Pressurised room, therefore direct Balometer readings recorded and used as final reading. Room 1.0lumes 
set to control room differential pressures. 

Instrument Used: HV03/15 

Date: 7/10/15 I En9ineer: Ian McKenzie & Danie! Kane Sheet 7 of10 

REV: 19/10/15 LOC: hvsht2 
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H&V 
H&V 
H&V 

Commissioning Services Ltd Kilknowe Office, 
16 Barrmill Road, 
Galston, 

EST: 1975 

Ayrshire, KA48HH. 
TEL N°. 01563 821991 
I<'AX N". 01563 822220 
E-Mail: hilk2us@handv.co.uk 

CONTRACT: NSGH, ADULT & CHILDREN$ HOSPITAL- PLANTROOM 31 

GRILLE TEST SHEET 

SYSTEM: 31 -AHU 63 SUPPLY (4TH FLOOR HAEMATOLOGY) 

Design Data Initial Test Data Final Test & Regulation Data 

Terminal or 
..,.,_.,~ .. 

Ba!ometer lnllial Balometer Final Balometer Balometer Final 
Ref No 

Air Volume Air Volume J/s Air Volume Ifs Factor Air Volume 1/s % Design 
llo 

BRANCH B 

513-HG001 100 127 103 " .. .. 
513-HG002 80 68 96 " ♦ ♦ 

513-HGOOJ 80 79 98 " .. .. 
513-HG004 80 72 99 .. " .. 
513-HGOOS 80 120 83 " 

,. ,. 

514-SG009 80 84 82 " .. ,, 

514-SG010 80 68 82 .. k • 
514-SG011 80 72 99 . • • 
513-HG008 80 70 90 .. " * 
513-HG007 80 80 98 " .. • 
513-HGOOO 80 92 100 .. .. .. 

Remarks: Pressurised room, therefore direct Balometer readings recorded and used as final reading. Room \.()Jumes 
set to control room diflerentlal pressures. 

Instrument Used: HVOJ/15 

Date: 7/10/15 I Engineer: Ian McKenzie & Daniel Kane Sheet 8 of 10 

REV: 19/10/15 LOC: hvsht 2 
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513-
HG016 

513-
HG001 

513-
HGOOZ 

513-
HG015 

D 

H&V Commissioning Services Limited 
Kilknowe Office 
16 Barrmill Road 
Galston 
East Ayrshire, KA4 SHH 
Tel: 01563 821991 

513-
HG003 

513-
HG004 

513-
HGOOS 

RFB D 

TH1 &. TH2 LOCATED 
WITHIN RISER T3 LEVEL 4 

513-
HG006 

RfB 

D 

FOURTH nooR 

CONTRACT: 

NSGH, ADULT & CHILDREN'S 
HOSPITAL - PLANTROOM 31 

CL[ENT: 

MERCURY ENGINEERING UK 
Fax: 01563 822220 email: talk2us@handv.co.uk 

513-
HG007 

D 

513-
HGOOS 

514-
$0011 

514-
SGOto 

514-
SG00:9 

CONTINUES ON ---,-------.-------.--- DRG. No, 5902/v1B4 

513-
HG011 

TITLE: 

513-
HG010 

513-
HG009 

SCHEMATIC LAYOUT OF 

31 .. AHU 63 SUPPLY 
4TH FLOOR HAEMATOLOGY 

SHEET; 9 OF 10 

DRAWN: 

KUSM 

DATE: 
01/07/15 

DRG. No.: 

5902N183 
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CONTINUES ON 
DRG. No. 5902/V1 B3 -.---...... 

512-
HG001 

5f2-
HG002 

512-
HG003 

Sf2-
HG004 

512-
HGOOS 

FOURTH FLOOR 

H&V Commissioning Services Limited 
Kilknowe Office 
16 Barrmill Road 
Galston 
East Ayrshire, KA4 SHH 
Tel : 015~~ 821991 
Fax: OH. 822220 email: talk2us@handv.co.uk 

CONTRACT: 

NSGH, ADULT & CHILDREN~ 
HOSPITAL - PLANTROOM 31 

CLIENT: 

MERCURY ENGINEERING UK -· 

RTA 

Pt.ANTROOM 51 

TITLE: 

SCHEMATIC LAYOUT OF 

31-AHU 63 SUPPLY 
4TH FLOOR HAEMATOLOGY ,.--.._ 

RTA 

SHEET: 10 Of 10 
DRAWN: 

KL/SM 
DATE: 

01/07/15 

ORG. No.;.,...._, 
' 

590"J184 
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QEUH - WARD 4B 

VENTILATION REPORT 

AHU 63 EXTRACT (4TH FLOOR HAEMATOLOGY) 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilkuowe Office, 
16 B1U'rmill Road, 
Galston, 
Ayrshire, KA48HH. 
TEL N". 01563 821991 
l•AX N°. 01563 822220 
E-Mail: hdk2us@handv.co.uk 

CONTRACT: NSGH. ADULT & CHILDRENS HOSPITAL- PLANTROOM 31 

SYSTEM: 31 -AHU 63 EXTRACT (4TH FLOOR HAEMOTOLOGY) 

AIR SYSTEMS PRE COMMISSIONING SHEET ✓ X NIA 

1. Check AHU for damage and !hat all !he components are secure ✓ 

2. Check the transl! straps have been removed. If applicable ✓ 

3. Check pulleys are secure, tight, aligned and bells are correctly tensloned, if applicable ✓ 

4. Check with the controls engineer that the system rs available to run and that plant rotanon Is correct ✓ 

5. Check all ductwork/air termlnals are lllled and that air regulating dampers are open ✓ 

6. Check louvres are filled and c~ear from obstructions, if applicable ✓ 

7. Check fire dampers are open, it applicable ✓ 

8. Check the motor overloads are suitable and set ✓ 

9. Check VAV or CAV boxes are installed correclly and ready for use. ✓ 

10. Check lhe floor p!enums are complele, If applicable ✓ 

11. Complete commissioning !es! sheets. ✓ 

COMMENTS: 

ENGINEER: IAN MCKENZIE DATE: 7/10/15 SHEET 2 OF9 

( 
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H&V 
H&V 
H&V 

Commissioning Services Ltd Kilknowe Office, 
16 Barrmill Road, 
Galston, 

EST: 1975 

Ayrshire, KA48HI-I. 
TEL N°. 01563 821991 
Ji'AX N". 01563 822220 
&Mail: talk2us@bandv.co.uk 

CONTRACT: NSGH. ADULT & CHILDRENS HOSPITAL - PLANTROOM 31 

AHU TEST SHEET 

SYSTEM: 31 - AHU 63 EXTRACT (4TH FLOOR HAEMOTOLOGY} 

' ~-' s;' ,:,· ': AHu,; ·+?· .··.·•· .'c.·y···;· .. : ..... _-_: - . ---,~- . ,_, . 

AHU Manufacturer Barken Fan Size 355 
Fan Manufacturer Comefri AHU Serial No OP1 B3043173 
Fan Type Cenlrifuaal AHU Model N°. NTHZ355R 

: .. ---- ~-- ·::·/:!tl;<· ,_ Deslon Test % Design 
Air Volume {LIS) 1391 965 69 
External Static Pressure (Pa) 535 Inlet 170 Outlet I 28 Total I 198 
Fan Rotational Speed (RP.M) 1900 1907 

I Pre Filter (Pa} Inlet * Outlet * I AP I 15 
Filter Test Data I Sec Filter (Pa} Inlet NIA Outlet NIA I AP I NIA 

... · ... ' ,'tFf,J:•,. MOTOR ·:. .. .f . :· ••C .. ,, -; 

Manufacturer TEC Output kW 2.2 
Serial N° 1305-0984906 Motor Full Load Current 8.51 I Amps 
Voltage 400 Motor Running Current 2.5 I Amps 
,;.:; ::s {: c"i~~..;,./ . 

·.·· /. 0 cC\ 
. . '.' 

··.· .. Design Test 
Rotational Speed. 1445 1445 

. ;: x;:: ,/ . . F". "•· .;' ;· :.r . ·. DRIVE: DETAIL$.' ~ , "!"c"!"!"!" c;.c; c :· ' 
... . 

.. ·. ·.·· . 
Motor Pullev/Shaft Size (mm0l 132x 1 28 Motor Pulley Taper Lock Size 1610 
Fan Pullev/Shaft Size (mm0) 100x2 40 Fan Pulley Taper Lock Size 1610 
Belt Type/Size XPA 932 N°. Of Belts 2 
Shaft Centres mm 280 Adjustment ~ I 40 I + I 20 I mm 
Variable Speed Drive Yes Set Point 30 Hz 
·. .. 

/.J.) STAND13Y·RLANT .i';', ' . .. ,.: ' .. . 

Test Air Volume I 965 I Inlet Pressure * I Motor Rotational Speed 1445 I Motor Running Current 
% Design I 69 I Outlet Pressure .. I Fan Rotational Speed 1907 I 2.s I Amps 
Variable $peed Drive Yes Set Point 30Hz 

Comments. 

Motor 2 Serial No. 1305-098491 

Motor & Fan Pulley= SPA 

* Filter pressures taken from magnehellc gauges. 

Instrument Used (Ref N°.) HV05/1, HV05/4 & HV0515 

Date: 7/10115 I Engineer: Ian McKenzie & Daniel Kane Sheet 3 of9 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 Barrmm Road, 
Galston, 
Ayrshire, KA48HH. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
E-Mail: ta1k2us@handv.co.uk 

CONTRACT: NSGH, ADULT & CHlLDRENS HOSPITAL - PLANTROOM 31 

DUCT VOLUME TEST SHEET 

SYSTEM: 31-AHU 63 EXTRACT (4TH FLOOR HAEMOTOLOGY) 

VELOCITY PROFILE (taken facing air flow) TEST HOLE LOCATION: LEVEL 4 RISER T4 

Test Hole Duct Dia 
Duct Size (mm) 

Duct Design Air Design Air 
Ref (mm) Area Volume Velocity 

I • "" 
~ '// 

•. · Widll1 Jo.'.. Height · 
.. . 

M2 LIS 
. 

MIS . 
Main TH 700 450 0.3150 1391 4.42 

3.70 3.40 3.60 3.80 

3.40 3.20 3.20 3.30 

3.50 2.70 2.40 2.80 

3.40 2.40 2.10 2.10 

Velocity Sub Totals 

14.00 11.70 11.30 12.00 

Total Velocity 
Number of Average Measured 

% Design 
Static 

Readings Velocity Air Volume Pressure 

1\,1/S · .. . (. M/S I us Pa 

49 16 3.06 965 69 114 
Remarks: 

Instrument Used: HV05/1 

Date: 7/10/15 Engineer; Ian McKenzie & Daniel Kane Sheet 4 of9 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 Banmill Road, 
Galston, 
Ayrshire, KA48Hll. 
TEI, N°. 01S63 821991 
FAX N". 01563 822220 
E-Mail: tu ll,2us@handv.co. ull 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL- PLANTROOM 31 

DUCT VOLUME TEST SHEET 

SYSTEM: 31 - AHU 63 EXTRACT {4TH FLOOR HAEMOTOLOGY) 

VELOCITY PROFILE (taken facing air flow) TEST HOLE LOCATION: CEILING VOlD 

Test Hole Duct Dia 
Duct Size (mm) 

Duct Design Air Design Air 
Ref {mm} Area Volume veracity 

,, ' Width Height '·v,M2 ·us 000 
... 

' Mis X .. 

TH1 160 I 0.0201 50 2.49 

' ' ' 

! Velocity Sub Totals 

Total Velocity 
Number of Average Measured 

%Design 
Static 

Readings Velocity Air Volume Pressure 

·. -MIS~,.- -
·-· .. :,. . ·: 

·MIS"·'.,•; 
.. us- '. -·. /."/ ',..,. ; pafi:t ·-. :_;::.=_ _,-.-

" 

Remarks: NOT REQUIRED~ DIRECT BALOMETER VOLUMES USED. 

Instrument Used: -

Date: 7/10/15 Engineer: Ian McKenzie & Daniel Kane Sheet 5 of9 
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H&V 
H&V 
H&V 

Commissioning Services Ltd Kilknowe Office, 
16 Barrmill Road, 
Galston, 

EST: 1975 

Ayrshire, KA48HH. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
E-Mail: falk2us@Iumdv.co.uk 

CONTRACT: NSGH, ADULT & CHI LORENS HO SPIT AL - PLANTROOM 31 

GRILLE TEST SHEET 

SYSTEM: 31 -AHLI 63 EXTRACT (4TH FLOOR HAEMOTOLOGY) 

Design Data Initial Test Data Final Test & Regulation Data 

UtlSl!,JII 

( 

Terminal or Balometer Initial Balometer Final Balometer Balometer Final 
Ref No 

Air Volume 
Air Volume 1/s Air Volume 1/s Factor Air Volume I/s 

% Design ,,_ / 
514-TEG003 30 24 31 * .. .. \ 
514-TEG002 30 34 30 * * * 

514-TEG001 30 31 30 * * * 
513-TEGO0B 30 26 31 * * * 

513-TEG006 30 40 30 * * .. 
513-TEG007 30 40 31 * * .. 
513-TEG005 30 53 30 * * * 
513-TEG004 30 53 30 * * * 

513-TEG001 70 64 57 1.18 67.26 96 

513-TEG003 50 28 40 1.18 47.20 94 

513-TEG002 50 44 40 1.18 47.20 94 

513-TEG011 40 75 32 1.18 37.76 94 

513-TEG009 62 150 50 1.18 59.00 95 

513-TEG010 59 173 48 1.18 56.64 96 

I 

Remarks: *Pressurised room, therefore direct Balometer readings recorded and used as final reading. Room 
-.olumes set to control room differential pressures. 

Instrument Used: HV05/15 

Date: 7/10/15 I Engineer: Ian McKenzie & Daniel Kane Sheet 6 of9 

REV: 19/10/15 LOC: hvsht 20 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 BanmiU Road, 
Galston, 
Ayrshire, KA48HII. 
TEI,N°. 01563 821991 
T•'AX N°. 01563 822220 
E-:l\fail: ta1k2us@hanrlv.co.uk 

CONTRACT: NSGH, ADULT & CHI LORENS HOSPITAL - PLANTROOM 31 

GRILLE TEST SHEET 

SYSTEM: 31 - AHU 63 EXTRACT (4TH FLOOR HAEMOTOLOGY) 

Design Data Initial Tost Data Final Test & Regulation Data 

Terminal or L"'"'''Y'' Balometer Initial Bak.>meter Final Balometer Balometcr Final 
Ref No 

Air Volume 
Air Volume 1/s Air Volume l/s Factor Air Volume 1/s 

% Design 
lfo 

512-TEG006 30 24 30 .. " * 
,512-TEG005 30 23 :-m • * * 

512-TEG002 30 26 31 * * + 

512-TEG003 30 29 30 .. * . 
512·TEG004 30 24 30 * .. ., 

512-TEG001 30 29 29 ,, * . 
513-TEG012 30 40 30 * " * 

513-TEG013 30 42 32 * * * 
:513-TEG015 30 42 28 " * * 

513-TEG014 30 46 30 .. ,, • 

513-TEG019 30 32 30 • • * 

513-TEGOHl 30 44 30 * * * 

513-TEG0'17 30 53 31 .. * * 
513~TEG016 30 44 30 . ,. 

" 

Remarks: *Pressurised room, therefore direct Balometer readings recorded and used as final ceading. Room 
\Cllumes set to control room differential pressures. 

Instrument Used: HV05/15 

Date: 7/10/15 I Engineer; Ian McKenzie & Daniel Kane Sheet 7 of9 

REV: 19110/15 LOC: hvsht 20 

: 
i 

i 

; 

: 

; 
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513-
TEGOOl 

513-
TEG019 

513-
TEG018 

D 

D 

513-
TEGOo.5 

H&V Commissioning Services Limited 
Kilknowe Office 
16 Barrmill Road 
Galston 
East Ayrshire, KA4 SHH 
Tel: 015~ 821991 
Fax: 01 ~ 822220 email: ta1k2us@handv.co.uk 

D D 

513-

513-
TEGOOS 

TEG011 

D 

513-
TEG016 

MAIN TH LOCATED 
WITHIN RISER T3 

D 

D D 

CONTRACT: 

D 

D 

FOURTH FLOOR 

NSGH, ADULT & CHILDREN'S 
HOSPITAL - PLANTROOM 31 

CLIENT: 

MERCURY ENGINEERING UK ,,,.-.., 

D 

513-
TE0009 

5'15-
TEG012 

513-
TEG013 

TITLE: 

513-
TEGOOS 

514-
TEG001 

D 

SCHEMATIC LAYOUT OF 

31-AHU 63 EXTRACT 

CONTINUES ON 

5t4-
TEGC03 

DRG. No. 5902/Vf82 

SHEET: 8 OF 9 
DRAWN: 

KUSM 
DATE: 

01/07/15 
4TH FLOOR HAEMATOLOGY DRG.No •. ~ 

590,ni181 
,--,\ 
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CONTINUES ON 
DRG. No. 5902/V181 '....------. 

512-
TEG001 

512-
TEG002 

D 

512-
TEGOOS 

FOURTH FLOOR 

H&V Commissioning Services Limited 
Kilknowe Office 
16 Barrmill Road 
Galston 
East Ayrshire, KA4 8HH 
Tel : 01563 821991 

0 

D 

512-
TEG004 

OFA 

512-
TEG003 

I 
THl 

PIANTROOl.4 31 SHEET: 9 OF 9 
~------'----- -------------------- ·--------1 

CONTRACT: TITLE: DRAWN: 

NSGH, ADULT & CHILDREN'S SCHEMATIC LAYOUT OF KL/SM 
HOSPITAL - PLANTROOM 31 DATE: ___ ..... 

CLIENT: 31-AHU 63 EXTRACT 01/07/15 
MERCURY ENGINEERING UK 4TH FLOOR HAEMATOLOGY DRG. No.: 

Fax: 01563 822220 email: talk2us@handv.co.uk 5902N182 
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QEUH - WARD 4B 

VENTILATION REPORT 

31-63/EF01 (4TH FLOOR HAEMATOLOGY) 

( 
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( 

l 

H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1976 

Kilknowe Office, 
16 Barrmill Road, 
Galston, 
Ayrshire, KA48IIH. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
[~-l\fail: t!llk2us@h,mdv.ro. ult 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL-PLANTROOM 31 

SYSTEM: 31 - 63/EF01 (4TH FLOOR HAEMATOLOGY) 

AIR SYSTEMS PRE COMMISSIONING SHEET ✓ X NIA 

1. Check Fan for damage and that all the components are secure ✓ 

2. Check the transit straps have been romoved, if appHcabre ✓ 

3. Check pulleys are secure, tight, aligned and bolts are correctly tensioned, if applicable ✓ 

4. Check wi!h the controls engineer that 1f1e syslem rs available to n.m and lhal plan! rotation is correct ✓ 

5. Check all duc!wOrkfair terminals are filled and that air regulaling dampers are open ✓ 

6. Check louvres are fitted and clear from obslrucUons, if applicable ✓ 

7. Check fire dampers are open, if applicab!e ✓ 

R Check the motor overloads are sultab!e and set ✓ 

9. Check VAV or CAV boxes are Installed correctly and ready ror use. ✓ 

10, Check the floor plenums are complete, If applicable ✓ 

11. Complefe commissioning test sheets, ✓ 

COMMENTS 

ENGINEER: IAN MCKENZIE DATE: 7110/15 SHEET 2 OF 7 

i 

! 

I 

' 
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H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 Barrmill Road, 
Galston, 
Ayrshire, KA48HH. 
TEL N°. 01563 821991 
FAX N". 01563 822220 
E-Mail; ta1k2us@bandv.co.uk 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL- PLANTROOM 31 

( 

DIRECT DRIVE FAN TEST SHEET SYSTEM: 31 -63/EF01 (4TH FLOOR HAEMATOLOGY} 

--:-·-.-·-:-cf!" · .. · .. '·S: ·.·· ..... 
.·.. .. . .•. · .. •. :, >•· .. : .. FAN •. · .. ·~ . y cc ';(J ...... .. ·.•· 

.···•. . . . .. . .· _. ---~ ~-- .:·: __ --- ~ --:-- s-=:-

AHU Manufacturer Not Applicable Fan Size Not Stated 

Fan Manufacturer Sandometal Fan Serial No 1304370-313 
Fan Type Plug Fan Model N°. ESDM1/1 

·,.·7 Desi~n Test % Design ( 
Air Volume (US) 699 1011 145 

External Static Pressure (Pa} 325 Inlet 241 I Outlet I 68 Total 309 
I Pre Filter (Pa) Inlet NIA Outlet NIA ti.P N/A 

Filter Test Data I Sec Filter (Pa) Inlet NIA Outlet NIA ti.P NIA 
.·:·· . , 

. ·:i :, .:; . . ;::cnL .. {;/iv·•· MOTOR : .. "./':," ,,::.,:, .. "·: ., . 

.•:·:••.: .... · ... , . :· •• ·o· .· 

Manufacturer Ztehl-Abegg Output kW u 
Serial N° 13010169 Motor Full Load Current 2.53 Amps 

Voltage 230 Motor Running Current 1.66 Amps 

<2 . :· .. Design Test 

Rotation al Speed RP.M 1430 1158 
,Iir·· ,· .. : · · ·• .. · ;i .... c i 'DRIVE· PET Ai LS . . ' .e:: ii;,\~ ,•: ·.•.•. ·•· 

Variable Speed Drive I Yes I SetPoint 70 Hz (Max 86 Hz) 

Comments: NIA - Not Applicable 

System volume set to control corridor pressure from pressurised rooms. 

( 

Instrument Used {Ref N°.) HV05/1, HV05/4 & HV05/5 

Date: 7 /10/15 I Engineer: Ian McKenzie & Daniel Kane Sheet 3 of 7 
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( 

( ) 

H&V 
H&V 
H&V 

Commissioning Services Ltd 
EST: 1975 

Kilknowe Office, 
16 Darrmill Road, 
Galston, 
Ayr.shire, KA4811H. 
TEL N". 01563 821991 
FAX N~. 01563 822220 
E-1\fail: t111k2us(t~lrnndv.co.uk 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL-PLANTROOM 31 

DUCT VOLUME TEST SHEET SYSTEM; 31 -63/EF01 (4TH FLOOR HAEMATOLOGY) 

VELOCITY PROFtLE (taken facing air flow) 

Test Hole Duct Dia 
Duct Size (mm) 

Duct Design Air Design Air 
Ref (mm) Area Volume Velocity 

C• · .. 
Width x Hbi9ht - tv12 . L/S M/$' .. 

Main TH 500 350 0.1750 699 3.99 

5.90 6.00 5.60 

5.80 5.70 5.80 

5.70 5.70 5.70 

5.80 5.80 5.80 

Velocity Sub Totals 

23.20 23.20 I 22.90 I I I 
Total Velocity 

Number of Average Measured % Design 
Static 

Readings Velocity Air Volume Pressure 
· :. ·: • Mi~f :,- , .. . ;.~ . .;--., ,· . · M1t':f/\ '• '., ·.i/LIS ",! • 

: ., .· ·,::/:;,'.'y_·' ·--l~a .- -.. _-___ { -;--- --:: 
' 

69.3 12 5.78 1011 145 196 
Remarks: 

Instrument Used: HV12/1 

Date: 7/10/15 Engineer: Ian McKenzie & Daniel Kane Sheet 4 of 7 

REV: 19/10/15 LOC: hvsht2 

I 

I 
: 

I 
I 

i 

! 

: 

! 
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Commissioning Services Ltd H&V 
H&V 
H&V 

EST; 1975 

Kilkuowe Office, 
16 BarrmiH Road, 
Galston, 

( 
Ayrshire, KA48lm. 
TEL N°, 01563 821991 
FAX N°. 01563 822220 
R-J\"Jnil: talk2us@haudv.co.uk 

CONTRACT: NSGH, ADULT & CHILDRENS HOSPITAL-PLANTROOM 31 

DUCT VOLUME TEST SHEET SYSTEM: 31 - 63/EF01 (4TH FLOOR HAEMATOLOGY) 

VELOCITY PROFILE (taken facing alr flow) 

I 

I 

i 
I 

I 

Test Hole 
Ref 

.s·· . 
TH1 

1.70 1.70 

1.90 1.90 

1.90 2.00 

1.90 1.90 

7.40 7.50 

Total Velocity 

14,9 

,, 

Duct Dia 
(mm) 

I 

250 

Number of 
Readings 

I• ,'.,\("•I'_.,, 

8 

Duct 
Duct Size (mm) 

Area 
,,,,.< 

. W!dth x -Heiglit :. M2 " 
0,0491 

Velocity Sub Totals 

I I I 
Average Measured 
Velocity Air Volume 

1.86 91 
Remarks: Test Volume 91I/s + BalometerVolume 79I/s"" 1.15 Factor. 

Instrument Used: HV05/1 

Date: 7/10/15 Engineer: Ian McKenzie & Daniel Kane 

REV: 19110/15 

Design Air 
Volume 

--· us·· 
_--

90 

%Design 

102 

Design Air 
Velocity 

Mts 
1.83 

Static 
Pressure 

11 

Sheet 5 of 7 

LOC: hvsht2 

'-

I 
' 

I 
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H&V 
c- H&V 

H&V 

Commissioning Services Ltd 
EST:1975 

Kilknowe Office, 
16 Barrmill Road, 
G~lston, 
Ayrshire, KA48Hll. 
TEL N°. 01563 821991 
FAX N°. 01563 822220 
l<>Mnil: t::i1k2u~@handv.co.uk 

CONTRACT: NSGH. ADULT & CHILDRENS HOSPITAL-PLANTROOM 31 

GRILLE TEST SHEET SYSTEM: 31-63/EF01 (4m FLOOR HAEMATOLOGY) 

Design Data Initial Test Data Final Test & Regulation Data 

( Terminal or Design Balometer lnitlal Balometer Flnal Balometer Balometer Final 
% Design 

Ref No Air Volume !Is Air Volume Ifs Air Volume Ifs Factor Air Volume 1/s 

512-EG002 90 94 79 1.15 90.85 101 

i 514-EGOOS 75 93 68 1.15 78.20 104 
513-EG006 75 86 70 1.15 80.50 107 
513-EGOOB 75 136 81 1.15 93.15 124 
513-EG009 75 120 100 U5 115.00 153 

514-EG007 77 24 88 1.15 101.20 131 
513-EG004 63 24 92 1.'15 105.80 168 
513-EG003 55 33 91 1.15 104.65 190 
513-EG002 54 53 91 1.15 104.65 194 
513-EG001 60 33 106 1. i 5 121.90 203 

: 

Remarks: 

Instrument Used: HV05/15 

Date: 7/10/15 I Engineer: fan McKenzie & Daniel Kane Sheet 6 of 7 

REV: 19/10/15 LOC: hvsht2 

; 

; 

I 

; 

I 

; 
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4TH FLOOR 

3RD FLOOR PLANTROOM 31 

513-
EG001 

5t3-
EG009 

D 

D 

513-
EOOOZ 

DFA 

OTB 

0 

513-
EG003 

"""""""-------.......------------~ 
H&V Commissioning Services Limited 
Kilknowe Office 
16 Barrmill Road 
Galston 
East Ayrshire, KA4 8HH 
Tel: 01563 821991 
Fax:,0!(563 822220 email: talk2us@handv.co.uk 

CONTRACT: 

NSGH, ADULT & CHILDREN'S 
HOSPITAL - PLANTROOM 31 

CLIENT: 

MERCURY ENGINEERING UK 

513-
EG004 

TITLE: 

D 

504-
EGOOS 

514-
EG007 

SCHEMATIC LAYOUT OF 

31~63/EF01 4TH FLOOR 
HAEMATOLOGY 

512-
EG002 

SHED: 7 OF 7 
DRAWN: 

KL/SM 
DATE: 

18/12/14 

DRG. No.: 

5902/V--, 
,C--____J 
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QEUH - WARD 4B 

VENTILATION REPORT 

AHU 63 ROOM PRESSURES, SUPPLY & EXTRACT VOLUMES 
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New South Glasgow Hospital 

31AHU63 - Level 4 - 4B Wards - Room Pressures, Supply & Extract Air Volumes 

' ' ,·:.··<· 
'" '>:' ·"· 

76 HOW190 7.0 7.0 80 91 30 
77 HOW193 7.0 7.0 80 97 30 
78 HOW19S 7.1 7.0 80 92 31 
79 HOW198 7.7 7.1 80 95 30 

80XL HOW202 6.9 7.1 100 105 30 
81 HOW0S0 6.9 7.0 80 84 29 
82 HOW053 6.8 6.8 80 83 30 
83 HOWOSS 7.1 6.6 80 87 32 
84 HOW0S8 7.8 7.7 80 83 28 

85 HOW0S9 7.7 7.1 80 84 30 
86 HOW062 7.1 7.2 80 106 31 
87 HOW064 7.4 7.6 80 100 30 
88 HOW067 7.9 7.8 80 91 30 

89XL HOW031 7.0 7.1 100 103 33 
90 HOW029 7.6 7.8 80 96 30 
91 HOW026 7.5 7.6 80 98 33 
92 HOW024 7.8 7.9 80 99 30 
93 HOW021 7.1 7.2 80 83 30 
94 HOW020 7.7 7.6 80 82 31 
95 HOW017 7.5 7.8 80 82 30 
---+-------+-----+--------+-----·------+----------~ 

96 HOW0lS 7.1 7.2 80 99 I 31 
97 HOW012 6.2 6.7 80 90 30 

98 HOW0ll 6.9 7.2 80 98 ' 30 

99 XL HOW099 6.3 6.4 100 100 I 31 
Room Pressures to be set between 5Pa and 10Pa target pressure 7Pa ± 1Pa 
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r New South Glasgow Hospita~ 

Comments: 

Above readings were finalised and witnessed by BM's Julie Miller 6th October 2015. 

NB: Door seals have been trimmed to achieve room to corridor differential pressures and the required minimum air change rate 
(standard size rooms air volume design minimum 801/s and the 3 larger rooms at a minimum air volume 1001/s. 

31AHU63 Supply set at 44Hz 
31AHU63 Extract set at 30Hz 
31-63EF01 Corridor extract set at 70Hz (Set to control room corridor pressure) 

Ward 48 corridor pressure is set to external corridors at approximately +10Pa. 

Room pressure alarms/information; 
1) High room pressure set at 15Pa 
2) Low room pressure alarm set at 5Pa 
3) Door open or out of specification alarm is set for a 2 minute period before alarming. 
4) Room pressure alarms can be silenced from the button on the digital display set at each room door entry (on the stainless steel 

plate). 

Report compiled and finalised by Ian McKenzie (H&V} 
8th October 2015 
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QEUH - WARD 48 

VENTILATION REPORT 

AHU 63 SUPPLY FILTER INTEGRITY TEST 

( 

( 

u 
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... -· New South Glasgow Hospita..-

31ARU63 Supply - Level 4 • 4B Wards - HEPA Filter Integrity Test Report 

76 HOW190 007000-35157 62mg/m3 :S0.01% 0.0011% 109% Pass 
77 HOW193 006997-35157 59mg/m3 :S0.01% 0.0004% ----~=----+-------+------------------111% Pass 
78 HOW195 006991-35157 71mg/m3 :S0.01% 0.0014% 97% Pass ....__.·----+------+-·-------+-------".__ _ ____,,;-------+------+--------1-----------t 
79 HOW198 007002-35157 76mg/rn3 ::;0.01% 0.0006% 102% Pass 
80 HOW202 007012-35157 63mg/mS S0.01% 0,0034% 92% Pass l-------+-------+--------+-----""----+---------+------+--------+-----
81 HOWOS0 007009~35157 62mg/m3 ~0.01% 0.0054% 98% Pass 1----------+-----------------""'------------- ------+----------1---------1 
82 HOW053 007014-35157 51rng/m3 :S0.01% 0.0014% 108% Pass 
83 HOW0SS 006996-35157 35mg/m3 S0.01% 0.0042% 105% Pass 
84 HOW058 007001-35157 53mg/m3 :S0.01% 0,0006°/o 101% Pass 
85 HOW059 007007-35157 66mg/rn3 :S0.01% , 0.0014% 103% Pass 
86 HOW062 006995-35157 67mg/rn3 s0.01% 0.0002% 104% Pass -------+---~------------ ------- ··---------------------
87 HOW064 006998-35157 55mg/rn3 :;0.01% 0.0006% 104% Pass e-----------1---------+-------+---=-----+------f--------+--------+-------1 
88 HOW067 006993-35157 60mg/m3 ~0.01% 0.0010% 100% Pass 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

HOW031 007003-35157 75mg/m3 :s0.01% 0.0011% 102% Pass 
HOW029 006999-35157 70mg/m' s;o.01% 0.0009% 101% Pass ---------+---· ----1 

HOW026 007006-35157 72mg;ms :::;Q.01% 0.0007% 98% Pass 
! HOW024 007013-35157 57mg/m3 :s;o,01% 0.0002% 111% Pass 

HOW021 006992-35157 17mg/m3 ::;0.01% 0.0012% 96% Pass 
HOW020 007011-35157 52mg/m3 S0.01% 0.0008% 110% Pass 
HOW017 007008-35157 75mg/rn3 S0.01% 0.0005% 106% Pass 
HOW015 007010-35157 47mg/rn3 !f0.01% 0.0009% 96% Pass ·-----;-----=----+------t--------+--------;-------i 
HOW012 007004-35157 42mg/m3 :::;0.01% 0.0021% 104% Pass 
HOWOll 007005-35157 44mg/m 3 ~0.01% 0.0023% 98% Pass 
HOW099 006944-35157 43mg/m3 :S'.:0.01% 0.0007% 109% Pass 
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C 

New South Glasgow Hospital 

31AHU63 Supply- Level 4 - 4B Wards - HEPA Filter Integrity Test Report 

•.•. ·· - : __ Seri?:U!~·l 
. : ,i 

TDA-2G 

A Tl Aerosol Generator 

'. • » • __ I ~•~~-~"~i:~?\\:,::;:,:·•' •,•:;.:.,~~~~~;:•,{~:•~,-~: •t ~-_,, ~:•--:~:, 

· , · , .. . RESULTS [Enter,:Pass'f',E:ail)F-, ... ;, , , 

.· R~lts tind:rest con~ons are compliantf~iih BS EN lSO 14644::i 
:·•·, 

< , '-:;~-
·•,•'·, ,-, 

I .]•, l -'.,, - ••• • , ' 

.. '.·:SIGNATURE: 
'~/ : '><!}E:-~\;~}T··-::· 

,. 'Y~ , 

Ian McKenzie 

8111 October 2015 

.. :·· Calibrati~n Ditl'U:?" . 
~•7~---◊'·A:::.,-..,,·•t,d,, ... ,· ·····,··.·<· ·,!· ,,•;-..,,..,--

March 2016 

March 2016 

PASS 

. ·'.":~·-· .. ~: . . .· . 
~ '-I • ~ .-: 
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QELIH - WARD 48 

VENTILATION REPORT 

CALIBRATION CERTIFICATES 
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CERTIFICATE OF COMPLIANCE 
AEROSOL GENERATOR 

No G/26262 

The Standards used have been calibrated by internal and external procedures traceable to National Standards, 
This Aerosol Generator has been tested with Shell Ondina El Oil. 

Date of Callbratron: 16~Mar-1S 

Customer H & V Commissioning Services Vicount1300 1025732 

Address l(ilknowe Office 

16 Barrmill Road 

Galston, Ayrshire 

KA48HH 
Service Report No 26262 

( 

1-P_h_o_t_om_et_e_r ____ +-A_ir_T_e_c_hn_'i...,,q_ue_s ___ +-___ 1_20_7_6 ___ 1--_2_3_-J_a_n-_1_5_+-___ 26_1_2_7 __ -----1 ( 

Airflow Meter Kanomax Climomaster 440952 4-Jul-14 640820 
Airflow HLF Bench Gelman Sciences 9436-89 18-Sep-14 25629 

Electrical Safety Tester MicroPAT+ 78491386 20-Mar-14 337772 

Aerosol Diluter Air Techniques 11645 3-Dec-14 25929 

Test No: 213 

10 316 14,375.9 45 Test Mode: Class one 
20 316 14,375.9 130 Visual: Pass 
30 316 14,375.9 200 Earth Test: 0.06 n 
40 316 14,375.9 280 Insulation Test: A19.9 MO 

50 316 14,375.9 350 LoadTest:0.00 KVA 
Leakage Test: 00.1 mA 

10 psi 0.65 SO psi 5.03 

20 psi 1.87 

30 psi 2.88 
40 psi 4.03 

Out Of limit Errors As Found. Comments: None 

Next Calibration Due 16-Mar-16 Engineer A.KERR 
OptlCal Sciences Umited 

Envlrotest House 
Anglia Way, Moulton Park Industrial Estate, Northampton NN3 6JA 

Telephone: 0844 334 0100 Fax: 0844 334 0101 Emall: lnfo@optical-sciences.co,uk 
Visit our Website at www.o tical-sclences,co.uk 

N/A LPM ( 

QSF13 30/06/2010 
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DATE: 16-Mar-15 

•s11[) CUSTOMER 

ADDRESS 

H & V Commissioning Services 
Kllknowe Office 

Of?~lf9! 16 Barrmill Road 

Galston, Ayrshire 

KA48HH 

CONTACT Angela Daly 

SERVICE REPORT PURCHASE ORDER NO 4778/1S/AC 
OSL ORDER REF 23048 

ENGINEER Adam Kerr WORK REQUIRED Repair/ Service/ output ----------------HOURS as per quote CALIBRATION CERT. ISSUED 26262 
------'-'-----'-.a,__ 

TRAVELLING TIME MODEL LV1300 -------------OTHER EXPENSES SE RI AL NO 1025732 --------------
0 CONTRACT 0 WARRANTY t8] CUSTOMER A/C OTHER 

( )n inspection of Instrument blowing fuses and falling portable appliance test 

Fault traced to heater elements falling 

f 
\_ 

Replaced 2 x heater elements - OK 

Portable appliances test carried out, See electrical safety results 

Using LAF Bench, 1000:1 diluter and Ref Photometer, recorded output concentration 

Calculate output g/min 

Checked normal working functions of instrument - OK 

'.?)\i'.:>riiijf~9.!.<;\,.\·-_;i, "91?; .'.-: --:·::··:_:: ::~:-\ .. :<.-:·;'.;::~t;~~1~t,9n,-:"(}?;,_:, /./0

::.-::)\ \}l}}?~t~i!;!~t~at+:?:;;;tJ::} 
2 Heater elements Visual: pass 

E. Continuity: 0.060 
Fuse Rating: • 
Insulation: >19.9 MO 
Run Test: 0.00 KVA 
Flash: N/A 

FOR OFFICE USE O~JLY: - . t = - - L = Test No: 213 

ENGINEER SIGNATURE 

SERVICE REPORT No 26262 

OptiCal Sciences Urnited 
Envlrotest House 

Angila Way, Moulton Park rndustriai Estate, Northampton NN3 6JA 
Telephone: 0844 334 0100 Fax: 0844 334 0101 Emall: !nfo@optlcal-sciences.co.uk 

\/is.it our Website at www.optical~s<Jences.co.uk 

Q5f19 
03/0S/mO 
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CERTIFICATE OF CALIBRATION 

Issued By IRC Ltd 

Date of lssue 27 August 2015 

Instrument Repairs & Calibration 
7 Howard Court Industdal Estate 
East Kilbridet G74 4QZ 
Tel: 01355 264120 Fax: 01355 264150 
www.instrument-repairs.com 

Certificate Number 

205772 

Page 1 of 2 Pages 

Approved Signatory 

 
OF.SIio D N, Anderson [ I K Low dMoore □ A,Rae 

Customer; H&V Commissioning Services Ltd 
Kllknowe Offices, 16 Barrmm Road 
Galston KA4 SHY 

Date Received : 20 August 2015 

Instrument • System ID: 
Description: 
Manufacturer : 
Model Number: 
Serial Number : 
Procedure Version : 

Envlronmental Conditfons 

IRC02093 
Mlcromanom eter 
DPM 
TT470S 
7471 
774 

Job Number; R70380w1 
Ref. Number : HV5~01 

Site: 
Location: 

Temperature ; 23"C +/- 2"C Mains Voltage : 230V +/- 1 OV 
Relative Humidity : 50% +/~ 20% Mains Frequency : 50Hz +/~ 1 Hz 

------------------ ---~~ 

Comments 

The Instrument stabilised in the laboratory for 4 hours prior to calibralton. 

Results at the time of test carry no long !erm stability of the Instrument, 

This certificate records the ON RECEIPT calibration status. 

Recalibration period 52 weeks by customer request 

Traceability Information 

Instrument description 
Mensor CP6000 

Serial number 
610020 

Certiflcete number 
N18686&7 N18673 

Cal. Date 
19/04/2013 

Cal. Period 
156 

Callbrated By: C. Moore Date of Calibration : 27 August 2015 

( 

( 

This is to certify that tho above instromcnt was fl.illy calibrated. Work earried out was in accordance wilh procedures fl!id down in BS EN !SO/IEC I 7025:200S. 
Tho oceuracics of the s1andaros used are traceable to National Sla!ldaros, via UKAS approved laboratories, 
ihc copyright oflhls ccrtilkatc is owned by !RC ltd and may ncl be reproduced CXcqlt wilh the prlorwrlllC!! approval oflhe issuing laboratory. ( 
The reported expanded unee11ainly is based on a iwidard unce1tain1y muhiplied by n covetage factor k=2 providing n level of conlidt:nce ofnppmximately 95%. 
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(\CERTIFICATE OF CALIBRATION 

TestTme 

Pascal 

Kilo pascals 
0.500kpa 
1.00kpa 
2.00kpa 
3.00kpa 
4.00kpa 
,5.00kpa 

( )Okpa 

End of results 

Uncertainties 

Pressure TE69 

Tolerance A21;i!!_ed_Value Readl!)_g_ 

100fa O.OOpa O.Opa 
200fa 20.00pa 20.1pa 
400fa 40,00pa 40.1pa 
600fa 80.00pa 59.9pa 

5pa 0.5kpa 0.50kpa 
20pa 1.000kpa 1.00kpa 
30pa 2.000kpa 2.00kpa 
40pa 3.000kpa 3.00kpa 
50pa 4.000kpa 4.00kpa 
60pa 5.000kpa 5.00kpa 
70pa 6.000kpa 6.00kpa 

15 ~ 1000mBar +/- 0.04% of reading 

CertHicate Number 
205772 

Page 2 of 2 Pages ---w,r.,..__. 

Pass/Fall 

Pass 
Pass 
Pass 
Pass 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
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CERTIFICATE OF CALIBRATION 

I Issued By IRC Ltd 

~te of Issue 22 September 2015 

Certificate Number 
206411 

Page 1 of 2 Pages 

Instrument Repairs & Calibration 
7 Howard Court Industrial Estate 
East Kilbride, G74 4QZ 
Tel: 01355 264120 Fax: 01355 264150 
www.instrument•repairs.com 

Approved Signatory 

 
0 M. Anda rs on DK Low 0'C. Moore DA.Rae 

Customer: H&V Commissioning Services Ltd 
Kilknowe Offices, 16 Barrmlll Road 
Galston KA4 SHY 

Date Received: 15 September 2015 

Instrument K System ID: 
Description : 
Manufacturer : 
Model Number : 
Serial Number : 
Procedure Verslon : 

Environmental Conditions 

IRC02515 
Clamp Meter 
Ideal 
61~766 
051102797 
1.01 

Job Number : R70680·2 
Ref. Number: HV5-4 

Site: 
Location: 

La.st Certificate Number : 192495 
Last Calibration Date : 09/05/2014 

Temperature : 23"C +/· 2°c 
Relative Humidity : 50% +/- 20% 

Mains Voltage : 
Malns Frequency : 

230V +/- 10V 
50Hz +/- 1 Hz 

Comments 

The instrument stablllsed in the laboratory for 4 hours prior to calibration, 
Results at the lime of test carry no long term stability of the instrument. 
This certificate records the ON REGEi PT calibrallon status, 
Recalibration period 52 weeks by customer request 

Traceabllity Information 
Instrument description 
5500 Multifunction Calibrator 

Serial number 
6305020 

Certificate number 
048278 

Cal, Date 
05/11/2014 

Cal, Period 
52 

Calibrated Sy : C. Moore Date of Calibration : 22 September 2015 
Thi~ is to certify that lhe above instrument WllS fully calibnlll.xl. Work carried out ~sin ac;:ordancc with proo.'durcs laid down In US UN ISO/IEC 17025:2005. 

( 

Too 11ccuracles oflh(!.S!llndards used 111u1mccablc 10 Na1looal Stnll!Jards,vla UKAS appto\'ed laborawrles. 1 
Tiic COJ'))'l'ighl of !his ceniflca,c is owm;;d by JRC Ltd and may 001 bereprodu<:ed a;.eqit with Ille prior written approval of the Issuing labomtory. \ 
Too rcporred c,;pandcd uncenllinty is 11,iscd on II standard Ul\.crtal nly mulliplicd by a coverage factor k,.1 providing o level of confidence of approximately 95%. 
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< \ . CERTIFICATE OF CALIBRATION 

Test Title 

DC Voltage 
4V D.G. Range 
40V D.G. Range 
400V D.G, Range 
1 000V D.G. Range 
AC Voltage 
4V A.G.@ 50Hz 
40V A.C.@ 50Hz 
400V A.G. @50Hz 
750V A.C. @ 50Hz 
DC Current 

( ~90.0A D.C. Range 
00.0A D.C. Range 

(,, 

400.0A D.C. Range 
400.0A D.G. Range 
600A D.C. Range 
600A D.G. Range 

AC Current 
400.0A A.C. @ 50Hz 
400.0A A.C. @ 50Hz 
400.0A A.G. @ 50Hz 
400.0A A.C. @ 50Hz 
600A A.C. @ 50Hz 
600A A.C.@ 50Hz 

Resistance 
4000 Range 
4kQ Range 
40kn Range 
400kn Range 
4Mn Range 

~nd of results. 

Uncertainties 

DC Voltage 
AC Voltage 
DC Curranl 
AC Current 
Resistance 

Tolerance Appli§fl Value 

21.SmV 3.9000V 
215mV 39,000V 
2.2V 390.00V 
7V 1 OOO;OOV 

54.BmV 3.900 ov 
548mV 39.000V 
5,5V 390.00V 
19.3V 750.00V 

1.5A 100.00A 
3.5A 200.00A 
5A 300.00A 
6.4A 390.00A 
7.3A 460.00A 
13.3A 550.00A 

2.7A 100.00A 
4.4A 200.00A 
6,1A 300.00A 
7.8A 390,00A 
23.5A 450.00A 
26.5A 550.00A 

1.40 100.oon 
140 1.000 0kQ 
140!t 10.000kQ 
1.4kn 100.00kQ 
94kn 1.000 OM1t 

+/~ 12ppm + 1 LSD 
0 to 1000V 0.01 % +/- 1digit 
0 to 10A0.008% +/· 1 digit 
0 to 1 OOOA 0.2% +/- 2 Digits 
0 to 10M 0.005% +/- 1 Digit 

_J 
Readlncr 

3.900V 
38.98V 
389,8V 
1 ooov 

3.905V 
39.02V 
390.2V 
750V 

99.6A 
199.7A 
298.7A 
388.8A 
448A 
547A 

99.SA 
200.0A 
300.2A 
390,2A 
448A 
548A 

100.0Q 
1.000kn 
9.98kn 
99.8kQ 
0.998MQ 

Certificate Number 
206411 

Page 2 of 2 Pages 

Pass/Fail 

Pass 
Pass 
Pass 
Pass 

Pass 
Pass 
Pass 
Pass 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Pass 
Pass 
Pass 
Pass 
Pass 

Page 1280

A48946859



CERTIFICATE OF CALIBRATION 

Issued By IRC ltd 

Date of Issue 22 September 2015 

Instrument Repairs & Calibration 
7 Howard Court Industrial Estate 
East Kilbridet G74 4QZ 
Tel: 01355 264120 Fax: 01355 264150 
www.instrument~repairs.com 

Certificate Number 
206403 

Page 1 of 2 Pages 

0 N. Anderson O K. Low ~.Moore DA.Rae 

Customer: H& V Commissioning Services Ltd 
Kllknowe Offices, 16 BarrmHI Road 
Galston KA4 BHY 

Date Received : 15 September 20 i 5 

Instrument ~ System ID: 
Description : 
Manufacturer : 
Model Number : 
Serial Number : 
Procedure Version : 

Environmental Conditions 
Temperature : 23°C +/· 2°C 
Relative Humidity : 50"/o +/· 20% 

Comments 

!RC02517 
Olgital Tachometer 
Slandard 
ST·6236B 
06111857 
688 

Job Number: R70680-3 
Ref. Number : HV5-5 

Site: 
Location: 

Last Certificate Number: 192491 
Last CaHbratlon Date: 09/05/2014 

Mains Voltage : 
Mains Frequency : 

230V +/- 10V 
50Hz +/- 1Hz 

The Instrument stabilised In the laboratory for 4 hours prior to calibration, 
Results at the time of test carry no long term stabUity of tha Instrument. 
This certificate records the ON RECEIPT calibration status. 
Recalibration period 52 weeks by customer request. 

Traceability Information 
Instrument description 
5500 Multifunction Calibrator 

Calibrated By : C. Moore 

Serial number 
6305020 

Certificate number 
048278 

Cal. Date Cal. Period 
05/11/2014 52 

Date of Calibration : 22 September 2015 
This ls 10 c<:nify lhat thenbove instru~nt was fully calibrated. Work cllrrled out w11s In accorJanoo wlth procedures laid down Inns fiN JSO/IHC 17025:2005. 
nic accurocies oflhc s!amJnrds used nre traceable 10 National S1am.!11roS,via UKAS approved laboratories, 
Tho copyrlght of this eer1mc111e is oWl!ctl by IRC l..td and may not be repro;Juc,:J except with tire prior wriucn approval of 11te issuing laboratory. 
The reportc.J e,qiandcd unccrialnty is basoo 011 a standard un~11ainly multlplioo bya 00¥1:Jragc factor k-"'2 providing a level or conlidellCc orapproxim11toly95%. 

( 
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(J CERTIFICATE OF CALIBRATION 

( 

Test Title 

RPM Measured 

End of results 

i 

Uncertainties 

AC Voltage 
Frequency 

Tolerance Applied Value 

1.5RPM 1 000.0RPM 
2RPM 2000.0RPM 
2.5RPM 3000.0RPM 
3RPM 4000.0RPM 
3.5RPM 5 000.0RPM 
6RPM 10000.0RPM 

0 to 1 OOOV 0.01 % +/- 1 digit 
0.1 ppm ± 1 digit 

Reading 

1 000RPM 
2000RPM 
3000RPM 
3 999RPM 
4 999RPM 
10 000RPM 

Certificate Number 
206403 

Page 2 of 2 Pages 

Pass/Fail 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Page 1282

A48946859



a#JJ[) 

Of?~ilf~J CERTIFICATE OF CALIBRATION 
CALIBRATION SUMMARY UK01~26273 

The instrument under test was calibrated against standards which are either traceable to 
National Standards or are derived by approved ratio techniques. Any number of factors 
may cause the instrument to drift out of calibration before the calibration interval ~as 
expired. 

Prepared For: 

Service Report No.: 

Make: 

Model: 

Serial No.: 

Date of Calibration: 

Calibration Due Date: 

Calibration Procedure: 

H & V Commissioning Services Limited 
Kilknowe Office 
16 Barrmill Road 
Galston 
Ayrshire, KA4 8HH 

UKOl- 26273 

ATI 

TDA-2G 

14086 

17-Mar-15 

17-Mar-16 

OSL-10015 

The instrument complies with the specification at the measured points. 

Comments: 
None 

Calibration Performed By: S. Wakefield 

Date: 

Signature: 

Optical Sciences Limited 
Envirotest House, Anglia Way, Moulton Park Industrial Estate, Northampton NN3 6JA 

Telephone: 0844 334 0100 Fax: 0844 334 0101 Email: lnfo@optical-sciences.co.uk 
Visit our website at www.optical-sciences.co.uk 

QSF35 
28/11/2012 

Page 1 of3 

( 

( 
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< 0R~1f9! CERTIFICATE OF CALIBRATION 

STANDARDS TRACEABILITV 

The Instrument Standards used have been calibrated by an external laboratory, and are traceable to National Standards. The calibration below 
has been performed to meet the requirements of rsO-10012:2003. The photometer has been callbrated for use with ISO 14644·3 

·- · ·· ::~:1;wZ¥~iit~{Ji~~,~~~~:rJi~~~~~!L~~I"'~t'rMineut1st~na~fc!~f~~~~r 
' Descdptioh : ·.Manufacturer .·· < seiial l\lc,. . '. . la'st Recal. '.' ' Cert. No~ ' 

Digital Voltmeter Robin 910000537 13-Feb-15 __ 3_517_5_9_ 
Airflow Meter TSI 40450819003 20-May~14 N/A 

( Pico-Ampere Source Keithley 80964 14-0ct_-1_4 ____ T_ERISO_633508 

t
. Reference Photometer AT! 13487 19-Nov-14 25908 

. Aerosol Oilutor 1000;1 AT! 13940 4-Mar-15 26275 __ ___, 

CALIBRATION TEST DATA 

J9-5 15.0 V 15,0 V +15.0 ± 0.45V -------------- --------------
J 9 -6 -15,03 V -15.03 V -15.0±0.45V 

J9nlc~:it~r~1(on;~1~~!\C 
·. Ai.Left ... · -~----------~------<f---- ---~e---~ __ ..,._ __ _ 

28.3 LPM 

•c1:~tit".~ai1Hl&f11init.~~if 
<.·Expe'cted · ... · · '.'<As i=ciui,d , 

Strayllght <0.007 0.0019 
100% Setting 100 µg/L 90 µg/L 

Internal Reference Settings DOP = (Total Fineves:tan ABOS) 

Calibration Performed By: S. Wakefield 

Date: 17-Mar-15 

Signature:  

OptlCal Sciences Limited 
Envlrotest House, Anglia Wav, Moulton Park Industrial EState, Northampton NN3 6JA 

Telephone; 0844 334 0100 Fax: 0844 334 0101 Email: info@optical-sdences.co.uk 
Visit our website at www.optical•scfences.co,uh 

±10% 

QSf35 
28/11/201.:! 

Page, 2 of:3 
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( 

UK0l-26273 

?'fmil~¥irJLvJ}/if~)t::;irtfl~i;~~\'-lt:1}:;· 
Photometer·ReacUf1g · · As Left ~-~--'----'--'"-----'-+------------~ 

0.001% 0.80 0.80±0,0,Jx10·10 

0.01% 0.80 0.80 0.80±0.04x10'9 

0.10% 0.80 0.80 0.80±0.04xl0.a 
1.0% 0.80 0,80 0.80t0.04x10 7 

10% 0.76 0.76 0.80±0.04x10·6 

100% 0.80 0.80 0.80±0.04x10·5 

Referefice.Reading'(µg/L) 
100 100 
10 10 
1 1 

0.1 0.1 
0.01 0.01 

0.001 0.001 

.i:J~ff£~r~i;5,~1~mA1frJt~~e.t~1»Wm.iJJiif~~, . 
. ·.· · Ternp,rature 

32 %RH 

Condition of Calibration, As Found: Condition, As Left: -~-------------------------,-----------------1 
IZJ In Tolerance D Out ofTo!erance □ Inoperable r8l In Tolerance 

!8l Rework Scattering Charn.~~r.... !81. AlignOptics [J Replace Absolut_e_F_ilt_e_r ____ 12l_le_a_k _Te_.s_t --------1 

c--O_R_e~p_la_ce_S_m_o_ke~C_h_a_m_b_er_--t t8l 'festScannlng P __ ro __ b_e ___ ---+ D Replace Exhaust Filter __ +--□-. _H_oL_ir_s H_o_u_rs_R_u_n ___ ---1 

>--O_R_e~p_ta_ce~/.C! __ ea_n_T_u_bl_ng~ __ .,._!8l Te~t Electrical Connec.ttons □ Re lace Gaskets D X.XX firmware Ve_r_sl_on __ __, 
0 Clean Valve ~----~181_. Perform Voltage Measur~e~m_en_t_s ~18l_T~lg~ht_e_n_lo_o_se_H_a_rd_w_a_re_~_l8l_~ ~f_ln_al_T_e_st ______ ~ 

Calibration Performed By: S. Wakefield 

Date: 

Signature: 

Optical Sciences Limited 
Envirotest House, Anglia Way, Moulton Park Industrial Estate, Northampton NN3 6JA 

Telephone: 0844 334 0100 Fax: 0844 334 0101 Email: info@optical-sciences.co.uk 
Visit our website at www.optlcaf-sciences.ro.uk 

QSf35 
21!/11/2012 

f>age3of3 
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( 

DATE: 17-Mar-15 

03!J[) CUSTOMER 

ADDRESS 

H & V Commissioning Services Limited 

Kilknowe Office 

OPs~,lf9! 16 Barrrnill Road 

Galston 

Ayrshire, KA4 8HH 

CONTACT Angela Daly 

SERVICE REPORT PURCHASE ORDER NO 4787/1S/AC 
OSL ORDER REF 23042 

ENGINEER _S._W_a_k_e_fie_l_d ___________ WORK REQUIRED Repair and Rec_a_lib_r_a_ti_o_n ____ _ 
HOURS As Quote CALIBRATIO.N. CERT, ISSUED . 26~73 -'-----'--------------TRAVEL UNG TIME N/A MODEL AT! TDA-26 ---------------
0 TH ER EXPENSES N/A SER1Al NO 14086 

D CONTRACT 0 WARRANTY 12] CUSTOMER A/C OTHER 

Replaced Selector valve knob. Checked Power supplies and reset flow to 1.0 CFM 

Stripped, deaned and realigned optics. 

Calibrated using Lab Standard Photometer, Picoamp Source and 1000:1 Diluter. 

Reset internal reference to 100%. Checked response at various concentrations. 

Checked Straylight, Op Amp null point, leak test, operation, and dean down. 

', ', 

'DESCRIPTiON .· ,', 
__ .. ___ ' ,a\ :: ',> - - ,,';,, ',,-. ', 

.ELECTRICAL SAFETY ! 

·· ·• tEsrCRi:sui-t_s::: .... ··_,< 

10409 1 Selector valve knob Visual: 
( E, Continuity: 

· I Fuse Rating: 1------------t----!-------------------------------

FOR OFFICE USE ONLY; 

ENGINEER SIGNATURE 

1$09001 

Opt!Cal Sciences Limited 
Envirotest House 

l n s u I a ti o 11: 

Run Test: 
Flash: N/A 

· '. Test No: 

SERVICE REPORT No 26273 

Anglia Way, Moulton Park Industrial Estate; Northampton NN3 6JA 
Telephone: 0844 334 0100 Fax: 0844 334 0101 Email: info@optical-sciences.co.uk 

Visit our Website at www.optkal-sciences.co.uk 
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SYSTEM HYGIENICS 

SOUTHERN GENERAL 
HOSPITAL 
GLASGOW 

POST CLEAN REPORT 

7th September 2015 

SYSTEM HYGIENICS 
Chaucer I 11duslrial Estate, Dittons Road, Po legate East Sussex, BN26 6Jf 

Tel: 01323481170 fax: 01323 483061 
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Southern General Hospital - Glasgow 
Post Clean Report 

INDEX 

Introduction 

Photo log 

Before and After Photographs 

Certificate of Analysis 

Certificate of Cleanliness 

SYSTEM HYGIENICS 

J1h September 20 IS 

Page No. 

2 

3 

4 

14 

15 
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Southern General Hospital - Glasgow 
Post Clean Report 

INTRODUCTION 

2 

ih September 2015 

The ventilation ductwork systems have been thoroughly internally cJeaned as detailed 
in this report. 

All cJeaning has been carried out to B&ES Guide to Good Practice TRl 9 (2nd Ed ition) 
cleanliness verification standards whereby no more than 0.3g dust/ m2 duct surface 
may be found using the 15 litre/m in Preferred Vncuum Test Method. 

We have taken photographs from various locations before and after our works have 
taken place to demonstrate the hygiene condition of ventilation ductwork systems. 

Signed 
Date I 5th September 2015 

Mr. Jeff Gardner 
SALES ENGINEER 

Email Address: j  

Mobile:  

SYSTEM HYGIENIC~ 
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Soutl1ern General Hospital - Glasgow 
Post Clean Report 

PHOTO LOG 
Locations: Location 

Level 4 - Supply duct 
Level 4 - Supply duct 
Level 4 - Supply duct 
Level 4 - Supply duct 
Level 4 - Supply duct 
Level 4 - Supply duct 
Level 4 - Supply duct 
AHU 63 - Fresh air intake 
AHU 64- Filter chamber 
AHU 63 -Fan chamber 

3 

SYSTEM HYGIENICS 

i 11 September 2015 

Before After 
Clean Clean 

1 2 

3 4 

5 6 
7 8 

9 10 
11 12 
13 14 
15 16 
17 J 8 
19 20 
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( 
Southern Genera l Hospital - Glasgovv 
Post Clean Report 

4 

1. Level 4 - Supply duct - Before clean. 

2. Level 4- Supply duct-After clean. 

SYSTEM HYGIENICS 

i 11 September 201 5 
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Southern General Hospital - Glasgow 
Post Clean Report 

5 

3. Level 4 - Supply duct - Before clean. 

4. Level 4 - Supply duct -After clean. 

SYSTfM HYGIENICS 

i 11 September 2015 
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Southern General Hospital - Glasgow 
Post Clean Report 

6 

5. Level 4 - Supply duct - Defore clean. 

6. Level 4 - Supply duct -After clean. 

SYSTEM HYGIENICS 

7ll1 September 2015 
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Southern General Hospital - Glasgow 
Post Clean Report 

7 

7. Level 4- Supply duct - Before clean. 

8. LeveJ 4 - Supply duct - After clean. 

SYSTEM HYGIENICS 

ih September 2015 
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Southern General Hospital - GlasgO\V 
Post Clean Report 

8 

9. Level 4 - Supply duct - Before Clean. 

10. Level 4 - Supply clnct -After Clean. 

SYSTEM .t-lYGI EN ICS 

ill September 20 15 
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Southern General Hospital - Glasgow 
_Post Clean Report 

9 

11. Level 4 - Supply duct- Defore Clean. 

12. Level 4 - Supply duct - After Clean. 

SYSTEM HYGl~NI_C~ 

?1h September 2015 
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Southern General Hospital - Glasgow 
Post Clean Report 

10 

13. Level 4 - Supply duct - Before Clean. 

14. Level 4 - Supply duct -After Clean. 

SYSTEM HYGIENICS 

i 11 September 2015 
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Southern General Hospital - Glasgm:v 
Post Clean Report 

11 

i 11 September 2015 

15. AHU 63 - Fresh air intake - Before Clean. 

16. AHU 63 - Fresh air intake - After Clean. 

~YSTEM HYGI E~ IC$ 
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Southern General Hospital - Glasgow 
Post Clean Report 

12 

7'11 September 2015 

17. AHU 63 - Filter chamber- Before Clean. 

18. AHU 63 -Filter chamber - After Clean. 

SYSTEM HYGIENICS 
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( 
I 

Southern General Hospital - Glasgow 
Post Clean Report 

13 

7'h September 2015 

19. AHU 63 -Fan chnmber- Before Clean. 

20. AHU 63 - Fan charnbe1· - After Clean. 

SYSTEM HYGIENICS 
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Results: 

SAmple 
N~ 

1 

2 

3 

4 

5 

6 

IH SYS 115/IJJ 
isslle no. I 

Biodet 
L11borntoiy 
Enrnil 

01707 284522 
Biodet@lherts.nc.uk 

System Hygienic-s Ltd 
Chaucer Jnd11s1rinl Estate 
Dillons Ro:id. Polegale 
East Sussex BN26 6JF 

Ref: 
Dme: 
Log No. 

Job No.: 

SYS/ 15/DJ 
21 ,t Seplcmber 2015 
1761 

CERTIFICATE OF ANALYSIS 

Operator: M. Hickenbottom 

Date Sampled: 09-Sep-2015 
D~te Recci\·ecl: 16-Sep-2015 

Filters were ll"eighecl to cle1ermine the ~mo1nll of particulate con1ami11ntion. 

Unlnrsily of 
He11fonlshlre 
Hatfidd Hens 
Al.10 9.-\B 

Locnllon 
FIiter Dlffe.-en.ce 

(mg) 

4,. 11oor Suppl)' Duel 0.0 

4,.11oor Supply Duc1 0.0 

4"' 11oor Supply Duct 0.0 

4m 11oor Supply Duc1 0.1 

-1'" 11oor Supply Duel 0,2 

4<ll 11oor Surply Duel 0.0 

I.MOSS 21 11 September 2015 
TECHNICAL MAJ,,tAGER 

Pnge I of I 
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11 

11 

I 

I 

I 

I 
I 

CERTIFICATE OF CLEANLINESS 

We hereby certify that the Extract & Supply Systems 
(referred to in the photo log) serving: -

Southern General Hospital 
75 Hardgate Road 

Glasgow 

have been cleaned and completed on 07 September 2015 

In accordance with B&ES Guide to Good Pract;ce TR/19 

(t1d Edition) standard, whereby no more than 0.3g dust per 1111 2 

h1ternal surfaces did remain. Please refer to legislation set out 

overleaf and attached laboratory analys is results reference 

SYS/] 5/133 dated 21 September 2015 

System examined by our representative Mr Mark Hickenbottom. 

Signed 

Date 

presented by 

SYSTEM HYGIENICS LIMITED 
Chaucer Industrial Estate 

Dittons Road, Polegate 
East Sussex BN26 6JF 

24 September 2015 

STD78 
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EXC!Rl'TS FRO~ WORIU'LA~ (HEP.LTH, SAFETY AND WBLFJ\RE)flEGUlJ\TIONS 1992 

(117li!: "-"t.>tJf.N ,. .c+ 6:':d th~ !q:Jh::~n c, devicts aD.1 sysc~s 
t o ;,,.,iJi"'?', thi.,. rf.,''Ul.iti◊i'I c,ppl le-3 s.hotll t« rui;i(:i,j:;~.j 
(i r.cludin~ c l t.JM·d as g_:..·prq,r1.1tt) .in at1 etticie~t 
.stat~, in ettld e."lt ;.· .. 1rkJny or.:ler ,1n.J J.r. qx....J 
Hf."'lr, 

l2} f-.?; ~r-e- loffcOpri!Jt-?, th~ ~U{f~. !-:H· , d::,vi,:.,e,s oe, .'"r.1 
s._i,rs t ie~S' ti, ~·hid:. C1"1i.::i' Ii-[Ul.!Cl c- ;-; a,:;,Jj'fj Sh.ill M 
subjf.:.t to .1 5ulrJbl~ !-f~Hf'.~ of rJlnt~n.:1.,1;,;-- . 

I J J 1h-d- h'l')ir:·.:::~nt, .1~d r:~$' ct ,, .... S}".HE.:u to xi!i ,:h this 
r~~ul,H i-:i:, s.cp.li eas d.C'i:: -

(,JI Cqvip; .7,H i,11.:i d+vi.r:+s ~ f ,wlt i:i J-."i"li..:.h is li<li'Jt" to 
.usul c jn a li!llur,e r..-" ,;.Y-=~l}" ;,:ith Jfl)' ,;.t ch rs~ 
R.-;-,;tll.i ti (•.:1.;: 1 ..3ll ·i 

(b) J,~,;;-ci1.1ni,;-al Vtrtr1 J ,Hi o.:, ~}',H':~~,; pr,:wJ.d.-<;j J:·Ut!:lJ,jt. t [•3 
r=::gvlatic,:1 t; (:,·h~th~r ~1r th?f r~~j,' jndud-: t--iuir: r~;a 
or ..:11:' ,·J ... -~.s :lirh jn sub-,=-.1r.t 1r.,pl: /1,) ,:,f t his 
,P.J Id ,; td /.'h ) . 

,._pprov•d code o t 'Pr~ctlc• (R!:;9'Ulation :S.) 

20. iht- '.ior }:pl acf, and th~ '""-=f"-lp .. , nt ln•i d~vlc-es r..-;;1tic-ne,.;i 
In th:Ht- R~Qt1la.tJOn$~ ~t'.c-ulci be JH.inta1r. !-:i 1n .,_n 
e ffl cl'f'n 't stAt~, I n c:flichnt 1..•,n i:i r.9 ,:,rd.;.r ,.. ;-.,j in g~j 
tt•p.&lr. 'E!t'Lc16nt' to this c,:--:--i t,e,xt ~.:;,.uu ~ffic.1.tnt 
tr.:-:i tM- v1ew of. t.<!.litti~ s~fo£-t y ~nd ":~lf.ar~ {n.:.t 
_pto-:iuctl\•1ty 01· e-c,m,:,ny) . It a p,Jt~ntidiy d4.ng~n,us 
dl-f':~t ls cilsco·1•uJ, tt.e (!~.f~c.: .$~-:-uld :tt U·C"tl!ie-J 
l n::..~jlat.ely or step.s shoul..,1 t~ ta.J:~n t o p .z:vt~cc a.nyo!l~ 
·•h;;. nlQht W ru t .at d.s;;, {or "'7.a::,p le- b·1 r,1-e-vent 1.ng 
acr.:-1;-ss until thr ;.:,:,rt c-an be- caut,e,.j out or ti":E" 
<:Cf\llJ•:-":- r.t tt'piac,e,d. \'ihi:re che d~h- ,: t d.:-~s n,:-,t i:..:•~ ~ a 
dani:rE- r t,ut c.a~:,e,s th.e- -Equlp~nt ~,n,:ult .ible .tor us~, !or 
e-xar.p l -e- a .Sd!l.it ary con·.·en1E-r,ce with it c~r..-ci::-h·~ !ll1shtn9 
t".~.: hani.sn., 1t r-,,._\y N taJ.:~n out o ( service un til 1t lo 
rt-~h(-d. or n,r,la.ce...:1, blJt it thi.s ',,'V\ild. r~.rnit .in tt.e 
ntl-..Ur of !c.'1-c:llltl-e5 Ntn11 1-e .H th.!ln that r~u1r~d b:t 
rht- f,t!'gulat1':•ns, tt-.of- d~f-!:C t -t'hvuld bt- re-cUfU,j :.:ht,out 
dtlo y. 

2 t. Stc- i:•~ .shc•utd t--!- o.l:~n tc, t-:-i!ure th.it rtpaJ.! aoJ 
rr,a int":'.tc.'l nce- .,...;.1:): h c.u-r i ec:I t-ut pc-c,p~ rly, 

2~ - f'.egulotlon !i(Z) rt-QUire-s a systel!'I o f t.,i rJt en.a.nc,s, ·..-t;~i:e 
approprhtf·, f ,;, r c~rt c.'lln e-q: '.l li=::"!' r,t and -:l~\•i,;es an'l for 
ventHation .sy.!te;:r-."i, A sulta:b1~ sy.,t e:tL ot n;;,1nH:n!!nc-e 
in•10Lv-e :s *n.s-ur1ng th,H: 

(a) aauhr Aill1t~nance {lnc lu-jtng, a:; ne~.f:~~a,y, 
inipe- i.; t!On..s , te-stinQ, i!d)u StJZ..{-nt, lubri,:~tlon an-d 
cie·anlr.·::H 1~ cc.'lul-e--1 out at ! ultdb le lnt~1v.a.l!1 

(b> dff"/ yi:,te-ntla.11~• d.ar:?iHOl.l.S d ~ft-ct~ a.re :r-e-.:.,e,;i j~.5. 
.an-d that a.a:Ct!.S to O~ fectl ve- equlpn~n t :1, 
p'tt-Vent~d in i:t,, r:.~-'.n't1rr.e, 

(c) r~qu l at r:. :1 1n t E:-MM'lC-!' dn-:i UcE.-did,l ·,:or~:- 1S cude.j 
out pr.J(:"'L'lyJ c.'lnd 

(6.J a .:su it~ble i-ec..:ir•j 1~ t ~pc to t-ns\lre th~c tt,..._ 
s.~· t t ~:r; !$ rr•:•fY.-rly 1:-ple:t.~nte.:i bJl•j to a~~1~~ l n 
valid~tlng, N 1ntena nc~ prv9t.\..l:!.:l'!-.1L 

=ILATIOII 
Jl,e.g-ut•Uon 6 

(l) F.tl~.::c:iv,:- ,;,:;.1 :suf r~l>J c- _r-r..:o\'.1.ih.,n $haJl t '.f ~J.jf; to 
-t-,1sure- th .H t'-l':&-cy <!n-.- 1ci5~ :,~,rt:_cil .5c~ is ,·~."l tilat~~,· 
by., .suffi cJ~nt QtH.-,ricy c.t tre-.sh or 1-•udfi td dJr. 

( 2J Mr pla.u us~ t c,r ti:"=' J:llrp,~s-:> o f c--..---:.plyi nJ -:,:ith 
pdCJ QCd.p .. 11 (J) .!'hJll j ncJu.:1--: <;'in ,s.!ff-Cti\.'e' d~d,:~ co 
9jt•-:- vJ ,ijbJ '!-- c,.r .;.u,:tit-1~ h 0.:1rnjn1 <:i ! Jfl}' [-,1Uurte ('[ 
0-.1: plant wh~r~ n~~--t ssnJ· f c-c ce,u.:,ns "f J1~Jll .i: or 
Hf~ty. 

( J) Th1-, J..:.~-y0l.a t i.:in .:":hJ 11 n.:- c dprly to a?:t_y r.:i d "s~.j 
!I.Jri:~16C:- !·r pd.rt c,.f a: i•c-ckplAc~ J.'td~.,h i.s. s. ulj~.:t 
tc- d1!'- prvvi s j on ('- (:-

(~) .H,., .. f'j .)n ~o <'-( tl'.-t I",h. .. C<•dt-'$ .A:,.t 1901; 

tb) rt-gulati,:,ns: <:> co ~2 of Chi: .Shi,r:l>ullciir.J <;Jnd Sh1,r~ 
F-eJ;\tit1n.,:i R. ~ytJJ6ti<':r~ 1~e"(I; 

(..:-) T~~ l .t: r ii:., 2J of th,e CCl.iStr~,;t1c,; (C""':."lC'I.al 
f '.t.:..~•isJ..., ."? 'S ) F.e,;ul~tiOil ~ l~6'1; 

(di r.i-v-u!atfr1n Jcl c--! th~ D,..,cJ:s ~~y"Jl~ticns 1.:l~'\i, 

il.pp.tov•d Cod• of 'Pf!,ctlce (~eq;ul~tton 6) 

3::, tn thie ca.s~ <•f r.-echanlcal. vt-n tU.1.t1.c..n systt·::..!: 1,;hich 
rtchculate· air. 1nclu,j1ng alt: •c-,:;.r:-:Hnon 1t1·;1 Ay.n+r .. ,, 
rte.lrcul~u--:t a1r .s.h◊Old bi- .!i d~a telJ• !Ut"'r~d u, ric:r.- :,..,e 
1=::-i•Jri'ti~s. To a\'Oid a1t N,~c,.clJ.in '1 unh~Jilthy, J:..Uti!l.r.1 
a lr sb .::, uld have- ~OJ'tt!' {C"t~h .e.1r ,5.d,.:S~j tc,, 1.t ~for~ U lo.') 
l"e-dr..;;.ulatej . Sy£tH'IS $hYul-:i tl".E:,:ef,;,r,e, be ~~.slQne-d -..:lth 
tre-~h a.3r lnlns \o.'hl.ch ~hould b-e- 1-:tpt c,i,.t n . 

3). K9cluinie&l ventilit.tion sy.ste:m.1 (lncl~d.i~ a.h:-
cond.1Uon1n9 J.y.ste.asJ should bo tequh.rly a..nd p roperlt 
cle.n•d, t.ested and r:i:iaint.ilned t.o •nsor• t hat they are 
):ept. clee.n -.nd f. t~e. h o~ 411\Yt:hiriq wh ich iuy conU:aln.s.t.. 
the 111r . 

H. th~ rE-,1U.ltt-:r•mt (; f r~~ulat11Jn < (~> t or a d,:''J t c.e tc, gil..·e­
·•:.irn1n.,;, L•~ bre-l kd.;,•,.-n -lt:•I=1l.iiP:!: o::-l j• '..-fo C.J ♦ r♦¢♦UU• 'f ( .:.r 
r~a.so n~ of h~:tlth or ,a(et:,-'j. It. • • .-111 n,:,'t. a.r.p ly in r ,:i, t t 
>.-,C"t·pl nr.-:-s . tt -..:111, hc,• •• ;~ve-r, 4[:0ply tc, 'd Ll ut t ,-:1 
vent i la.t i o n·• syst(-~ us~d c,:, r--e-d:1!.:e c❖:icentn, t ion ot 
d u!:'.t o r / u::~s ln the .ltC:!C·~ ~hez:or, d n •j t◊ any- ot J-,er 
situat t,:.,n 'tl"he-u· a bteatd:;·~:n ln th-t ,·tntUatlo!\ syz.u-:::i 
-..:0010 t~ l i ki!-l;' t o l'l:'SUlt in hat ~ to -.:,:> d :a u . • 

'3!, . P:equlat.1<on 6 ,.:,)vers 9enecal \t:◊tkplac e vent11,n1on, riot 
l oc,a,.l ~>.h~u.H ventilat1'Jn tor c,r.,ritr,:,llir.•J ~ur,lo;·~i:'-.i' 
e-Y.po!.utt- to A5Ce!:to.s, lead, 1on1.sing radlati,:-n!.: O[' o th'!' r 
subs ta nc,e,s h ,1, zar<1..:, us t o h ~, ttt" n,-e-r-e- a.t<= oth~r heAlth 
and S3' t e:ty reguiatic..n t and !~pto·,e..-1 c•:ts~~.t of. ~-ra ,;t l ce v n 
the e,:.ntro l o t su-c:h .!ubstancie-~. 

EXCERPTS FROH IIVCA GUIDE TO GOOD PAACTICe 'l'Rl 9 
1Cleanlineao of Ventilation sy~teR1.S' 

Section 'Si' - VerH'l c-a.tlon of Clea.nline1.s 

~ - 1 i he- r:•1·1ri-1r::y DHh N o t a.s~~S.'jl'.t';"nt 13 \'l!- Llal. for c l eaneJ 
sysc-eo ver 1t'1cai tion t he surCace .sh~u ld hf' visibly cle~n 
and c-a~•~l+ of li.~eting tt.e 1-e\•e- i of cl1:anlln~.H 
~f:~CH lN. 

s,. ~ VeJ:1 ficat ion 'o.'hie-re specl fled on (]'(on.er.al v~ntl.latlon 
sy6-ttn.s, shou l d Vo: by ff~ n !I ol a vac.uu., te.st f\-"'1 1, AS 
d ~!c rib-ed in J.s:,-p,eLdix D, ba.!t-d on t hQ r~c..: . .-::-t-f'~-ht 1011~ of 
the OS Ua.tl an:31 Air Duct Cleaners As.soc.1.a.~lon (~11,.'P.:-A)ACR 
:2005. J. e.yu:e~ w1U b-e consld,.,.r~cl a.c~~ptably cl ean~J 
it, !oll o-.,,1 ·n9 a. Vi', 6 rie:!:ul t o! not a-..o :r;;c than O. 15g/o: 
1$ achhvM . 'ihi.s i s equ1val~nt t o r.i .. "J'S:ig/109"co~ as s:,-e1· 
ACP. 2005. 

~.) it should 1.:-e n,:., t -ed that verl!Lcation ~l1ould ta}:e pla-::= 
1..Jtn.~-Uat-e-ly a!ter cl~-Q.nir,9 co a.vvld any r-ossit-11Jty c-f 
p ~.n-Ci"?&n lnterteren,::E" . 'ihe cli ent sho,116 be 91vt-o t;he 
oi:, r,-o-rtunicy to .,.,ltne- ss test l n9 o ! ducn.·o rJ: surface$. .. 

S•~t \ on S. 2 
J. res d ng r ... r o,:,;1urE' lt d~(ir.e-d in thh 9u1.d-e \:hi<:h nay t-'E­
ute-,i to establi!.h •·hetMr or not 1t "'ould w ii:•PNJ>.z:lo.te tCi 
c-lt-an a ~~ch.1nlcaJ vent L l..H ion .sysu·.!L lhl.s p.z:o\.' lde.s .)LI: 

r~asc.nabl~ p racticable .,~y o! s,aUs!yir.g the Fle-gula.t1.on ar.•J 
1,,(01-s r:?iH•a.nt t◊ thie c l eon li n~ss (;£ \'tntlla ti •:,n syst~n~. 

~~;r~~~e~-' 5or op~u.tor sh?uld selecr th! typ~{ s) o! test ls) 
and freQU"H1CY to hE- lnc l u:ie-r:i ~.-1thin t. he.ir test1n9 n9,1CR t o 
sui t r-h-e- pa.rc i c \lliit' ro;','._jul r-H1.;.nt s o C tht:- bull•::HntJ ~t-rv~d t,J 
thoe- vent1J.at 1o n .tY.itf-h . 7h'. regir..,e ~r.ould be revU';.' ,2-,j 
rc?ularly {~t;L annually), t o tak+ 1ntc, .;,ccount any C-h lln9 ,H 
ln t t1<! t,uUdlr.g ys~. l~g i slM i<Jn and/or h~alth ani t •!e- ty 
,;,,.>ld•n« . 

S~u:t.ion ,,._8 
'th-i ~p-2-.::tftca~ivn th,::,\t l.d lnc lu-:i;. a d~flnlt1N, ot tho£: tt~tJ-lV'j 

o!. V<9r1fyin-J t~t ~fhctiv~n.;s:s o! th~ tr~at,,· . .:,nt includ.Lng. 
t h..:' nu~r 'Cir.cl cyi;e of lil1crvb1{JfO•Jl<:al $t\:"ple.s to l.::c' ra.l-:e-n 
an,i the-lr e.nillys lS E-'1, 1n-t.,:iu~ i:- o:r.. thtr.;j, - s:,•a rty h.bor,Hoty. 

G.t"•tc~ t;-..,- ~ui.10 t t-1 .r...x~ th.l_t. Lt~ 1)-"IU::...! 1.u.uu .. 1-1 h, vu (o l1flc.11-Q o-1 ~IU.!!.l,l..wu l • t-h_.L!,fpj o,=,, .a.t lt.ul ~ ~~1 l •Uh lb ~.o:-<,:.,J .h.:..: ♦ lilt'!!. I~~ ..:r-o·,. 
1,i:,t, f'l&V<c.llc,o Co..iz..e1 L .c..e-:ci:..uhlh•~ -

>. li""~Ulc. fi-.11.l)Jru~t. t..Lth.,1 ~.~ <•I \t,-, lU.tl f nte- ot 9ttt.Jt a~•\L- lr.J c.U..t h-::tH• • .!~\IU \-e U&i.Jc-J <11t to e~l..&hll:b u,.. c....:..d ca-i IUJ,t,'l.luo 
--=:..i <>lst&:UL"? tu•,r- f-Do::7, 

SYSTEi\J HYGIENICS 
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clx cidct· 
~ rr. (H lc Commissioning Site Report 

Project Titl e: New South Glasoow Hosoital 
Project No: II 1.00566 

Client . 'MEL 
Location: Ward 4B 

Panel Ref: II/A 
Snag List Ref: I 

System Name: Struxurel'lare 
Engineer: Garv Pa lmleri 

Date: 06/ 10/20 15 

WORK CARRIED OUT 

The 24 rooms, numbered 76 to 99, each have a CMR V·Sensors installed In the ceiling outside the room with a wall mounted pressure display In the 
corridor. There Is also a HM r (Touchscreen) display at the Nurse Stat ion , 

Each of the 24 no. sensors and displays had their wiring checked. They were then powered up and then the pressure readings checked to the corridor 
displays and the HMl at the Nurse Station. All units were confirmed as operating and reading correctly. 

The operation of the Pressure Alarms, on each room, were checked and t he Alarms confi rmed at the corridor displays fil!Q the HM ! at the Nurse 
Station. Each Alarm was acknowledged/sHenced from the corridor display or the HM !. 

The pressure readings displayed were confirmed by the H&V Engineers on site during the commissioning , 

Signature: 

Af•Pl· 161 lutJe 4 · C-0rnmluloolo9 R~port • 19/08/t I Page l or 1 
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Sc~fleider u El e ctric 

Functional Design Specification 
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Greater Glu gow 

• nd Clydo 

New South Glasgow Hospital - Adult & Childrens 

Ward 4B Nurse Station Pressure Monitoring 

(See Appendix for Associated Systems) 

Control Panel Type: Ward 4B Nurse Sta ti on Pressure Monitorinq Panel 
Document No: ME-XX-04-DC-S660-134 
Document Revi sion: R0l 
Revision Date: 13/10/2015 
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CMR AIR MANAGEMENT 

ISSUE No: R01 

DATE: 13 1tiOctober 2015 

PROJECT: Ward 4b Hospital Ward Pressure Monitoring 

Prepared for: Schneider Electric 

AIRFLOW Af\lD PRESSURE CONTROLS 
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System Description 

The area consists of 24No. Rooms which require pressure monitoring. 

A V-Sensor Air Pressure Monitor will be mounted in the ceiling local to each room. A Blue PVC Tube will be 
connected to an Air Probe Plate on the ceiling/wall of the reference area, and a Red PVC Tube will be connected to 
an Air Probe Plate on the ceiling/wall of the room. A local DIS-125 Alarm Display Plate will be mounted on the wall 
to provide a pressure readout and audible I visual alarm, and be connected to the V-Sensor using Lapp DeviceNET 
Thin Cable. The V-Sensor will be wired to a Modbus Tap (Power I Communication Junction Box) using the same 
Lapp DeviceNET Thin Cable. The 24No. Modbus Taps will be connected together using DeviceNET Thick Cable, 
which will be taken back to the Nurse Station Panel. 

The Nurse Station Panel will be a Stainless Steel surface mount box housing a 230Vac - 24Vdc power supply, 
which will feed the V-Sensors and a 7" Colour HMI. The Modbus RTU from the V-Sensors shall be read in and 
provide a display of the measured Room Pressures. Each differential pressure value will be displayed in Pa 
(Pascals) and sit within a Box which shall be Green when Healthy, changing to Flashing Red if in Alarm. When in 
Alarm the HMI will have a common Audible Alarm Sounder which may be silenced by pressing the Mute Button on 
the touch screen . When muted the Red Box will cease flashing and become static, before returning to static Green 
when the fault is rectified. This functionality essentially repl icates that of the V-Sensor / DIS-125 Alarm Display 
Plate, so that any alarm can be acknowledged locally or at the Nurse Station. 

The V-Sensor has integral adjustments to allow the setting of both high and low pressure alarms, along with 
delay timers to prevent nuisance alarms when lhe areas are being accessed during normal activities. 

The proposed system is an instantaneous display only, and does not offer any data retention. 

CMR CONTROLS Ltd. 

AIR MANAGEMENT SYSTEMS 

22 Repton Courl Repton Close Tel : +44 {0) 1268 287222 

Basildon Essex SS 13 1 LN GB Fax : +44 (0) 1268 287099 

Web : • 'N/.cmr.co.uk E-mail: so!es@cmr,QO ~ 

Page2 
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QEUH Ward 4b Room Pressure Monitoring Panel 
Operating Instructions 

NORMAL OPERATION 

The main screen on the HMI shows 24 boxes which display the pressures for each room. If the 
condition of the room is healthy, the border of the box will be green. 

If a room goes into alarm, the border for the pressure display for that room will flash red and the HMI 
alarm will sound. The alarm can be muted by pressing the box which is flashing. The border will then 
stop flashing and will show steady red until the room comes out of alarm. Pressing the button in the 
lower left corner of the screen will mute all alarms. The alarm sounder in the display plate outside the 
room will be muted when the alarm is muted from the panel. 

The main screen is the only screen used for normal operation. It is possible to swipe the display left or 
right to show other screens but these will be locked unless a higher level user is logged in. If a user 
swipes to a different screen then they will need to swipe back to the normal screen. 

ADVANCED OPERATION 
Normally there is no user logged in and muting of alarms is the only function available. To access 
higher level fu nctions, an Engineer or Administ rator will need to be logged in. In practice it is unlikely 
that access to higher level functions will ever be needed. 

Users 
Engineers can mute alarms, change alarm settings and exit or restart the application. An Engineer 
"cmreng" with a password 287099 was configured at the factory. 

Administrators can, in addition, create other users. An Administrator "cmradmin'' with a password 
287222 was configured at the factory. 

To login, press the Login button and then enter the password. The username is not entered and is 
determined from the password. If the login was successful, the name of the user will be displayed 
briefly. Automatic logout will occur after a few minutes. 

Alarm Settings 
The alarm thresholds and timer may be changed by an Engineer or Administrator. These settings are 
stored in the sensors but can be modified using the HMI. On the main screen, touching a pressure 
box to the left or right of its central point will open a window showing the alarm thresholds in Pa and 
the alarm time in seconds. The settings can be changed on this screen. It is recommended to close 
the alarm settings screen then open it again to make sure the sensor has been updated with the 
changes. 

Restarting the HMI 
The HMI can be restarted by pressing the CMR logo. Open and close Control Panel and then press 
the Launch Application button. 

User Administration 
Administrators can create, modify and delete users by pressing the Admin button. This opens the 
Administration screen. Operation is self explanatory. It is important not to delete the only 
administrator. If there are no administrators left then it will be impossible to do any further user 
administration. 
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V-SENSOR AIR PRESSURE AIR VOLUME 
• Ultra low pressure and volume measurement 
• Traceable Callbratlon Certificate Is Included 
• High accuracy and repeatablllty 
• Linear pressure or air volume output 
• Both measurement and PIO control output 
• Two modbus for monitoring and remote display 

One alarm relay, buzzer and LED Indicators 
• Auto Zero and overload protection Is standard 
• Operator keyboard display for all funct ions 
• Two Modbus rtu 1 0 .. 10V and 4 .. 20mA outputs 
• IP65 enclosure with easy mount wall bracket 
• 24 month warranty 
• 30 Years field application experience 

GENERAL 
The V-Sensor Is a wall mount ullra low pressure transmltler which 
provides 0 .. 10V and 4 .. 20mA as well as Modbus communication 
over lhe selected range . The display can be adjusted via the 
keyboard lo show the measured value In Pa, hPa, kPa, mis. 1/s, 
m3/s, m3/h andACR (alrchenge rate). 

A PIO control output can be selected, bul sUII having one output for 
monitoring the pressure or volume. 

The pressure ranges can be adjusted via the keyboa rd, but lhe base 
range Is factory calibrated and cerMed I.e. 10, 25, 50,100,250 and 
going up lo 7500Pa.AII ranges can be adjusted to +/. le .• /+25Pa. 

Power supply 24Vdc/ac non -Isola ted or 24, 11 0 and 230Vac Isolated 
are available as standard. 

CMRTRANSDUCER 
The transducer Is manufactured by 
CMR with high precision engineered 
components. The principle Is tho 
measurement of the dlsplacement of 
the diaphragm by means or a push and 
pull variable reluctance circuit which Is 
not effected by humldlly and hence ii 
can be used in any Industrial or 
commercial environment. There are no 
mechanlcal connections to any ol the 
sensing coils and thedlaphregm. CMR Transducer 

Extremely low pressures can be measured 'Nith excellent repeatabll· 
lty and mlnlmal hysteresis. The diaphragm displacement Is so small 
that no air volume Is required to measure lhe air pressure which 
means measurement tubing can be connected In excess or 200m 
throughout the building without losing accuracy or measurement 
speed. 

Tha zero drift Is minimized by the 
measuring copper coils which are 
matched io provide excellent self 
compensaUon. One coil measures 
positive and tha other negative drift 
and therefore balances any 
excessive drift between two 
tolerance limits In Its life cycle. The 
CMR Transducer hes e proven 
field track record of ovar30 years. 
All CMR Sensors ere temperature 
compensated In a computerised 
climate chamber. CMR Climate Chambar 

11 

V-SENSOR Wall Mount wilh Keyboard and LED display 

KEYBOARD DISPLAY 
A combined keyboard and LED Display Is fitted Into the lld and Is 
connected lo 1he V-Sensor board with a plug-In ribbon cable. All 
parameters can be accessed via the key pad. The display can also 
be programmed 1o s'Nitch off after a lime and by touching a key to 
light up again. Normallyltlsalwayson. 

PARAMETER CONFIGURATION 
The duct 'Nidth and height can be entered as well as the denslly and 
{mf) magnification (K) factors to scale Fan Inlet Rings, Flowgrlds, 
Ve loprobes, Oval Flowprobes, Vanluris or any other velocity 
pressure producing probes. The volume can be linearized over 8 
points to provide extremely high accuracy In measurement. 

The range can be changed from •10 Pa to 30 Pa or •20 to 120 Pa. 
Theoutputslgnalscanbechanged to i.e.2 .. 10V, 1 .. 5Vor 5 .. 19mA. 
The V--Sensor has a configurable Volt Free alarm output relay. 

The auto zero funcUon Is bull tin, which ts of great advantage at very 
low velocity pressure measuremen1 I.e. 0.3 Pa to have an accurate 
base point at all limes. The auto zero can be turned ortwhere It Is not 
required. 

The overload protecUon can be switched on end is Ideal to protect 
the low pressure diaphragm. It Is active whenever the sensor Is 
powered up. 

One of the outputs can be configured to be a PIO control to drive fan 
Inverters or modulating dampers and the other can be used for the 
actual pressure or air volume measurement for the BMS or PLC 
system. The set point can be sent from the BMS via modbus. 

The signals can be lndlvldually smoothed. The control output can be 
fast but the measurement output can be dampened. 

A cal ibration mode can be selected so that all of the parameters 
remain the same as commissioned and only the base sensor shall 
be cal ibrated and displayed In Pa. 

MODBUS rtu COMMUNICATION 
The modbus communication can be used to read and write all 
parameters by the remote Host which can be the BMS, PLC or PC. 

REMOTE ALARM DISPLAY 
A remote display D1S110 without alarm or 
D1S125 with alarm and mute button can be 
connected via Modbus tr the modbus Is not \ , ~ .: 
used for the BMS. The alarm button has -~ • 
green and red Led tight rings to show 
healthy or alarm status. A buzzer Is also 
fitted . A separate power supply can be 
wired to the display. 

Remote Display Plate 
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I 
I V-SENSOR PRESSURE APPLICATIONS 

ROOM PRESSURE MEASUREMENT WITH CMR V-SENSORS 

Typical Clean Room Pressure Monitoring and Alarming 

V-SENSOR V-SENSOR V-SENSOR 

Tubes + Filllngs 145,0 Pa I 130.0 Pa I I 15.0 Pa I DJS 110 Display 

+ • + • +. 

i CMR Blue Tuba . 
E 

L. 
~M::l:e~:~~J 

. ._._ ' ...... .. ,. ., ' ' ' ' ' ' "" ' I ! . .R~.f~(~0.~. 
! 

,. ..... 

CMR Red Tuba CMR Red Tube ! 
' ' I ! 

E 
@] [fil @] 

Celling Air Probe AJr Proba AJR Proba AIR Probe DJS 125 Display 

45.0 I 
O1S 110 Display 

ROOM 1 ROOM2 

Air Probe Plate 

The above schematic shows e typical dean room. The room 
pressures ere measured In cascades starting In Room 3 rrom e 
reference such es a plant room or any other stable localion, then 
measuring across to room 2 end finally across to Room 1. 

Each room has an air probe pla te fitted to the ceiling. The air probes 
are connected to the V-Sensors with red and blue CMR PVC Tubing. 

The CMR PVC tubing can be run up to 200m from the room to the 
P-Sensorwilhout losing accuracy of the measurement. 

Remote LED display plates are filled for the operators to see the 
actual room pressure In Room 1 and 2. Room 2 has elso a local 
Illuminated alarm green and red led bullt es ring Into tile mute button 
end a buzzer. Room 3 has only a mod bus alarm led Indicator plate. 

TYPICAL PRESSURE APPLICATIONS 

"~'"·-·Ir I @="' .. __ 
Stalic Posllive Pressure 

[B Measoremenl -f- endPIOconllol 

LJ 
Room Pressure 

Static Negative Pressure 

Measuromanl 
and PID conllol 

Differential Room Pressure 

I 30.0 oj I 15.0 I I I 
DIS 126 Dlsplay DIS 110 Olsplay LEO 226 Alarm l. II fflll 

• .-.i 

v.ith green-<ed Display ,. ~ 
LED ring In 

ROOM3 Mule Buuon 

LED 225 Display 

The V-Sensor Is a true Low DlfferenllalAlr Pressure Transmitter end 
can be used for staUc pressure, vacuum pressure end dlfferenUal 
pressure measurements ln positive or negative areas. 

The operator keyboard with LED display Is fitted Into the lid as 
standard and shall display the actual pressure . All parameters can 
be adjusted without opening the lid. 

The Pressure measurement can be transmitted vta modbus rtu or 
analogue signets 0 .. 10V or 4 .. 20mA to the SCADA, BMS or 
Industrial PLC systems for long term monitoring. 

All future callbreUon can be done using the calibration mode. 
Cellbratlon Certificates traceable to National and lnlemetlonal 
Standards (UKAS)are supplied as standard with ellV-Sensors. 

"~···~·· I i'. I end PIO conllol ♦ • 

~- ~ 

Total Supply Pressure 

Filter Pressure 

Measurern<>nl 
end PIO conllol 

---@ 
Total Extract Pressure 

MeJsvremenl lf a.nd PIO conllol 

~- _...,. 

Velocity Pressure 
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V-SENSOR AIR VOLUME APPLICATIONS 
VELOCITY PRESSURE AND AIR VOLUME MEASUREMENT WITH CMR V-SENSORS 

Typical air volume measurement in air distribution systems 
E.haus!Nr 

FGG Flowgrld 

WM Venturi 

PVC Tube Fittings 

The CMR V-Sensor Is an ullra low high precision Velocity Pressure 
Transmitter which has been designed to accurately measure air 
volumes In VentilaUon Ducts . The built In Square Root Extraction 
and Magnlncatlon Factor Scaling makes the V-Sensor an extremely 
versatile measurement Instrument. 

It can display the actual volume In m3/s. Other Units such as m3fll, 
lilres/s or ACR ( Air change rate) can be selected via the keyboard. 
Any imperial measurement units I.e. CFM are avallable on request. 

The CMR PVC tubing can be run up lo 200mrrom the sensing station 
to the V-Sensorwlthout losing the accuracyolthe measurement. 

CMR Veloprobes 

0 

Duct Probes 

~~ 
St S2 

Oval Flowprobe 

The V-Sensor is used ror monitoring and also controlling Volume 
Flow In Commerclal or Process AppllcaUons and Is designed to be 
connected to any CMR Veloprobes, Duct Probes, Flowgrlds, 
Venturis and Fan Inlet Rings. ll can also be used with any existing or 
custom made duct Flow Measurement Device. 

The measured values can be transmitted to remote display plates, 
SCADA, BMS control systems or Industrial PLCs through the output 
signals of 0 .. 1 0V, 4 ... 20mA, modbus 1 and 2. 

CaHbratlon Certificates traceable lo National and International 
Standards (UKAS) are supplied with all V-Sensors. 

TYPICAL CMR AIR VOLUME MEASUREMENT APPLICATIONS 

@'~~:~ 
CMR Duct Probes CMR Veloprobes 

Mm,,.moo,~ ""' I 11nd PIO oonllol + -

~ w-
CMR FGG Flowgrid Silencer Oval Flowprobe 

""W'~'"' ~;·~1 and PIO CO<lilol + • 

~o~ 
CMR Orifice Plate 

Measuremenl w (Qj"~:; _ 
Round Flowprobe 

Moasu1eroont 
end PIO 0001/ol 

~~~ 
CMR Venturi Flow 

Me.a:suremenl 
Md PIO conl/ol 

CMR Fan Inlet Ring 
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( V-SENSOR VELOPROBE MEASUREMENT 
GENERAL 
Toe drawing shows a typlcal appllcatlon for 
CMRVeloprobes end V-Sensors. 

The supply air duct can either be fitted with one 
central Veloprobe or Individual Veloprobes on 
each of Its branches. 

Exhaust Air 

In many cases, the positions of the 
Veloprobes are very much dictated by the 
design of the bulldlng. The CMR Velo probe can 
be fitted In almost any position In order to 
provide accurate measurements. 

In a single supply and extract duct application, 
the V-Sensor measures the building's actual 
total supply and return volumes. As both 
V-Sensors are caflbrated to provide a linear air 
volume signal. tracking of supply and extract 
alrls now made easy. 

The duct height, width or diameter, density and 
magnification ( 'K' factors) can be entered In 
the V-Sensor via the keyboard very easily and 
only the measurement range for 0 .. 10V or 
4 .. 20mA must be given to the BMS at final 
commissioning. 

For mulllple duct appllcallons, the total supply 
and exlracl air volume Is derived by adding all 
air volumes from the Individual duels. 

nsor 

ract Air 

V-Sensor 

Supply Air 

S1 S2 

Example of Volume adding: S = E ± an offset for positive or negaUve build ing pressure 

V -Sensor - scaling In mis only. 

Adjust the Impact Veloprobe (red) to face U1e Nrflow and end 
adjust the Static Veloprobe (blue) to approx. 180° away from the 
airflow. 

Scaling oflheduct height and width Is done In the BMS 
Use the keyboard and adjust the display to mis. Adjust the height 
and width to 1 and adjust the (mQ to 2.000. Press the very left hand 
key briefly and lhe sensor range Is displayed for a short time, 
which Is the range al 10Vln m/s. lfthe range oftha sensor Is 100Pa 
then It should display 9.128 m/s. 
Take a Pilot Tube reading In the duct and lf!he velocltyls nol equal 
to the display then adjust the magnification factor until It Is equal 
then press the range key again to get the new range In mis. 

S1 + S2 + S3 = E1 + E2 ± offset or S" E1 + E2 t offset - etc 

V-Sensor • scaling In m3/s • m3/h - Ifs • ACR air change rate 

Adjust the Impact Veloprobe (red) to faca the Airflow and and adjust 
the Static Veloprob e (blue) to approx, 180° away from the a lrflow. 

Scallng the range for the BMS 
Use the keyboard end anter the duct height and width or simply 
enter tile wldlh of a round duct and keep the height at 0. Adjust the 
magnification factor (mf) to 2.000. Use the display key and select 
m3/s, m3/h, 1/s or ACR (Afr Change Rate) and adjust the decimal 
places, When pressing lhe left hand key the sensor range shall be 
displayed In the selected uni ls al 1 0V. Take a Pilot Tube read ing in 
Iha duel and If the volume Is not equal to the display then adjust lhe 
magnification factor until It Is equal then press the range key again 
to get the new range. 

V-Sensor air volume measurement with Veloprobes In Duct 
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V-SENSOR KEYBOARD FUNCTIONS 
FUNCTIONS (Use Operator Manual for full Instructions) 
The V-Sensor LEO-Keyboard has been designed to slmpllfy 
installation and commlsslonlng . The only lime lhe lid must be 
opened Is for wiring during Installation, Thereafter every control 
function can be accessed via the keyboard, even the callbraUon can 
be carried out uliUslng this functionality. 

ZERO KEY 
When pressing the zero key for 1 seconds, the V-Sensor shall 
perfomi a zero which means the pressure Is taken off the sensor 
Internally and the diaphragm Is relaxed to zero. 

PASSWORD 
The keyboard can be password protected so that only Iha display 
can be operated , but no adjustments can be made. 

RANGE KEY 
Pressing the range key very quickly once will display the sensor 
range I.e. If It shows 100, this means the range of lhe sensor has 
been configured to 0-100Pa for 10V/20mAoutput. By pressing the 
range key for 1 seconds II enters the configuration menu: 

s 
Ad 
AZ 
p 
n 
Opp 
F 
t 
Sn 
Adi 
Azt 
FF 

Software Version 
Network Address 
AuloZaro 
Positive Range 
Negative Range 
Over Pressure 
Zero Offset 
Set Point 
Modbus smoothing 
Internal /External 
Auto Zero time Interval 
Modbus noat romiat 

OUTPUT KEY 

1.5 
1-254 {O Denotes Modbus Display) 
on-off 
l.e.+25 
I.e.- 25 
1 (on) O(off) 

doro 
lorE 
1-99h 
0-3 

Pressing the output key very quickly once wlll display the sensor 
output configuratlon I.e. lln or root, which means the sensor 
measures pressure or airflow. By pressing the output key tor 1 
seconds the configuration menu can be reached: 

So Output Smoothing 0-99 
Lin Output mode linear pressure 
root Output mode square root 
a Output scaling F, Lor Fae 
F Mag Factor 0-99.99 

Ductwidlh 0-9999mm 
f Ducthelghl 0-9999mm 
d NrOensltyFactor 0-9.99kg/m3 

Room Size 0-9999m3 
s Small Value Shut off 0-99.99% 
0 Output Re-Scaling 
bFI Bi-Dlrect!onal Flow Oor1 

DISPLAY KEY 
Pressing the display key very quickly once will display the 
measurement units. I.e. Pe, hPa, kPa etc, and Is the units the sensor 
has been configured to I.e. Pa. By presslng the display key for 1 
seconds ll enters the configuration menu: 

Sd OisplaySmoothlng 0-99 
Pa Pascals 
hpa hecta Pascals 
3pa kPa 
n n p s metres per second 
lps litres per second 
nn3s cubic metres per second 
nn3h cubic metres per hour 
acr Air Change Rate per hour 
dp Oeclma1Place 0-4 
pos Display polarily (+) 
neg Display polarity(-) 
Led DlsplayAclivatlon 1 orl 
L2b Leading Zero Blanking 1 -4 

V-SENSOR STANDARD LEO KEYBOARD 

5 Digit 
Red LED 
Display 

Green/Red 
Narm 
LED's 

ZERO LEGEND 
Key Label 

RANGE OUTPUTDISPLAY ALARM UP&DOWN 
SelecUon 

Keys 
Key Key Key Kay 

ALARM KEY 
Pressing Iha alami key quickly shall mute the alarm as the 
V-Sensor has an alarm buzzer bulll In. 
By pressing the alarm key for 1 seconds It enters the configuration 
menu: 
L LowAlanm 
H HlghAlanm 
t Narm timer 1 
t. Nanmtlmar2 
u. Units 
er Nanm Function 
Sr Self Reset 
rb Remote Buuer 
rA RemoteNarm Indication 
r1 Re-alarm timer 
tU Alarm timer units 

UP-DOWN KEY 

0-999 
0-999 
dU (Display Units) or Per(¾) 
0-2 
0-1 
-,0,1orP 
-, 0, F orLH 
0-999 minutes 
sorh 

The up and down keys are used to selecllhe various parameters 

OUTPUT SIGNAL 
0-10Vand 4-20mAarealsoavallableon J7. 

V-SENSOR CIRCUIT BOARD 

SPAN 

SW5 

[Q] 
P2 

SWl 
1789101 

UQDBUS2 

For Power 
Supply 
refer to 
p(odUcl 

label 

An•Jo,Ju• Oi,play 

~ 
DO MOOBUS 1NO C NC 

DI 

GNO 

4-20mA 

GND 

0-IOV 
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V-SENSOR 
GENERAL 
CMR manufactures the V-Sensors lo suit many low pressure and 
volume measurement applications. Because of Iha variety or 
pressure ranges, output signals and power supplies It has been 
necessary to design an easy to use selecUon table for anybody to 
make up a V-Sensor specification to sallsly a requirement. On 
the V-Sensor Selection Table you will find all specifications 
avail able with the associated ordering code. 

V-SENSOR BASE PART NUMBER 
The V-Sansor Part Number starts with a base part number of the 
type of sensor. Code '24' which Is a V-Sensor In a standard ABS 
enclosure. 
The Part Number therefore starts with '24'. 

V-SENSORISSUE No 
The V-Sensor will have a version number to ldentiry the model. 
The Code Is '1 for version 1'. 
The Part Number extends to '241' 

TUBE CONNECTORS 
6 mm barbed nipples to fit CMR PVC Tube are fitted as standard 
lnlo the ABS box. They have the Code 'A'. 
4 mm barbed nipples to suit the CMR SiliconeTube are also 
available as Code 'B'. 
The example has 6 mm barbed nipples which Is standard. 
The Part Numberthererore extends to • 241A '. 

NEGATIVE PRESSURE RANGE 
The Negative Range Is specified as (·). If the application requires 
to measure a negative pressure against a reference, I.e. a room 
has to be at negative pressure compared with the corridor then 
the room has to be connected to the Red or(+) nipple. The blue(·) 
nipple shall be connected lo the reference In this case the corridor. 

The negative room pressure shall suck on the red(+) nipple and 
the V-Sensor produces an output signal equivalent of the negative 
pressure measured. 
In the Example we have chosen • 25 which has the Code '0025'. 
The Part Number extends to '241A0025". 

If the V-Sensor must only measure In the positive Range l.e 0-25 
then the Negative Range will always be selected as 0 and the 
Code Is always '0000'. 

PRESSURE UNITS 
The negative pressure and the positive pressure ranga must be 
expressed In units I.e. Pa or kPa. The CMR transducers are In 
Pascals (Pa) as standard. 
In the example Pa was selected with Code 'P'. 
The Part Number extends '241 A0025P' 

POSITIVE PRESSURE RANGE 
To measure Positive Pressure against a reference It Is necessary 
lo select a positive range J.e. +25. The Code Is '0025' This means 
the V-Sensor selected above can measure from • 25 Pa to 0 
and from Oto +25 Pa. The output Voltage would therefore be 5V or 
12mAal0Pa. 
The Part Number extends to '241A0025P0025' 

ORDER DESCRIPTION 
LABEL UNITS 
As the V-Sensor has a fixed label next to the LED display, I.e. Pa, 
kPe, hPa, mB etc. It Is necessary to speclry the label when 
selecting the part number as this Is all part of the validation of the 
Instrument. 
In the example Code'P' for Pa was selected. 
The Part Number extends to '241A0025P0025P' 

OUTPUT SIGNAL 
The Industry Standards for Output Signals are 0-10V or 4-20mA, 
but other signals can be adfusted via the keyboard by the operator. 

If 0-10V Is the Output Signal ror -25 Pa to+ 25 Pa then 5 V Is 0 
Pa. From 5V lo 0V the V-Sensor measures from 0 Pa to - 25 Pa 
l.e.(-)12.5 Pa would be 2.5V. 
From 5V to 10V the V-Sensor would measure positive Pressure 
from 0 Pa to+ 25Pa I.e. +12.5Pawould be 7,5V. 
It ls standard to use equal ranges -25 Pa to +25 Pa rather then -25 
Pa to + 50 Pa but the V-Sensor can be adjusted via the keyboard 
to provide this off-sel. 

In the Example, we have selected Dual (0-10V & 4-20mA) which 
haslheCode '1'. 
The Part Numbarextands to '241A0025P0025P1' 

POWER SUPPLY 
CMR can supply 24Vdc/24Vac Non-Isolated which does not have 
an lsolallon transfonmer, and Is also suitable for 3-Wire 
connection. Most common Is the 24Vac Isolated. 110Vac and 
230Vac are less used, but also selectable. In the example we have 
selected 24 Vac Isolated which has the Code '3', 
The Part Number extends to '241A0025P0025P13', 

FINAL PART NUMBER 
The Part Number to order Is '241A0025P0025P13' 

Now try and select your own V-Sensor using the V-Sensor 
Order Selection Table. 

CMR CQNTRQLSud 
Precision Air Pressure end Volume Sensors 

22 Repton Court Repton Close 
Basildon Essex SS13 1LN GB 
web w.wt.cmr-controls.com 

Phone +44 (0) 1268 287222 
1111 •1 

Fax +44 (0) 1268 287099 l!j ~ Ii) 
mall sales@cmr-controls.com -

Cop)'rigMO 201 l-2012-2013-2014 NI rights re$Erve<I Tho Information Is subjecl 10 chang,, wilhoul nolie& Issue V-08-04-2 
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V-SENSOR ORDER SELECTION TABLE 
The Selection Table has been prepared to make ordering easy. Each column contains a number of different options which are available and a 
Part Number can be established by you depending on a specific requirement. 

The Example Part Number 241A0025P0025P13 which Is printed above the Selection Table and ldentilied as belng a V-Sensorwith ABS 
enclosure, having an LEO Display and Keyboard, wllh an Issue No 1, with 6mm barbed lube connectors, a Negative Pressure Range of -25, 
Range Units In Pa (Pascals) and a Poslllve Range of +25, labelled In Pa (Pascals) with Dual Output Signals of 0-10V & 4-20mA,whlchwould 
mean In this case 
0 Pa Is 5V & 12mA. The Power Supply Is 24Vac. 

The V-Sensor would be supplied with a 5 digit LED-Keyboard / Display mounted Internally Into the Lid end the Measured Units ere Pa 
(Pascals). The Decimal Polnt Is user adjusted to 1 on the keyboard which Indicates from -25,0 Pa to +25.0 Pa It comes with a traceable 
Calibre lion Certificate to national and International Standards (UKAS). 

24 1 A 0025 p 
V-Sensor Issue Nipple Negative Range 
Part No. No Size Range Units 

Base= 24 Issue= 1 6mm=A 0000 Pa= P 

4mm=B 0010 

0025 

0030 

0050 

0060 

0100 

0120 

0125 

0150 

0200 

0250 

0500 

0750 

1000 

1250 

1500 

2000 

2500 

5000 

7500 

HOW TO ORDER 

EXAMPLE 
A wall moum pressure transmitter Is required of the Type V-Sensor 
An LED complete with Keyboard Is required as standard with en Issue No 1. 
The lube connections must be 6mm for CMR PVC Tube 
The negaUve pressure range must be -100 Pa 
The measured units must be In Pascals (Pa) 
The positive pressure range must be + 100Pa 
The units on the LED display must In Pa es well as on the Product label. 
The output signal must be Dual (0-10V & 4-20mA) 
The power supply must be 24Vdc non-Isolated 

The part Number for thls V-Sensor Is 24 1 A 0100 P 0100 P 1 2 

CMR CONTROLSL!d 
Precision Air Pressure and Volume Sensors 

22 Repton Court Repton Close 
Basildon Essex SS13 1LN GB 
web www.cmr-conlrols.com 

0025 p 1 3 
Posltlvo Lnbo1 Output Power 

Range Units Signal Supply 

0000 Pa= P Dual= 1 24Vdc = 2 

0010 kPa = K 24 Vac = 3 

0025 mB=B 110Vac=4 

0030 hPA= H 230 Vac = 6 

0050 mis= V 

0060 m3/s = Q 

0100 m3/h = M 

0120 Us= L 

0125 ACR=A 

0150 

0200 

0250 

0500 

0750 

1000 

1250 

1500 

2000 

2500 

5000 

7500 

Call CMR for assistance at any time 

Phone +44 (0)1268287222 «I~ 
Fax +44 (0) 1268 287099 
mall sales@cmr-conlrols.com 

Copyrlghl © 20ll-20l2,201J,2014 All rights ,oser..ed Tho lnrom,ation 1, subject 10 cllange ....;lhoul noL'e<I Issue V-GB-0-l ·2 
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V-SENSOR TECHNICAL SPECIFICATION 
Measurement Range Any Range from 0-25Pa or -/+25Pa up to 0-7500Pa or-/+7500Pa 

Overload Capacity Ranges 25Pa - 150Pa up to max 1200Pa If over pressure protection Is oH. 

Ranges from 200Pa - 7500Pa up to max 10 times of range Ir over pressure protection Is oH. 
Media Non corrosive gases such as Air, N2, 02, Co2, N2O and Inert gases 

Diaphragm Unit Berylllum Copper suitable for high concentration of Formaldehyde - Stainless Steel on request. 

AC Power Supplles 24 Vac 50/60Hz 198mA. Internal Fuse 300mA Auto-Reset. 

Transformer Isolated 110Vac 50/60Hz 40mA. Fuse 315mA Wlckmann. 

230Vac 50/60Hz 20mA. Fuse 315mA Wickmann. 

DC Power Supplies 24 Vdc (19 to 31Vdc) smoothed 118mA Internal Fuse 300rnAAuto-Reset. 

Voltage Output Signal 0-10V (0 to100% of Range) Rl c SkOhm min. 

Other output signals (e.g. 2-10V) or PIO loop control ls programmable Via the keyboard. 

Current Output Signal 4-20mA (0 10100% of Range} Rl = 500 Ohm max. (0-20mA) or PID control ls programmable via keyboard 

Relay Output 1A 24Vdc One Alarm changer over volt free contact Is user programmable 

2 x Modbus rtu Connection 2 x Oulput Signal, Alarm Status, Alarm Thresholds and Alarm llmers are all readable as Modbus rtu 

Commands. Modbus register assignments to read and write are available In user manual. 

Hysteres!s/Repeatablllty 0.1 % Typical of Full Scale. 

linearity (Accuracy) +/- 0.25% of Full scale=> 100 Pa and 0.25Pa < 100Pa. 

Zero Drift 0.05%K (+10°C to +50°C} - Automatically corrected to 0.0 If Auto-Zero runcUon Is enabled. 

Operating Temperature -1o·c to +1o·c. 
Mounting PoslUon Vertical. 

Weight 0.6 kg In ABS Housing. 

Electrical Connections ABS Housing: 1 x M20 Gland and 1 x M12 Gland and Internal removable Screw Terminals. 

Air Tube Connections ABS Housing: Positive and Negative Pressure Barbed Nipple 6mm OD x 15mm long for CMR PVC Tube 

Alternatively Barbed Nipple 4mm OD x 15mm long for silicone tube on special request. 

Enclosure Plastic (ABS) Light Grey (RAL7035) - Protection IP65. 

EN61326-1 EMC • EN61010-1 SAFETY. 

Calibration Certificate Supplied with Certificate traceable lo national and International Standards (UKAS). 

V-SENSOR DIMENSIONS AND CONNECTIONS 
122mm 

Modbus rtu No 2 
24Vac 50/60Hz Isolated 24Vdc Non-Isolated J8 J2 J8 J2 I -I 7 ,o 1 8 9 l 1 3 i 4 61 ~ l , 314 61 ~ 0 0 2 5 2 5 

:@ □ I I I I E 

~ 
..... 0 I I I I I I I I I I I I E CJ 

8 88:[!)BEJ 0 0 
~ 

'O > Cl 12 ..... 0 > CJ > Cl I@ ..... 0 > CJ 
(9 > 0 z 0 0 0 :i2 0 z 0 0 0 ~ ~ ~ <.!) N (9 --- '<t ~ (!) N <.!) 0 

~ d, Modbus 0 "' Modbus z j_J hlghlow ,... ..J rtu (1) z ..J rtu (1) (!) 

0 + - 0 - I;' ~'''f I (!) 

14 15 16 
3 or 4 Wire Conn action 3 or 4 Wire Connecllon 

~ A link wire can be fitted GND 2 Is \he same as 
....i........_ from 2 to 11 GND 11 

0 0 0 z z 
f-- SJmm -, J8 11 0Vac 50/60Hz Isolated J2 J8 230Vac 50/60Hz Isolated J2 

V-Sensor In ABS Enclosure I 1 314 61 ~ I 1 3 14 61 ~ 2 5 2 5 

TUBE CONNECTIONS I I I I I I I I I I I I 
2 x 6mm Barbed x 15mm for PVC or 6 0 1 0 0 0 0 CJ > ~ 1 0 ci 0 CJ 0 

z z 0 ~ ~ 
0 z 0 ~ ~ 

~ Cl 0 (!) ~ (!) 0 Cl 

~ Modbus 0 0 

~ Modbus 0 0 

CABLE ENTRY rtu (1) rtu (1) ~ 

1 x M20 Gland for ABS Enclosure 
1 x M12 Gland for ABS Enclosure 4 Wire Connection 4 Wire ConnecLion 

CMR CONTROLSL1d 
Precision Air Pressure end Volume Sensors 

22 Repton Court Repton Close 
Basildon Essex SS13 1LN GB 
web www.cmr-controls.com 

Phone +44 (OJ 1268 287222 
Fax +44 (0) 1268 287099 
mall sales@cmr-conlrols .com 

Copyright© 2011-2012-2013-2014 All righi. reseN<ld TM lnrormalion Is sub;ecJ.1o change without notice Issue V-Oe-04 -2 
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Brookfield BM 
MULTIPLEX -

System Description 

Nature of Training 

Date 

Client Training & Familiarisation Register 
Ward 4b Room Differential Pressure Monitoring System 
Detailed training - Estates Team 
20m October 2015 @ 3pm 

I hereby confirm that I have received training on the aforementioned systems 

NAME: SIGNATURE: Site 

W 11..--.L, AJ---'I ·51..-A,.~ 

-~"\\\ ~~~t~~I\ 

---(f-loMA;} f1£/\IEY  
f(vrW..aj Cm\ R, l>'" ~,,J'\7 ~ ... 

~l w~ ,,,.-- . ~ 

'-? • \\C>{")2.~ ~ --f j j 

b ~1_(,J-r-f.$'j (( 

/{ 4-.o<:locS 
I 

'- .. 
\ ) 

--:\_ £vrv..rttL_ 
.,.., 

l'fi ctLeC/A N t f.. l., . I\ 

~ -ti"'° ½,--,".~ 
t'.( . -----

(? -/" 12 r::_i;(L C,'(_ 

Topics: Room Differential Pressure Monitoring System 
Handout: Functional Description Documents - System Description & Operational Instructions 
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Brookfield BM 
MULTIPLEX -

System Description 
Nature of Training 
Date 

Client Training & Familiarisation Register 

Ward 4b Room Differential Pressure Monitoring System 
Detailed training - Users 
20m October 2015@ 4pm 

J hereby confirm that I have received tra ining on the aforementioned systems 

NAME: SIGNATURE: Site 

OS, CC 

Topics: Room Differential Pressure Monitoring System 
Handout: Functional Description Documents - System Description & Operational Instructions 
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. . . 
NEW SOUTH Glf\SGOW HOSPITAL AND LABORATORY.PROJECT 

H.AEMATO~ONCOLOGY WARD BRIEFING PAPER 
. · ·January 2012 

Tlie purpose of this paper is to give a brief overv_iew of the facilities, design principles 
anc;I further work required for the Haemato-oncology Ward. . . ' 

1.0 ·LOCATION AND co~LOCATIONS. · 

The Haemato-oncology vyard Is located at the bottom of the ward stack, which is the 
fourth floor of the. hospital. The Haemato-oncology Ward shares the floor with 
·Renal Wards. {Please see Appendix 1} · · · 

There is _rapid acces~ to Theatres (sec;ond floor) Critical Care~ (first floor), Imaging 
{fir.st floor) and Emergency· Departmen~ (ground floor). thrqugh the central patient 

· ·beds lifts. · · . ' · 

2.0 SERVICES 

Tb~. Haemato-oncology Ward will provide . an· inpatient service to patients: with a 
range of.malignant and non-malignandiaematology conditions .. A high proportion 
of patients are immunocomP.romised making them vuinerable to lnfe~tlon. · 

·3.0 . AGREED PHYSICAL LAYOUT 

The ·bedrooms are sealed with hepafiltr~tion positive to the rest of the hospital and 
all highly filtered air to H13, i.e. 99.95% as requested b'y lnfe.ction control. 

The ward has: 

Clinical rooms. 

· · o .10 single beds, all ensuite with.shower and toilet. 
G Two treatment rooms locat_ed.nearthe main ward entrance as follows: 

0 Pentamidlne Treatment Room (negatively pressured for the administration of . 
pentamidine inhalations) 

0 lntrathecal Treatm~_nt Room 

Support rooms 

~ Reception/staff base 
e Relatives Room · 
o Socialisatio.n Space 

Haemat9-oncology Brle(ing paper Page 1 of 5 Ref HG 
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(. . 

• Clean Utility' 
• Dirty Utility 
• · · Pantry 
• Equipment Store 
• H_ot Desks/Charge Nurse Office 

. ~le~se see Appet1d·ix 2 for th_e 1:200 d~part~enfal drawing. 

(N.B. the Haemato~oncology Ward v.,,as originally plann~d as a 14 bedded ward with 
4 day beds, but was then revised in February 2010 to 10 inpatient beds. The arna of-

. the_ ward is higlilighte~ in o_range and finishes at the large Equipment Store, room 
HOW~2. (The ward area is shown•in· orange In Appendix 2.) 

Design Principles 

o As with the generic wards the bedrooms all face outwards with individual views 
and large pict'ure windows to maximlse.the·light lr.ito the rooms. 

o large visi~n panels from the ward corridors into the. bedrooms ·to maximise 
patient observatio_n and enable patients to see the staff. 

• Minimal travel· distances ·for staff, the immediately required Support Services 
. being lo~at~d down the middle of the Ward. · ~ . 

o The Ward has a central Staff Base and two Nurse Touch Downs to allow·a 
. 'devolved' nursing model whereby, rather than working from· one central staff 
base,'nursing teams will be assigned.to clusters of.be~rooms supported by. the . 
touchdown spaces: . . . . 

. ·o · Support Services, which will be shared by the 4 wards on each floor, are located 
in a central core ·between the wards, these Include 6 Hot Desks, a Medicines · · 
Management Workspace, Staff Cha~ge and a Facilities Management Kitchen. On 
the fou~h floor there is al~o a large Seminar' Room which will pe available to all· . 
GG&C staff, bo<:>kings will be undertaken centrally through ' Facllitles ~ 
Management. _ 

• Hoists - there will be overhead hoists in two rooms these being: HOW 017- & 
. HOW024. 

o , In -order to avoid . visitors · to renal walking through the haemato-oncology 
: bedroom area an additional access route has been created. 

Security 

There will be audio visual security access to the ward - Staff will ·access the warq with 
a security acce~s swipe card. . 

The Clean Utility will have a keypad entry so the door ·wm remaln closed to ensure 
only staff enter this area. · . ' . 

Haemato-oncology Briefing paper Page 2 of 5 · Ref HG 
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IT 

The hospi~al is wir~less enabled·, 

There are· 2 _ x double d~ta points and· 6 x· double electrical. sockets at e~ch bed. · 
Where apprppriate, IT points have bee!) incorp9rated to allow barcode · tracking of 
stock.· · · · · 

Pharmacy 

Patient ?Pecific medication ·wnl be stored in the Patients Own brngs (POD) storage 
unit within the bedroom area. · · 

Pharmacists will .work in teams from ·the Medicines Management Rooms attached to 
· ward arec1s to support the 'My Medicines' modei' of care. 

\~ . " . . 

4·,o AREAS OF WRTHER w·oRK 

· An operational policy is required for the ward. 

5.0 DRAWINGS 

Appendix 1: 1:500 Dr~wing, 4th floor - Loc_atlon and Co-locations 
Appendix 2: 1:200 Drawing - Haemato-oncology Ward 

Haemato•oocology Briefing paper Page 3 of 5 Ref HG 
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Appendix 1 1:50() Drawing, 4th flo.or-.Location and Co-locatjons: 

i· 

~\ 
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AppendiX2 

NIGHTINGALE architects 
associates a 11111111 
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IRIIN1, 0/1111111 
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,,..,,. .. 
NA XX 04 PL, 
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.1:200 Dr~wing- Haeniato-oncoiogy.yvard-
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i ! i PLl\NT ROOM ROOF ! l ( 
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! . 
I 

i i i 
i I j i' : 
j HOW-002 j , 

, j RELATIVES' ' 1 ! 
-·-·-r-·-·-·-·-·-·-·· INTERVIEW -·-·-· ·-·-·-·-·T-·-·-·:. / ! ~R~O~O_M ____ ~ ! : 

I I 

□ _NSGH 8 BEDWARD 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL    

ADULTS – RENAL WARD 4C 

     
 
 

 
 

                                                                                                                

CRITICAL VENTILIATION ANNUAL VERIFCATION & INSPECTION 

QEUH – ADULTS RENAL WARD 4C 

 

 

 
 
 

Client: NHS Greater Glasgow & 
Clyde Client Contact: James Guthrie 

Hospital: Queen Elizabeth University 
Hospital Site Address: 1345 Govan Road, Glasgow 

G51 4TF 

Area: Adults – Level 4  Report No: A0056927 & A0056928 
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Section 1 – Scope of Works 
 
Adults - Ward 4C is located on the 4th floor in Queen Elizabeth University Hospital.  
 
Adults Ward 4C is supplied by 3 Air Handling Units located on level 12 plant room, just one level below from the 
department. 
 
To ensure compliance with the SHTM03-01, the following tests will be carried out; 
 

1) Record room differential pressures. Room to Corridor and room to en-suite. 
2) Record supply air volumes and calculate room air change rates. 
3) Record Extract air volumes and calculate en-suite air change rates. 
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ADULTS – RENAL WARD 4C 
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Section 2 – Definition of terms 
 
Assessment of compliance with SHPN 04 Supplement 1 
 
Poor 
 
Air volumes and hence air-change rate is less than 75% of the design. Room pressure differentials do not ensure a 
flow from clean to less clean areas; supply or extract air diffusers are not clean; pressure stabilisers not clean and/or 
not operating correctly; visible faults in the fabric of the suite; doors unable to close completely; general air of neglect. 
 
Action: Urgent management action required. 
 
Average 
 
Air volumes and room pressure differentials approximate to the original design values; supply air diffusers clean but 
extracts visibly fouled; most pressure stabilisers clean and operating correctly; minor faults in the fabric and décor of 
the suite. 
 
Action: Maintenance action required. 
 
Good 
 
Better than average. 
 
Action: None. 
 
Maintenance quality 
 
Poor 
 
More than three answers are negative. 
 
Action: Management action required by estates/facilities department. 
 
 
Average 
 
No more than three answers are negative 
 
Action: Maintenance action required. 
 
Good 
 
No answers are negative. 
 
Action: None. 
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ADULTS – RENAL WARD 4C 
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Section 3 – Executive Summary   
 
All rooms within Adults - Ward 4C comply with the client’s specification. 
 
Derogated client’s specification: 

1) Room ACRs = 3AC/HR 
2) En-suite ACRs = 6AC/HR 
3) Room Differential pressures to corridor to be nominally positive (+ve)  
4) En-suite toilet to be -ve to the room. 

 
 
CVG (Ceiling Ventilation Grilles x10) removed and replaced with a standard ceiling tile. 
 
Total area of Ward 4C is 955.8m³. 
 

Pressure across door exiting 4C at Core K is was +2.4Pa and across the door at Core A being +1Pa. 
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Section 4 – Supply & Extract Airflow Rates & Air Change Rates 
 

Adults – Rooms to Corridor - AHU Ref.: 124AHU04 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage 
of Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

RENW-125  

 

+160 

 

 

+163 

 

 

102 

 

 

135.4 

 

 

4.3 

 

 

6 

RENW-125 

RENW-125 

RENW-125 

RENW-130 +40 +44 110 44.7 3.5 6 

RENW-131 +40 +41 102 52.7 2.8 6 

RENW-134 +40 +40 100 46.9 3.1 6 

RENW-135 +40 +41 102 47.0 3.1 6 

RENW-138 +40 +40 100 47.1 3.1 6 

RENW-140 +40 +41 102 46.9 3.1 6 

RENW-143 +40 +41 102 47.9 3.1 6 

RENW-144 +40 +42 105 47.1 3.2 6 

RENW-147 +40 +42 105 47.1 3.2 6 

RENW-149 +40 +41 102 46.9 3.1 6 

RENW-152 +40 +41 102 47.1 3.1 6 

RENW-154 +40 +40 100 52.9 2.7 6 

Comments: 
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Section 4 – Supply & Extract Airflow Rates & Air Change Rates – Continued… 
 

Adults Ward 4C –Rooms to Corridor - AHU Ref.: 124AHU05 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage of 
Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

RENW-155 +40 +37 92 53.1 2.5 6 

RENW-157 +40 +35 87 47.3 2.7 6 

RENW-160 +40 +36 90 46.8 2.8 6 

RENW-162 +40 +36 90 47.1 2.8 6 

RENW-165 +40 +37 92 47.1 2.8 6 

RENW-166 +40 +54 135 47.2 4.1 6 

RENW-170 +40 +49 122 47.3 3.7 6 

RENW-172 +40 +38 95 47.1 2.9 6 

RENW-175 +40 N/A N/A N/A N/A 6 

RENW-180 +40 +38 95 47.1 2.9 6 

RENW-183 +40 +37 92 46.9 2.8 6 

RENW-185 +40 +38 95 47.1 2.9 6 

RENW-188 +40 +37 92 47.2 2.9 6 

RENW-214        +160 +148 92 134.6 4.0 6 

Comments: No access to Room 71 Door Ref: RENW-175 as patient was seriously ill. 
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Section 4 – Supply & Extract Airflow Rates & Air Change Rates – Continued… 
 

Adults Ward 4C –Rooms to Corridor - AHU Ref.: 124AHU06 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage of 
Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

RENW-127 +40 +37 92 44.6 3.0 N/A 

RENW-127 -40 -28 70 44.6 N/A N/A 

RENW-239 +24 +23 96 N/A N/A N/A 

RENW-237 +10 +12 120 16.2 2.7 N/A 

RENW-235 +40 +38 95 29.2 4.7 N/A 

RENW-235 -40 -28 70 29.2 N/A N/A 

RENW-234 +40 +37 92 29.2 4.6 N/A 

RENW-234 -40 -29 72 29.2 N/A N/A 

RENW-323 +24 +28 116 N/A N/A N/A 

RENW-227 +45 +38 95 31.0 4.4 N/A 

RENW-227 -54 -43 80 31.0 N/A N/A 

RENW-230 +10 +12 120 21.4 2.0 N/A 

RENW-226 +49 +49 100 21.4 8.5 6 

RENW-225 -45 +18 40 20.8 N/A N/A 

RENW-225 +78 +40 51 20.8 6.9 6 

RENW-224 +25 +86 344 38.4 8.0 6 

RENW-224 -65 -44 68 38.4 N/A N/A 

Comments:  
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Section 4 – Supply & Extract Airflow Rates & Air Change Rates – Continued… 
 
 

Adults Ward 4C –Rooms to Corridor - AHU Ref.: 124AHU06 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage of 
Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

RENW-213 +18 +18 100 45.7 1.4 N/A 

RENW-210 N/A +45 N/A 16.4 9.9 N/A 

RENW-210 N/A -25 N/A 16.4 N/A N/A 

RENW-176 +150 
+70 

63 45.0 7.6 10 
+25 

RENW-179 +10 +13 130 14.8 3.2 N/A 

Comments: 
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Section 4 – Supply & Extract Airflow Rates & Air Change Rates – Continued… 
 
 

Adults Ward 4C – Rooms to En Suite - AHU Ref.: 124AHU04 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage of 
Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

RENW-128 -45 -37 82 13.7 9.7 10 

RENW-132 -45 -36 80 13.7 9.5 10 

RENW-133 -45 -38 84 13.8 9.9 10 

RENW-136 -45 -54 120 14.1 13.8 10 

RENW-139 -45 -48 106 13.8 12.5 10 

RENW-141 -45 -38 84 14.2 9.6 10 

RENW-142 -45 -52 115 15.6 12.0 10 

RENW-145 -45 -51 113 14.9 12.3 10 

RENW-146 -45 -51 113 14.7 12.5 10 

RENW-150 -45 -49 108 14.4 12.3 10 

RENW-151 -45 -46 102 14.7 11.3 10 

RENW-153 -45 -55 122 17.8 11.1 10 

Comments:  
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Section 4 – Supply & Extract Airflow Rates & Air Change Rates – Continued… 
 
 

Adults Ward 4C – Rooms to En Suite - AHU Ref.: 124AHU05 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage of 
Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

RENW-156 -45 -42 93 17.5 8.6 10 

RENW-158 -45 -40 88 13.7 10.5 10 

RENW-159 -45 -41 91 13.8 10.7 10 

RENW-163 -45 -40 88 13.9 10.4 10 

RENW-164 -45 -42 93 13.7 11 10 

RENW-167 -45 -42 93 13.9 10.9 10 

RENW-168 -45 -38 84 13.6 10.1 10 

RENW-171 -45 -40 88 13.7 10.5 10 

RENW-181 -45 -44 97 13.6 11.6 10 

RENW-182 -45 -43 96 13.6 11.4 10 

RENW-184 -45 -41 91 13.7 10.8 10 

RENW-188 -45 -41 91 13.7 10.8 10 

Comments:  
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Section 5 – Room Pressure Differentials 
 
 

Adults Ward 4C – Bedrooms 

Room Reference Target Bed Room 
Pressure (Pa) 

Recorded Bed 
Room Pressures 

(Pa) 

En-Suite Recorded 
Pressure (Pa) 

RENW-125 +ve 0.9 N/A 

RENW-130 +ve 0 -1.1 

RENW-131 +ve 0 -1.2 

RENW-134 +ve 0 -1.4 

RENW-135 +ve 0 -2.3 

RENW-138 +ve 0 -2.2 

RENW-140 +ve 0 -1.7 

RENW-143 +ve 0 -2.6 

RENW-144 +ve 0 -2.7 

RENW-147 +ve 0 -2.3 

RENW-149 +ve 0 -2.3 

RENW-152 +ve 0 -2.4 

RENW-154 +ve 0 -2.8 

RENW-155 +ve 0 -1.2 

RENW-157 +ve 0 -1.8 

RENW-160 +ve 0 -1.9 

Comments: 
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Section 5 – Room Pressure Differentials Continued… 
 
 

Adults Ward 4C – Bedrooms 

Room Reference Target Bed Room 
Pressure (Pa) 

Recorded Bed 
Room Pressures 

(Pa) 
En-Suite Recorded 

Pressure (Pa) 

RENW-164 +ve 0 -1.9 

RENW-165 +ve 0 -2.0 

RENW-166 +ve 0 -1.6 

RENW-170 +ve 0 -1.8 

RENW-172 +ve 0 -1.8 

RENW-175 +ve +0.7 N/A 

RENW-180 +ve 0 -2.0 

RENW-183 +ve 0 -2.1 

RENW-185 +ve 0 -2.0 

RENW-188 +ve 0 -2.0 

Comments: 
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Section 5 – Room Pressure Differentials Continued… 
 
 

Adults Ward 4C – Other Rooms 

Room 
Reference Room Description Target Pressures (Pa) Recorded Room Pressures 

(Pa) 

RENW-227 Staff Kitchen n/a +1.5Pa 

RENW-224 Clean Utility +ve +1.2Pa 

RENW-218 Staff W/C -ve -3.0Pa 

RENW-225 Dialysis Store n/a +1.7Pa 

RENW-226 Dirty Utility -ve +1.6Pa 

RENW-230 Store n/a +0.8Pa 

RENW-210 Facilities n/a +0.6Pa 

RENW-214 Dialysis n/a +1.1Pa 

RENW-213 Store n/a 0Pa 

RENW-176 Procedures n/a +5.0Pa 

RENW-179 Procedures Store n/a -1.0Pa 

Comments: 
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Section 6 – Typical Schematic of all Bed Room Layouts out for Ward 4C – Door References; RENW-130, 
RENW-131, RENW-134, RENW-135, RENW-138, RENW-140, RENW-130, RENW-144, RENW-147, RENW-149, 
RENW-152, RENW-154, RENW-155, RENW-157, RENW-160, RENW-162, RENW-165, RENW-166, RENW-170, 
RENW-172, RENW-180, RENW183, RENW-185. 

Extract Grille

En-Suite

= Directional Airflow Arrow =Chilled Beam =En-suite Extract Grille

Extract Grille

En-Suite
To 

Adjacent 
Room

Bed Room

Chilled 
Beam
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Section 6 – Schematic of Dialysis Door Ref; RENW-214 
 

Chilled Beam
+37l/s

Chilled Beam
+37l/s

Chilled Beam
+36l/s

Chilled Beam
+38l/s

Bedroom 
Extract Grille

-46l/s
 

Bedroom 
Extract Grille

-45l/s
 

RENW-214
Dialysis

Room Volume = 134.6m³ 

+1
.1

P
a

= Directional Airflow Arrow =Chilled Beam = Extract Grille

AC/HR = 4.0
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Section 6 – Schematic of Procedures Door Ref; RENW-176 & Procedures Store Door Ref; Renw-179 
 
 
 

 Extract Grille
-25l/s

 

RENW-176
Procedures

Room Volume = 45m³ 

Supply Grille
+70l/s

Supply 
Grille
13l/s

RENW-179
Procedures

Room Volume = 14.8m³ 

-1
P

a

+5
P

a

= 4 Way Diffuser Grille = Extract Grille =Directional Airflow 
Arrow

AC/HR = 7.6

AC/HR = 3.2

 
 
 
 
 
 
 
 
 
 
 

SOLUTIONS (SCOTLAN 

0 

Page 1347

A48946859



QUEEN ELIZABETH UNIVERSITY HOSPITAL    

ADULTS – RENAL WARD 4C 

      
 

PAGE 18 OF 24 

 

 
 
 

 
 
Section 6 – Schematic of Staff Kitchen Door Ref; RENW-227 & Staff W/C Door Ref; RENW-218 
 

 

= 4 Way Diffuser Grille = Extract Grille =Directional Airflow 
Arrow

Extract Grille
-38l/s

Supply Grille
+43l/s

RENW-227
Staff Kitchen

 Room Volume = 31m³ 

+1
.5P

a
Toilet Extract Grille

-43l/s

-1
.2

P
a

RENW-218
Staff W/C

 Room Volume = 14.7m³ 

= Toilet Extract Grille

AC/HR = 4.4

AC/HR = 10.5
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Section 6 – Schematic of Dirty Utility Door Ref; RENW-226 & Clean Utility Door Ref; RENW-224. 

 

= 4 Way Diffuser Grille = Extract Grille =Directional Airflow 
Arrow

Extract Grille
-44l/s

Supply Grille
+86l/s

RENW-224
Clean Utility

 Room Volume = 38.4m³ 

+1
.2P

a

Extract Grille
-17l/s

Supply Grille
+49l/s

RENW-226
Dirty Utility

 Room Volume = 21.4m³ 

+1
.6P

a

AC/HR = 8.0 AC/HR = 8.2
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Section 6 – Schematic of Store Door Ref; RENW-213 & Store Door Ref; RENW-230 

= 4 Way Diffuser Grille =Directional Airflow 
Arrow

Supply Grille
+12l/s

RENW-230
Store

 Room Volume = 21.4m³ 

Supply Grille
+18l/s

RENW-213
Store

 Room Volume = 45.7m³ 

+0
.8P

a

0
P

a

AC/HR = 2.0

AC/HR = 1.4
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Section 6 – Schematic of Dialysis Store Door Ref; RENW-225 & Facilities Room Door Ref; Renw-210 
 

= 4 Way Diffuser Grille = Extract Grille =Directional Airflow 
Arrow

Extract Grille
-18l/s

Supply Grille
+40l/s

RENW-225
Dialysis Store

 Room Volume = 20.8m³ 

Extract Grille
-25l/s

Supply Grille
+45l/s

RENW-210
Facilities Room

 Room Volume = 16.4m³ 

+0
.6P

a

+1
.7

P
a

AC/HR = 6.9 AC/HR = 9.9
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Section 7 – Test Equipment Used 
 

Type of Equipment Serial No Cal Due Date 

Micro-manometer 8651 June 2020 

Balometer PH7311809008 June 2020 
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Section 8 – Calibration Certificates 
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DOCUMENT NUMBER – A-5704 

SHTM 03-01 CRITICAL VENTILATION VERIFICATION & INSPECTION 

ADULTS WARD – 4C RENAL 

 

 

 

 

Client: NHS Greater Glasgow & 
Clyde Client Contact: Connor Stepney 

Hospital: Queen Elizabeth University 
Hospital Site Address: 1345 Govan Road, Glasgow 

G51 4TF 

Area: Adults – Ward 4C – Level 4 AHU: 124AHU04 (S&E) & 
124AHU05 (S&E) 

Report No: A-5704 Condition: N/A 

Date of Test: 8th – 16th September 2022 Date of Last Test: 24th September 2021 

Test Engineer & Report 
Preparation: Paul McShee Signature: 

 

CSSL. Reviewed By: Daniel Kane Signature:  

Client Reviewed By: Connor Stepney Clients Signature:  

  

 

HVAC - Hospital & Cleanroom Validation Experts 
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Section 1.0 – Scope of Works 
Annual Inspection of Critical Ventilation Systems 
 
To carry out a compliance and performance inspection of all critical path ventilation systems in accordance with - 
Heating and Ventilation Systems - SHTM – Scottish Health Technical Memorandum 03-01: Specialised Ventilation for 
Healthcare Premises.  
 

(Interim Version – Additional guidance related to COVID 19 to be added in an update in 2022) 

Part B: The management, operating, maintenance and routine testing of existing healthcare ventilation systems.  
 
The verification of the rooms was carried out to record an annual verification record for these rooms. This work 
followed post fitting of recirculation fans (Camfil Camcleaner 400 concealed fan units) located within the ceiling of the 
toilet of bedrooms in Adults – Ward 4C. The Camcleaner consists of a pre-filter (bag) and a secondary HEPA filter. 
See report details of fan settings, air volumes, room pressures and noise levels achieved while maintaining SHTM03-
01 compliance.     
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Section 2.0 – Definition of Terms 

Definition of terms used on survey form Assessment of compliance with Health Building Note 10-01 and 
Scottish Health Technical Memorandum 03-01 (all questions relevant to the type of theatre)  
Poor 
Air volumes and hence air-change rate is less than 80% of the design; room pressure differentials do not ensure a flow 
from clean to less clean areas; supply or extract air diffusers are not clean; pressure stabilisers not clean and/or not 
operating correctly; significant faults or failures of indicators on surgeon’s panel; visible faults in the fabric of the suite; 
doors unable to close completely; general air of neglect. 
Action: Urgent management action required. 
 
Average 
Air volumes and room pressure differentials approximate to the original design values; supply air diffusers clean but 
extracts visibly fouled; most pressure stabilisers clean and operating correctly; some of the indicators on the surgeon’s 
panel not working; minor faults in the fabric and décor of the suite. 
Action: Maintenance action required. 
 
Good 
Better than average. 
Action: None. 
 
Maintenance quality (all questions relevant to the type of theatre) 
Poor 
More than three answers are negative. 
Action: Management action required by estates/facilities department. 
 
Average 
No more than three answers are negative 
Action: Maintenance action required. 
 
Good 
No answers are negative. 
Action: None. 
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DOCUMENT NUMBER – A-5704 

 
Section 3.0 – Executive Summary & Observations  
 
The evaluation of Adults – Ward 4C on level 4. 
 
 

• To make sure the noise levels in the bedroom and en suite were compliant with SHTM03-01 which are 
bedroom 35dB(A) & en-suite 45dB(A) 
 

• Noise levels and air volumes were measured to the various fan power levels on the recirculation unit in the en- 
suite (speed control setting level 1-6) Speed controller at setting 3 when all compliant and final values 
recorded within this report.  
 

Observations 
 

• All fabric issues have been reported to John Hetherton & Connor Stepney via email. 
 
 

• Scrubber fan filter both F7 & H13 were changed prior to room verification for each room. 
 

• Each room has their own separate condition which would refer to the chart below. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values noted in colour relate to the table below 

Poor Average Good 

   

Ventilation system should achieve 
not less than 80% of the design air 
change rate in accordance to the 

SHTM. 

Air volumes and room pressure 
differentials approximate to the original 

design values. 
Better than average. 

Comments:  Reference section 2.0 for more information. 
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DOCUMENT NUMBER – A-5704 

Section 3.0 – Executive Summary & Observations  
 
Fan Detail: 

Adults Ward 4C – Renal – AHU Ref: 122AHU04 (S&E) 

Supply Fan Hz Extract Fan Hz Supply Pre-Filter 
DP 

Supply Secondary 
Filter DP Extract Filter DP 

48.8 60.0 70Pa 50Pa 15Pa 

Inlet Pressure -111Pa Discharge Pressure +310Pa 

 
 

Adults Ward 4C – Renal – AHU Ref: 122AHU05 (S&E) 

Supply Fan Hz Extract Fan Hz Supply Pre-Filter 
DP 

Supply Secondary 
Filter DP Extract Filter DP 

53.5 40.0 60Pa 50Pa 20Pa 

Inlet Pressure -223Pa Discharge Pressure +337Pa 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 51 – Door Ref: RENW-138 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +45 46.0 3.52 *2.5 – 3.0 

En-Suite 
(Extract) -45 -22 13.68 5.78 3.0 

Room 
Condition: GOOD 

Comments: Room was occupied while carrying out annual verification and inspection. 

 

Adults Ward 4C – Room 51 – Door Ref: RENW-137 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 43.3 34.9 -68 23.67 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 51 – Door Ref: RENW-130 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.5 n/a n/a 

Bedroom to En-Suite -ve -0.8 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-138 23.3 34.8 

En-Suite RENW-137 23.2 43.3 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

 

Extract Grille 1
-22l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.68m³ 

5.78 AC/HR enhanced by a 
further 17.89 AC/HR with 

new scrubber recirculation 
fan set at speed 3.

Adults Ward 4C – Room 51
 Room Volume = 46.0m³ 

3.52AC/HR

Chilled Beam
+45l/s

Door Tag – RENW-138

D
o

o
r 

Ta
g 

– 
R

EN
W

13
7

-0.8Pa

+0
.5P

a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 52 – Door Ref: RENW-131 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +42 54.1 2.79 *2.5 – 3.0 

En-Suite 
(Extract) -45 -45 13.8 11.73 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 52 – Door Ref: RENW-132 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.5 34.8 -58 26.86 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 52 – Door Ref: RENW-131 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.4 n/a n/a 

Bedroom to En-Suite -ve -2.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-131 23.5 34.8 

En-Suite RENW-132 23.8 44.5 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-45l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume  = 13.8m³  

11.73 AC/HR enhanced by 
a further 15.13 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 52
 Room Volume  = 54.1m³ 

 2.79AC/HR

Chilled Beam
+42l/s

Door Tag – RENW131

D
o

o
r Tag – R

EN
W

132

+0
.4P

a

-2.0Pa
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 53 – Door Ref: RENW-134 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 46.25 3.19 *2.5 – 3.0 

En-Suite 
(Extract) -45 -47 16.36 10.34 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 53– Door Ref: RENW-133 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.7 34.7 -60 23.54 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 53 – Door Ref: RENW-134 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.8 n/a n/a 

Bedroom to En-Suite -ve -1.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-134 24.3 34.7 

En-Suite RENW-133 24.1 44.7 

Comments: Noise levels SHTM03-01 compliant set n speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

 

Extract Grille 1
-47l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume = 16.36m³ 
10.34 AC/HR enhanced by 

a further 13.20 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 53
 Room Volume = 46.25m³ 

3.19AC/HR

Chilled Beam
+41l/s

Door Tag – RENW-134

D
o

o
r 

Ta
g 

– 
R

EN
W

-1
3

3

+0
.8P

a

-1.0Pa
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 54 – Door Ref: RENW-135 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +40 48.1 2.99 *2.5 – 3.0 

En-Suite 
(Extract) -45 -43 13.1 11.81 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 54 – Door Ref: RENW-136 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.1 34.1 -59 28.02 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 54 – Door Ref: RENW-135 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.3 n/a n/a 

Bedroom to En-Suite -ve -2.4 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-135 24.1 34.1 

En-Suite RENW-136 24.1 44.1 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-43l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.1m³ 

11.81 AC/HR enhanced by 
a further 16.21 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Bedroom 54
 Room Volume 48.1m³ 

2.99AC/HR Chilled Beam
+40l/s

Door Tag – RENW135

D
o

o
r Tag – R

EN
W

1
3

6

-2.4Pa

+0
.3

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 55 – Door Ref: RENW-138 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +40 48.09 2.99 *2.5 – 3.0 

En-Suite 
(Extract) -45 -45 14.08 11.50 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 55 – Door Ref: RENW-137 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.9 37.4 -62 27.35 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 55 – Door Ref: RENW-138 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.5 n/a n/a 

Bedroom to En-Suite -ve -1.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-138 24.9 34.7 

En-Suite RENW-137 24.7 44.9 

Comments: Noise levels SHTM03-01 compliant set n speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-45l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume = 14.08m³ 
11.50 AC/HR enhanced by 

a further 15.85 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 55
 Room Volume = 48.09m³ 

2.99 AC/HR

Chilled Beam
+40l/s

Door Tag – RENW-138
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o
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r 
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g 

– 
R
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3

7

-1.0Pa
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 56 – Door Ref: RENW-140 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +40 46.59 3.09 *2.5 – 3.0 

En-Suite 
(Extract) -45 -44 15.24 10.39 3.0 

Room 
Condition: Good 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 56 – Door Ref: RENW-140 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.8 34.8 -55 23.38 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 56 – Door Ref: RENW-140 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.5 n/a n/a 

Bedroom to En-Suite -ve -1.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-140 24.9 34.8 

En-Suite RENW-141 24.7 44.8 

Comments: Noise levels SHTM03-01 compliant set n speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-44l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume = 15.24m³ 
10.39 AC/HR enhanced by 

a further 12.99 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 56
 Room Volume = 46.59m³ 

3.09AC/HR

Chilled Beam
+40l/s

Door Tag – RENW140

D
o

o
r Tag – R

EN
W

141

-1.0Pa

+0
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                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 57 – Door Ref: RENW-143 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 48.4 3.04 *2.5 – 3.0 

En-Suite 
(Extract) -45 -39 13.4 10.47 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 57 – Door Ref: RENW-142 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.5 34.8 -53 24.7 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 57 – Door Ref: RENW-143 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.3 n/a n/a 

Bedroom to En-Suite -ve -1.5 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-143 21.9 34.8 

En-Suite RENW-142 22.0 44.5 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-39l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.4m³ 

10.47 AC/HR enhanced by 
a further 14.23 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 57
 Room Volume = 48.4m³ 

3.04AC/HR

Chilled Beam
+41l/s

Door Tag – RENW143

D
o

o
r 

Ta
g 

– 
R

EN
W

1
4

2

-1.5Pa

+0
.3

P
a
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 58 – Door Ref: RENW-144 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +42 49.07 3.08 *2.5 – 3.0 

En-Suite 
(Extract) -45 -47 13.53 12.50 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6.0 air change rates. 

 

Adults Ward 4C – Room 58– Door Ref: RENW-145 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dBA) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.4 34.8 63 29.26 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 58 – Door Ref: RENW-144 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.5 n/a n/a 

Bedroom to En-Suite -ve -1.7 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-144 24.9 34.8 

En-Suite RENW-145 24.7 44.4 

Comments: Noise levels SHTM03-01 compliant set n speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

Adults Ward 4C – Room 58
 Room Volume = 49.07m³ 

 3.08 AC/HR

Chilled Beam
+42l/s

Door Tag – RENW144

D
o

o
r Tag – R

EN
W

1
45

Extract Grille 1
-47l/s

+0
.5P

a

-1.7Pa

En-Suite
 Room Volume = 13.53m³ 
12.50 AC/HR enhanced by 

a further 16.76 AC/HR with 
new scrubber recirculation 

fan set at speed 3.
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 59 – Door Ref: RENW-147 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 48.3 2.98 *2.5 – 3.0 

En-Suite 
(Extract) -45 -37 13.8 9.65 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 59 – Door Ref: RENW-146 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.1 34.7 -60 25.3 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 59 – Door Ref: RENW-147 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.2 n/a n/a 

Bedroom to En-Suite -ve -1.9 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-147 21.7 34.7 

En-Suite RENW-146 22.1 44.1 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-37l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.8m³ 

9.65 AC/HR enhanced by a 
further 15.65 AC/HR with 

new scrubber recirculation 
fan set at speed 3.

Chilled Beam
+41l/s

Door Tag – RENW147

D
o

o
r Tag – R

EN
W

1
4

6

-1.9Pa

Adults Ward 4C – Room 59
 Room Volume = 48.3m³ 

2.98 AC/HR

+0
.2P

a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 60 – Door Ref: RENW-149 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 48.55 3.04 *2.5 – 3.0 

En-Suite 
(Extract) -45 -39 13.56 10.35 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6.0 air change rates. 

 

Adults Ward 4C – Room 60 – Door Ref: RENW-150 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.1 34.7 -59 26.01 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 60 – Door Ref: RENW-149 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.2 n/a n/a 

Bedroom to En-Suite -ve -2.3 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-149 24.7 34.7 

En-Suite RENW-150 24.1 44.1 

Comments: Noise levels SHTM03-01 compliant set n speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

 

Extract Grille 1
-39l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume = 13.56m³ 
10.35 AC/HR enhanced by 

a further 15.66 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 60
 Room Volume = 48.55m³ 

3.04AC/HR

Chilled Beam
+41l/s

Door Tag – RENW149

D
o

o
r T

a
g – R

E
N

W
1

5
0

-2.3Pa

+0
.2

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 61 – Door Ref: RENW-152 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +42 48.9 3.09 *2.5 – 3.0 

En-Suite 
(Extract) -45 -41 13.4 11.01 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6.0 air change rates. 

 

Adults Ward 4C – Room 61 – Door Ref: RENW-151 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.3 34.6 -63 27.93 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 

 
 
 
 
 
 
 
 
 
 
 
 

Correctair ~€;--
SOLUTIONS (SCOTLAND) LTD 

Unit R07 T,ident Hous.e, 175 Renfrew Road, Paisley, PA3 4EF Tel: 0141887 4933 Email: inf0@c$$1tech.co.uk 

Page 1381

A48946859



                                                                            QUEEN ELIZABETH UNIVERSTY HOSPITAL 
                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 61 – Door Ref: RENW-152 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.6 n/a n/a 

Bedroom to En-Suite -ve -2.3 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-152 23.8 34.6 

En-Suite RENW-151 23.4 44.3 

Comments: Noise levels SHTM03-01 compliant set n speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-41l/s

= Extract Grille = Directional Airflow Arrow

Adults Ward 4C – Room 61
 Room Volume = 48.9m³ 

AC/HR = 3.09

Door Tag – RENW-152Door Tag – RENW-151

-2.3Pa

+0
.6

P
a

= Supply Grille

Recirculation
 Grille 1

Recirculation
 Grille 2

Chilled Beam
+42l/s

= Chilled Beam

En-Suite
 Room Volume = 13.4m³ 

11.01 AC/HR enhanced by 
a further 16.92 AC/HR with 
new scrubber recirculation 

fan set at speed 3.
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 62 – Door Ref: RENW-154 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 53.04 2.78 *2.5 – 3.0 

En-Suite 
(Extract) -45 -55 17.91 11.06 3.0 

Room 
Condition: GOOD 

Comments: Room was occupied while carrying out annual verification and inspection. 

 

Adults Ward 4C – Room 62 – Door Ref: RENW-153 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 43.3 34.9 -62 23.52 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 62 – Door Ref: RENW-154 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.7 n/a n/a 

Bedroom to En-Suite -ve -1.8 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-154 23.3 34.4 

En-Suite RENW-153 23.4 43.2 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

 

Extract Grille 1
-55l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 17.91m³ 

2.78 AC/HR enhanced by a 
further 12.46 AC/HR with 

new scrubber recirculation 
fan set at speed 3.

Adults Ward 4C – Room 62
 Room Volume = 53.04m³ 

2.78 AC/HR
34.4dB(A)

Chilled Beam
+41l/s

Door Tag – RENW-154

D
o

o
r 

Ta
g 

– 
R

EN
W

-1
5

3

-1.8Pa

+0
.7

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 63 – Door Ref: RENW-155 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +40 47.1 3.05 *2.5 – 3.0 

En-Suite 
(Extract) -45 -45 16.8 9.64 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 63 – Door Ref: RENW-156 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A) 
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.4 34.1 -55 21.42 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 63 – Door Ref: RENW-155 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.4 n/a n/a 

Bedroom to En-Suite -ve -4.4 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-155 21.9 34.1 

En-Suite RENW-156 21.9 44.4 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-45l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume  = 16.8m³   

9.64 AC/HR enhanced by a 
further 11.78 AC/HR with 

new scrubber recirculation 
fan set at speed 3.

Adults Ward 4C – Room 63
 Room Volume  = 47.1m³ 

 3.05AC/HR

Chilled Beam
+40l/s

Door Tag – RENW155

Door Tag – RENW156

+0.4Pa

-4
.4

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 64 – Door Ref: RENW-157 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +39 46.42 3.02 *2.5 – 3.0 

En-Suite 
(Extract) -45 -48 13.96 12.37 3.0 

Room 
Condition: GOOD 

Comments: Room was occupied while carrying out annual verification and inspection. 

 

Adults Ward 4C – Room 64– Door Ref: RENW-158 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 43.6 34.5 44 23.71 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 64 – Door Ref: RENW-157 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.5 n/a n/a 

Bedroom to En-Suite -ve -1.6 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-157 23.2 34.5 

En-Suite RENW-158 23.1 43.6 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-48l/s

= Supply Grille = Extract Grille = Directional Airflow Arrow

Adults Ward 4C – Room 64
 Room Volume = 46.42m³ 

AC/HR = 3.02

Door Tag – RENW-157 Door Tag – RENW-158

-1.6Pa

+0.5P
a

En-Suite
 Room Volume = 13.96m³ 
12.37 AC/HR enhanced by 

a further 11.34 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Recirculation
 Grille 1

Recirculation
 Grille 2

Chilled Beam
+39l/s

= Chilled Beam
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 65 – Door Ref: RENW-160 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +39 48.4 2.90 *2.5 – 3.0 

En-Suite 
(Extract) -45 -42 13.6 11.11 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 65 – Door Ref: RENW-159 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.6 34.8 -57 26.19 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 65 – Door Ref: RENW-160 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.4 n/a n/a 

Bedroom to En-Suite -ve -1.5 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-160 22.5 34.8 

En-Suite RENW-159 22.4 44.6 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45db(A) 

Extract Grille 1
-42l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.6m³ 

11.11 AC/HR enhanced by 
a further 15.08 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Chilled Beam
+39l/s

Door Tag – RENW160

D
o

o
r Tag – R

EN
W

1
5

9

-1.5Pa

Adults Ward 4C – Room 65
 Room Volume = 48.4m³ 

2.90 AC/HR

+0
.5P

a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 66 – Door Ref: RENW-162 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 48.2 3.06 *2.5 – 3.0 

En-Suite 
(Extract) -45 -40 13.4 10.74 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 66 – Door Ref: RENW-163 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 43.5 34.4 -56 25.78 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 66 – Door Ref: RENW-162 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.3 n/a n/a 

Bedroom to En-Suite -ve -1.5 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-162 22.5 34.4 

En-Suite RENW-163 22.3 43.5 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45db(A) 

Extract Grille 1
-40l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume  = 13.4m³  

10.74 AC/HR enhanced by 
a further 15.04 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 66
 Room Volume  = 48.2m³ 

 3.06 AC/HR

Chilled Beam
+41l/s

Door Tag – RENW162

D
o

o
r Tag – R

EN
W

163

-1.5Pa

+0
.3

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 67 – Door Ref: RENW-165 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +39 49.07 2.86 *2.5 – 3.0 

En-Suite 
(Extract) -45 -47 13.60 12.44 3.0 

Room 
Condition: GOOD 

Comments: Room was occupied while carrying out annual verification and inspection. 

 

Adults Ward 4C – Room 67 – Door Ref: RENW-165 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 43.9 34.9 59 28.05 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 67 – Door Ref: RENW-165 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.5 n/a n/a 

Bedroom to En-Suite -ve -1.6 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-165 24.5 34.9 

En-Suite RENW-164 24.6 43.9 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

 
 

Extract Grille 1
-47l/s

= Extract Grille = Directional Airflow Arrow

Adults Ward 4C – Room 67
 Room Volume = 46.33m³ 

AC/HR = 2.86

Door Tag – RENW-164Door Tag – RENW-165

-1.6Pa

+0
.5

P
a

= Supply Grille

Recirculation
 Grille 1

Recirculation
 Grille 2

Chilled Beam
+39l/s

= Chilled Beam

En-Suite
 Room Volume = 14.04m³ 
12.44 AC/HR enhanced by 

a further 15.61 AC/HR with 
new scrubber recirculation 

fan set at speed 3.
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 68 – Door Ref: RENW-166 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +41 48.4 3.04 *2.5 – 3.0 

En-Suite 
(Extract) -45 -44 13.8 11.47 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 68 – Door Ref: RENW-167 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.7 34.5 -64 28.16 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 68 – Door Ref: RENW-166 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.4 n/a n/a 

Bedroom to En-Suite -ve -1.8 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-166 22.0 34.5 

En-Suite RENW-167 22.0 44.7 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-44l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.8m³ 

11.47AC/HR enhanced by a 
further 16.69 AC/HR with 

new scrubber recirculation 
fan set at speed 3.

Adults Ward 4C – Bedroom 68
 Room Volume 48.4m³ 

3.04AC/HR
Chilled Beam

+41l/s

Door Tag – RENW166

D
o

o
r Tag – R

EN
W

1
6

7

-1.8Pa

+0
.4

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 69 – Door Ref: RENW-170 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +45 48.42 3.34 *2.5 – 3.0 

En-Suite 
(Extract) -45 -44 14.04 11.28 3.0 

Room 
Condition: GOOD 

Comments: Room was occupied while carrying out annual verification and inspection. 

 

Adults Ward 4C – Room 69 – Door Ref: RENW-168 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)     
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 43.4 34.6 61 26.92 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 69 – Door Ref: RENW-170 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +2.8 n/a n/a 

Bedroom to En-Suite -ve -3.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-170 24.1 34.6 

En-Suite RENW-168 24.4 43.4 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

 

Extract Grille 1
-44l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume = 14.04m³ 
11.28 AC/HR enhanced by 

a further 15.64 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 69
 Room Volume = 48.42m³ 

3.34AC/HR

Chilled Beam
+45l/s

Door Tag – RENW-170

D
oo

r 
Ta

g 
– 

R
EN

W
-1

68

-3.0Pa

+2.8P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 70 – Door Ref: RENW-172 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +39 48.4 2.90 *2.5 – 3.0 

En-Suite 
(Extract) -45 -40 14.3 10.06 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 70 – Door Ref: RENW-173 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35db(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.3 34.4 61 25.41 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 70 – Door Ref: RENW-172 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +2.0 n/a n/a 

Bedroom to En-Suite -ve -1.2 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-172 22.0 34.4 

En-Suite RENW-173 21.8 44.3 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-40l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume  = 14.3m³  

10.06 AC/HR enhanced by 
a further 15.35 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 70
 Room Volume  = 48.4m³ 

 2.90AC/HR

Chilled Beam
+39l/s

Door Tag – RENW172

D
o

o
r Tag – R

EN
W

17
3

-1.2Pa

+2
.0

P
a

 
 

Correctair ~€;--
SOLUTIONS (SCOTLAND) LTD 

[JU I 
''' ) ... 

.. 

Unit R07 T,ident Hous.e, 175 Renfrew Road, Paisley, PA3 4EF Tel: 0141887 4933 Email: inf0@c$$1tech.co.uk 

Page 1400

A48946859



                                                                            QUEEN ELIZABETH UNIVERSTY HOSPITAL 
                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 71 – Door Ref: RENW-175 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +38 48.2 2.83 *2.5 – 3.0 

En-Suite 
(Extract) -45 -48 13.1 13.19 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 71 – Door Ref: RENW-174 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.6 34.9 57 28.85 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 71 Door Ref: RENW-175 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.2 n/a n/a 

Bedroom to En-Suite -ve -2.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-175 22.1 34.9 

En-Suite RENW-174 21.9 44.6 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45db(A) 

Extract Grille 1
-48l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

= Recirculation Grille = Extract Grille = Directional Airflow Arrow = Chilled Beam

En-Suite
 Room Volume = 13.1m³ 

13.19 AC/HR enhanced by 
a further 15.66 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 71
 Room Volume = 48.2m³ 

2.83AC/HR

Chilled Beam
+38l/s

Door Tag – RENW175

D
o

o
r 

Ta
g 

– 
R

EN
W

1
7

4

-2.0Pa

+0
.2

P
a
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 72 – Door Ref: RENW-180 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +44 48.4 3.27 *2.5 – 3.0 

En-Suite 
(Extract) -45 -46 13.5 12.26 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 72 – Door Ref: RENW-181 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A) 
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.2 34.6 -58 27.74 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 72 – Door Ref: RENW-180 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.4 n/a n/a 

Bedroom to En-Suite -ve -2.3 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-180 21.9 34.6 

En-Suite RENW-181 22.0 44.2 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 

Extract Grille 1
-46l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.5m³ 

12.26 AC/HR enhanced by 
a further 15.48 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Bedroom 72
 Room Volume 48.4m³ 

3.27AC/HR
Chilled Beam

+44l/s

Door Tag – RENW180

D
o

o
r Tag – R

EN
W

1
8

1

-2.3Pa

+0
.4

P
a
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 73 – Door Ref: RENW-183 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +38 47.9 2.85 *2.5 – 3.0 

En-Suite 
(Extract) -45 -47 13.2 12.81 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 73 – Door Ref: RENW-182 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.8 34.9 57 28.35 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                            QUEEN ELIZABETH UNIVERSTY HOSPITAL 
                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 73 – Door Ref: RENW-183 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.3 n/a n/a 

Bedroom to En-Suite -ve -2.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-183 22.3 34.9 

En-Suite RENW-182 22.2 44.8 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45db(A) 

Extract Grille 1
-47l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.2m³ 

12.81 AC/HR enhanced by 
a further 15.54 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Chilled Beam
+38l/s

Door Tag – RENW183

D
o

o
r Tag – R

EN
W

1
8

2

-2.0Pa

Adults Ward 4C – Room 73
 Room Volume = 47.9 m³ 

2.85 AC/HR

+0
.3P

a
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 74 – Door Ref: RENW-185 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +42 48.1 3.14 *2.5 – 3.0 

En-Suite 
(Extract) -45 -48 14.3 12.08 3.0 

Room 
Condition: Good 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 74 – Door Ref: RENW-186 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.8 34.9 65 28.44 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                                                 ANNUAL VERIFICATION & INSPECTION 

                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 74 – RENW-186 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.9 n/a n/a 

Bedroom to En-Suite -ve -2.0 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-185 22.0 34.9 

En-Suite RENW-186 22.1 44.8 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A). 

Extract Grille 1
-48l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 14.3m³ 

12.08 AC/HR enhanced by 
a further 16.36 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 74
 Room Volume = 48.1m³ 

3.14 AC/HR

Chilled Beam
+42l/s

Door Tag – RENW185

D
o

o
r Tag – R

EN
W

1
8

6

-2.0Pa

+0
.9

P
a
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 

Adults Ward 4C – Room 75 – Door Ref: RENW-188 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
+40 +39 48.6 2.88 *2.5 – 3.0 

En-Suite 
(Extract) -45 -50 13.5 13.33 3.0 

Room 
Condition: GOOD 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

 

Adults Ward 4C – Room 75 – Door Ref: RENW-187 

Fan Speed Setting En-Suite dB(A) 
SHTM 45dB(A) 

Bedroom dB(A)   
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 - - - - 

2 - - - - 

3 44.9 34.8 56 28.26 

4 - - - - 

5 - - - - 

6 - - - - 

Comments: Speed for the en-suite is SHTM03-01 compliant – Speed is SHTM03-01 compliant for the bedroom 
noise levels. 
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                                                                                                              ADULTS WARD 4C – RENAL 
 

 
DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates & Schematic layout 
 
Room Pressure Differentials 

Adults Ward 4C – Room 75 – Door Ref: RENW-188 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +0.4 n/a n/a 

Bedroom to En-Suite -ve -1.7 n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35dB(A) 

Bedroom RENW-188 21.7 34.8 

En-Suite RENW-187 21.9 44.9 

Comments: Noise levels SHTM03-01 compliant set on speed 3 Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A). 

 

Extract Grille 1
-50l/s

Recirculation
 Grille 1

Recirculation
 Grille 2

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

En-Suite
 Room Volume = 13.5m³ 

13.33 AC/HR enhanced by 
a further 14.93 AC/HR with 
new scrubber recirculation 

fan set at speed 3.

Adults Ward 4C – Room 75
 Room Volume = 48.6m³ 

2.88 AC/HR

Chilled Beam
+39l/s

Door Tag – RENW188

D
o

o
r 

Ta
g 

– 
R
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W

1
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-1.7Pa
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates 
 

Adults Ward 4C – Isolation Rooms – AHU Ref: 124AHU05 & 04 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage 
of Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

51 

+40 

+45 112 46.0 3.52 

2.5 – 3.0 

52 +42 105 54.1 2.79 

53 +41 102 46.25 3.19 

54 +40 100 48.1 2.99 

55 +40 100 48.09 2.99 

56 +40 100 46.59 3.09 

57 +41 102 48.4 3.04 

58 +42 105 49.07 3.08 

59 +41 102 48.30 3.20 

60 +41 102 48.55 3.11 

61 +42 105 48.9 3.09 

62 +41 102 53.04 2.78 

Comments:  
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates 
 

Adults Ward 4C – Bedrooms – AHU Ref: 124AHU05 & 04 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage 
of Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

63 

+40 

+40 100 47.1 3.05 

2.5 – 3.0 

64 +39 97 46.42 3.02 

65 +39 97 48.4 2.90 

66 +41 102 48.2 3.06 

67 +39 97 49.07 2.86 

68 +41 102 48.4 3.04 

69 +45 112 48.42 3.34 

70 +39 97 48.4 2.90 

71 +38 95 48.2 2.83 

72 +44 110 48.4 3.27 

73 +38 95 47.9 2.85 

74 +42 105 48.1 3.14 

75 +39 97 48.6 2.88 

Comments: 

 

 
 
 
Ward 60 –AHU7 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates 
 

Adults Ward 4C – En Suites – AHU Ref: 124AHU04 & 05 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage 
of Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

51 

-45 

-22 48 13.68 5.78 

3.0 

52 -45 100 13.8 11.73 

53 -47 104 16.36 10.34 

54 -43 95 13.1 11.81 

55 -45 100 14.08 11.5 

56 -44 97 15.24 10.39 

57 -39 86 13.4 10.47 

58 -47 104 13.53 12.50 

59 -37 82 13.8 9.65 

60 -39 86 13.56 10.35 

61 -41 91 13.4 11.01 

62 -55 122 17.91 11.06 

Comments: None. 
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DOCUMENT NUMBER – A-5704 

Section 4.0 – Supply & Extract Airflow Rates & Air Change Rates 
 

Adults Ward 4C – En Suites – AHU Ref: 124AHU04 & 05 

Room 
Reference 

Design 
Volume l/s 

Recorded Air 
Volume l/s 

Percentage 
of Design 

Room 
Volume m³ 

Recorded 
AC/HR 

ACRs 
(AC/HR) 

63 

-45 

-45 100 16.8 9.64 

3.0 

64 -48 106 13.96 12.37 

65 -42 93 13.6 11.11 

66 -40 88 13.4 10.74 

67 -47 104 13.6 12.44 

68 -44 97 13.8 11.47 

69 -44 97 14.04 11.28 

70 -40 88 14.3 10.06 

71 -48 106 13.1 13.19 

72 -46 102 13.5 12.26 

73 -47 104 13.2 12.81 

74 -48 106 14.3 12.08 

75 -50 111 13.5 13.33 

Comments: None. 
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DOCUMENT NUMBER – A-5704 

 
Section 5.0 – Test Equipment Used 
 

Type of Equipment Serial No Cal Due Date 

Micro-manometer DCL5342/8651 6th July 2023 

Temperature Probe 42670651 20th December 2022 

Sound Meter 8089301 20th December 2022 

Balometer PH7311945004 22nd June 2023 
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Section 6.0 – Calibration Certificates 
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Risk Assessment Form – Airborne Pathogens 
 

Activity being assessed: Hazards identified: 

The risk associated with exposure to 
airborne pathogens from the 
ventilation system, for immune 
compromised patients 

Violence and aggression  Blood and body fluids  Radiation  

Lone working  Machinery/equipment  Fire / Sources of ignition  
Sharps  Hazardous substances  Ergonomic  
Slips, trips, falls  Electricity  Work methodology  
Manual Handling  Weather  Environment x 

Department: 
 

Haemato- Oncology 

Additional information: 

Ward 4C at the Queen Elizabeth University Hospital is a 10 single room unit caring for 
Haematooncology patients. A number of disease types are managed here but those 
most at risk of airborne fungal infections are patients with acute myeloid and 
lymphoblastic leukaemias. These patients typically endure long periods of 
neutropenia following intensive chemotherapy. Many of these patients are given anti-
fungal prophylaxis medication which is highly effective. The other groups of patients 
treated for lymphoma, chronic leukaemias myeloma and autologous stem cell 
transplant are at low risk for fungal infection. Patients managed with allogeneic stem 
cell transplantation are not treated on ward 4C but are treated in the adjacent 
transplant unit, ward 4B. Patients undergoing treatment for acute leukaemia are 
normally confined to their room and only leave for essential imaging or diagnostic 
procedures. These patients are also high risk for bacterial infection, the source of 
which is normally the patient’s own skin, lung and gut commensal flora during periods 
of severe neutropenia. 
 
We regularly monitor these patients for features suggestive of fungal infection; 
namely fevers refractory to broad spectrum antibiotics, new pulmonary infiltrates, skin 
lesions, serological testing and relevant cultures from blood, indwelling lines, sputum, 
tissue or body fluids. We have not noted any change in the background low incidence 
of these infections compared to those identified historically 

Location: 

 

Ward 4C QEUH 

Person(s) exposed: Patients with weakened immune systems 
Control measures currently in place: Specific risk assessments or 

guidance to be referred to:  
 
1. NICE guidelines (2016) recommending the use of single rooms for accommodating high-risk patients. All 
accommodation in Ward 4C is in single rooms.  
 
https://www.nice.org.uk/guidance/ng47/resources/haematological-cancers-improving-outcomes-pdf-1837457868229 
 

 

haematological-canc
ers-improving-outcom

 
 

IEII 
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-
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Risk Assessment Form – Airborne Pathogens 
 

2. antimicrobial prophylaxis medicines  : The use of antimicrobial prophylaxis medicines  are strongly recommended in 
patients being treated for acute leukaemia. Several classes of drugs are used for prophylaxis but the azoles, particularly 
posaconazole, are the most commonly used. Posaconazole has been shown in multi-centre, randomised controlled trials 
to be highly effective, in one trial published in the NEJM showing a reduction in overall mortality in addition to fungal 
related mortality. Furthermore,there is prospective, observational, single centre, real-life data showing significant clinical 
benefit. In addition there is a good understanding of how posaconazole works at the cellular level that explains its 
efficacy as a prophylactic agent. All international guidelines including IDSA and ESCMID recommend anti-fungal 
prophylaxis in high-risk patients.  
 
3. Regular routine surveillance for possible fungal infection as noted above. 
 
4. Management of patients in single rooms with movement outside this environment only for essential imaging or 
diagnostic/therapeutic procedures. Limited access by visitors.  
 
5. Adults Ward 4C is located on the 4th floor of the Queen Elizabeth University Hospital and is supplied by 3 Air 
Handling Units located on level 12 plant room 124, these AH-units also serve adjacent ward levels 5, 6 &7 for the C core 
and have thermal wheel recovery incorporated within them at source. The original filtration and pressure set up from 
building hand over for ward 4C was as follows : 
 
General ward - G4 rated primary filtration and F7 Secondary filtration at source with an ambient (0pa) pressure cascade 
from room to corridor.  
 
As an additional risk reducing measure within ward 4C, installation of recirculation air scrubber fans (Camfil Camcleaner 
400 concealed fan units) located within the ceiling of each toilet bedroom on ward 4C was carried out and then each 
space validated to quantify the improvements achieved. The Cam cleaner consists of a pre-filter (bag) and a secondary 
HEPA filter. See report details of fan settings, air volumes, room pressures and noise levels achieved while maintaining 
SHTM03-01 compliance. 
 
Subsequent improvement modifications include : 
 

1. Oct/Nov 2018 plant re calibration and ventilation system re balance to change ward 4C Room Differential 
pressures to corridor to be nominally positive (+ve) 

2. Jan 2019 Installation of F9 secondary filtration to improve the source air quality delivered to these departments. 
3. Jan 2019 Deployment of mobile city M HEPPA air scrubbers to assist in reducing the existing particulate within 

the Air. 
4. January 2020 CVG (Ceiling Ventilation Grilles x10) removed and replaced with a standard ceiling tile to reduce 

the risk of particulate moving from the corridor ceiling void into the corridor transfer area and rooms. 
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Risk Assessment Form – Airborne Pathogens 
 

5. 4C, installation of recirculation air scrubber fans and particulate counts carried out in October 2020. 
 
 
December 2020, Post Survey meaning verification completed on conclusion of works it is confirmed that the 
current example performance within ward 4C  is reflective  : 
From : 
 

 
 
1) Room ACRs = 3AC/HR  
2) EN-suite ACRs = 6AC/HR  
3) Room Differential pressures to corridor to be nominally positive (+ve)  
4) EN-suite toilet to be -ve to the room.  
 

• Olrectlom1I Airflow Arrow 

1 1.----------/□ -----C 
ue~ Room 

Chilled 
Beam 

0 En-,ulte Extract Grille 

0 
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To 
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Risk Assessment Form – Airborne Pathogens 
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Risk Assessment Form – Airborne Pathogens 
 

 
 
 
 

 

Section 7 - Schematic Layout of Bedroom 57 
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Risk Assessment Form – Airborne Pathogens 
 

Evaluation of Risk: Additional Control Measures Required: 
  

 
Likelihood Severity 

Rare - Can’t believe this event would 
happen – will only happen in 
exceptional circumstances. 
Unlikely- Not expected to happen, 
but definite potential exists  
Possible- May occur occasionally, 
has happened before on occasions 
Likely- Strong possibility that this 
could occur 
Almost Certain- This is expected to 
occur frequently / in most 
circumstances 

Negligible – minor injury first aid not 
required 
Minor – minor injury or illness first 
aid required 
Moderate – agency reportable, 
significant injury/illness medical 
treatment or counselling required 
Major – major injury or long term 
incapacity/disability 
Extreme – death or permanent 
incapacity 
 

 
Likelihood x Severity = Risk level 

 
3 x 3  = 9 (medium) 

 

Likelihood  
 Severity  

 
 

Negligible 
1 

Minor 
2  

Moderate 
3  

Major  
4 

Extreme 
5  

Almost Certain 
5 Medium High High V High V High 

Likely  
4 Medium Medium High High V High 

Possible 
 3 Low Medium Medium High High 

Unlikely  
2 Low Medium Medium Medium High 

Rare 
 1 Low Low Low Medium Medium 

 
 
 

Risk Level:  Responsible Manager for arranging additional controls: 

Low Risk Medium Risk 
  High Risk  Very High Risk (Insert Name / Title) Signature:  
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Risk Assessment Form – Airborne Pathogens 
 

Risk Level Acceptable:  Date additional controls to be in place: 
Yes  

(If medium risk indicate any additional 
controls desirable) 

 

No 
(Indicate additional controls required) No additional controls identified. 

Final Risk Level:  Low Medium  High Very High 
 

Requirement to Add 
to Risk Register?  Y N  Requirement to share 

Risk Assessment?  Y  N Services / Depts. 
shared with:  

 
Assessed by / Job Title: Date: Review Date: 

Mike Leach Clinical Director 
Alistair Hart Consultant Haematology 
Alistair Leanord Consultant Microbiologist 
Myra Campbell  Interim General Manager Regional Services  
Alan Gallacher, Head of Compliance 
Tom Steele Director Estates and Facilities 
Kirsty Strannigan Head of Health and Safety 

22nd June 2021 June 2022 
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Risk Assessment Form – Airborne Pathogens 
 
Appendix 1 
 

Ward 4C Room Validation Reports.zip  
 

Particle Counts Ward 4C.zip  
 

QEUH - Ward 4C - 
January 2020.pdf  
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Risk Assessment Form – Airborne Pathogens 
 

Activity being assessed: Hazards identified: 

The risk associated with exposure to 
airborne pathogens from the 
ventilation system, for immune 
compromised patients 

Violence and aggression  Blood and body fluids  Radiation  

Lone working  Machinery/equipment  Fire / Sources of ignition  
Sharps  Hazardous substances  Ergonomic  
Slips, trips, falls  Electricity  Work methodology  
Manual Handling  Weather  Environment x 

Department: 
 

Haemato- Oncology 

Additional information: 

Ward 4C at the Queen Elizabeth University Hospital is a 10 single room unit caring for 
Haematooncology patients. A number of disease types are managed here but those 
most at risk of airborne fungal infections are patients with acute myeloid and 
lymphoblastic leukaemias. These patients typically endure long periods of 
neutropenia following intensive chemotherapy. Many of these patients are given anti-
fungal prophylaxis medication which is highly effective. The other groups of patients 
treated for lymphoma, chronic leukaemias myeloma and autologous stem cell 
transplant are at low risk for fungal infection. Patients managed with allogeneic stem 
cell transplantation are not treated on ward 4C but are treated in the adjacent 
transplant unit, ward 4B. Patients undergoing treatment for acute leukaemia are 
normally confined to their room and only leave for essential imaging or diagnostic 
procedures. These patients are also high risk for bacterial infection, the source of 
which is normally the patient’s own skin, lung and gut commensal flora during periods 
of severe neutropenia. 
 
We regularly monitor these patients for features suggestive of fungal infection; 
namely fevers refractory to broad spectrum antibiotics, new pulmonary infiltrates, skin 
lesions, serological testing and relevant cultures from blood, indwelling lines, sputum, 
tissue or body fluids. We have not noted any change in the background low incidence 
of these infections compared to those identified historically 

Location: 

 

Ward 4C QEUH 

Person(s) exposed: Patients with weakened immune systems 
Control measures currently in place: Specific risk assessments or 

guidance to be referred to:  
 
1. NICE guidelines (2016) recommending the use of single rooms for accommodating high-risk patients. All 
accommodation in Ward 4C is in single rooms. 
 
2. Anti-fungal prophylactic medicines  : The use of anti-fungal prophylaxis is strongly recommended in patients being 
treated for acute leukaemia. Several classes of drugs are used for prophylaxis but the azoles, particularly posaconazole, 

 
NICE Guidelines 2016 
IDSA 
ESCMID 
 
Infection Rates reports 
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Risk Assessment Form – Airborne Pathogens 
 

are the most commonly used. Posaconazole has been shown in multi-centre, randomised controlled trials to be highly 
effective, in one trial published in the NEJM showing a reduction in overall mortality in addition to fungal related mortality. 
Furthermore,there is prospective, observational, single centre, real-life data showing significant clinical benefit. In 
addition there is a good understanding of how posaconazole works at the cellular level that explains its efficacy as a 
prophylactic agent. All international guidelines including IDSA and ESCMID recommend anti-fungal prophylaxis in high-
risk patients.  
 
3. Regular routine surveillance for possible fungal infection as noted above. 
 
4. Management of patients in single rooms with movement outside this environment only for essential imaging or 
diagnostic/therapeutic procedures. Limited access by visitors.  
 
5. We propose regular air sampling monitoring for fungal species and other airborne pathogens for all single rooms in 
ward 4C. 
 
6. Adults Ward 4C is located on the 4th floor of the Queen Elizabeth University Hospital and is supplied by 3 Air 
Handling Units located on level 12 plant room 124, these AH-units also serve adjacent ward levels 5,6 &7 for the C core 
and have thermal wheel recovery incorporated within them at source. The original filtration and pressure set up from 
building hand over for ward 4C was as follows : 
 
General ward - G4 rated primary filtration and F7 Secondary filtration at source with an ambient (0pa) pressure cascade 
from room to corridor and a non-official derogated ACH Rate from SHTM03-01. 
 
Subsequent improvement modifications include : 
 

1. Oct/Nov 2018 plant re calibration and ventilation system re balance to change ward 4C Room Differential 
pressures to corridor to be nominally positive (+ve) 

2. Jan 2019 Installation of F9 secondary filtration to improve the source air quality delivered to these departments. 
3. Deployment of mobile city M HEPPA air scrubbers to assist in reducing the existing particulate within the Air. 
4. CVG (Ceiling Ventilation Grilles x10) removed and replaced with a standard ceiling tile to reduce the risk of 

particulate moving from the corridor ceiling void into the corridor transfer area and rooms. 
 
Now post survey it is confirmed that the current performance within ward 4C  is reflective of : 
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Risk Assessment Form – Airborne Pathogens 
 

 
 
1) Room ACRs = 3AC/HR  
2) EN-suite ACRs = 6AC/HR  
3) Room Differential pressures to corridor to be nominally positive (+ve)  
4) EN-suite toilet to be -ve to the room.  
 
 
 
 
 
 
 

 

• Olrertlom1I Alrfk,w Arraw ~ -0.Ulod Beam u 

Bed Room 

0 En-,ulto &tr>et Grillo 

En-Suite 
To 

Adjacent 
Room 
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Risk Assessment Form – Airborne Pathogens 
 

 
 

Evaluation of Risk: Additional Control Measures Required: 
  

 
Likelihood Severity 

Rare - Can’t believe this event would 
happen – will only happen in 
exceptional circumstances. 
Unlikely- Not expected to happen, 
but definite potential exists  
Possible- May occur occasionally, 
has happened before on occasions 
Likely- Strong possibility that this 
could occur 
Almost Certain- This is expected to 
occur frequently / in most 
circumstances 

Negligible – minor injury first aid not 
required 
Minor – minor injury or illness first 
aid required 
Moderate – agency reportable, 
significant injury/illness medical 
treatment or counselling required 
Major – major injury or long term 
incapacity/disability 
Extreme – death or permanent 
incapacity 
 

 
Likelihood x Severity = Risk level 

 
3 x 2  = 6 (medium) 

 

Likelihood  
 Severity  

 
 

Negligible 
1 

Minor 
2  

Moderate 
3  

Major  
4 

Extreme 
5  

Almost Certain 
5 Medium High High V High V High 

Likely  
4 Medium Medium High High V High 

Possible 
 3 Low Medium Medium High High 

Unlikely  
2 Low Medium Medium Medium High 

Rare 
 1 Low Low Low Medium Medium 

 
Beyond those listed above no further control measures are required. 
 
 
As the risk score is medium, Clinical and Estates management will 
progress with developing a scheme of works to further enhance the 
environment to reduce the risk level further. 
 
 

Risk Level:  Responsible Manager for arranging additional controls: 
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Low Risk Medium Risk 
  High Risk  Very High Risk (Insert Name / Title) Signature:  

Risk Level Acceptable:  Date additional controls to be in place: 
Yes  

(If medium risk indicate any additional 
controls desirable) 

 

No 
(Indicate additional controls required) Target within 2020 

Final Risk Level:  Low Medium  High Very High 
 

Requirement to Add 
to Risk Register?  Y N  Requirement to share 

Risk Assessment?  Y  N Services / Depts. 
shared with:  

 
Assessed by / Job Title: Date: Review Date: 

Mike Leach Clinical Director 
Alistair Hart Consultant Haematology 
Prof Brian Jones Head of Microbiology 
Melanie McColgan General Manager Regional Services 
Myra Campbell Clincal Services Manager 
Darryl James Conner AP Ventilation 
Tom Steele Director Estates and Facilities 
John Green Interim Health and Safety Lead 

28th February 2020 January 2021 
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Document Ref.   QEUH-CDL-XX-XX-RP-Z-90201 

Executive Summary 

Cundall were appointed by Graham Construction Ltd to assess whether the existing Air Handling Units (AHUs) 

AHU 04 & AHU 05 located within plant room 124 has any additional capacity to allow the volume of air delivered to 

the single patient rooms within wards 4C, 5C, 6C and 7C at Queen Elizabeth University Hospital (QEUH) located at 

1345 Govan Rd, Glasgow G51 4TF to be increased to allow an air change rate to 6 air changes per hour (ACH) or 

higher. 

This feasibility report will review the existing plant and highlight the associated works required to existing services 

as well as listing any additional equipment needed to achieve increased ventilation rates.  

At the time of writing, we approached Barkell, the manufacturer of the AHUs installed at the QEUH to seek 

assistance with the three scenarios posed by the end client, NHSGG&C. Barkell originally engaged with us to 

review modifications and alterations, However, they broke off communications due to ongoing Legal Proceedings 

between them (Barkell) and their Client, Mercury Engineering.  

  

 

CUN:::>ALL 
Page 1436

A48946859



Queen Elizabeth University Hospital Wards 4C, 5C, 6C & 7C - Ventilation Proposal  

Document Ref.   QEUH-CDL-XX-XX-RP-Z-90201 

Contents 

1.0 Introduction 2 

1.1 Purpose of analysis 2 

2.0 System description 4 

2.1 System description 4 

3.0 Assessment 6 

3.1 Existing room air change rates 6 

3.2 Proposed air volumes 10 

4.0 Impact on the existing installation 15 

4.1 Air Handling Units 15 

5.0 Scenarios 22 

5.1 Review of scenarios 22 

6.0 Summary of findings 29 

6.1 Summary of findings 29 

 
 
 
 

CUN:::>ALL 
Page 1437

A48946859



Queen Elizabeth University Hospital Wards 4C, 5C, 6C & 7C - Ventilation Proposal  

Document Ref.   QEUH-CDL-XX-XX-RP-Z-90201 1 

 
 
 
 
 
 
 
 
 
 
 

1.0 
Introduction 

 

CUN:::>ALL 
Page 1438

A48946859



Queen Elizabeth University Hospital Wards 4C, 5C, 6C & 7C - Ventilation Proposal  

Document Ref.   QEUH-CDL-XX-XX-RP-Z-90201 2 

1.0 Introduction 

1.1 Purpose of analysis 

The purpose of this report is to determine the viability for increasing the ventilation rates within the single bedrooms 

on wards 4C, 5C, 6C and 7C to 6 ach. These wards are located on levels 4 to 7.  

This report will only address the impact of increasing the ventilation rates to the single bedroom within these wards. 

The ventilation rates for all other rooms served by the same system will not be considered and will remain the 

same. 

Ward 4C has 25 No. single bedrooms and floors wards 5C, 6C and 7C have 28 No. single bedrooms on each.  

The analysis will also assess the impact this will have on the existing installation and recommended modifications 

required to facilitate the increase in ventilation rates. 

This report will investigate each of the following scenarios as posed by NHSGG&C: 

• Utilising existing ductwork, fans and AHU carcasses, can we increase air volume supply to all floors to 

achieve the required 6 ach. 

• Utilising existing ductwork, AHU carcasses and altering the pulleys on the existing fans, can we increase 

air volume supply to all floors to achieve the required 6 ach. 

• Utilising existing ductwork, AHU carcasses and changing the existing fan arrangement to EC fans (perhaps 

a fan wall), can we increase air volume supply to all floors to achieve the required 6 ach. 

• In all of the scenarios above, can we increase the air volume supply to just one floor to 6 ach. 
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2.0 System description 

2.1 System description 

Wards 4C, 5C, 6C and 7C ventilation is currently served by AHU 04 & AHU 05 located on level 12 plantroom 124. 

The ventilation ducts from the AHUs drop down the mechanical riser to serve floors 4 to 7. Ducts then distribute 

from the riser through the ceiling voids to serve the wards.  

Conditioned air is then supplied to the single bedrooms via a Swegon Parasol ceiling mounted heating / cooling 

terminal unit. This unit tempers the supply air via heating and cooling coils to achieve the rooms winter and 

summer design conditions. 

Air is extracted from the en-suite, through a door mounted grill and then via a valve type terminal, before being 

ducted back through the ceiling voids to the mechanical services riser before returning to AHUs 04 & 05 located on 

level 12. 

AHUs 04 & 05 only serve wards 4C, 5C, 6C & 7C with AHU 04 serving the lower portion of the wards and AHU 05 

serving the upper portion. 

It was noticed that the extract system serving the single bedrooms on the wards also serves the toilets within the 

general areas.  

Extract air volumes are higher than supply volumes meaning that the single bed wards are under negative pressure 

in relation to corridors.    
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3.0 Assessment 

3.1 Existing room air change rates 

The following supply and extract air volumes were calculated based on H&V commissioning data sheets. 

3.1.1 Level 4 - Ward 4C 

Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal 
ref 

Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

RENW-130 Single Bed 17.36 2.7 46.872 AHU 04 CB/W1/L1 - 40.5   3.1 

RENW-128 Ensuite 5.14 2.7 13.878 AHU 04 - 4-509/TG-006   46.2 12.0 

RENW-131 Single Bed 18.87 2.7 50.949 AHU 04 CB/W1/L2 - 40   2.8 

RENW-1?? Ensuite 5.31 2.7 14.337 AHU 04 - 4-509/TG-007   46.2 11.6 

RENW-134 Single Bed 17.78 2.7 48.006 AHU 04 CB/W1/L2 - 40.3   3.0 

RENW-133 Ensuite 5.31 2.7 14.337 AHU 04 - 4-509/TG-003   45.1 11.3 

RENW-135 Single Bed 17.75 2.7 47.925 AHU 04 CB/W1/L2 - 40   3.0 

RENW-136 Ensuite 5.32 2.7 14.364 AHU 04 - 4-509/TG-002   45.1 11.3 

RENW-138 Single Bed 17.25 2.7 46.575 AHU 04 CB/W1/L2 - 40.6   3.1 

RENW-137 Ensuite 5.32 2.7 14.364 AHU 04 - 4-510/TG-010   45.1 11.3 

RENW-140 Single Bed 16.92 2.7 45.684 AHU 04 CB/W1/L2 - 40.6   3.2 

RENW-141 Ensuite 5.32 2.7 14.364 AHU 04 - 4-510/TG-012   45.1 11.3 

RENW-143 Single Bed 17.62 2.7 47.574 AHU 04 CB/W1/L2 - 40.3   3.0 

RENW-14? Ensuite 5.31 2.7 14.337 AHU 04 - 4-510/TG-011   45.1 11.3 

RENW-14? Single Bed 17.65 2.7 47.655 AHU 04 CB/W1/L2 - 40.6   3.1 

RENW-145 Ensuite 5.32 2.7 14.364 AHU 04 - 4-510/TG-013   45.1 11.3 

RENW-147 Single Bed 16.97 2.7 45.819 AHU 04 CB/W1/L2 - 40   3.1 

RENW-146 Ensuite 5.31 2.7 14.337 AHU 04 - 4-510/TG-014   45.1 11.3 

RENW-1?? Single Bed 17.15 2.7 46.305 AHU 04 CB/W1/L2 - 40.3   3.1 

RENW-1?? Ensuite 5.32 2.7 14.364 AHU 04 - 4-510/TG-015   45.1 11.3 

RENW-152 Single Bed 17.52 2.7 47.304 AHU 04 CB/W1/L2 - 40   3.0 

RENW-151 Ensuite 5.31 2.7 14.337 AHU 04 - 4-510/TG-016   46.2 11.6 

RENW-154 Single Bed 18.17 2.7 49.059 AHU 04 CB/W1/L2 - 40   2.9 

RENW-153 Ensuite 7.9 2.7 21.33 AHU 04 - 4-510/TG-017   45.1 7.6 

Sub total               483 545   
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Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal 
ref 

Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

RENW-155 Single Bed 18.5 2.7 49.95 AHU 05 CB/W1/L2 - 41.6   3.0 

RENW-156 Ensuite 7.67 2.7 20.709 AHU 05 - 4-510/TG-001   45.2 7.9 

RENW-15? Single Bed 17.36 2.7 46.872 AHU 05 CB/W1/L2 - 40.6   3.1 

RENW-158 Ensuite 5.28 2.7 14.256 AHU 05 - 4-510/TG-003   45.2 11.4 

RENW-15? Single Bed 17.02 2.7 45.954 AHU 05 CB/W1/L2 - 40.6   3.2 

RENW-159 Ensuite 5.32 2.7 14.364 AHU 05 - 4-510/TG-002   45.2 11.3 

RENW-162 Single Bed 17.17 2.7 46.359 AHU 05 CB/W1/L2 - 41.3   3.2 

RENW-1?? Ensuite 5.35 2.7 14.445 AHU 05 - 4-510/TG-004   45.2 11.3 

RENW-165 Single Bed 17.69 2.7 47.763 AHU 05 CB/W1/L2 - 40.3   3.0 

RENW-164 Ensuite 5.31 2.7 14.337 AHU 05 - 4-510/TG-005   45.2 11.3 

RENW-16? Single Bed 17.41 2.7 47.007 AHU 05 CB/W1/L2 - 41.6   3.2 

RENW-167 Ensuite 5.32 2.7 14.364 AHU 05 - 4-510/TG-007   45.2 11.3 

RENW-16? Single Bed 17.15 2.7 46.305 AHU 05 CB/W1/L2 - 40   3.1 

RENW-168 Ensuite 5.31 2.7 14.337 AHU 05 - 4-510/TG-006   46.33 11.6 

RENW-1?? Single Bed 16.85 2.7 45.495 AHU 05 CB/W1/L2 - 40.6   3.2 

RENW-1?? Ensuite 5.3 2.7 14.31 AHU 05 - 4-510/TG-008   45.2 11.4 

RENW-1?? Single Bed 17.75 2.7 47.925 AHU 05 CB/W1/L2 - 41.3   3.1 

RENW-1?? Ensuite 5.31 2.7 14.337 AHU 05 - 4-511/TG-005   45.2 11.3 

RENW-1?? Single Bed 17.16 2.7 46.332 AHU 05 CB/W1/L1 - 40.5   3.1 

RENW-1?? Ensuite 5.15 2.7 13.905 AHU 05 - 4-511/TG-004   45.2 11.7 

RENW-1?? Single Bed 17.17 2.7 46.359 AHU 05 CB/W1/L1 - 40.1   3.1 

RENW-1?? Ensuite 5.12 2.7 13.824 AHU 05 - 4-511/TG-003   47.46 12.4 

RENW-1?? Single Bed 16.99 2.7 45.873 AHU 05 CB/W1/L1 - 40.1   3.1 

RENW-1?? Ensuite 5.14 2.7 13.878 AHU 05 - 4-511/TG-002   45.2 11.7 

RENW-1?? Single Bed 16.88 2.7 45.576 AHU 05 CB/W1/L1 - 40.1   3.2 

RENW-1?? Ensuite 5.16 2.7 13.932 AHU 05 - 4-511/TG-001   45.2 11.7 

Sub total               529 591   
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3.1.2 Level 5 to 7 – Typical Ward  

Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal 
ref 

Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

GENWC-0?? Single Bed 19.95 2.7 53.865 AHU 04 CB/W1/L1 - 40.1   2.7 

GENWC-002 Ensuite 5.16 2.7 13.932 AHU 04 - 5-509/TG-007   45.1 11.7 

GENWC-004 Single Bed 16.75 2.7 45.225 AHU 04 CB/W1/L1 - 40.1   3.2 

GENWC-??? Ensuite 5.15 2.7 13.905 AHU 04 - 5-509/TG-006   45.1 11.7 

GENWC-??? Single Bed 16.63 2.7 44.901 AHU 04 CB/W1/L1 - 40.1   3.2 

GENWC-??? Ensuite 5.17 2.7 13.959 AHU 04 - 5-509/TG-004   45.1 11.6 

GENWC-??? Single Bed 17.28 2.7 46.656 AHU 04 CB/W1/L1 - 40.1   3.1 

GENWC-??? Ensuite 5.16 2.7 13.932 AHU 04 - 5-509/TG-005   45.1 11.7 

GENWC-010 Single Bed 18.78 2.7 50.706 AHU 04 CB/W1/L1 - 40.1   2.8 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 04 - 5-509/TG-003   45.1 11.3 

GENWC-013 Single Bed 17.8 2.7 48.06 AHU 04 CB/W1/L1 - 40.1   3.0 

GENWC-012 Ensuite 5.31 2.7 14.337 AHU 04 - 5-509/TG-002   45.1 11.3 

GENWC-014 Single Bed 17.67 2.7 47.709 AHU 04 CB/W1/L1 - 40.5   3.1 

GENWC-015 Ensuite 5.31 2.7 14.337 AHU 04 - 5-509/TG-001   45.1 11.3 

GENWC-017 Single Bed 17.26 2.7 46.602 AHU 04 CB/W1/L1 - 41.2   3.2 

GENWC-016 Ensuite 5.32 2.7 14.364 AHU 04 - 5-510/TG-011   45.1 11.3 

GENWC-019 Single Bed 16.94 2.7 45.738 AHU 04 CB/W1/L1 - 40.5   3.2 

GENWC-020 Ensuite 5.31 2.7 14.337 AHU 04 - 5-510/TG-013   45.1 11.3 

GENWC-022 Single Bed 17.63 2.7 47.601 AHU 04 CB/W1/L1 - 40.8   3.1 

GENWC-??? Ensuite 5.32 2.7 14.364 AHU 04 - 5-510/TG-012   45.1 11.3 

GENWC-023 Single Bed 17.65 2.7 47.655 AHU 04 CB/W1/L1 - 40.5   3.1 

GENWC-024 Ensuite 5.31 2.7 14.337 AHU 04 - 5-510/TG-015   45.1 11.3 

GENWC-026 Single Bed 17.08 2.7 46.116 AHU 04 CB/W1/L1 - 40.5   3.2 

GENWC-??? Ensuite 5.32 2.7 14.364 AHU 04 - 5-510/TG-016   45.2 11.3 

GENWC-028 Single Bed 17.15 2.7 46.305 AHU 04 CB/W1/L1 - 40.5   3.1 

GENWC-029 Ensuite 5.32 2.7 14.364 AHU 04 - 5-510/TG-017   45.2 11.3 

GENWC-031 Single Bed 17.49 2.7 47.223 AHU 04 CB/W1/L1 - 40.1   3.1 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 04 - 5-510/TG-018   45.2 11.3 

Sub total               565 632   
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Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal 
ref 

Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

GENWC-033 Single Bed 19.59 2.7 52.893 AHU 05 CB/W1/L1 - 40.1   2.7 

GENWC-034 Ensuite 8.28 2.7 22.356 AHU 05 - 5-510/TG-001   45.2 7.3 

GENWC-035 Single Bed 17.16 2.7 46.332 AHU 05 CB/W1/L3 - 40   3.1 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 05 - 5-510/TG-003   46.33 11.6 

GENWC-038 Single Bed 17.18 2.7 46.386 AHU 05 CB/W1/L3 - 40   3.1 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 05 - 5-510/TG-002   45.2 11.3 

GENWC-040 Single Bed 17.18 2.7 46.386 AHU 05 CB/W1/L3 - 40   3.1 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 05 - 5-510/TG-004   45.2 11.3 

GENWC-??? Single Bed 17.67 2.7 47.709 AHU 05 CB/W1/L3 - 40.3   3.0 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 05 - 5-510/TG-005   48.59 12.2 

GENWC-??? Single Bed 17.4 2.7 46.98 AHU 05 CB/W1/L3* - 40   3.1 

GENWC-045 Ensuite 5.31 2.7 14.337 AHU 05 - 5-510/TG-007   45.2 11.3 

GENWC-??? Single Bed 17.15 2.7 46.305 AHU 05 CB/W1/L3 - 40   3.1 

GENWC-??? Ensuite 5.31 2.7 14.337 AHU 05 - 5-510/TG-006   46.33 11.6 

GENWC-049 Single Bed 16.86 2.7 45.522 AHU 05 CB/W1/L3 - 40   3.2 

GENWC-050 Ensuite 5.32 2.7 14.364 AHU 05 - 5-510/TG-008   45.2 11.3 

GENWC-052 Single Bed 17.72 2.7 47.844 AHU 05 CB/W1/L3 - 40   3.0 

GENWC-051 Ensuite 5.31 2.7 14.337 AHU 05 - 5-511/TG-007   45.2 11.3 

GENWC-053 Single Bed 19.41 2.7 52.407 AHU 05 CB/W1/L3 - 40.3   2.8 

GENWC-056 Ensuite 5.61 2.7 15.147 AHU 05 - 5-511/TG-006   45.2 10.7 

GENWC-057 Single Bed 16.69 2.7 45.063 AHU 05 CB/W1/L3 - 40   3.2 

GENWC-058 Ensuite 5.15 2.7 13.905 AHU 05 - 5-511/TG-004   45.2 11.7 

GENWC-060 Single Bed 17.09 2.7 46.143 AHU 05 CB/W1/L3 - 40   3.1 

GENWC-059 Ensuite 5.12 2.7 13.824 AHU 05 - 5-511/TG-005   45.2 11.8 

GENWC-062 Single Bed 17.08 2.7 46.116 AHU 05 CB/W1/L3 - 40   3.1 

GENWC-063 Ensuite 5.15 2.7 13.905 AHU 05 - 5-511/TG-002   45.2 11.7 

GENWC-??? Single Bed 16.91 2.7 45.657 AHU 05 CB/W1/L3 - 40   3.2 

GENWC-064 Ensuite 5.15 2.7 13.905 AHU 05 - 5-511/TG-003   46.33 12.0 

Sub total               561 640   

 
Note: the maximum fresh air supply to the existing Swegon Parasol ceiling terminals is limited to 40 l/s. 

The tables above illustrate the existing ventilation air change rate for the single bedrooms to be between 2.7 to 3.2 
ach. 
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3.2 Proposed air volumes 

The following supply and extract air volumes were calculated to achieve the required 6 ach. Note, we have 

assumed balanced air volumes for the purposes of the report. If the single bed wards are to be under negative 

pressure this will increase the extract volumes.   

3.2.1 Level 4 - Ward 4C 

Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal 
ref 

Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

RENW-130 Single Bed 17.36 2.7 46.872 AHU 04 CB/W1/L1 - 78 - 6 

RENW-128 En-suite 5.14 2.7 13.878 AHU 04 - 4-509/TG-006 - 78 20.3 

RENW-131 Single Bed 18.87 2.7 50.949 AHU 04 CB/W1/L2 - 85 - 6 

RENW-1?? En-suite 5.31 2.7 14.337 AHU 04 - 4-509/TG-007 - 85 21.3 

RENW-134 Single Bed 17.78 2.7 48.006 AHU 04 CB/W1/L2 - 80 - 6 

RENW-133 En-suite 5.31 2.7 14.337 AHU 04 - 4-509/TG-003 - 80 20.1 

RENW-135 Single Bed 17.75 2.7 47.925 AHU 04 CB/W1/L2 - 80 - 6 

RENW-136 En-suite 5.32 2.7 14.364 AHU 04 - 4-509/TG-002 - 80 20.0 

RENW-138 Single Bed 17.25 2.7 46.575 AHU 04 CB/W1/L2 - 78 - 6 

RENW-137 En-suite 5.32 2.7 14.364 AHU 04 - 4-510/TG-010 - 78 19.5 

RENW-140 Single Bed 16.92 2.7 45.684 AHU 04 CB/W1/L2 - 76 - 6 

RENW-141 En-suite 5.32 2.7 14.364 AHU 04 - 4-510/TG-012 - 76 19.1 

RENW-143 Single Bed 17.62 2.7 47.574 AHU 04 CB/W1/L2 - 79 - 6 

RENW-14? En-suite 5.31 2.7 14.337 AHU 04 - 4-510/TG-011 - 79 19.9 

RENW-14? Single Bed 17.65 2.7 47.655 AHU 04 CB/W1/L2 - 79 - 6 

RENW-145 En-suite 5.32 2.7 14.364 AHU 04 - 4-510/TG-013 - 79 19.9 

RENW-147 Single Bed 16.97 2.7 45.819 AHU 04 CB/W1/L2 - 76 - 6 

RENW-146 En-suite 5.31 2.7 14.337 AHU 04 - 4-510/TG-014 - 76 19.2 

RENW-1?? Single Bed 17.15 2.7 46.305 AHU 04 CB/W1/L2 - 77 - 6 

RENW-1?? En-suite 5.32 2.7 14.364 AHU 04 - 4-510/TG-015 - 77 19.3 

RENW-152 Single Bed 17.52 2.7 47.304 AHU 04 CB/W1/L2 - 79 - 6 

RENW-151 En-suite 5.31 2.7 14.337 AHU 04 - 4-510/TG-016 - 79 19.8 

RENW-154 Single Bed 18.17 2.7 49.059 AHU 04 CB/W1/L2 - 82 - 6 

RENW-153 En-suite 7.9 2.7 21.33 AHU 04 - 4-510/TG-017 - 82 13.8 

Sub total               950 950   
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Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal 
ref 

Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

RENW-155 Single Bed 18.5 2.7 49.95 AHU 05 CB/W1/L2 - 83 - 6 

RENW-156 En-suite 7.67 2.7 20.709 AHU 05 - 4-510/TG-001 - 83 14.5 

RENW-15? Single Bed 17.36 2.7 46.872 AHU 05 CB/W1/L2 - 78 - 6 

RENW-158 En-suite 5.28 2.7 14.256 AHU 05 - 4-510/TG-003 - 78 19.7 

RENW-15? Single Bed 17.02 2.7 45.954 AHU 05 CB/W1/L2 - 77 - 6 

RENW-159 En-suite 5.32 2.7 14.364 AHU 05 - 4-510/TG-002 - 77 19.2 

RENW-162 Single Bed 17.17 2.7 46.359 AHU 05 CB/W1/L2 - 77 - 6 

RENW-1?? En-suite 5.35 2.7 14.445 AHU 05 - 4-510/TG-004 - 77 19.3 

RENW-165 Single Bed 17.69 2.7 47.763 AHU 05 CB/W1/L2 - 80 - 6 

RENW-164 En-suite 5.31 2.7 14.337 AHU 05 - 4-510/TG-005 - 80 20.0 

RENW-16? Single Bed 17.41 2.7 47.007 AHU 05 CB/W1/L2 - 78 - 6 

RENW-167 En-suite 5.32 2.7 14.364 AHU 05 - 4-510/TG-007 - 78 19.6 

RENW-16? Single Bed 17.15 2.7 46.305 AHU 05 CB/W1/L2 - 77 - 6 

RENW-168 En-suite 5.31 2.7 14.337 AHU 05 - 4-510/TG-006 - 77 19.4 

RENW-1?? Single Bed 16.85 2.7 45.495 AHU 05 CB/W1/L2 - 76 - 6 

RENW-1?? En-suite 5.3 2.7 14.31 AHU 05 - 4-510/TG-008 - 76 19.1 

RENW-1?? Single Bed 17.75 2.7 47.925 AHU 05 CB/W1/L2 - 80 - 6 

RENW-1?? En-suite 5.31 2.7 14.337 AHU 05 - 4-511/TG-005 - 80 20.1 

RENW-1?? Single Bed 17.16 2.7 46.332 AHU 05 CB/W1/L1 - 77 - 6 

RENW-1?? En-suite 5.15 2.7 13.905 AHU 05 - 4-511/TG-004 - 77 20.0 

RENW-1?? Single Bed 17.17 2.7 46.359 AHU 05 CB/W1/L1 - 77 - 6 

RENW-1?? En-suite 5.12 2.7 13.824 AHU 05 - 4-511/TG-003 - 77 20.1 

RENW-1?? Single Bed 16.99 2.7 45.873 AHU 05 CB/W1/L1 - 76 - 6 

RENW-1?? En-suite 5.14 2.7 13.878 AHU 05 - 4-511/TG-002 - 76 19.8 

RENW-1?? Single Bed 16.88 2.7 45.576 AHU 05 CB/W1/L1 - 76 - 6 

RENW-1?? En-suite 5.16 2.7 13.932 AHU 05 - 4-511/TG-001 - 76 19.6 

Sub total               1013 1013   
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Level 5 to 7 – Typical Ward  

 
Room No. Description Area Floor 

to 
ceiling 

Volume AHU Terminal ref Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

GENWC-0?? Single Bed 19.95 2.7 53.865 AHU 04 CB/W1/L1 - 90 - 6 

GENWC-002 En-suite 5.16 2.7 13.932 AHU 04 - 5-509/TG-007 - 90 23.2 

GENWC-004 Single Bed 16.75 2.7 45.225 AHU 04 CB/W1/L1 - 75 - 6 

GENWC-??? En-suite 5.15 2.7 13.905 AHU 04 - 5-509/TG-006 - 75 19.5 

GENWC-??? Single Bed 16.63 2.7 44.901 AHU 04 CB/W1/L1 - 75 - 6 

GENWC-??? En-suite 5.17 2.7 13.959 AHU 04 - 5-509/TG-004 - 75 19.3 

GENWC-??? Single Bed 17.28 2.7 46.656 AHU 04 CB/W1/L1 - 78 - 6 

GENWC-??? En-suite 5.16 2.7 13.932 AHU 04 - 5-509/TG-005 - 78 20.1 

GENWC-010 Single Bed 18.78 2.7 50.706 AHU 04 CB/W1/L1 - 85 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 04 - 5-509/TG-003 - 85 21.2 

GENWC-013 Single Bed 17.8 2.7 48.06 AHU 04 CB/W1/L1 - 80 - 6 

GENWC-012 En-suite 5.31 2.7 14.337 AHU 04 - 5-509/TG-002 - 80 20.1 

GENWC-014 Single Bed 17.67 2.7 47.709 AHU 04 CB/W1/L1 - 80 - 6 

GENWC-015 En-suite 5.31 2.7 14.337 AHU 04 - 5-509/TG-001 - 80 20.0 

GENWC-017 Single Bed 17.26 2.7 46.602 AHU 04 CB/W1/L1 - 78 - 6 

GENWC-016 En-suite 5.32 2.7 14.364 AHU 04 - 5-510/TG-011 - 78 19.5 

GENWC-019 Single Bed 16.94 2.7 45.738 AHU 04 CB/W1/L1 - 76 - 6 

GENWC-020 En-suite 5.31 2.7 14.337 AHU 04 - 5-510/TG-013 - 76 19.1 

GENWC-022 Single Bed 17.63 2.7 47.601 AHU 04 CB/W1/L1 - 79 - 6 

GENWC-??? En-suite 5.32 2.7 14.364 AHU 04 - 5-510/TG-012 - 79 19.9 

GENWC-023 Single Bed 17.65 2.7 47.655 AHU 04 CB/W1/L1 - 79 - 6 

GENWC-024 En-suite 5.31 2.7 14.337 AHU 04 - 5-510/TG-015 - 79 19.9 

GENWC-026 Single Bed 17.08 2.7 46.116 AHU 04 CB/W1/L1 - 77 - 6 

GENWC-??? En-suite 5.32 2.7 14.364 AHU 04 - 5-510/TG-016 - 77 19.3 

GENWC-028 Single Bed 17.15 2.7 46.305 AHU 04 CB/W1/L1 - 77 - 6 

GENWC-029 En-suite 5.32 2.7 14.364 AHU 04 - 5-510/TG-017 - 77 19.3 

GENWC-031 Single Bed 17.49 2.7 47.223 AHU 04 CB/W1/L1 - 79 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 04 - 5-510/TG-018 - 79 19.8 

Sub total               1107 1107   
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Room No. Description Area Floor 
to 

ceiling 

Volume AHU Terminal ref Grille ref Existing air volumes 

Supply Extract ACR 

    m² m m³       l/s l/s ac/h 

GENWC-033 Single Bed 19.59 2.7 52.893 AHU 05 CB/W1/L1 - 88 - 6 

GENWC-034 En-suite 8.28 2.7 22.356 AHU 05 - 5-510/TG-001 - 88 14.2 

GENWC-035 Single Bed 17.16 2.7 46.332 AHU 05 CB/W1/L3 - 77 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 05 - 5-510/TG-003 - 77 19.4 

GENWC-038 Single Bed 17.18 2.7 46.386 AHU 05 CB/W1/L3 - 77 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 05 - 5-510/TG-002 - 77 19.4 

GENWC-040 Single Bed 17.18 2.7 46.386 AHU 05 CB/W1/L3 - 77 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 05 - 5-510/TG-004 - 77 19.4 

GENWC-??? Single Bed 17.67 2.7 47.709 AHU 05 CB/W1/L3 - 80 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 05 - 5-510/TG-005 - 80 20.0 

GENWC-??? Single Bed 17.4 2.7 46.98 AHU 05 CB/W1/L3* - 78 - 6 

GENWC-045 En-suite 5.31 2.7 14.337 AHU 05 - 5-510/TG-007 - 78 19.7 

GENWC-??? Single Bed 17.15 2.7 46.305 AHU 05 CB/W1/L3 - 77 - 6 

GENWC-??? En-suite 5.31 2.7 14.337 AHU 05 - 5-510/TG-006 - 77 19.4 

GENWC-049 Single Bed 16.86 2.7 45.522 AHU 05 CB/W1/L3 - 76 - 6 

GENWC-050 En-suite 5.32 2.7 14.364 AHU 05 - 5-510/TG-008 - 76 19.0 

GENWC-052 Single Bed 17.72 2.7 47.844 AHU 05 CB/W1/L3 - 80 - 6 

GENWC-051 En-suite 5.31 2.7 14.337 AHU 05 - 5-511/TG-007 - 80 20.0 

GENWC-053 Single Bed 19.41 2.7 52.407 AHU 05 CB/W1/L3 - 87 - 6 

GENWC-056 En-suite 5.61 2.7 15.147 AHU 05 - 5-511/TG-006 - 87 20.8 

GENWC-057 Single Bed 16.69 2.7 45.063 AHU 05 CB/W1/L3 - 75 - 6 

GENWC-058 En-suite 5.15 2.7 13.905 AHU 05 - 5-511/TG-004 - 75 19.4 

GENWC-060 Single Bed 17.09 2.7 46.143 AHU 05 CB/W1/L3 - 77 - 6 

GENWC-059 En-suite 5.12 2.7 13.824 AHU 05 - 5-511/TG-005 - 77 20.0 

GENWC-062 Single Bed 17.08 2.7 46.116 AHU 05 CB/W1/L3 - 77 - 6 

GENWC-063 En-suite 5.15 2.7 13.905 AHU 05 - 5-511/TG-002 - 77 19.9 

GENWC-??? Single Bed 16.91 2.7 45.657 AHU 05 CB/W1/L3 - 76 - 6 

GENWC-064 En-suite 5.15 2.7 13.905 AHU 05 - 5-511/TG-003 - 76 19.7 

Sub total               1103 1103   
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4.0 
Impact on the existing installation 
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4.0 Impact on the existing installation 

4.1 Air Handling Units 

From the information provided, the manufacturers technical detail for the existing AHUs are as follow: 
 

AHU ref: 
Manufacturer: 
Fan model: 
Design supply air flow (100%): 
Design supply air flow (125%): 
Total static pressure: 
Fan model: 
Design extract air flow (100%): 
Design extract air flow (125%): 
Total static pressure: 
 

AHU 04 
BARKELL Ltd 
TZAF400FFR 
2.56 m³/s 
3.2 m³/s 
928 Pa 
TZAF450FFR 
2.61 m³/s 
3.26 m³/s 
657 Pa  

AHU ref: 
Manufacturer: 
Fan model: 
Design supply air flow (100%): 
Design supply air flow (125%): 
Total static pressure: 
Fan model: 
Design extract air flow (100%): 
Design extract air flow (125%): 
Total static pressure: 
 

AHU 05 
BARKELL Ltd 
TZAF400FFR 
2.36 m³/s 
2.95 m³/s 
852 Pa 
TZAF500FFR 
3.06 m³/s 
3.83 m³/s 
676 Pa 

Table 4.1 – Existing AHUs information 
 
Note:  

• The technical information provided states that the existing AHUs are designed to operate at 125%duty. 

• AHUs are manufactured to DW143 Class B leakage standard. 
 
The H&V commissioning sheets identifies the following: 
 

AHU ref: Supply Extract 
Design (m³/s) Actual (m³/s) Design (m³/s) Actual (m³/s) 

AHU 04 2.56 2.788 2.608 2.75 
AHU 05 2.36 2.502 3.064 3.193 

Table 4.2 – AHU 04 Existing, required and shortfall supply and extract rates serving single bedrooms per floor 
 
The table below shows the required AHU duties in order to achieve the required 6 ach to all the single bedrooms 
within all 4 floors: 
 
AHU 04 

Floor 

Existing Required Shortfall 

Supply Extract Supply Extract Supply Extract 

l/s l/s l/s l/s l/s l/s 

4th 483 545 914 914 431 370 

5th 565 632 1066 1066 501 435 

6th 569 649 1063 1063 494 414 

7th 562 648 1065 1065 503 417 

Total 2180 2473 4109 4109 1929 1636 

Table 4.3 – AHU 04 Existing, required and shortfall supply and extract rates serving single bedrooms per floor 
 
AHU 05 

Floor 

Existing Required Shortfall 

Supply Extract Supply Extract Supply Extract 

l/s l/s l/s l/s l/s l/s 

4th 529 591 975 975 447 384 

5th 561 640 1062 1062 501 422 

6th 569 649 1066 1066 497 417 

7th 565 652 1061 1061 496 409 

Total 2223 2531 4165 4165 1941 1634 

Table 4.4 – AHU 05 Existing, required and shortfall supply and extract rates serving single bedrooms per floor 
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Note: The total volumes shown above are the sum of the ventilation rates required for the single rooms only and do 

not include other rooms served by the same system e.g. Day Trolleys rooms, non ensuite WCs etc. 

The AHU manufacturer confirmed that the existing AHUs cannot provide the required air volumes to achieve single 

bedroom 6 ach. The limiting factors are the existing fans, motors and cooling and heating coils. The manufacturer 

confirmed that by replacing the existing belt driven fans with a more efficient solution such as an EC plenum direct 

drive fan array (fan motors will be located in the airstream) and replacing the existing cooling and heating coil 

section on the supply AHU with a taller section and larger coils section, the existing AHU duties can be increased. 

We were awaiting confirmation from the AHU manufacturer on what additional air volume these changes will 

achieve. This would have determined the number of floors this option could serve.  

4.1.1 Supply and extract duct 

4.1.1.1 Riser: 

The following table illustrates the impact of increasing the ventilation rates on the riser ductwork: 

AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) (m³/s) (m/s) (m³/s) (m/s) 

AHU 04 Extract 4 550 x 300 0.660 4.0 1.065 6.5 

AHU 04 Extract 5 600 x 500 1.317 4.4 2.197 7.3 

AHU 04 Extract 6 750 x 600 1.989 4.4 3.324 7.4 

AHU 04 Extract 7 1000 x 600 2.660 4.4 4.453 7.4 

AHU 04 Extract 12 1000 x 600 2.660 4.4 4.453 7.4 

AHU 04 Supply  4 500 x 400 0.683 3.4 1.150 5.8 

AHU 04 Supply  5 600 x 500 1.328 4.4 2.337 7.8 

AHU 04 Supply  6 900 x 500 1.978 4.4 3.522 7.8 

AHU 04 Supply  7 1000 x 600 2.620 4.4 4.708 7.8 

AHU 04 Supply  12 1000 x 600 2.620 4.4 4.708 7.8 

AHU 05 Extract 4 550 x 350 0.723 3.8 1.145 5.9 

AHU 05 Extract 5 675 x 550 1.530 4.1 2.415 6.5 

AHU 05 Extract 6 850 x 650 2.341 4.2 3.684 6.7 

AHU 05 Extract 7 1150 x 650 3.156 4.2 4.949 6.6 

AHU 05 Extract 12 1150 x 650 3.156 4.2 4.949 6.6 

AHU 05 Supply  4 500 x 350 0.697 4.0 1.181 6.7 

AHU 05 Supply  5 600 x 500 1.258 4.2 2.284 7.6 

AHU 05 Supply  6 700 x 600 1.826 4.3 3.390 8.1 

AHU 05 Supply  7 900 x 600 2.392 4.4 4.493 8.3 

AHU 05 Supply  12 900 x 600 2.392 4.4 4.493 8.3 
Table 4.1.1.1 – Air velocities within the existing riser 

CIBSE guide B table 3.4 recommends the maximum air velocity within risers for rectangular duct in critical areas 

should be limited to 5 m/s and 7.5m/s in normal areas. 

Table 1.5.2.1 shows by increasing the air volumes within the existing riser ducts to the required volumes to achieve 

the 6 ach would increase the air velocity within the ducts to above the CIBSE guidance. 
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Due to spatial constraints within the riser, there is minimal scope to increase the size of the ducts within the riser 

particularly from levels 12 through to 7. If the trust deems the increase in air velocities within the riser ducts 

acceptable, the existing riser ducts may be retained. The riser ducts may be acoustically treated if required. 

4.1.1.2 Supply and extract duct  

Level 5 AHU 04 and AHU 05 Supply and extract duct  

Level 5           
AHU 04 - Supply - Branch 1         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / 
Ømm 

(m³/s) (m/s) (m³/s) (m/s) 

1 AHU 04 Supply  5   160 Ø 0.040 2.0 0.090 4.5 

2 AHU 04 Supply  5   200 Ø 0.080 2.6 0.165 5.3 

3 AHU 04 Supply  5 250 x 200 0.120 2.4 0.240 4.8 

4 AHU 04 Supply  5 250 x 200 0.160 3.2 0.318 6.4 

5 AHU 04 Supply  5 350 x 200 0.201 2.9 0.402 5.7 

6 AHU 04 Supply  5 350 x 200 0.241 3.4 0.482 6.9 

7 AHU 04 Supply  5 400 x 200 0.281 3.5 0.562 7.0 

8 AHU 04 Supply  5 450 x 200 0.322 3.6 0.640 7.1 

9 AHU 04 Supply  5 500 x 200 0.363 3.6 0.716 7.2 

10 AHU 04 Supply  5 500 x 200 0.404 4.0 0.795 8.0 
Table 4.1.1.2 – Air velocities within the existing distribution ducts 

Level 5           
AHU 04 - Supply - Branch 2         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / 
Ømm 

(m³/s) (m/s) (m³/s) (m/s) 

1 AHU 04 Supply  5   160 Ø 0.040 2.0 0.040 2.0 

2 AHU 04 Supply  5   200 Ø 0.080 2.5 0.080 2.5 

3 AHU 04 Supply  5 250 x 200 0.121 2.4 0.159 3.2 

4 AHU 04 Supply  5 300 x 200 0.161 2.7 0.236 3.9 

5 AHU 04 Supply  5 300 x 200 0.202 3.4 0.313 5.2 

6 AHU 04 Supply  5 400 x 200 0.242 3.0 0.392 4.9 
Table 4.1.1.3 – Air velocities within the existing distribution ducts 
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Level 5           
AHU 05 - Supply - Branch 1         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / 
Ømm 

(m³/s) (m/s) (m³/s) (m/s) 

1 AHU 05 Supply  5   160 Ø 0.040 2.0 0.088 4.4 

2 AHU 05 Supply  5   200 Ø 0.080 2.5 0.165 5.3 

3 AHU 05 Supply  5 250 x 200 0.120 2.4 0.243 4.9 

4 AHU 05 Supply  5 250 x 200 0.160 3.2 0.320 6.4 

5 AHU 05 Supply  5 300 x 200 0.200 3.3 0.400 6.7 

6 AHU 05 Supply  5 350 x 200 0.240 3.4 0.478 6.8 
Table 4.1.1.4 – Air velocities within the existing distribution ducts 

Level 5           
AHU 05 - Supply - Branch 2         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / 
Ømm 

(m³/s) (m/s) (m³/s) (m/s) 

1 AHU 05 Supply  5   160 Ø 0.040 2.0 0.076 3.8 

2 AHU 05 Supply  5   200 Ø 0.080 2.5 0.153 4.9 

3 AHU 05 Supply  5 250 x 200 0.120 2.4 0.230 4.6 

4 AHU 05 Supply  5 250 x 200 0.160 3.2 0.305 6.1 

5 AHU 05 Supply  5 300 x 200 0.200 3.3 0.392 6.5 

6 AHU 05 Supply  5 350 x 200 0.240 3.4 0.472 6.7 

7 AHU 05 Supply  5 400 x 200 0.280 3.5 0.548 6.9 

8 AHU 05 Supply  5 450 x 200 0.320 3.6 0.625 6.9 

9 AHU 05 Supply  5 350 x 250 0.320 3.7 0.625 7.1 
Table 4.1.1.5 – Air velocities within the existing distribution ducts 
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Level 5           
AHU 04 - Extract - Branch 1         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / Ømm (m³/s) (m/s) (m³/s) (m/s) 

1 AHU 04 Extract  5   160 Ø 0.045 2.2 0.090 4.5 

2 AHU 04 Extract  5   200 Ø 0.090 2.9 0.165 5.3 

3 AHU 04 Extract  5   250 Ø 0.135 2.8 0.240 4.9 

4 AHU 04 Extract  5 300 x 250 0.180 2.4 0.318 4.2 

5 AHU 04 Extract  5 300 x 250 0.226 3.0 0.402 5.4 

6 AHU 04 Extract  5 350 x 250 0.271 3.1 0.482 5.5 

7 AHU 04 Extract  5 400 x 250 0.316 3.2 0.562 5.6 

8 AHU 04 Extract  5 450 x 250 0.361 3.2 0.640 5.7 

9 AHU 04 Extract  5 500 x 250 0.406 3.2 0.716 5.7 

10 AHU 04 Extract  5 550 x 250 0.451 3.3 0.795 5.8 

11 AHU 04 Extract  5 550 x 250 0.496 3.6 0.875 6.4 

12 AHU 04 Extract  5 550 x 250 0.587 4.3 1.029 7.5 

13 AHU 04 Extract  5 550 x 250 0.632 4.6 1.107 8.1 

14 AHU 04 Extract  5 550 x 250 0.654 4.8 1.129 8.2 

Table 4.1.1.6 – Air velocities within the existing distribution ducts 

Level 5           
AHU 05 - Extract - Branch 1         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / Ømm (m³/s) (m/s) (m³/s) (m/s) 

1 AHU 05 Extract  5   160 Ø 0.045 2.2 0.088 4.4 

2 AHU 05 Extract  5   200 Ø 0.092 2.9 0.165 5.3 

3 AHU 05 Extract  5   250 Ø 0.137 2.8 0.243 4.9 

4 AHU 05 Extract  5   250 Ø 0.182 3.7 0.320 6.5 

5 AHU 05 Extract  5 250 x 250 0.231 3.7 0.400 6.4 
Table 4.1.1.7 – Air velocities within the existing distribution ducts 
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Level 5           
AHU 05 - Extract - Branch 2         

           

Ref AHU System Floor 
Duct size 

Existing  Proposed 

Flowrate Velocity Flowrate Velocity 

(mm x mm) / Ømm (m³/s) (m/s) (m³/s) (m/s) 

1 AHU 05 Extract  5   160 Ø 0.038 1.9 0.038 1.9 

2 AHU 05 Extract  5   200 Ø 0.084 2.7 0.117 3.7 

3 AHU 05 Extract  5   200 Ø 0.130 4.1 0.194 6.2 

4 AHU 05 Extract  5 350 x 200 0.175 2.5 0.270 3.9 

5 AHU 05 Extract  5 350 x 200 0.220 3.1 0.350 5.0 

6 AHU 05 Extract  5 400 x 200 0.266 3.3 0.437 5.5 

7 AHU 05 Extract  5 350 x 250 0.311 3.6 0.512 5.9 

8 AHU 05 Extract  5 400 x 250 0.356 3.6 0.589 5.9 

9 AHU 05 Extract  5 450 x 250 0.401 3.6 0.666 5.9 

10 AHU 05 Extract  5 500 x 250 0.447 3.6 0.742 5.9 

11 AHU 05 Extract  5 600 x 250 0.678 4.5 1.142 7.6 
Table 4.1.1.8 – Air velocities within the existing distribution ducts 

CIBSE guide B table 3.4 recommends the maximum duct air velocity within ceilings for rectangular duct in critical 

areas should be limited to 3 m/s and 5 m/s in normal areas. Furthermore, for circular ducts 5 m/s in critical areas 

and 7 m/s in normal areas.  

Table 1.5.2.1 shows by increasing the air volumes within the existing riser ducts to the required volumes to achieve 

the 6 ach would increase the air velocity within the ducts to above the CIBSE guidance. 

4.1.1.3 Supply terminals 

Fresh air is currently delivered to the single bedrooms via a flush ceiling mounted Swegon – Parasol unit, these 

units provide fresh air as well as heating and cooling. The H&V commissioning sheets shows the air supplied to 

each unit is around 40 l/s. The literature available online suggests the maximum fresh air permitted through these 

units is 49 l/s.  

This small increase will not achieve the required 6 ach. Furthermore, increasing the air volume through these units 

will have a significant impact on the noise generated by the unit as well as a significant increase in the system 

pressure. 

4.1.1.4 Extract Terminals 

Air is extracted from the adjacent ensuites through door mounted transfer grilles and then via a ceiling mounted 

circular extract valve terminals. We do not anticipate that changing the air volumes will have a significant impact on 

the noise levels generated by these terminals. 

However, it may be necessary to increase the size of the door mounted transfer grilles, although this will need to be 

assessed when the exact transfer grille type and size are known.       
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5.0 Scenarios 

5.1 Review of scenarios 

From the desktop study, the AHUs were designed to achieve the duties set out by the original designers. Even 

though it may be possible to replace specific elements from within the AHU to increase its performance, this will 

have further implication on the overall AHU. The impact of any changes will affect the following aspects: 

1. AHU Specific Fan Power (SFP); This measures the AHU’s fan energy efficiency and is a building regulation 

requirement that should be met. 

2. Air leakage due to over pressurisation of the unit and distribution system; The AHU carcasses, intake, 

discharge and distribution ducts are sizes in line with the parameters set out by the designers. By retaining the 

existing system and increasing the air volume, the system pressure will increase, which may impact the 

system performance and potentially result in not achieving the required air volumes. 

3. Performance of the heating and cooling coils; The coils are sized to achieve a specific thermal transfer at a 

specific air velocity, by increasing the air volume withing the existing AHU, the air velocity through the coils will 

increase resulting in insufficient thermal transfer. This will have a big impact on the entire systems especially 

on the Swegon ceiling mounted units resulting in condensation. This will also increase the risk of moisture 

carry over within the air stream from the cooling coils due to the higher velocity.  

4. Noise levels; increasing air velocity through the ducts will result in higher noise levels through out the system. 

This will impact the room current noise levels. 

5. Intake and exhaust louver sizing; The existing louvers are sized to cope with the current air volumes, 

increasing the air volume will result in higher static pressure and noise levels 

6. System static pressure, increasing air volume through the distribution system will result in higher system static 

pressure. This will impact the fan performance and system air leakage.   

7. Shorter economic life expectancy for the unit, by essentially over running the AHU, the expected economic life 

expectancy will be reduced due to additional ware and tear, this will also result in greater maintenance 

requirement and higher energy/running costs.  

Impact on the existing supply and extract ducts, The existing distribution system is sized on the current ventilation 

rates, the existing system is inadequately sized to facilitate the increased air volume, it should be noted that as the 

rooms are currently designed to be negatively pressurised, the existing extract ducts are generally larger that the 

supply duct resulting in lower air velocities.  

Increasing the air volume through the distribution system will increase the air velocity within the ducts above the 

industry guidance stated within CIBSE Guide B. This will result in higher noise levels, the supply and extract 

terminals and increased air leakage. It should also be noted that the existing Swegon ceiling mounted induction 

units within the bedroom as limited to 49 l/s, the required air volume needed to achieve the 6 ach is more that the 

unit allowance making it inadequate for this purpose.  
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Table 5.1 – Maximum duct velocities in risers and ceilings (From CIBSE Guide B) 

Scenario 1: 

Utilising existing ductwork, fans and AHU carcasses, can we increase air volume supply to all floors to achieve the 

required 6 ach. 

Figure 5.1 shows that the fans have been selected to operate in the lower range of the fan curve, this does give 

some scope to increase the air volume within the system. However, even though the fan may provide the required 

volumes, the noise level increase resulting from the increase in duty will require additional treatment consisting of 

acoustically lining the existing ducts and replacing the existing duct mounted attenuators located within the 

plantroom.  

 

Figure 5.1 – AHU 04 supply existing and increased air volume plotted on Comefri TZAF 400 FF fan curve. 

Table 3.4 Guide to maximum duct velocities in risers and ceilings (4l 
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Increasing the AHU’s duty will impact the energy consumption, Fan SFP and carbon rating of the unit.  

The fact that the fans may achieve the volumes is not the only limiting factor. From the study, it was established 

that coils within the AHU are not capable of facilitating the required air volume needed to achieve the 6 ach for all 

floors. Furthermore, the existing distribution ductwork within the risers and ceiling voids are not sized for the 

required air volume. This will result in excessive air velocities within the ductwork. The impact of the increased 

velocities within the riser may be acceptable subject to confirmation from the trust. However, The increased 

velocities within the distribution ducts will need to be addressed. This will require new dew ductwork from the riser 

to the rooms running parallel to the existing distribution system or replacing the existing distribution system with a 

new distribution system sized to facilitate the required air volumes.  

We were advised by AHU manufacturer that the limiting factors on these AHUs are the sizes of the coils as well as 

the physical sizes on the AHU. Increasing the air flowrate through the unit by changing the fans, pullies or any 

other method would have a detrimental effect on the efficiencies of the coils resulting in incomplete thermal transfer 

between the coils and the air, increased risk of moisture droplets carried over within the air stream due to increased 

velocities, this is particularly critical within this system due to the fact this will increase the risk of condensation 

within the rooms. 

New supplementary supply diffusers will need to be installed in all single bedroom to provide the additional fresh air 

as the current fresh air rates supplied to the rooms via the Swegon Parasol ceiling terminals can’t be increased. 

New door transfer grills will need to be installed on the doors between the room and en-suites. 

Also, Confirmation is required from the AHU manufacturer if the existing components within the AHU such as 

bearings will need to be upgraded to facilitate the increase in air volume. 

Taking all of the above into consideration, we consider this scenario to be not feasible. 

Scenario 2: 

Utilising existing ductwork, AHU carcasses and altering the pulleys on the existing fans, can we increase air 

volume supply to all floors to achieve the required 6 ach. 

This scenario is also not feasible for the same reason stated in Scenario 1.  

Scenario 3: 

Utilising existing ductwork, AHU carcasses and changing the existing fan arrangement to EC fans (perhaps a fan 

wall), can we increase air volume supply to all floors to achieve the required 6 ach. 

Even though replacing the fans will result in a higher air volume, the limiting factor within the AHU are the size of 

the existing units and coils.  

By replacing the existing belt driven fans with a more efficient solution such as an EC plenum direct drive fan array 

(fan motors will be located in the airstream) and replacing the existing cooling and heating coil section on the 

supply AHU with a taller section and larger coils section. This will allow the existing fresh air supply volume to be 

increased. However, It is very unlikely that the full required air volume needed to achieve the 6 ach can be 

achieved. We are awaiting confirmation from the AHU manufacturer on what additional air volume these changes 

will have on the AHU supply. This will determine the number of floors this option can serve. 
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It should be noted that even though the required air volumes may be achieved, the existing distribution ductwork 

within the risers and ceiling void are not adequately sized for the new air volumes. Below are possible options to 

overcome this issue: 

Option 3.1: Retain the existing AHU and upgrade the existing fan, motor, cooling and heating coils, retain the 

existing ductwork within the plant room and riser (velocity between 6.5 & 8.5) as there is minimal scope to increase 

the duct size in the riser due to space constraints. Retain the existing distribution ductwork within the floors serving 

the Swegon Parasol ceiling terminals and install a new duct branch from the riser and run parallel to the existing 

duct to serve new supplementary diffusers within each single bedroom. The existing extract duct system will need 

to be recommissioned resulting in higher extract velocities. New door transfer grilles will need to be installed 

between the rooms and en-suite to ensure adequate return air path. 

Option 3.2: Take a new branch from the existing supply air plenum leaving the supply AHU. Air within the new 

branch will need to be conditioned via cooling and heating coils within the plant room to ensure thermal comfort 

prior to dropping to below (riser location yet to be identified). Retain the existing distribution ductwork within the 

plantroom, riser and floors serving the Swegon Parasol ceiling terminals and install a new duct work from the new 

supply duct within the riser and run parallel to the existing duct to serve new supplementary diffusers within each 

single bedroom. New door transfer grilles will need to be installed between the rooms and en-suite to ensure 

adequate return air path. 

Option 3.3: Strip out existing ventilation system including AHU 04 & 05, retain the existing ductwork within the riser 

(velocity between 6.5 & 8.5) as there is minimal scope to increase the duct size in the riser due to space 

constraints, strip out the distribution ductwork and Swegon Parasol ceiling terminals within all floors. Install a new 

AHU sized to deliver the required air volume in same locations of the existing AHUs. Install new ductwork within the 

plantroom, distribution ductwork within the floors and new diffusers and grills within the rooms/en-suits. The room 

heating and cooling will be provided via the ventilation system with a supply air temperature of 14°c for summer 

conditions and either radiant panels in the rooms or heater batteries on branches serving multiple rooms to 

condition the air for winter conditions.  

New door transfer grilles will need to be installed between the rooms and en-suite to ensure adequate return air 

path. 

All the above option assumes that there is sufficient space within the corridor ceiling void to allow the installation of 

a new supply duct to serve the new supplementary supply diffusers.  

Scenario 4: 

From the Variable Speed Drivers (VSD)s information below provided by the trust, there is some scope to increase 

the duty of AHU 05 by adjusting the VSD. However, the increase would be limited to about 20-25% at best which 

will cover a single floor. This is on the basis that the existing AHU is designed to run at 125% of the original design 

duty.  

This is not the case for AHU 04 as the VSD is currently operating close to its upper limit.  
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From the information provided by the trust, the existing VSD serving these AHU as currently set to the following 

parameters: 

AHU 04:  

Supply fan VSD: 50 Hz Extract fan VSD: 60 Hz 

AHU 05: 

Supply fan VSD: 47 Hz Extract fan VSD: 37 Hz 

It should be noted that further consideration would need to be given to the impact this will have on the existing units 

SFP and the face velocity at the cooling coils. Also, this will reduce the allowance made for operating the AHU with 

a dirty filter. This will require the filters to be replace at a higher frequency to ensure that the required air volumes 

are achieved.  

Adjusting the VSD will result in the following increase: 

AHU ref: Existing Proposed 
Supply Extract Supply Extract 
(m³/s) (m³/s) (m³/s) (m³/s) 

AHU 05 2.502 3.193 3.128 3.99 
Table 5.2 – Proposed AHU air volume increase  

This can facilitate either of these two options: 
 
Option 4.1: increase all single bedroom ventilation rate on a single floor served by AHU 05 to 6 ach and maintain 3 

floors at their existing ventilation rates. 

The existing ductwork within the plantroom, riser and distribution within all floors will be retained, however, a new 

supply distribution duct will need to be installed on the selected floor running parallel to the existing duct to serve 

new supplementary diffusers within the single bedrooms.  

New door transfer grills will need to be installed on the doors between the room and en-suites. 

The existing extract system will need to be recommissioned to facilitate the higher ventilation rates. This will result 

in higher duct velocities as shown in tables 4.1.1.6 to 4.1.1.8 

Option 4.2: Increase all single bedroom ventilation rate within all 4 wards (4C, 5C, 6C and 7C) from between 2.7 

and 3.2 ach to between 3.5 and 4.2 ach. 

This option will increase the fresh air supply to the single bedrooms from about 40 l/s to 52 l/s. This increase will 

push the supply flowrate over the maximum amount of fresh air permitted through the existing Swegon Parasol 

ceiling terminals. Therefore, new supplementary diffusers will need to be installed in each single bedroom to supply 

the additional 12 l/s. These diffusers will from served by the existing duct serving the Swegon Parasol ceiling 

terminals. 

New door transfer grills will need to be installed on the doors between the room and en-suites. 

The existing extract system will need to be recommissioned to facilitate the higher ventilation rates. This will result 

in higher duct velocities. 
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We understand that the trust has been advised that the Chilled Water (CHW) pipework serving the existing Swegon 

Parasol ceiling terminals need to be replaced due to corrosion. Therefore, there will be a level of disruption from 

the plate heat exchanges and throughout the floors. This period could be utilised to carry out the changes to the 

existing ventilation system as required. 

AHU 04 fan, motor and VSD will need to be upgraded to enable any increase in it existing duty. This upgrade 

would enable the implementation of option 4.1 and 4.2.   
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6.0 
Summary of findings 
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6.0 Summary of findings 

 

6.1 Summary of findings 

The ventilation air change rates for the single bedrooms within wards 4C, 5C, 6C and 7C were found to be between 

2.7 and 3.2 ach, this is lower than the SHTM 03-01 Table A1 – Design conditions for miscellaneous room 

recommendation of 6 ach. 

The single bedrooms and associated en-suite are commissioned to operate under a negative pressure in relation to 

the adjacent circulation space.  

The supply and extract distribution ducts within the risers and ceiling voids are inadequately sized to facilitate the 

required air volumes needed to achieve the single bedrooms 6 ach. 

The maximum fresh air permitted through the Swegon Parasol ceiling terminals is significantly lower than what is 

required to achieve the required 6 ach within the single bedrooms.  

We do not anticipate that changing the air volumes will have a significant impact on the noise levels generated by 

the extract valve terminals. 

The existing AHU fans, motors, cooling and heating coils are deemed inadequate to facilitate the required 

ventilation rate increase. The sizes of LTHW and chilled water pipework serving the exist AHUs will need to be 

reviewed. 

The optimum solution would be the complete replacement of the existing AHU as this will ensure the required duty 

is achieved as well as a significant annual energy savings from the increased heat recovery efficiency and EC fan 

technology in a state-of-the-art AHU.  

A further advantage of replacing the existing AHU is that if adequately sized, the single bedrooms heating and 

cooling requirement can be provided via the ventilation system. The existing Swegon Parasol ceiling terminals will 

no longer be required.  
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QUEEN ELIZABETH UNIVERSITY HOSPITAL – HAEMATO-ONCOLOGY WARD, LEVEL 4 
BRIEFING NOTE ON DESIGN OF UNIT 
 
1.0  BOARD’S REQUIREMENTS 
The requirements are set out in the following documents; 

• Clinical output specification for Haemato-oncology 
• SHPN 054 Facilities for Cancer Centres 
• SHTM 03-01 Ventilation for Healthcare Premises 

In summary, the above documents collectively set the following design parameters; a sealed room, HEPA 
filtration, single rooms to have positive pressure from rest of hospital and an enhanced air change rate. 
 
Compensation event No.051 was issued on 2nd October 2013 and instructed that an additional number of 
rooms, that were then in the Renal Ward, should be built to the same specification as those in the 
Haemato-oncology Ward. There was no detail within the change control form, from the service, to 
suggest that these rooms should be anything more than HEPA filtered and built to same standard as the 
10 planned Haemato-oncology rooms. 
 
2.0 DESIGN DEVELOPMENT  
Designs for the department were developed based on a single room with en-suite, the model used 
elsewhere in the hospital, in other words individual lobbied rooms were not a user requirement.  Designs 
were developed during the Phase 2 design development process in 2010 by the NHS user team, NHS 
Project Team, Brookfield Multiplex(BM) and their design team. It is not clear as yet where design 
assumptions were made that did not include all elements of the Board’s specification noted above; and 
this is the subject of a review being undertaken by the BM design team. 
 
What is clear, a design was concluded for the ward that did not meet all the 
requirements/recommendations and this progressed through to construction on site. 
 
3.0 WHAT HAS BEEN BUILT 
The rooms as constructed meet a range of the Board’s design requirements, sealed external window, no 
chilled beam, HEPA filtration, positive pressured room, air system supplying 6 air changes per hour. The 
key design issue that appears to be affecting the operation of the air system and the high particle count 
is that the ceiling is not sealed. This is probably not allowing the air handling plant to reach its desired 
room pressure due to leakage into the ceiling void, and particles may transfer from this void into the 
room via loose fitting tiles or through the doorway when open due to drop in room pressure. 
 
 
4.0 COMMISSIONING  
The ventilation system serving the ward has been commissioned in accordance with CIBSE 
Commissioning Code A and the design air flow rate (based on 6ac/h).  Thereafter sample room pressures 
were checked to confirm a positive differential pressure between the bedrooms and the corridor 
(generally 3-4Pa).  The differential pressure was also checked between the ward exits and the cores / 
corridors again to ensure positive pressure (generally 1.5-2.5Pa).  HEPA Filters were installed within all 
the bedrooms and visually checked to ensure seals were sound. 
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The Supervisor’s (Capita) scope of work does not include design, build, commissioning and validation. 
The overall role of the Supervisor is to witness or carry out tests and inspections. The Supervisor also 
notifies Defects but may not accept a defect. The Supervisor is required to ensure that the works are 
provided to the standard and performance required in the works information. The works information for 
this ward was the Construction Issue drawings and specification which, as we now know, had short 
comings. 

 
5.0 OPTIONS FOR SOLUTION 
 
5.1  Testing Existing Installation 
The Brookfield Multiplex team will undertake testing over the next 7 days, and will carry out a validation 
test (Air flow and static differential pressure test) on the rooms as they currently sit. 
 
They intend to test 3 of the rooms with regards what can be achieved by sealing the rooms.   

• Room 1 - seal the perimeter,  
• Room 2 - seal the perimeter and the tiles  
• Room 3 - we have ordered an alternative ceiling grid system which will confirm delivery of 

shortly.  This is a manufactured self-sealing system (commonly found in theaters and CAT III 
rooms) 

• All Rooms - adjust AHU performance to ensure optimal output 
• All Rooms - install IP44 diffusers to light fittings 

 
A further test will be taken at this point to understand the benefits of carrying this out (air flow and static 
differential pressure test).   
 
We would require the Board to carry out a deep/clinical clean of the three rooms to allow a particle 
count to be taken at this time and we would like this to be undertaken by the Board’s Infection Control 
team. 
 
The purpose of the feasibility study is to establish the optimal position we can achieve with the currently 
installed services.  Should test results meet the Boards requirements this would lead to minimal 
disruption and necessity of works (reducing the time the ward is rendered unavailable). At this time, 
should we achieve acceptable outputs we would present a formal submission to the NHS for 
agreement/approval, and this will need to include all design criteria on which the finished works would 
be measured by. Should all parties agree this will close the issue.   
 
5.2 Alter Existing Installation 
In carrying out the testing regime proposed above we will have a joint understanding of the capacity 
currently available with the installed system.  The tests we are proposing are carried out (both by BMCE 
and the NHS) will provide information that will allow consideration to be given to the actual clinical 
performance of the rooms tested.  Should an acceptable performance level be achieved we would carry 
out the following:   

• Empty the rooms of all Board equipment to an agreed storage area. 
• Remove the existing ceilings and services. 
• Clean ductwork 
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• Install the new style sealed ceiling and replace the services as required dependent on test 
results. 

• Decoration and making good to be carried out,  builders clean and inspections. 
• Replace HEPA filters and carry out challenge (DOP) testing  
• Final deep/clinical clean and air particle count (By the Board) 

 
This less invasive solution could be carried out in the region of 6 weeks construction time and has an 
overall duration of between 8 to 10 weeks depending on sign off and procurement. 
 
5.3  What else will Brookfield Multiplex be doing - Full Change Option 
We will over the next 2 weeks carry out a feasibility study on increasing the performance of the ward 
beyond what the currently installed services/building fabric can provide. 
 
During this period we will consider alterations that would be required, including design review of :- 

• Duct size 
• Plant capability, Air Handling Units, heater batteries and Fans 
• Room pressure monitoring 
• Spatial constraints for duct work alterations and maintenance requirements in sealed rooms 
• Access Maintenance 
• Fabric/Lighting/seals 

 
Subsequent to approval/agreement, to minimise the programme, we will progress to a full design while 
also progressing the procurement of materials on longer lead in times.  We understand items to be on a 
4 to 6 week lead in period and will express these for best delivery dates. This will take a further 3 weeks 
including the time for the Board to sign off design.   
 
We would anticipate that to this point 5 weeks will be required. 
 
To achieve a 10 air changes per hour, we anticipate a full strip out of the existing mechanical ventilation 
system and upgrade of the air handling units which we would be unlikely to install and complete in less 
than 5 or 6 months from design to completion and tested. 
 
 
5.4 Why has this happened? 
 
Brookfield Multiplex is reviewing the information set out in the employers requirements associated with 
the Ward and what specification the design was developed to. 
 
 
 
 
 
 
 
 
 
9th July 2015. 
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SBAR – Ward 6A environment 
26/8/19, Microbiology dept QEUH 

 

Situation 

Ward 2A in Paediatric haemato‐oncology was moved to Ward 6A 
QEUH in September 2018. This was initially planned to be a short 
term decant assessed via an options appraisal to enable water 
control measures to be implemented on 2A. 
 
During that time HPS commissioned a review of the ventilation 
strategy for ward 2A.  
An external report concluded that the ventilation strategy for 2A 
was abnormal, placing patients at risk of infection, therefore the 
decant had to be extended to enable extensive ventilation remedial 
actions. 
 
Given that there were no further cases that met the water incident 
case definition between September and April, a repeat options 
appraisal was not undertaken when it became apparent that the 
decant was to last much longer than at first anticipated. 
 
A PAG was held on 3rd June 2019 to discuss 4 cases of Gram 
negative bacteraemias. An IMT followed on 19th June due to a 
further environmental bacteraemia, this time a Mycobacterium 
species which was subsequently found to be related to the water 
supply utilising whole genome sequencing. The hypothesis for M 
chelonae acquisition was exposure to unfiltered water outside 6A, 
possibly operating theatres. The IMT process is still ongoing and to 
date there have been 11 confirmed and one possible case of Gram 
negative bacteraemias since 13th April. 
 

 

Background 

Surveillance of all bacteraemias was put in place when the ward was 
decanted to 6A. 
 
From September to April bacteraemia rates were very low and any 
Gram negatives were coliforms, i.e. expected species of bacteria 
and usually endogenous gut flora. 
 
From April 2019, bacteraemias secondary to environmental 
organisms have occurred, some of these meet the case definition 
from the previous incidents from 2A e.g.Stenotrophomonas 
maltophilia, Enterobacter cloacae. Others are from rare organisms 
not part of that incident but of a soil/water type of bacterial species. 
Examples include Chryseomonas sp, Elizabethkingia miricola, 
Pantoea septica. 
 

 

Assessment 

 
Current environmental risks on ward 6A 
 

1. Air changes – essential for dilution and removal of 
pathogens generated within the room environment e.g. 
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from toilet plume, respiratory generated infectious 
aerosols, and water generated aerosols from taps and 
drains containing pathogens as well as flora shed from skin 
such as Staphylococcus aureus. 
Current Air Changes per Hour is less than 3. SHTM guidance 
is 10 for neutropenic rooms i.e. less than a third of fresh air 
turnover required to meet standards 
 

2.Chilled beam technology is in place in each bedroom at the point 
of supply 

Chilled beam technology should NOT be used in the 
neutropenic setting. 
Infection risks associated with chilled beams : 
1. Build up of dust which typically harbours skin 

organisms, fungi and Acinetobacter sp. This is due to 
recirculation of air, with no clean to dirty pathway and 
with essentially the beam functioning as a filter that is 
not changeable which collects up dust and fibres from 
the room air. These are requiring 6 weekly cleaning 
schedule, however they are not designed to be 
thoroughly cleaned in situ and will require removal 
under HAISCRIBE conditions to achieve.  

2. Water source from  
a) Condensation  
b) Leaks from the hot and cold circulating water ( known 

contaminated cold water ) 
c) Dripping water from both can become contaminated 

with the dust organisms 
 
The SHTM guidance states that condensation should 
not be allowed to occur when these systems are in 
place. However condensation events have been 
recorded on numerous occasions throughout the 
hospital including on 2A and 6A. This allows 
multiplication and growth of bacteria and fungi, 
particularly when dripping through collected dirt on the 
unit. 
 
Leaking connections have also occurred which allows 
water borne organisms from a complex water system to 
ingress into the room. This poses a risk of Legionella as 
well as Pseudomonas and other water borne organisms. 
Water has been seen to pool in the frame of the unit 
thus causing a significant potential for fungal 
overgrowth. 
 
This chilled beam water system has not been subject to 
the water quality management system through the 
water governance structures of the organisation. 
Pseudomonas aeruginosa and P.oleovorans and 
unidentified environmental organisms have been grown 
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from the water supply, and from the surface swabs 
Stenotrophomonas sp, Pantoea sp, Acinetobacter sp, 
Exophiala, Pseudomonas olevorans, and fungal species. 
 

3. Pressure cascade: recommended pressure of 10 pascals 
positive pressure to corridor in SHTM, currently there is 
a nominal 2 pascal positive pressure which is insufficient 
to ensure robust air movement out of the room, 
allowing external contaminants to ingress into the 
rooms from the building void and corridor. Furthermore 
air sampling studies have shown ingress form risers of 
heavily unfiltered contaminated air. 
 

4. HEPA filtration: SHTM recommends HEPA filtration of all 
air supplied to the neutropenic rooms. Currently on 6A 
there is no HEPA filtration on the supply air. Portable 
HEPAs are in place in an effort to reduce airborne 
contamination, but this is not ensuring that HEPA 
filtered air only is breathed by patients. Contaminated 
air continues to enter the room and we are reliant on 
portable HEPA to clean the air 

 
 

5. Air sampling in the bathrooms has detected pathogenic 
fungi such as Aspergillus and Mucoraceous mould. 
Previous issues with mould in the bathrooms was 
identified and rectified due to weak joins between the 
shower floor and the wall, however the risk remains as 
the weak join remains as per original spec – it is only a 
matter of time before the join is coming apart again. A 
long term solution to remove the join altogether has 
not been supplied to date. There is potential for HEPA 
filters to be placed in the bathroom ceilings, however 
again, this is a cleaning method for air rather than a 
HEPA supply. 

 
6. Toilets – toilet plume is a risk as no toilet seat in place. 

These are currently being rolled out  
 
7. Exposure to unfiltered water ; while all bathroom and 

bedroom outlets have had point of use filters applied , it 
has not been possible to place these in the DSR where 
water is sourced for domestic cleaning . 

 
8. Ceiling: solid ceilings are required to both assist with 

positive pressure achievement and protection from 
ingress of water from services in ceiling; however 
ceilings are tiled and therefore inappropriate for this 
setting. 

 
9. Play areas; there is no play area and communal toys are 
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In alphabetical order; 
 
Dr Alison Balfour 
Dr Ash Deshpande 
Dr Teresa Inkster 
Dr Kam Khalsa 
Dr Nitish Khanna 
Dr Christine Peters 
Dr Kalyopi Valyraki 
Dr Pauline Wright 
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bacteraemias, a reassessment of the options appraisal is 
urgently acquired. 
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patients due to the built environment. 
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Section 1 – Scope of Works 
 
 
Record room pressures from bedroom to corridor. Recorded for information only. 
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Section 2 – Executive Summary – Ward 6A 
 
 
Room differential pressures have dropped since previous visit from setup since November 2018. To help improve the 
room pressures we could assist by several adjustments; 
 

1. Check replace AHU pre and or secondary filters and fan/motor drive belts. 

2. *Reduce toilet extract to maintain higher pressures within the rooms by maintaining SHTM03-01 (single room 
occupancy) compliance by ensuring a minimum of 3 air change rates are maintained. 

3. Fit door dropdown seals on the bedroom doors to help maintain room pressure. 

4. Replace/fit door seals to help reduce construction door leakage. 

*NB: An isolation room WC should be 10 air changes per hour, although these rooms are designed to be single 
occupancy standard rooms. A clinical decision would be required on this adjustment.   

Corridor to external corridor pressures 
Pressure cascade from ward 6A to corridor facing ward 6D is +4.6Pa. 
Pressure cascade from ward 6A to corridor facing ward 6B is +6.0Pa. 
 
 
 
 
 
 

 

Page 1480

A48946859



 
QUEEN ELIZABETH UNIVERSITY HOSPITAL 

WARD 6A PRESSURE PROFILE 
 

PAGE 5 OF 6 

 

Section 3 - Pressure Profile Ward 6A Room to Corridor 
 

WARD +6A (Positive Pressure Ward) 

Room/Bed Nos.: 
Pre Fan 

alteration 
(BMS Control) 

Room To 
Corridor 

Pressure (Pa)  
Room/Bed Nos.: 

Pre Fan 
alteration 

(BMS Control) 

Room To 
Corridor 

Pressure (Pa) 

1 -- +0.6 15 -- +0.5 

2 -- 0 16 -- +0.4 

3 -- 0 17 -- +0.6 

4 -- 0 18 -- +0.4 

5 -- 0 19 -- +0.5 

6 -- +0.4 20 -- +0.5 

7 -- +0.5 21 -- 0 

8 -- +0.4 22 -- +0.6 

9 -- +0.7 23 -- +0.7 

10 -- 0 24 -- +0.4 

11 -- 0 25 -- 
0 

12 -- +0.6 26 
-- 

0 

13 -- 0 27 
-- 

+0.4 

14 -- +0.7 NA -- -- 

Comments: None 
The adjustments made to these bedrooms was to achieve a +ve pressure from rooms to corridor. This was previously 
achieved. Please see executive summary for corrective actions and recommendations.  
 
 
 
 
 
 
 
 
 
 
.  
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Section 4 - Test Equipment Used & Calibration Certificate 
 

Type of Equipment Serial No Cal Due Date 

Micro-manometer 8651 June 2020 
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The Following document is a Request for 
Information (RFI) response received by the 

Scottish Hospital Inquiry from NHS GGC 
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RFI (Request for Information) 10  

Ward 6A of the QEUH: In respect of all perceived problems, defects and issues with the ventilation system within Ward 6A of the QEUH, following 
building handover in January 2015 to present date. 

This response is presented as a chronology, identifying documents to answer to the various sections of 4.1 to 4.7 against each of the work 
programmes that may in a wide interpretation be considered as “remedial and/or refurbishment works”.  We have included works that were 
undertaken to create improvement in the ventilation however this does not necessarily mean that they were undertaken in respect of a perceived 
problem, defect or issue.    
 
The response below must be read in conjunction with the documents previously provided which, together with the chronology below, form the full 
response to RFI 10, Section 4.  The responses to RFI 1 6 submitted 10.11.2021, RFI 3.4 submitted on 01.04.2022, RFI 4 submitted 04.04.2022, and 
much of the response to RFI 7 provide background and detail to the decisions taken to proceed with works; information previously provided has in 
general not been duplicated in the response below.  

Filename Descriptive comment 
 On 26 September 2018 some patients from RHC Ward 2A/B were moved into QEUH Ward 6A and 4B.  At the Ward 2A, 

RHC Incident Management Team on 28 September 2018 a request for portable hepa filtration units is noted.  The 
subsequent meeting on 5 October 2018 of the same group recorded “4 portable hepafilter units have been delivered 
to Ward 6A for patients stepping down from ward 4B BMT”. This was anticipating that Ward 4B BMT paediatric 
patients might be stepped down from 4B to 6A.  
(refer to the Ward 2A, RHC IMT minutes provided in response to RFI 1 6) 
 

 The response previously provided to RFI 1 6, included a “Water and Cryptococcus timeline” indicating that in 
November 2018 the Cryptococcus Incident commenced. Within Ward 6A, activities undertaken to improve the built 
environment in response to a hypothesis or considered opinion of that group are tracked in the notes of the 
Cryptococcus IMT. 
(refer to responses previously provided to RFI 1 6) 
 
Works related to the ventilation system / air quality included: 

• Deployment of mobile/portable city M HEPA Air Scrubbers 
• F7 filters on AHUs changed to F9  
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• CVG (Ceiling Ventilation Grilles) removed and replaced with a standard ceiling tile 
• Chilled Beam Units  - control adjustments, fitting replacements and cleaning  
• Installation of recirculation air scrubber fans  

 
Cryptococcus minutes IMT 
7.1.19.doc   
 

7 January 2019: Cryptococcus Incident Management Team notes.  
Already submitted - Part of RFI 1, Qu 6. 
 

Cryptococcus minutes IMT 
16.1.19.doc  

16 January 2019: Cryptococcus Incident Management Team. 
Already submitted - Part of RFI 1, Qu 6. 
 

Cryptococcus minutes IMT 17.1.19 
am meeting.doc  

17 January 2019 (am meeting):  Cryptococcus Incident Management Team 
Already submitted - Part of RFI 1, Qu 6. 
 

Cryptococcus minutes IMT 17.1.19 
pm meeting.doc  

17th January 2019 (pm meeting): Cryptococcus Incident Management Team 
 Already submitted - Part of RFI 1, Qu 6. 
 
“18 mobile/portable HEPA filter air units arrived and will be moved up to ward 6A once facilities have completed a 
volumetric calculation for the corridor to determine how many are required.”   
 
“Facilities will look into filters for the air ducts that can stop Cryptococcus from entering the air supply.” 
 
 

Cryptococcus minutes IMT 
18.1.19.doc  

Cryptococcus Incident Management Team notes from meeting held on 18th January 2019.  
Already submitted - Part of RFI 1, Qu 6. 
 
 

ATO102_03206503 Fwd 
ExternaltoGGCOFFICIAL RE Call to 
Peter Hoffman.msg    
 

18 January 2019: Summary of communication with Peter Hoffman about F7 filter use and testing. Communication 
forwarded by Director of Estates and Facilities to Estates Management colleagues. 

ATO101_02556534 QEUH Ward 
6A Flooring Issues.msg  

19 January 2019: Confirmation that 3 (of the 20) HEPA filter air units arrived this morning and placed in Ward 6A, 
Rooms 20, 21 and 23 (units placed in both the bedroom and the en-suite).  
 

Page 1485

A48946859



Cryptococcus minutes IMT 
21.1.19.doc  

21 January 2019: Cryptococcus Incident Management Team  
Already submitted - Part of RFI 1, Qu 6. 
 

Cryptococcus minutes IMT 
22.1.19.doc  

22 January 2019: Cryptococcus Incident Management Team  
Already submitted - Part of RFI 1, Qu 6. 
 
“Jenn Rodgers has requested for more HEPA filters for ward 6A, but awaiting delivery of more. “ 
 

Cryptococcus minutes IMT 
25.1.19.doc  

25th January 2019: Cryptococcus Incident Management Team  
Already submitted - Part of RFI 1, Qu 6. 
 
“Dr. Inkster confirmed that when Ward 6A re-opens there should be a HEPA filter in every patient room with an 
additional 7 HEPA filters within the corridor.” 
 

Cryptococcus minutes IMT 
28.1.19.doc  

28 January 2019: Cryptococcus Incident Management Team 
Already submitted - Part of RFI 1, Qu 6. 
 

Cryptococcus minutes IMT 
30.1.19.doc  

30 January 2019: Cryptococcus Incident Management Team 
Already submitted - Part of RFI 1, Qu 6. 
 
There are currently 26 HEPA filters throughout Ward 6A.  Currently awaiting delivery 13 new units and have requested 
30 more units which are currently being built.  Myra Campbell said Ward 6A could have some of the HEPA filters 
currently in her ward. Myra will identify the HEPA filters that can be used, but will check with Dr Inkster before any are 
removed.     
  

ATO101_02558443 RE Crypto 
IMT.msg  

1 February 2019:  
Email communication update on IMT actions. Advising that Estates Manager is working on calculation / review process 
to determine what current F7 filter can be replaced with a F8 or possibly a F9 filter. Checks taking place against 
commissioning figures for the capacity of the AHU fan and motor to ensure sufficient air flow can be achieved. 

  
F9 filters have a higher ‘average efficiency’ than F7 filters.  When filters were changed filter frames were sealed at the 
same time preventing air bypass.  
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Cryptococcus minutes IMT 
4.2.19.doc  

4 February 2019: Cryptococcus Incident Management Team notes of meeting  
Already submitted - Part of RFI 1, Qu 6. 
 
“Delivery of 13 HEPA filters happened on Friday 1st February.  They were taken to Ward 6A to cover every patient room 
and corridors.” 
 
“As soon as facilities get confirmation data that filters can be fitted into air ducts then they will target the air ducts 
which pose the highest risk first.” 
 

Cryptococcus minutes IMT 
8.2.19.doc  

8 February 2019: Cryptococcus Incident Management Team notes of meeting  
Already submitted - Part of RFI 1, Qu 6. 
 
“HEPA filters are to stay within each patient room and ward corridors until solution for ward 2A/2B is obtained.” 
 

ATO102_03303562.xlsx  1 March 2019: Estates (internal) Action Plan indicating that F7 filters on AHUs (serving Ward 6A) have been changed 
to F9 filters. 

 From April 2019: CVG (Ceiling Ventilation Grilles) were removed and replaced with a standard ceiling tile. 
 
Wards are fitted with Ceiling Vent Grilles (CVG’s) which are open vents between the ceiling and the ward corridors. 
Among the purposes of these grilles are allowing for venting and detection of gas services leaks above the ceiling 
where there are mechanical joints.   
 
Removing the CVGs reduces the risk of particulates moving from the corridor ceiling void into the corridor transfer 
area and rooms in Ward 6A. 
 
The notes of the Cryptococcus IMT Expert Advisory Sub-Group previously provided in response to RFI 7-2, 2.17 provide 
the narrative on the background and the progress towards a decision to remove the CVG’s and replace with a 
standard ceiling tile.  The date when this was achieved is not recorded, however confirmation that was done is 
captured in the “Report from the Cryptococcus IMT Expert Advisory Sub-Group Unredacted FINAL 2022-04-05.pdf” 
also submitted in response to RFI 7-2, 2.17. 
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2019-04-10 7. Notes of 
Cryptococcus IMT Expert 100419 
final.doc 
 

10 April 2019: Cryptococcus IMT Expert Advisory Sub-Group.  
Already submitted - Part of RFI 7, Qu 2.17. 
 
 

2019-05-09 9. Notes of 
Cryptococcus IMT Expert 090519 
final.doc 
 

9 May 2019: Cryptococcus IMT Expert Advisory Sub-Group. 
Already submitted - Part of RFI 7, Qu 2.17. 
 
 

Leakage from chilled beams Ward 
6A.pdf  
 

3 June 2019: SBAR “Leakage from chilled beams Ward 6A.pdf”  
Already submitted - Part of RFI 7, Qu 2.24 
 

 The chilled beam units used throughout the QEUH and RHC use Chilled Water or Low Temperature Hot Water to 
control the air temperature provided to the rooms. The air to the chilled beams is provided by the ductwork from the 
Air Handling Units in the plantrooms.  Intermittent “leaks” from the chilled beams have been attributed to thermal 
movement in the push type fixings of the pipework. In June/July 2019 the replacement of push fit connections with 
compression fittings in Ward 6A was commenced.   
 
On 29 June 2019, across the hospital, there were reports of multiple “leaks”. The cause of these was determined as 
condensation related to the high relative humidity in the ambient air.  The chiller control strategy was adjusted to 
resolve.  
 
Quality checks on works to “clean” the chilled beam grilles identified they were not sufficiently cleaned and an 
alternate methodology was then implemented. This new methodology was implemented in the cleaning of the Ward 
6A chilled beam grilles in August 2019. 
 
Refer the SHI to the Gram Negative Bacteraemia IMT minutes which provide the record of decision making and 
progress reporting. 
 
“HSE Ventilation IN Progress Tracker v12.pdf” date April 2022 records that “Chilled beam push fit connections 
changed to compression”.  
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2019-06-21 12. Notes of 
Cryptococcus IMT Expert 210619 
final.doc 
 

21 June 2019: Cryptococcus IMT Expert Advisory Sub-Group. 
Already submitted - Part of RFI 7, Qu 2.17. 
 

2019-07-26 14. Notes of 
Cryptococcus IMT Expert 260719 
final.doc  
 

26 July 2019: Cryptococcus IMT Expert Advisory Sub-Group. 
Already submitted - Part of RFI 7, Qu 2.17. 
 

IMT Ward 6A Gram Negative 
Blood Cultures 01 08 19.doc 
 

1 August 2019: Gram Negative Blood Cultures Incident Management Team  
Already submitted - Part of RFI 7, Qu 2.18. 
 
  

ATO102_01591433 Re HIIAT RED 
QEUH.msg  
 

Email summary of discussion from clinical meeting held on 2 August 2019 noting HEPA filters to be “sourced and 
placed in bathrooms”.  
 

2019-08-09 15. Notes of 
Cryptococcus IMT Expert 090819 
final.doc 
 

9 August 2019: Cryptococcus IMT Expert Advisory Sub-Group.  
Already submitted - Part of RFI 7, Qu 2.17. 
 

VCS-002 Vent grille cleaning HIGH 
RISK WARD.pdf  
 

SOP for exchange / cleaning of chilled beams 

2019-09-16 19. Notes of 
Cryptococcus IMT Expert 160919 
final.doc  
 

16 September 2019: Cryptococcus IMT Expert Advisory Sub-Group.  
Already submitted - Part of RFI 7, Qu 2.17. 
 
“the Ventilation Group are happy to remove the CVGs as the risk of leakage or dilution required is minimal.  This has 
not been formally signed off by HFS but they are happy if the Authorised Engineer has approved this.  It was agreed 
that Darryl ask the Authorised Engineer to send him the re-endorsement again to close off this action” 
 

ATO102_01600174.pdf  8 August 2019: Action Plan, prepared by Estates, detailing Ward 6A ongoing compliance works, including the 
installation of HEPA filtration units in en-suites.  
Action Plan circulated as part of meeting papers for Gram Negative IMT scheduled for 14 August 2019. 
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IMT Ward 6A Gram Negative 
Blood Cultures 08 08 19.doc 
 

8 August 2019: Gram Negative Blood Cultures Incident Management Team 
Already submitted - Part of RFI 7, Qu 2.18. 
 
The ‘Risk Management/Control Measures’ section notes that estates have “drawn up an action plan which will focus 
on the chilled beams within Ward 6A and how estates issues/services are managed within this area” 
 

 From August 2019: Installation of recirculation air scrubber fans in ceiling space of en-suite room 
 
Recirculation air scrubber fans (Camfil Camcleaner 400 concealed fan units) were installed in the ceiling space of 
patient en-suite rooms within Ward 6A. The unit consists of a F7 pre-filter and a secondary H13 HEPA filter.  A trial 
commenced within Room 6 prior to roll out of the units within all remaining patient en-suites. 
 

IMT Ward 6A Gram Negative 
Blood Cultures 14 08 19.doc 
 

14 August 2019: Incident Management Team notes.  
Already submitted - Part of RFI 1, Qu 6. 
 
“A sample of a HEPA filtration unit which can be deployed within patient en-suites above the ceiling tiles has been 
sourced.  Tom Steele will send the data sheet to Dr Inkster before any decision is made.  If the HEPA units can be 
deployed then air testing will be carried out before and after deployment.“ 
 

ATO102_00831568.pdf  20 August 2019: Action Plan, prepared by Estates, detailing Ward 6A ongoing compliance works, dated 20th August 
2019 (Update to previous version dated 8th August 2019). 
Action Plan circulated to IMT membership on 20th August 2019. 

2019-08-23 17. Notes of 
Cryptococcus IMT Expert 230819 
final.doc 
 

23 August 2019: Cryptococcus IMT Expert Advisory Sub-Group. 
Already submitted - Part of RFI 7, Qu 2.17. 
 

IMT Ward 6A Gram Negative 
Blood Cultures 23 08 19.doc 
 

23 August 2019: Gram Negative Blood Cultures Incident Management Team notes.  
This document will be submitted as part of RFI11, Qu 1 response. 
 
“HEPA filtration units are to fitted to the every patient en-suite.”  
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ATO102_01600962 FW Vent 
SOPs.msg  
 

23 August 2019: Email forwarding the SOP for exchange / cleaning of chilled beams as discussed at the Gram Negative 
Bacteraemia Incident Management Team meeting on 23rd August 2019  

VCS-002 Vent grille cleaning HIGH 
RISK WARD.pdf  
 

SOP for exchange / cleaning of chilled beams 

IMT Action List Ward 6A.doc  Action List from Incident Management Team notes from meeting held on 23 August 2019.  
Confirms that trial unit had been installed in room 6. 
 

QEUH – Single Ocupncy Bedroom 
Ward 6A Bedroom 6 with en-suite 
recirculation scrubber fan.pdf  

23 August 2019: Correctair Solutions Ltd, Critical ventilation annual verification and inspection, Adults Ward 6A – 
Room 6 
Annual inspection was completed following the installation of a Camfil Recirculation Unit (schematic of unit shown in 
Section 8 of the verification report).  
 

ATO102_01630676 Ward 6A IMT 
Update 230819.msg 

23 August 2019: Communication from Microbiology Technical Services Manager of air sampling requirements to be 
carried out in Room 6. 

GQEE2008107 Quote_Trial_Hepa 
Installation.pdf;  
 
GQEE2008107 PO_Trial_Hepa 
Installation.pdf;  
 
GQEE2008107 Invoice_Trial_Hepa 
Installation.pdf  
 

August 2019: Morris and Spottiswood install a HEPA filter unit within Ward 6A, Room 6.  
 
Quote, Purchase Order Number and Invoice provided.   
 
 

ATO102_01591260 Re SBAR 
6A.msg;  
 
ATO102_01600143.doc 

29 August 2019: SBAR – Ward 6A environment authored by QEUH Microbiology Department, dated 26 August 2019, 
sent to Chair of Incident Management Team. Point 5 of the ‘Assessment’ describes the outcome of air sampling in 
bathrooms and notes the “potential for HEPA filters to be placed in the bathroom ceilings, however again, this is a 
cleaning method for air rather than a HEPA supply”. 
 

QEUH 6A Room Particle Counts 
300819.pdf  

30 August 2019: Particle counts completed within Ward 6A (including room 6) taken on 30 August 2019. 
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GQEE1960773-000-001 Quote_20 
Hepa Concealed Units.pdf;  
 
GQEE1960773-000-001 PO_20 
Hepa Concealed Units.pdf  

September 2019: Quote, Purchase Order Number for Camfil Ltd to supply 20 Aircleaner 400 concealed units (lead 
time noted to be 6-7 weeks).  
 
Note: the quote is dated 25th August 2019; the Purchase Order Number was raised on 3rd September 2019; the final 
signature on the Waiver of Tender is dated 9th September 2019.  

ATO102_03303562.xlsx  2 September 2019: Estates (internal) Action Plan indicating “Change flexible push fit connectors.” completed 
 

IMT Ward 6A Gram Negative 
Blood Cultures 06.09.19.doc 
 

6 September 2019: Gram Negative Blood Cultures Incident Management Team notes  
Already submitted - Part of RFI 1, Qu 6. 
 
“It was decided the ward will reopen when the remedial actions have been carried out regarding sampling and results, 
HEPA filters fitted, timeline created and the peer review carried out.“  
 

Ward 6A Room to Corridor 
pressure 12 Sept 2019.pdf  

12 September 2019: Date of test in Correctair Solutions (Scotland) Limited Report - Ward 6A Pressure Profile.  
 
This report contained recommendations to improve the room differential pressures. 
 

IMT Ward 6A Gram Negative 
Blood Cultures 13.09.19.doc  
 

13 September 2019: Gram Negative Blood Cultures Incident Management Team  
Already submitted - Part of RFI 1, Qu 6. 
 
“results from air sampling from room 6 in 6a (HEPA filter in shower room) should be available Tuesday/Wednesday 
next week”.   
 

IMT Ward 6A Gram Negative 
Blood Cultures 18 09 19.doc 
 

18 September 2019: Gram Negative Blood Cultures Incident Management Team  
Already submitted - Part of RFI 1, Qu 6. 
 
 “the IMT confirmed that all work within the ward is complete apart from the installation of the en-suite HEPA filters 
which we are currently awaiting delivery”.    
 

GQEE2008106 PO.pdf; 
 
GQEE2008106 Quote.pdf;  
 

October 2019: Quote, Purchase Order Number and Invoice for MMM Joinery to supply drop seals for Ward 6A.  
Note: the quote is dated 10th October 2019; the Purchase Order Number was raised on 24th October 2019; the Invoice is 
dated 28th October 2019. 
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 GQEE2008106 Invoice.pdf  
 
HAI SCRIBE RHC WARD 6A Heppa 
Filter Installation Mulitple 
rooms.doc  

19th October 2019: SHFN 30: HAI-Scribe: Risk Assessment to install 20 No H13-400 in-line HEPA filters above the 
ceilings in 20 No en-suites toilets in Ward 6A. Page 14 notes the operation of works includes the elements performed 
by Contractors. 
 

26 documents – QEUH – Single 
Occupancy Bedroom Ward 6A 
Bedrooms (numbers range from 1 
to 5 and 7 to 27) with en-suite 
recirculation scrubber fan.pdf  
 

29th October 2019 to 24th November 2019: Correctair Solutions Ltd, Critical ventilation annual verification and 
inspection, Adults Ward 6A – Rooms 1 to 5, and 7 to 27. 

FINAL IMT Ward 6A Gram 
Negative Blood Cultures 05 11 
19.doc  
 

5 November 2019: Gram Negative Bacteraemia Incident Management Team notes. 
Already submitted - Part of RFI 1, Qu 6. 
 
 “twelve rooms have had their HEPA filters fitted into their en-suites with the rest being completed by the next week”.  

ATO102_03192061 FW Emailing 
Revised Programme Heppa Filter 
Installation Ward 6A.msg  
 

5th November 2019: HEPA filter installation programme forwarded on from Morris and Spottiswood. Excel document 
details what rooms were completed on what date and look ahead programme to completion. 
 

HPS Review of NHSGG&C 
paediatric haemato-oncology data 
(October 2019).pdf  

Summary Report: Review of NHSGG&C paediatric haemato-oncology data (October 2019)  
A Management Information publication for Scotland  
Publication date: November 2019. 
 

Ward 6A reopening bundle action 
plan 081119 1.2.docx  

8th November 2019: Bundle for re-opening of Ward 6A to high risk haematology oncology patients. Table outline work 
elements that have been completed, or require to be completed ahead of reopening the ward. 
 

IMT Ward 6A Gram Negative 
Blood Cultures 11 11 19.pdf 
 

11 November 2019: Gram Negative Bacteraemia Incident Management Team notes. 
Already submitted - Part of RFI 7, Qu 2.18. 
 
“A Ward 6A re-opening bundle has been created following a meeting with management and clinicians.  An action plan 
highlighting elements that require to be in place before the ward is reopened, from a managerial point of view, has 
been created and will be taken forward.  “ 
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IMT Ward 6A Gram Negative 
Blood Cultures 14 11 19.pdf 
 

14 November 2019: Gram Negative Bacteraemia Incident Management Team notes. 
Already submitted - Part of RFI 7, Qu 2.18. 
 
HPS report received showed the data does not support the ongoing restrictions to admissions and therefore it supports 
IMT recommendation for lifting restrictions for admissions to the ward.  
 

ExternaltoGGCReopening of ward 
6A to new admissions.msg  

18 November 2019: Email from Scottish Government To NHSGGC Chief Executive noting actions to be confirmed as 
complete to allow ward re-opening. 
 

ATO101_04452177.pdf  21 November 2019: Letter to Parents/Carers, signed by Chief Executive, advising of the reasons to accept a 
recommendation to re-open Ward 6A.  
 

GQEE2061698 PO_Hepa 
Installation.pdf;  
 
GQEE2061698 Invoice_Hepa 
Installation.pdf  

November 2019: Purchase Order Number and Invoice from Morris and Spottiswood for installation of HEPA filter units 
within Ward 6A up to and including 24th November 2019. Note: the Purchase Order Number was raised on 24th 
December 2019; the Invoice is dated 31st December 2019. 
 
 

GQEE2045877 Quote_12 Hepa 
Concealed Units.pdf; 
 
GQEE2045877 PO_12 Hepa 
Concealed Units.pdf  
 

December 2019: Quote and Purchase Order Number for Camfil Ltd to supply 12 Aircleaner 400 concealed units. Note: 
the quote is dated 18th November 2019; the Purchase Order Number was raised on 4th December 2019.  

Report from the Cryptococcus IMT 
Expert Advisory Sub-Group 
Unredacted FINAL 2022-04-05.pdf 
 

5 April 2022: In the section ‘Action taken by NHSGGC to mitigate this potential risk’, the bullet notes that Ceiling Vent 
Grilles were removed and replaced with a standard ceiling tile to reduce the risk of particulates moving from the 
corridor ceiling void into the corridor transfer area and rooms in Ward 4B, 4C and 6A. 
Already submitted - Part of RFI 7, Qu 2.17. 
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6/1912019 

RE: Respirato:ry ward ventilation 

Powrie, fan· <Ian.P<:>wri  

Thu ".':G/05/?.lH6 ts·:M 

. RE: Respiratory ward ventil.:.- INKSTERI Ter~sa (NHS GREATER GLASGOW & CLYDE) 

·1,, Inkster Teres3 (NHS GREATER GLASGOW & CLYDH <teresa.inkster ; Frew Shiona_ (NHS GREATER GLASGOW & CLYDE) <Shiona.Frew  

c,.Loudon D,vid (NHS GREATER GLASGOW & CLYDEJ •:Oa,id.Loudon  Harkness Anne iNHS GREI_\TER GLASGOW & CL'/DE) •:Anne.Harkness ; Walsh Thomas iNHS 
GREATER GLASGOW & CLYDEl •Tom.Walsh  . .. 

@J -~ 3ttach1w:nts 

Extract from· Mand E Clarification\09 doc~ Signed off vent drawing - ZBP-ZH-XX-PL-5?4-058.pdf; 20160518 Wa,:d VentHatbn Strategy: Issue 3.pdf; Ward Ventilation Design slr,tegy_Dec 09-SP2 

-H).doc:. 

Hi Teresa, 

I can confirm that a typical single room with en-suite is supplied with air at a rate of 401\s (equating to 3.19 ACH) and an extract derived via the en-suite at 45 l\s. 
The move away from the requirement in SHTM 03-01 for 6 ACH was agreed by the Board prior to formal contract award, the justification for the pro_posed variation to that 

specified and its acceptance is provided \n the following attached documents: 

1. Ward ventilation design strategy Dec 2009-SP2 
2. Extract from M&E clarificati~n log 
3. Signed off vent drawing ZBP-Zl:i0XX-PL-524-058 

As can be seen from the clarification log, the board accepted this propo~_al with the caveat "Negative pre.ssure to be created in the design solution.'' achievement of the -ve 

pressure design has been validated by Bro~kfield's. design team In ,the atta.ched report ref: 20160518 ward-ventilation .strateg}' - issue 3. 

If you require any further information or support on this matter please let me know. 

Regards 

Ian 

https://email.nhs.ne~ow~i~model•Read~essageltem&ltemlD•A/W,kADAOYzZhND~LWFIYjltNDlzYy1hODk1LWU5NmFIYjU2Nm'U50QBGAAAAAAAucOA40TCZQKn82bGXklLhBwDBojuDU4MKTY1EHRSvE◄VlAAl<nm .•• 113 
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6/19/2019 

1. 'P(J((,llf.te 
Sector Estates Manager (South & Clyde) 
Queen Elizabeth University Hospital Campus, 
134S Govan Rd, 
Glasgow, 
G514TF, 

 
 

From: Inkster Teresa (NHS GREATER 
Sent: 25 May 2016 13:42 
To: Powrie, Ian; Frew, Shiona 
Cc: Loudon, David; Harkness, Anne; Walsh, Tom 
Subject: Respiratory ward ventilation 

Dear both, 

RE: Respiratory ward ventil ... -. INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

Despite numerous requests fo~ !~formation I have not received anything in writing confirming the ventilation spec of the rooms in level 7 Respiratory at QEUH. 

I have been told verbally that these rooms have 3 ACH and are at neutral pressure ~ is this· accurate and can I be sent confirmation of this? 

I appreciate there is nothfng that can be done to remedy t!iis. However, I need to do ari infection control risk assessment arid put risk mitigating measures in place on the unit. . . ' 

It would be useful if I could have the same information for the other high risk areas in' the hospital : These ?re; respiratory outpatient clinics ,ward SC, level 4 renal transplant 

Do we know whether the same decision to reduce air_changes was made for ,RHC? 

Kind Regards 
Teresa 

'Dr Teresa inkster 
Lead Illfeclion Control Dodor NHSGGC 
Trail'ling'Programme Director Medical Microbiology 
Dept of Microbiology 
Queen Elizabeth University Hospital 

. Glasgow 
 

https://emsll.nhs.neUowa//Mewmodel=F\eadMessage!tein&lleml~=AAMkADAOYzZhNDg5LWFIYjllNDlzYy1hC:,Dk1LWU~NmFIYjU2NmU50QBG~~OA4QTCZQKn82bGXklLhBw08quDU4MKTYIEHRSvEMAAKnm ••• 213 
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Extract from M&E clarification Log (Final Agreed for Contract) 

Ventilation: 

Board Comment: Ward Air change to be 6AC/HR, currently shown as 2_5A . 
compliance with SHTM 03-01. C 

Status: Agreed 

Brookfield Comments: Brookfield proposal as outlined within the bid subm· . 
chilled bear:1s as a _low energy soluti?n _to control the enviro~m~nt ~hich do ~si: 11 
of treated arr or variable natural ventrlatron. All accommodation 1s single bedroo 
need for dilution 
of airborne microbiological contamination should be reduced (rooms could also b 
pressure to corridor). Providing 6 air changes is energy intensive and not necess 

Agreed Position: The proposal is accep_ted on the basis of 40 litres per second pe 
litres per second per second) for one patient and four others. Joint review to be car 
the Board and Brookfield of the e~ergy mod~I to deter~ine any impact on the energ 
rating. Brookfield, however, remain responsible for achievement of the energy targe 
£250,000 added to the contract sum in this regard. Negative pressure to be created 
design solution. ' 
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NSGH 
WARD VENTILATION DESIGN STRATEGY 

Board Requirement 

The design requirements for the NSGH states_ that the summertime 
'not to exceed 26°C'. 

This exceeds the guidance provided within the draft SHTM 03-0l 
ventilation in healthcare premises, !imiting the summertime tempe;; 
28°C for more than 50 hours per year'. 

Natural Ventilation 

The SHTM allows for the natural ventilation of areas including general 
2.3 it states that 'as the motivating influences of natural ventilation are v 
almost impossible to maintain consistent flow rates and ensure that mini · 
rates will be achieved at all times. This variability is normally acceptable 
wards'. · 

Through the use of thermal modeling during the bid stage the use ofnatur 
using openable windows was investigated and results showed that the Boar· 
requirement for temperature control could not be achieved. Furthermore, ad 
additional background cooled mechanical ventilation, at a quantity to balan .. 
extract rate, still did not achieve the requirement. Other concerns with natura:J. 
included patient comfort due to uncontrolled wind driven ventilation and air q 
particularly in winter when windows would be closed. · 

Therefore, the sole use of mechanical ventilation was explored, again using the 
modeling. 

Mechanical Ventilation 

The recommended_air change rate for single rooms in SHTM 03-01 Appendix 1 Tabl 
for single rooms is 6 air changes per hour (ac/h). 

Modelling was carried out based on this recommendation, but it was found that the ... 
requirement of26°C could not be met. To try to achieve this, the ventilation rate was:;. 
further increased, but became excessive and likely to cause draughts to the occupants, \ 
poor temperature control and increased energy consumption. 

Consideration was then given to a terminal cooling solution, using active chilled beams 
which provide cooling, heating and fresh air via the primary air supply system. The 
performance of chilled beams is related to their physical size and thus· the amount ~ri 1 
primary air supplied from the central air handling plant. The primary air volume Wl a so 

C:\Users\teres\DoWnloads\Ward Ventilation Design strategy_Dec 09-SP2 (4).doc 
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Provide make up for the extract from the ensuite toilets to achr'ev 
'd . d ean into the bedroom from the com or as reqmre by SHTM 03-0I A 

PPen 

Using active chilled beams delivers the temperature control requir · 
individual room control and fresh air, albeit less that the recomme::~: 
SHTM 03-01. 

Chilled beams are also an e_ner¥y efficient so~ution and save some 9kg!m2 
that of an all air system dehvermg 6ac/h, eqmvalent to about I 0% of the h 
emissions. 

Conclusion 

If natural ventilation could be employed then the air change rates within the b 
would be variable dependant on window opening and external conditions, and 
likely to achieve 6ac/h. 

The recommended air change rate of 6ac/h in the SHTM is considered to relate 
ability to achieve an acceptable internal environment, i.e 50 hours exceedence J 
28°C. This could be achieved with 6ac/h of cooled air. · 

However, the Board's requirement for a reduced temperature makes this solutiori 
impractical and the use of chilled beams is the only viable solution, using a reduc 
quantity of primary air. · 

Whilst the air change rate is less than the SHTM, at a supply air volume of 30 litres 
second it is in compliance with Scottish Building Regulations and also CIBSE codes; 
giving sufficient fresh air for a continuous occupation of three people at 10-12 litres pi; 
second each. 

C:\Users\teres\Downloads\Ward Ventilation Design strategy_Dec 09-SP2 (4).doc 
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19/08/2020 Air changes QEUH - INKSTER Teresa (NHS 
' GREATE 

Air changes QEUH 

Inkster Teresa (NHS GREATER GLASGOW & CLYDE) 

Fri 27/05/201610:11 

To:Peters Christine (NHS GREATER GLASGOW & CLYDE) <Christine.Peters • p . . •.. 
GLASGOW & c_L~DE) <Lynn.Pritchard ; Joannidis Pam R ;~~~~. 
< Pamela.Joann1d1 , 

Cc:Mcnamee Sandra (NHS GREATER GLASGOW & CLYDE) <Sandra.McNamee >; Wais 
GLASGOW & CLYDE) <Tom.Wals . 

Hi all, 

I have had confirmation from Ian Powrie that the single rooms in QEUH have air changes of <3 which is half the recomm 
neutral pressure and not negative as was intended to compensate for this drop in ACH • _en 

I know Lynn/ Christine that you have put measures in place on the respiratol'}'. ward alrea~~ but we now need to consider w 
Of particular concern is renal transplant as these rooms should have been designed at pos1t1ve pressure. Can I suggest the fo 
free from 3pm on Tuesday if that suits at QEUH. 

Pamela - I am awaiting confirmation from Ian regarding RHC • I also need to find out the answer to your question Lynn about th 

Kind Regards · 
Teresa 

Dr Teresa Inkster 
Lead Infection Control Doctor NHSGGC 
Training Programme Director Medical Microbiology 
Dept of Microbiology 
Queen Elizabeth University Hospital 
Glasgow 
Direct dial:  

https://emall.nhs.neUowa/#view~odel=ReadMessRm:iltAmR.lt1>mln=.ll.d~A1r.ll.n.ll.nv~,,...,"1~-c1 ,.,.,,,v"'"'"''-"· -• L,.,,,...,..' 1•11 ,r.i~i:,vll l?NmUSOQBG. ·· 111 
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SBAR - Air changes , patient rooms , QEUH 
Dr Teresa Inkster, June 2016 

Situation 

/ Background 

Assessment 

Recommendations 

During an investigation into Mycobacterium absc 
in Cystic fibrosis patients at QEUH the ICT were efsrt• · 
reduced air chan es in atient rooms. a e 
Recommended air changes for a single room on a 
air changes I hour as per HTM 03-01 (Specialised :~ 
for healthcare premises ). This would not normally hav 
infection control sign off. < 

A decision was made to reduce air changes to 3 ACH/h 
renal dialysis unit for energy efficiency. This decision 
then extrapolated to the rest of the hospital. Sufficient n 
pressure of the rooms was not obtained to make this a s 
option. Rooms are currently at a neutral pressure. 

There is therefore both reduced dilution of microbial 
contamination and escape of air out of the rooms into 
surrounding areas. 

Placement of patients with airborne infections·in the$e re 
represents a risk of cross transmission to other patients a 
staff via the airborne route. · 

High risk areas in the QEUH have been identified as; 

1) Level 7 Respiratory wards 
2) Outpatient respiratory clinics 1st floor clinic B rooms 

85 
3) Physic department - Room 16 , Ground floor 
4) Renal transplant , level 4 
5) ID unit , level 5 
6) During winter months and respiratory virus season 

other wards will be hi h risk 
1) Doors to rooms should remain closed 
2) For aerosol generating procedures in in-patients 2 

hours should be left before non- essential personnel 
enter the room and before a new patient is admitted. 

3) For aerosol generating procedures 2 hours should be 
left between patients in the outpatient setting 

4) Staff should continue to wear appropriate PP_E 
5) Renal transplant patients should where possible be 

nursed in ward 4C until 12 months post transplant. 
6) ICT should be made aware of any renal transplant 

patients with PCP. . . . . 
7) This information should be reviewed in conJunct1on w1th 

· the HFS review of isolation rooms. Contingency 
planning may be required for patients with active 

ulmonar tuberculosis. 
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si17/2019 RE: SBAR Room air changes - INKSTER, Teresa (NHS GR.EATER ·GLASGOW & CLYDE) 

RE: SBAR Room air cha'nges 

Armstrong, Jennifer <Jennifer.Armstrong · 

Mon 20/06/2016 22:50 

To:lnkster Teresa (NHS GREATER GLASGOW & CLYDE) '<teresa.inkster  Loudon_David (NHS GREATE8 GLASGOW & CLYDE) <David.Loudon@ Harkness Anne (NHS GREATER 
GLASGOW & CLYDE)'<Anne.Harkness · . 

cc:Dunn Patricia (NHS GREATi:R GLASGOW & CLYDE) <Patricia.Dunn@  

All 
it seems to me that there are qui't~ significant implications of thts note; I would be keen that we get together to discuss this note and what we need to do about this; I have also 

. alerted Robert Calderwood to this is~u~; Perhaps we rieed to set' up an urgent meeting to discuss the. implications and what we need to do a6out this asap. 
I wonder if you would all be good enough to flex your diaries; In addtion, I think david you were going t9 review how these decisions were reached and also what the thinking 
was behind the new room designs? I wonder if perhaps one of the project team and perhaps we need some clinical advice from specialists about the implications for patients. 
_However in the first instance .can we discuss this please 

From: Inkster Teresa (NHS GREATER GLASGOW & CLYDE) [mailto:teresa.inkster  
Sent: 20 June 2016 17:34 
To: Armstrong, Jennifer; Loudon, David; Harkness, Anne 
Subject: SBAR Room air changes 

Dear all 

I have all the info now in relation to the patient rooms with reduced air changes. I have produced the attached $BAR.FYI • 

. 1-6. 

Kind Regards 
Teresa 
Dr Teresa Inkster 
Lead Infection Control Doctor NHSGG 

Training Programme Director Me~~ · 
Dept of Microbiol~gy ···· 

https:l/emai/.nhs.net/owaHAlieNJmode/=ReadMessageltem&/temlD=AAMkADAOYzZhNDg5L~FIYjltNDlzYy1hODk1LWU5NmFIYjU2NniUSOQB ~-.AJ',.J""""' 
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· 5/17/2019 
~ 

· /~,ressure checks QEUH 
" 

pressure checks QEUH - INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

Fri 09/11/2018 ()9:27 · 

To:STEELE, Tom (NHS GREATER GLASGOW & CLYDE) <tom.steele@ Wilson, Andy <Andy.Wilson  

cc:John.Hood@ <John.Hood  HOOD, John (NHS GREATER GLASGOW & CLYDE) <johnhood1  

Tom - further to our phone conversation details of the pressures we checked yesterday are beiow, We used two methods - a micro anemometer and a smoke test 

As per_SHTM 03-01 a single rooms spec is 6 ach/hr and a pressure of Oto negative. My l!nderstanding is that to offset the reduction in air changes with ~hilled 
beam technology the rooms were to be at a definite negative pressure. In most areas this. is not an issue but is problematic for immunosuppressed patients 
particularly haemato-oncology. · 

• • ' • -- _, I 

You will note the pressures recorded below. Ward 4C is housing haematology patients and the rooms should be positive. The readings we have confirm that they 
· are but they are not as p_ositive as they should be. This requires more thought. 

. . 

What I am more concerned about is the readings from SC/Das these indicate we have rooms at _neutral positive pressure. These wards are where we have ID 
patients including non resistant TB cases. As this is an airborne ·infection these patients must be in a negative pressure erivirnnment. We have PPVL rooms on the 
critical care floor in the process of being upgraded to negative pressure. These will be used for multi drug resistant TB cases and any query MERs -Coronavirus 
but there are still several patients with non resistant TB who will need to be nursed in SC/D. The risk here is not to the patient but to staff and members of the 
public as the contaminated air is coming out of the room . . · 

As we discussed it would be useful to have a review of th~se areas. I liave had a conversation with Andy re these results and will catch up with you later today 

Kind regards 
Teresa 

Ward 4C 

Room 72; 0.7-1.0 Positive 
Room 73 ; 1.1, Positive 
Room 74 0.3, Positive 

https://email.nhs.net/awa/#>JieM1model=ReadMessageltem&ltemlD=AAMkADA0Y~ZhNDg5LWFIYjltNDlzYy1hODk1LWU5NmFIYjU2NmU5OQBGAAAAAAAucOA4QTCZQKn82bGXkll.hBwCiVkXkVXpoS4x41ZTHAWFQAEhl8... 1/2 
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• .5/17/2019 

-~m 75 0.3-0.5 Positive 
"' ~ 

Ward SC 

Room 60 0.0 to -0.2 Neutral to slightly negative 

Room 61 - 0.0 Neutral 
Room 66 - 0.0 Neutral 

Ward.SD· 

Room 29 Oto 0.1 Positive 
Room 30 Oto 0.1 Positive 
Room 32 0.1 Positive 

Dr Teresa Inkster 
Lead Infection Control Doctor NHSGGC 
Training Programme Direct~r Medical Microbiology 

:DepfofMicrobiology · 
Queen Elizabeth University Hospital 

Glasgow 
Direct dial:  

pressure checks QEUH - INKSTER, Teresa (NHS GREATER GIJ\SGOW & CLYDE) 

httpS://eniail.nhs.net/owal#viewmodel=ReadMessageltem&ltemlD=AAMkADAOYzZhNDgSLWFIYjltNDlzYy1hODk1l.WU5NmFIYjU2NmU50QBGAAAAAAAucOA4QTCZQKn82bGXkllhBwCiVkXkVXpoS4x41ZTHAWFQAEhj8... 2/2 . . . 
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6/t◄/2019 RE: Vontilalionwards fi9 an .. ,. IN~STER, Tema (NHS GREATER G_lASGOV'( !\ C_LYDE) 

RE: Ventilation wards SC and 50 

Fleming, l<enneth <Kenneth.Fleming  
t.1011 QJ/l2/Wl3 l •l;l, 

!,, IN~STER, Teresa {NHS GREATER GLASGOW & CL'(D£l <lms3.inkste1  

\,• 

c ,·.Peters Seil• (NHS GREATER GLASGOW & CLYDE) •.Erlco.Pelers -; Wilson, Andy •:Aody.Wilson  STEELE.Tom JNHS GREATER GLASGOW & CUDE) 
<lom.sleele@ Walsh Thonios (NHS GREATER GLASGOW 8, CLYDE/ <Toll1.Wals ; RAEBURN, Cameron (NATIONAL SERVI(.[$ SCOTLANDi . . 
<Ci\maro11.raeb11rn ; Gardner, Mvrng <M,irag.G3rdner@ . · · · · _. · · ·· · 

Hi Teresa 

Thanks for the email. Cameron Raeburn has set up a meeting to take place on Thur~day with regard.s to tlJe .recent HS~. issues that have 
been highlighted and resulted In an Improvement Notice, as you are awa~e.. · · · · · · · · · · · 

I will ask Cameron to take into account the information that you have provided with regards to.ventilation. I have also copied Morag 
Gardner who is directly involved with both the HSE requirements .and the_ mee_ti11g that will b_e taking place on Tl)ursday. 

I will be on leave over'the next 2 weeks and so I will a_sk c;ameron to. liai_se with yc;,u, after.the. 11'leeti1Jg on Thursday. , · 

Regards 

l<enneth 

Kenn,eth Fleming 
Head of Health and Safety 
NHS Greater Glasgow and Clyde 
West. Glasgow ACH (Yorkhill) 

 

hllpl;//emlll.nhs,neV17Nll#vfowmad1l•ReadMesugel1em&llemlD7MMkADAOYzZhNOQSLWFl\'lliNDlzYy1hOOk1LWU5Nl)tFl'ljU2NmU50QBGAAAMMucOA4~TCZQKn~2bG~JLh8WD6q~DU◄MKr°YlEHR6yE4VIMKt~.. 1/3 
• ' , ' I 1' ', ••• ' • ', •.,:, ',••••. :. : :, ;. ' ', •, . 

·. ,. 
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6/t◄/2019 

HR Support and Advice \Jnit 
Tel. (1\.1 l 2'iS ~7111) t l:,t 1~71)(1) 

Em,til: HR.Supportr,vggc scot nhs.11k 

RE:Ve~tilati011ward, sc.aD .. ,- INKSTER, Telesa (NHS GREATER GLASGOW &CLYDE)' 

PS. I've signed up to improving our email wlt~re 

From: INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) [mailto:teresa,lnkster@  
Sent: 03 December 2018 14:03 · 
To: Flemlng, Kenneth 
Cc: Peters, Erica; Wilson, Andy; STEELE, Tom (NHS GREATER GLASGOW & CLYDE); Walsh, Tom . 
Subject: [ExternaltoGGCJVentilation ·wards SC a1\d SD · · · · · 

Hi Kenneth, 

I am writing to make you aware of an Issue with vel)tilation In wards SC/Din AEUH. as there is a health and.safety is~ue. ,, . . ... , . .. . . . . 

By means pf a background, the ventilation in QEUH,' with chilled beam technolo_gy, was designed to be 3 air changes per hour with rooms ;it a slightly negative 
pressure. 

Investigation of ventilation In the now decan.te~ 2A/B RHC revealed some matters of concern. I therefore reql/ested other.high risk areas on the site.be assessed 
to see If these issues were replicated · · · · · · · · · · · ·· · · · · · 

. : . . . . 

On checking pressures and air direction with my colleague Or Hood we found there to be varying pressures In the rooms on SC/D, Som_e were slightly negative 
but others were positive. It was not clear to us why there should be incon?lst_ency between roo!}'ls on the sa.me ward, . ·· · . . .... ) . ·. . . . . . •' •. 

I have discussed with estates colleagues and my understanding is that these pressures have been verified by. an external con)P.iny and they are investigating how 
to rebalance the system, If this is not possible we will need to deteimine exactly what (ooms_are s,af~ for ea~h ratient gro~p .. · · · 

' ' . . . .. :· .. : ... ,.· .. ·' . . 

SD Is used for patients with TB therefore rooms at a positive pressure represent a risk. The risk is' not to the patients in t~e room or staff entering the 
room wearing PPE but ta others . .This is because air Is be.Ing p_u~he_d. put of.the room int9.th~ c_or_ridor a.n!l ward. _''.: ,. · .-·. ·,· · · ·. · . · 

HIV patients, housed on SC, are imrpunosuppress~d and would bene(it fro'!l roo_nis at asHg~tjy p_osltiv~_pre;~ure .. ( 

My concern at the moment relates to the potential for staff/patients to have be~n exposed in sp·and. I woµldwelcome your:l!)put 

Kind regards 

hlfpl~/,millnha.neVONll/#vlewmodel•ReadMmagel\em&llemlD~MMkAOAOY:zZhNDOSLWFIYjllNOl2yY1hOOk1LWVoNmFl'tjU2NmU60QBGMMMAueOA4QTCZQ~82bGXl<ILhllwD5<iu0.4 ◄MKTYiEHR6VE◄V1AAKre... 213 
: . . . . . • . : . ', . ,. ; . •,. · .. •.. . ·. •,' : . ·: . .- -=, . : : . . . . . : . ; ~; ; . .. . . : . . 

'.. . '·.' .. 
. : . :._. 

Page 1506

A48946859



-
23/07/2020 Ventilation - INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

Ventilation 

Wilson, Andy <Andy.Wi1son  

Wed 05/12/2018 13:23 

To:INKST~R, Teresa (NHS GREATER GLASGOW & CLYDE) <teresa.inkster  

cc:Steele, Tom <Tom.Steele  

Hi Teresa, 

We are progressing with the work discussed to review, and improve where neces~ary, the pressure regimes across a 

number of wards; 4C, SC, SD, 7 A & 7D. 

As discussed today, following the changes made to the operating parameters for the plant across all of these wards, we 
have already confirmed that we have been able to achieve the 1Pa negative pressure in the room vs corridor for ward SC 
and our next area of focus for balancing work is ward SD. I am awaiting confirmation from the contractor of what has 

been achieved in SC. 

As discussed today, you are not certain that a positive environment is correct for all patients in 7 A & 7D and will need to 
get confirmation from clinical colleagues before proceeding so I have put on hold further work to these wards until 
confirmed. 

For ward 4C, we will continue with work to provide as positive an environment as possible but it would be useful to 
know the minimum positive pressure you would like to see in the room so we know whether simple re-balancing may be 
sufficient or whether we should progress with consultant reviews of the system to identify what size/ power of fan is 
required to achieve the desired pressure regime. Can you please confirm the minimum positive pressure that would be 
acceptable for 4C? 

Thanks, 
Andy 

Andrew S. E. Wilson I CEng MIMechE 
Sector Estates Manager (South) 

Queen Elizabeth University Hospital 

1345 Govan Road 

Glasgow 

G514;TF 

andv..wilson  
 

htlt\co· //Am"il nhc, hot/,-,..,,,u1-.,:n,u,nnrlol~CoorlMoc,c,,,n0ltAmJl.lt .. mtn::::AAMkADA0V77hNDa5LWFIYiltNDlzYv1 h0Dk1 LWU5NmFIYjU2NmU5OQBG. . . 1 /1 
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Inkster, Teresa -
From: 
Sent: 
To: 
Cc: 

Steele, Tom. 
13Deceinber 2018 12:55 
Inkster, Teresa 

Subject: 

Walsh; Tom; Armstrong, Jennifer; Wilson, Andy 
RE: Airborne pathogen infection control i 

! . 

Importance: High 

Teresa, 1 will liaise with the site team ~nd revert ASAP, I cannot comment on what was said in 2015 to clinicians, but 
can establish the current operating conditions, 

Regards Tom 

Tom Steele I Director of Estates and Fac.ilities · 
I NHS Greater Glasgow and Clyde I JB Russell House I Gartnavel Royal Hospital 11055 Great Western Road I Glasgow I 
G12 0XH . . 

  

From: Inkster, Teresa · 
Sent: 13 December 2018 12:42 
To: Steele, Tom <Tom.Steele  
Cc: Walsh, Tom <Tom.Walsh  
Subject: FW: Airborne pathogen .infection control 

Dear Tom 

I was copied into this email from ID clinicians yesterday. In order to provide assurances with respect to patient 
safety I need the following; · 

Written documentation of the pressures in the rooms in wards SC and SD - I thought this had been 
undertaken by an externill con;ipany but have been told that this was done in-ho.use 
An understanding of the ductwork configuration and whether the same issues identified in wards 2A/B are 
present in these wards · 
What rebalancing has already ta.ken place 
Any further remedial Works required. - . 
How we ensure that room pressures do not flip from negative to positive -this. is very important in the 
context of airborne infection in that even slightly positive rooms will le_ad to egres_s of contaminated air 

Ward SC/D is where we house ·infectious disease patients where we could expectto see patients with airborne 
infections including TB, Chickenpox and Measles 

Kind regards 
Teresa 

From: Bell, David 
Sent: 12 December 2018 14:30 
To: Harkness, Anne; Davidson, Scott; Perr-y; Colin (NHSm~il); Gay, Fiona 
Cc: Inkster, Teresa; Peters, Erica · · · 
Subject: Airborne patho_gen infection, control · 

Dear Scott, Anne, Fiona and Colin; 

. . . 

Last week we were informed that estates are investigating the ventilation systems in the Infectious Diseases wards, 
SC and SD. Before the Infectious Diseases team moved to th.e QEUH in 20+5 we were reassured that there would be . , . 
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.2 negative pressure rooms on 1st floor that we would have access to. These turned out to be positive pressure 
ventilated lobby rooms which are not dee~ed safe enough to manage· high consequence airborne infections. 

Once this was realised an interim measure was put in place after meetings with estates, infection control, 
management and following discussion with our clinical colleagues in GRI and Lanarksh,ire. It was decided that 
pulmonary tuberculosis could be managed.on SD with appropriate PPE. lmmunosuppressed patients, largely th_ose 
with HIV, would be geographically separated from those with TB and managed on SC. Those with a high risk of MDR 
TB or with an established diagnosis of MDR TB would have to have their care transferred to one of the 2 negative 
pressure rooms on the GRI site. Any patient with proven MERS Cc;N would need to be transferred to Monklands 
negative pressure rooms. This was supposed to be a temporary arrangement while an engineering solution was 
found to convert the 1st floor rooms to negative pressure. 

We understand that the engineering solution for the negative pressure rooms on 1st floor has been problematic and 
we understand the work has currently been suspended. We have also.heard that th~ basic expected air exchange in 
the standard 5th floor rooms is not the expected 3 exchanges per hour but that th.ere is a mixture of positive and 
negative ventilation in different rooms. · 

There is an 'immediate patient safety concern_ as those with airborne infection may be currently housed in a positive 
pressure room, thus spreading pathogens into the corridor and potentially.other rooms. Those susceptible patients 
e.g. with HIV, on various imrnunotherapies, neutropenics etc may be housed in negative pressure rooms thus , 
sucking pathogens into their rooms from the corridor. Given GG and Chas the highest burden of tuberculosis in 
Scotland and that we provide the only inpatient infection service for the area, including HIV inpatient care there is a 
real conc_ern ab~ut the ability to safely provide this service at present on the QEUH site. · 

.. 
We a_re requesting urgent reassurances from estates, endorsed by the Infection Control Lead that patient safety is 
not currently being compromised due to the ventilation system in the inpatient areas in QEUH. . ' . . 

Kind regards, 

I 

David Bell and Erica Peters 

. On Behalf of the Infectious Diseases Consultants 

2 
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. 6114/2019 ~w; Alrbolne palhogen lnfec ...• iNKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 
•• •••••--••-•-•-••••• - ••••-••• ••• •• •••"•- ••- - •••••••-••-•••-u ••-•;•••••• ••--••••• ••••-•-•••••--••-•--••~••• 

From: Harkness, Anne 
. Sent: 20 December 2018 09:49 
To: Bell, David/Davidson, Scott; Perry, Colin (NHSmail); Gay, Fiona 
Subject: RE: Airborne pathogen infection control 

Further update 

They have ascertained why those rooms are failing ( the dampers are closed ) -so each rqoin will need to be ·empty for an hour or so to allow estates access 

Then we are confident they too will be negative pressure 

Anne 

From: Bell, David 
Sent: 20 December 2018 09:31 
To: Harkness, Anne; Davidson, scatt; Perry, Colin (Ni;Smail); Gay, Fiona 
Subject: RE: Airborne pathogen Infection conb·ol 

Thanks Anne 
l will forward this to the ID team 
David 

From: Harkness, Anne 
sent: l9 December 2018 20:20 
To: Bell, David; Davidson, Scott; Perry, Colin (NHSmail); Gay, Fiona 
Subject: RE: Airborne pathogen infection control · 

·Just to confirm our conversation earlier todaytollowlng a meeting with estates and the lead iCD 

Adjustments to the ventilation in SC have been made such that all rooms are now negative pressure 
Similar work has been undertaken 011 SP and th·e report was due today ( I will chase It In the am) 
Currently all roo111s except rooms 56 and 54 are negative. Roo111s· 55 and 53 could not be tes.ted but I S\Jspect may be the same 
So until we hear otherwise sputum positive TB patients sh_ould not ~se those 4 rooms · 

h11p1:tlemal1.rll,.neVa.va/#viewmodel•ReadMessageltem&ltemlD•MMkADAOY2ZhNDg5LWFIYjltNDlzYy_1hODk1LWU5NmFIVjU2N,;,U50QBGAMAAMucOMQT_CZQKn82bGXkllhBwD.6quDU4MKTYiEHll6vE4VIMJ61... 416 
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6/141201_9 Fw: Alrbome pallwg,n lnfec ... - INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

for clarity the commitment given pre move was that the ID team would have access to two rooms which offered lhe same level of Isolation as those in the Browi1lee and_ . 
although guidance has cha11ged - the rooms n1et the required bulldh1g note at the time, They continue to do so and the PPVL rooms with Hepa qm continue. to be used while 
we pursue the conclusion of the work to provide negative J)fessure In MHDU / ICU · · · · · · · · · · ·· · 

Anne 

From: Bell, David 
Sent: 12 December 2018 14:30· 
To: Harkness, Anne; Davidson, Scott; Perry, Colin (NHSmall); Gay, Fiona 
Cc: Inkster, Teresa; Peters, Erica · 
Subject: Airborne pathogen lnfecUon control 

Dear Scott, Anne, Fiona and Colin, 

. . ' . , -

Last week we were Informed that estates are Investigating the ventilation systems fa the Infectious Diseases wards, SC and SD .. Before the Infectious Diseases team moved to . 
the QEUH in 2015 we were reassured that there would be 2 negative pressure rooms on 1•t floor-that we would have acc~s~ to. ,:hese turned out to be posltiv~ P\ess_ure 
ventilated lobby rooms which are not deemed safe enough to manage high consequence airborne lnfectio~s.. · · · · · · , · · 

Once this was realised an Interim measure Was put In place after meetings with estates, infection control, management and following discusslot) with our clinical colleagues In 
GRI and Lanarkshire. It was decided that pulmonary tuberculosis could be managed on SD with· appropriate PPE, lmmunosuppressed patient~, largely those with HIV. would be 
geographically separated from those w)th TB and.managed on SC. Those with a high risk of MDRTB or with an established diagnosis of. MDR TB would have to have their care 
transferred to one of the 2 negative pressure rooms on the GRI site. Any patient with proven MERS CoV would need to be transferred to Monklands negatiye pressure.rooms, . 
This was supposed to be a temporary arrangement while an engineering solution was found to c~nvert t~e 1st rioor rooms to_negative_pressure, · · · · 

We understand that the engineering solution for the negative pressure rooms on 1'1 floor has been problematic and w~ un,ders)and the work has currently bee(! suspended. We 
have also heard that the basic expected air exchange In the standard 5lh floor rooms i,s not the expected 3 _ex.changes per hour b_utthat there.is a mi_xt~re of_p?siti~e BJld : · · 
negativeventilationindlfferentrooms. , :_' ... , ,, __ ... · ·, ·. · -: ·· , ·. :·.::,'· .... ,· .. · · .. .. · .. ,:. · .. · -. · 

There ls an immediate patient safety concern as those with airborne Infection ~ay be currently housed In a ·positive p;essure room, thus spreading pathogens into the corridor 
and potentially other rooms. Those susceptible patients e.g. with HIV, on various immunotherapies, neutropenics etc may be housed In negative pressure rooms thus sucking 
pathogens Into their rooms from th,e corridor. Give,, GG and Chas the highest burden of tuberculosis in Scotland and that we provide th_e only Inpatient lnf~ction service for. the 
area, lncludh1g HIV lnpatii:nt care there is a real concern about the ability to safely' provide tl)is service at present on tl)e QEUH sit~. ·. · ·· ' ,., · · · · · .. ' · ' . ' ' . ., . ·· .... ' .. -. ·.·. · ... 

We are requesting urgent reassuran.ces from estates, endorsed by the Infection Contr,~I Lead .. that patient safety ls not currently being co~promised d~e to tpe ventilation : 
system In the Inpatient areas In QEUH. , · : : · · ·. · · ·. : . ·. '· ·. <: · , · ' : · · · · · .. · , '· ,. ·. ,:· · ·:; ' · : ' · : . : · '· ·. ·. 

hNpl:llemall.rlts.neVcw&Wvlawmod1l•RetdM111agell~~&li1mlO•MMkADAOYzZhNl;,QSLWFll'jllNplzYV!hDOk1LWU5NmFll'jU2NmU~~BG~u,OA◄QTCZQK,n~~bG~ll.l1BwD~upU4MKTYll;tiR.6vEWIMJ~1.:, . 616; . . . ' . . . . ·.· .... , . :" · .. ·.... •'· .···. '•. ·.: •. • .......... . 
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5!17/2019 RE: Ward 5D & 7D rebalance a INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

To: Purdon, Colin 
Subject:_(ExternaltoGGC]Re: Ward SD & 7D rebalance 

Hi Colin, yes I was in on the 23rd and rechecked all the rooms that were noted on the original report as dampers closed (MFSD) the rooms were frorn -veto -2.SPa - favourable 
results, I checked all floors and a selection of rooms and the pressures were the same as _the initial report, I completed the report on site but my laptop email stopped working! 
Hopefully the above detail is okay until I can transfer the report. 

Thanks, Ian. 

Best regards, 
Ian. 

Ian McKenzie 
H&V Commissioning Services Ltd. 
M:  

On 27 Dec 2018, at 12:31, Purdon, Colin <Colin.Purdon@ wrote: 

Hi Ian, 

Did you manage to draft the report on SD and 7D atter we reset the closed fire dampers? 
Are all the rooms readin_g as negative now? 

Regards 

Ooll(. 

Colin Purdon I BSc (Hons) 
Interim Sector Estates Manager (South) . 1 

~ 
Estates Dept 
Queen Elizabeth Univ\;lrsity Hospital Campus, 

. Laboratory Medic(ne and Facilities 1vla11agement Bldg. 
1345 Govan Rd · 

Glasgow 
G5l4TF 

• 
https://email.nhs.net/owa/#viewmodel=Rea~Messageltem&ltemlD=AAMkADAOYzZhNDg5LWFIYjltNDlzYy1hODk1LWU5NmFIYjU2NmU50QBGAAAAAAAucOA4QTCZQKn82tJGXkllhBwCLVkXk\JXpoS4x41ZTHAWFQAEhj... 9/12 
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air changes - INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

ir changes 

INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 

Tue 28/01/2020 15:05 

To:BAIN, Marion (NHS NATIONAL SERVICES SCOTLAND) <marion.bain  

cc:Peters Christine (NHS GREATER GLASGOW & CLYDE) <Christine.Peters  

@J 2 attachments 

sbar ach.doc; Air_ Appendix_ Environmental Guidelines_ Guidelines Library_ Infection Control_ CDC (2).pdf; 

Dear Marion, 

Further to our discussion this morning I attac~the°'riginalSBA~ I 
You will note that level 5 is designated a highJisk'area. · 

I have also attached the relevanttableJrom the CDC guidelines. You will note that for 
required for removal 99.9% efficiency is just over 1 hour, hence why 2 hours is 
there is scientific evidence being prpvided to the contrary it would be useful to see this, 
worked to the CDC environmental guidance 

Kind regards 
Teresa 

Dr Teresa Inkster 

Consultant Microbiologist, QEUH 

National Training Programme Director Medical Microbiology 

Dept of Microbiology 

Queen Elizabeth University Hospital 

Glasgow 

Direct dial:  
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12/17/2018 Air I Appendix I Environmental Guidelines I Guidelines Library I Infection Control I CDC 

. Airborne Contaminant Removal 

Table 8.1. Air changes/hour (ACH) and time required for airbo·rne-contaminaf}t removal by efficiency* 

Time (mins.) required for removal Time (mins.) required for removal 
ACH § ,r 99% efficieney 99.9% efficiency 

.2 138 207 

4 69 104 

5+ 46 69 

8 35 52 

10+ 28 41 

12+ 23 35 

15+ 18, 28 

20 14 21 

50 6 8 

,. 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 

 

 

   
 

 

QEUH Adults – Ward 5C - Change Pressure Profile  

 

 

 

 

Client: NHS Greater Glasgow & 
Clyde Client Contact: Darryl Conner 

Hospital: Queen Elizabeth University 
Hospital Site Address: 1345 Govan Road, 

Glasgow G51 4TF 

Area: Ward +4C & -5C AHU: 124AHU04 S&E 
124AHU05 S&E 

Theatre Condition: N/A Report No: A11977 

Date of Test: 3rd December 2018 Date of Last Test: N/A 

Test Engineer & Report 
Preparation: Ian McKenzie Signature: 

 

H&V Approval: Ian Stewart Signature:  

Client Reviewed by:  Signature:  

 
 
 

KILKNOWE OFFICE 
16 BARRMILL ROAD 

GALSTON 
AYRSHIRE 
KA4 8HH 

rr'~ .. ____ ~ 
constructionline - · 1SO9001 

Registered 

\...._~_N __ HllliiiV s,, 
Greater Glasgow 

and Clyde 

I
S c OTT I S H 

SOCIET Y 
fv~~ 

CONTAMI NATION 

c o N T R O L 

NHS 
\,, ti ~ .... --llliii~f 

Greater Glasgow 
and Clyde 

f>-71!! 

Commissioning Spec1al1sts Assoc1ahon 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 2 OF 6 

 

 
 
 
 
 

Table of Contents 

1. Scope of Works 

2. Ward 4C & 5C - Results 

3. Executive Summary  
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 3 OF 6 

 

 
 
 
 
Section 1 – Scope of Works 
 
Increase 124AHU04 @ 60Hz (RC = 7.7amps) & 124AHU05 @ 56Hz (RC = 7.2amps) max FLC 8.1amps for both 
extract fans set to full capacity. 
 
Record room pressures form corridor to bedroom pre and ward/floor post balance. 
 
Scope to maximise bedrooms on ward 5C to negative pressure from corridor to bedroom and ward 4C to positive 
pressure. Target pressures greater than 1Pa.     
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NHS 
' ti 4\f 

Greater Glasgow 
and Clyde 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 4 OF 6 

 

 
 
Section 2 – Ward 4C & 5C Results 
 

WARD -5C (Negative Pressure Ward) 

Room/Bed Nos.: 
Pre Fan 

alteration 
(BMS Control) 

Post Fan Ward 
Balance  Room/Bed Nos.: 

Pre Fan 
alteration 

(BMS Control) 
Post Fan Ward 

Balance  

57 0 -1.0 71 0 -1.3 

58 0 -1.9 72 0 -1.0 

59 0 -2.6 73 0 -1.3 

60 0 -1.3 74 0 -1.0 

61 0 -2.0 75 0 -1.9 

62 0 -1.0 76 0 -ve 

63 0 -1.5 77 0 -1.4 

64 0 -2.5 78 0 -1.0 

65 0 -3.5 79 0 -1.4 

66 -ve -1.4 80 0 -ve 

67 0 -2.3 81 +ve -ve 

68 0 -1.4 82 +ve -1.0 

69 0 -1.7 83 0 -1.0 

70 0 -2.0 84 0 -ve 
Comments: 
-ve = 0 - <1Pa (notionally negative) 
+ve =  0- <1Pa (notionally positive) 
Any pressure greater than 1Pa is detailed. 
 
 

NHS 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 5 OF 6 

 

 

WARD +4C (Positive Pressure Ward) 

Room/Bed Nos.: 
Pre Fan 

alteration 
(BMS Control) 

Post Fan Ward 
Balance  Room/Bed Nos.: 

Pre Fan 
alteration 

(BMS Control) 
Post Fan Ward 

Balance  

1-4 Renal Day +ve +1.8 64 +ve +0.8 

51 +1.3 +1.6 65 0 +0.8 

52 +1.3 +1.7 66 +ve +1.2 

53 +1.1 +1.5 67 +ve +1.0 

54 +1.3 +1.6 68 +ve +1.1 

55 +2.2 +1.8 69 +ve +1.5 

56 +1.6 +1.5 70 +ve +1.4 

57 +1.2 +2.2 71 +1.7 +3.3 

58 +2.2 +1.6 72 +1.2 +2.6 

59 +1.1 +1.6 73 +1.1 +3.1 

60 +1.0 +1.5 74 +ve +1.8 

61 +2.0 +1.9 75 +ve +1.6 

62 +1.3 +1.6    

63 -ve +0.8    

Comments: 
-ve = 0 - <1Pa (notionally negative) 
+ve =  0- <1Pa (notionally positive) 
Any pressure greater than 1Pa is detailed. 
 
Pressure varied as the corridor doors operated, these also differed if patients toilet doors were open/closed 
this impacts on door differential pressure to corridor.  
 
Several variances slightly change the profile, the door finish also has an impact on the pressure control. The 
retro fit of door drop down seals would help with this control and stabilise pressures, as fitted on ward 4B. 
 
 

NHS 
' ti 4\f 

Greater Glasgow 
and Clyd e 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 6 OF 6 

 

 
3. Executive Summary 

 
The fan inverters, as advised by Barkell the AHU manufacturer were set to operate at their max capacity on 
FLC (Full Load Current) In the case of the AHU serving the floors 5C 124AHU04 & 124AHU05 we set the 
inverter drives to a max (in hand operation) set point of 56Hz for 124AHU05 and 60Hz for 124AHU04.  
 
The detail shown is with main fan adjustments only, we await a HAI-SCRIBE sign off before commencing with 
individual ward balancing. The HAI-SCRIBE will cover us for gaining access to VCDs (volume control 
dampers) located about ceiling tiles, these are located and have been identified on layout drawings to form 
part of the HAI-SCRIBE.  
 
The VCDs are either in and mostly located in corridor locations, however some are located within occupied 
bedrooms above suspended ceiling grids. 
 
The next, as discussed actions, would be to alter the main branch VCDs, controlling alterations proportionally 
to each floor to increase extract volumes within rooms/wards that are to control to a negative pressure and 
reduce extract volumes to increase rooms/wards where positive pressures are required. 
 
Another action discussed was to attach door drop down seals (as fitted in ward 4B) except we have 
recommended adjustable seals, as this will aid with the room pressure control on an individual room by room 
basis, without requiring access to individual rooms and local VCDs. 
 
The initial findings are encouraging and alterations of main branch dampers will support the desired end 
result.  
 
Going forward I will update and expand on the attached, for transparency of our actions and adjustments. 
This will also help with the assessment of the next required ward pressure change. 
 
Ian McKenzie 
H&V Commissioning Services Ltd.  

 
 
 
 
 
 
 
 
.  
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 

 

 

   
 

 

QEUH Adults – Ward 7D & 5D - Change Pressure Profile to Negative Wards 

 

 

 

Client: NHS Greater Glasgow & 
Clyde Client Contact: Darryl Conner 

Hospital: Queen Elizabeth University 
Hospital Site Address: 1345 Govan Road, 

Glasgow G51 4TF 

Area: Ward -5D & -7D AHU: 123AHU04 Extract 
123AHU05 Extract 

Theatre Condition: N/A Report No: A12104 

Date of Test: 23rd December 2018 Date of Last Test: N/A 

Test Engineer & Report 
Preparation: Ian McKenzie Signature: 

 

H&V Approval: Ian Stewart Signature:  

Client Reviewed by:  Signature:  
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 2 OF 6 

 

 
 
 
 
 

Table of Contents 

1. Scope of Works 

2. Ward 5D & 7D - Results 

3. Executive Summary  
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 3 OF 6 

 

 
 
 
 
Section 1 – Scope of Works 
 
Increase 123AHU04 @ 56.5Hz (RC = 7.8amps) & 123AHU05 @ 51Hz (RC = 8.0amps) max FLC 8.1amps for both 
extract fans set to full capacity. 
 
Record room pressures form corridor to bedroom pre and ward/floor post balance. 
 
Scope to maximise bedrooms on ward 5D & 7D from a neutral pressure room to corridor to a negative pressure from 
corridor to bedroom. Target pressures greater than 1Pa.     
 
. 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 4 OF 6 

 

 
 
Section 2 – Ward 5D & 7D Results 
 

WARD -7D (Negative Pressure Corridor to Rooms) 

Room/Bed Nos.: 
Pre Fan 

alteration 
(BMS Control) 

Post Fan Ward 
Balance  Room/Bed Nos.: 

Pre Fan 
alteration 

(BMS Control) 
Post Fan Ward 

Balance  

29 +2.3 -ve 43 +0.8 -0.4 

30 0 -1.1 44 +1.3 -1.0 

31 +1 -2.8 45 +ve -1.3 

32 +1.3 -1.0 46 +2.7 -1.1 

33 +1.0 -1.1 47 +1.6 -1.0 

34 +0.7 -0.8 48 +1.3 -1.7 

35 +0.9 -ve 49 +1.0 -1.0 

36 +0.9 -ve 50 +0.7 -1.2 

37 -ve -ve 51 +0.8 -1.0 

38 -ve -1.4 52 +0.8 -1.9 

39 -1.0 -1.0 53 +0.8 -1.2 

40 -0.7 -1.4 54 +0.8 -1.4 

41 -0.5 -1.0 55 +ve -ve 

42 -1.6 -1.8 56 +0.7 -1.1 

Comments: 
-ve = 0 - <1Pa (notionally negative) 
+ve =  0- <1Pa (notionally positive) 
Any pressure greater than 1Pa is detailed. 
 
Room pressures vary due to toilet doors being open/closed fabric seal of room and door seal to frame and 
distance from frame to floor. Most bedrooms doors open during survey and these were closed one door at a 
time to record pressures. This will also have a varying factor to recording room pressures. 
 

NHS 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
  

PAGE 5 OF 6 

 

 

WARD -5D (Negative Pressure Corridor to Rooms) 

Room/Bed Nos.: 
Pre Fan 

alteration 
(BMS Control) 

Post Fan Ward 
Balance  Room/Bed Nos.: 

Pre Fan 
alteration 

(BMS Control) 
Post Fan Ward 

Balance  

29 -ve -0.4 43 -ve -1.1 

30 -ve -0.4 44 -ve -1.3 

31 -ve -0.7 45 -ve -1.0 

32 0 -0.4 46 0 -1.0 

33 0 -0.3 47 -ve -1.4 

34 0 -0.5 48 -ve -1.8 

35 +ve -1.0 49 -ve -2.4 

36 -ve -1.0 50 -ve -1.3 

37 0 -0.7 51 -ve -1.5 

38 +ve -0.7 52 -1.2 -2.7 

39 0 -0.8 53 +ve -1.2 

40 -ve -1.1 54 +1.1 -2.1 

41 +ve -1.3 55 +1.7 -1.1 

42 0 -0.6 56 +0.6 -1.8 

Comments: 
-ve = 0 - <1Pa (notionally negative) 
+ve =  0- <1Pa (notionally positive) 
Any pressure greater than 1Pa is detailed. 
 
Pressure varied as the corridor doors operated, these also differed if patients toilet doors were open/closed 
this impacts on door differential pressure to corridor.  
 
Several variances slightly change the profile, the door finish also has an impact on the pressure control. The 
retro fit of door drop down seals would help with this control and stabilise pressures, as fitted on ward 4B. 
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3. Executive Summary 

 
The fan inverters, as advised by Barkell the AHU manufacturer were set to operate at their max capacity on 
FLC (Full Load Current) In the case of the AHU serving the floors 7D 123AHU04 & 123AHU05 we set the 
inverter drives to a max (in hand operation) set point of 51Hz for 123AHU05 and 56.5Hz for 123AHU04.  

 
 
Another action discussed was to attach door drop down seals (as fitted in ward 4B) except we have 
recommended adjustable seals, as this will aid with the room pressure control on an individual room by room 
basis, without requiring access to individual rooms and local VCDs. 
 
 
We did open a MFSD (Motorised Fire/Smoke Damper) in the toilet next to the mechanical riser that we found 
closed serving 123AHU04 Extract east side of Tower D 6th Floor  
 
Ian McKenzie 
H&V Commissioning Services Ltd.  

 
 
 
 
 
 
 
 
.  
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Minutes QEUH – Isolation Rooms 
Project: QEHB & RHC  

Date & Time: Tuesday 31st May 2016 at 2:00pm  

Venue: Meeting Room 5, New FM & Lab Medicine Building, QEUH 
    
Invitees: Ian Powrie (IP) NHSGGC Sector Estates Manager 
 Douglas Ross (DRo) Currie & Brown 
 David Wilson (DW) Brookfield Multiplex 
 John McEwan (JMcE) Hulley Sfm 
 Stewart McKechnie (SM) TUV-SUD 
 Dave Ramsay (DRa)   Capita  
   
Apologies: David Loudon (DL)  NHSGGC Director of Facilities and Capital Planning 
  
Purpose Of 
Meeting: 

Due to recent formal concerns raised by ID Physicians & ICD colleagues at QEUH, NHSGGC wish to seek 
confirmation from Health Facilities Scotland (HFS) on certain matters relevant to SHPN 04 Supplement 1.  
These are contained in Questions 1 and 2 of “HFS Isolation Room Status” document with Question 1 having 
been submitted to HFS. In advance of Question 2 submission, DL requested Supervisor to comment on Question 
2 which highlights variations to SHPN 04 Supplement 1. The Team therefore requires to be unified in support of 
the submission and supporting information. Question 2 forms Part 1 of the agenda. IP and JMcE met on site on 
25th May 2016 to view Isolation Rooms and Supervisor’s (JMcE) Notes from that inspection forms Parts 2 and 3 
of the agenda which includes relevant design and technical matters pertaining to the proposed submission.  

 

    
Item  Minute Action 

1.0  PROPOSED SUBMISSION PACK TO HFS  
    
 1.1 HFS Isolation Room Status  
  In this document NHSGGC has prepared 2 Questions to be raised with HFS for confirmation. IP confirmed 

that the following Question 1 has now been forwarded to HFS. IP advised that HFS at this stage does not 
require detailed information of what has been provided in the Isolation Rooms at QEUH, but the likelihood is 
that HFS will be aware of Isolation Room layout.   

 

  Question 1:  
Is the ventilation design  criteria set out in SHPN 04 supplement 1: Isolation Facilities in Acute Settings As 
detailed in Table 1: Isolation Suite – Ventilation Parameters and Sheet 2: New build single room with en-
suite facilities and bed-access lobby (isolation suite), suitable for safe nursing of patients with the one of the 
following conditions? 

1. Multi Drug Resistant TB (MDRTB)? 
2. MERS? 
3. H1N1? 

 

  In advance of NHSGGC issuing the following Question 2 to HFS, the Team requires to be unified in support 
of the submission of Question 2 and the supporting information for the main variations from SHPN 04 
supplement 1. 

 

  Question 2: 
If the above design criterion is suitable for safe nursing of patients with any one of these conditions please 
advise if the following design variant is equally suitable?  
See attached schematic ref: ZBP-XX-XX-SC-524-871, along with a set of commissioning documents for a 
representative Critical Care Ward (CCW), isolation room ventilation arrangement within the QEUH. 
The following variations should be noted: 

1. The main extract is located in the isolation room. 
2. The alarm system to the nurse’s base was deleted, including: 

 Room Lobby pressure gauge alarm. 

 The extract air flow switch; alarm to the nurses’ base. 

 The supply air flow switch; alarm to the nurses’ base. 
3. The transfer grille between the isolation room and the en-suite was deleted. 

 

  Discussion centred on the design development process for the isolation room layout and ventilation design. 
DW explained that the original ventilation schematic design Drawing No ZBP-XX-XX-SC-524-707 dated 
2010 for the Isolation Room Suite showed the extract located only in the En-Suite ceiling. In 2012 the 
ventilation schematic design submitted by Brookfield (Dwg No ZBP-XX-XX-SC-524-871) showed extract 
located in both the Isolation Room ceiling and the En-Suite ceiling. SM pointed out that there would have 
been several iterations of the drawing schematic during that period indicating that there presumably would 
have been discussions among the parties and reasons for developing the design. DW agreed that 
Brookfield would research into the process of the design development of the schematic design for the 
ventilation of the isolation Room Suites (Refer Action 4.1).   

 

  Brookfield to track the Design Development of the Isolation Room Layouts to inform how the following were 
decided: - extract grille located within Isolation Room ceiling and En-Suite ceiling; no transfer grill on the En-
Suite door; the location of the bed.  

DW 

    

CAPITA 

CAPITA 
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2.0  IP/JMcE INITIAL REVIEW OF SOME ISOLATION ROOMS ON 25TH MAY 2016 AND 

MATTERS DISCUSSED 
 

    
 2.1 CCW-163 Bed 50 would be used as an exemplar to understand installed standard v Compliance 

(Also taking into consideration any PMIs or Derogations).  
 

  JMcE advised that Isolation Room Suite CCW-163 Bed 50 should be used as the exemplar for 
understanding the installed layout and ventilation design in comparison with SHPN 04 Supplement 1:- CCW 
-163 (Lobby); CCW-164 (En Suite); CCW-165 (Single Isolation).   

Note 

    
 2.2 Provision of "all" available validation documentation provided under the construction contract for 

Bed 50-  
 

  DW to collate all validation documentation for the Isolation Room Suite as Item 2.1.  DW 
    
 2.3 Provision of "all" available verification documentation provided under the FM contract for Bed 50   
  IP explained that Estates are currently verifying the Theatres and will shortly be commencing verification of 

the Isolation Rooms. IP confirmed that H&V Commissioning Services Ltd were doing verification. JMcE 
requested the standard pro- forma that is being used for verification so that he can review.  

IP/JMcE 

    
 2.4 Confirmation on what design standards the rooms are built & validated to   
  Discussions centred on the requirements of SHPN 04 supplement 1. Note 
    
3.0  SUPERVISOR (JMcE) INITIAL OBSERVATIONS (where access was gained) USING SHPN 

04: SUPPLEMENT 1 AS REFERENCE  
 

    
 3.1 Room pressure was sitting at 8pa. This was at the magnehelic and no true readings were taken to 

verify. Range should be between 10 and 12 pa. (Appendix 2 Acceptance Testing) 
 

  DW confirmed that tests undertaken proved that a positive pressure of 10 Pascals between entry lobby and 
door had been achieved. JMcE requested confirmation of pressure readings taken between Isolation Room 
and Lobby and taken between Isolation Room and En-Suite. DW confirmed he would provide. DW to issue 
test results to Supervisor for review. 

DW/JMcE 

    
 3.2 No Alarms installed to indicate to clinical team of potential ventilation issues or remote alarm at 

nurses stations. Also demonstrated by low pressures having no indication (4.22) 
 

  SHPN 04 Supplement 1 Section 4.22 states: - “Audio and visual alarms must be located at the entrance to 
the lobby and bedroom to warn nursing and maintenance staff of potential unsafe conditions. Continuous 
monitoring should be provided with remote indication at nurses stations, interlinked to the Building 
Management System with time delay (adjustable by Estates personnel) to take account of running-up of 
standby motors or damper operations or other plant items that may take time to open or close.” 

 

  DRo explained that no alarms are provided to nurses’ station as these were omitted by the Board in PMI 
169 Nurse Call Interface which confirmed requirements of Nurse Base Panel and stated “monitoring 
bedroom pressure, not required”. This was issued following a visit by Lead Nurse on the project and other 
project team members visiting example hospital in London. DW confirmed that pressure monitoring is linked 
to the BMS and alarms display on the main BMS control panel in accordance with the BMS specification. 

Note 

    
  PMI 169 states: - “Description The Board confirm their nurse call interface requirements for the Adult & 

Childrens Hospitals as per the attached document. Instruction Incorporate the attached interface 
requirement into your design development process for the nurse call system.” 

 

  Attached interface requirement states:- 
“NURSE CALL INTERFACE REQUIREMENTS 
Following static workshop and visit to Royal London Hospital we have agreed that we need the following 
items integrated with Static system: - Nurse call, Door access, Fire alarm, Medical gas alarm, PTS 
notification, Bedroom temperature notification, Control of 3rd party TV from patient handset i.e. static 
handset capable of operating as TV remote with infrared on static bedhead. 
We have discarded the following systems which they have used in RLH 
Bedroom pressure 
We have also discarded the following applications offered by Static systems as part of their presentations 
Patient information details, Patient “wandering” system, Voice communication for patient to staff calls” 

 

    
  It was discussed that the PMI concerns the Nurse Call interface requirements and does not appear to 

specifically instruct the deletion of the Audio and visual alarms.   
Note 

    
  Brookfield to track the Design Development process consequent to PMI 169 to inform on the deletion of 

alarms. 
DW 

  With DRo agreement DW to obtain a quotation for providing audio and visual alarms and forward to DRo.  DW/DRo 
    
 3.3 The pressure stabiliser was not operating correctly. With corridor door open top blade remained 

open. Bottom blade appears to have no status change when doors are either open or closed.(4.21) 
 

  Brookfield to investigate and also forward pressure stabiliser testing and commissioning information to 
Supervisor.  

DW 
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 3.4 Door from lobby opens into room and in instance not closing properly leaving a greater leakage 

path and closing direction not as per exemplar within SHPN 04: Supplement 1. Sheet 2 
 

  Brookfield to investigate and advise Supervisor. The inconsistency of lobby/room door handle provision was 
discussed with handles on some doors and pushplates on other doors.  

DW 

    
 3.5 Extract grille located within room ceiling and toilet. All air should be extracted via the toilet with low 

level transfer grille within door (4.12) 
 

  SHPN 04 Supplement 1 Section 4.12 states: - An extract terminal should be fitted at high level in the en-
suite room. An additional terminal may be fitted in certain circumstances at low level adjacent to the 
bedhead in the bedroom. The clinical requirement for this should be verified and such requirements would 
probably relate to highly infectious patients. Refer Actions in 1.1 and 4.2. 

Note 

    
 3.6 Bed location not as per exemplar within SHPN 04: Supplement 1. Sheet 2  
  JMcE identified that the location of the bed was not in the position shown in SHPN 04: Supplement 1. Sheet 

2. DRo advised that this would have been a clinical decision. 
Note 

    
 3.7 Supply AHU (We used AHU 16 as example) is not identified with what room it serves and neither is 

the ductwork. (4.19 & SHTM03-01) 
 

  DW advised that this matter is tracked as a Defect in FM First Summary Schedule and will be corrected. Ongoing 
    
 3.8 Air Permeability (Leakage): We were advised this was carried out using the room volumes and not 

the envelope volumes. This will be checked on receipt of information noted within 2.2 above. 
 

  Brookfield to issue Air Permeability results to JMcE for Supervisor review.  DW/JMcE 
    
4.0  Agreed Actions  
    
 4.1 As-Built and Commissioned Information Pack for Isolation Room Suite CCW-163 Bed 50  
  With reference to Minute Item 2.1, Brookfield to pull together a pack of information for Isolation Room Suite 

CCW-163 Bed 50 comprising: - CCW -163 (Lobby); CCW-164 (En- Suite); CCW-165 (Single Isolation). This 
should comprise the as-built layouts and the ventilation strategy together with "all" available validation 
documentation.   

DW 

    
 4.2 Specialist Ventilation Advice  
  With NHSGGC consent JMcE offered to obtain an initial independent view on the extract grille located in the 

Isolation Room ceiling.  
DL/JMcE 

    
5.0  Next Meeting  
  A follow-up meeting to track the actions TBA. ALL 
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Julie Rothney 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hi Marion, 

96b. emails Fw ExternaltoGGCQEUH Patient Placement @ 

PETERS, Christine (NHS AYRSHIRE AND ARRAN) <christinepeters  
15 January 2020 12:09 
BAIN, Marion (NHS NATIONAL SERVICES SCOTLAND) 
INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) 
Fw: [ExternaltoGGC]QEUH Patient Placement 
RE: Patient placementTo Subject Sent Size Categories ; RE: Patient 
placement 

This email trail really illustrates the urgency of the need for a patient palcement policy that is grounded on 
an evidence base of the rooms as well as clearly explained and embedded surrounding administrative 
processees and actions in event of failures. This is something Teresa and I have been persuing since june 
2015 and is still not satisfactorily sorted. My colleague Pauline Wright was so concerned about the 
situation she faced that she phoned me at 3 am on Monday morning even though I was not on call as she 
knew I would have some understanding of the issues. Unfortunately I was not able to give an answer 
other than a risk based aproach to an unknown entity. Thankfully the case was not a MERS case, and joins 
a long list of cases which had they been "the real thing" would not have gone well. 
kr 

Christine 

From: Peters, Christine <Christine.Peters  
Sent: 15 January 2020 11:57 
To: PETERS, Christine (NHS AYRSHIRE AND ARRAN) 

Subject: FW: [ExternaltoGGC]QEUH Patient Placement 

From: Peters, Christine 
Sent: 15 January 2020 11:57 
To: Inkster, Teresa (NHSmail) <teresa.inkster  WRIGHT, Pauline (NHS GREATER GLASGOW & CLYDE) 
<pauline.wright  Leanord, Alistair <Alistair.Leanord ; Green, Rachel (NHSmail) 
<rachelgreen2  
Cc: Ritchie, Neil <Neil.Ritchie uk>; Peters, Erica <Erica .Peters  Khanna, Nitish 
<Nitish.Khanna  Deshpande Ashutosh (NHS NATIONAL WAITING TIMES BOARD) 
<ashutosh.deshpande  VALYRAKI, Kalliopi (NHS GREATER GLASGOW & CLYDE) 
<kalliopivalyraki ; Khalsa Kamaljit (NHS NATIONAL WAITING TIMES BOARD) 
<kamaljit.khalsa  Balfour, Alison <Alison.Balfour  
Subject: RE: [ExternaltoGGC]QEUH Patient Placement 
Thanks Pauline, Teresa, Al 
With rega rd to the RHC , the last information I have is regarding issues I raised in September fo llowing a chicken pox 
case . A table was circulated but did not reflect what I found in reality on the wards as per attached emails. We have 
not had any updates since then . The PPVL rooms remain with substantial design differences from published 
va lidated design with no evidence of equivalence t hat I am aware of - this pertains particularly to the lack of 
negative pressure of en-suite to room , and the location of the extracts in the bedroom, which is not in the SHTM 
pub lished design, as well as reduced ACH in the ensuites. 

It would be excellent to have a quality assured, document controlled patient placement policy with live updates if 
issues emerge (previously had dampers blocked, AHU failures, leaking rooms) completed for both Paediatric and 
Adult settings for 

1. Infectious patients 
2. lmmunocompromised patients 

3. Infectious immune compromised patients 
I agree the WHO warnings are helpful in renewing the focus. 
Kind regards 
Christine 
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Consultant Microb iologist 

From: INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) [mailto:teresa.inkster  

Sent: 15 January 2020 11:39 

To: WRIGHT, Pauline (NHS GREATER GLASGOW & CLYDE) <pauline.wright ; Leanord, Alistair 
<Alistair.Leanord ; Green, Rachel (NHSmail) <rachelgreen > 

Cc: Ritchie, Neil <Neil.Ritchie ; Peters, Erica <Erica .Peters ; Khanna, Nitish 

<Nitish.Khanna ; Peters, Christine <Christine.Peters ; Deshpande Ashutosh {NHS 

NATIONAL WAITING TIMES BOARD) <ashutosh .deshpande ; VALYRAKI, Kalliopi (NHS GREATER 
GLASGOW & CLYDE) <kalliopivalyraki ; Khalsa Kamaljit (NHS NATIONAL WAITING TIMES BOARD) 

<kamaliit.khalsa  Balfour, Alison <Alison.Balfour  
Subject: [ExternaltoGGC)Re: [ExternaltoGGC}QEUH Pat ient Placement 

Hi Pauline 
The need for the patient placement policy was handed over by me when I resigned and we raised it several 
times in meetings with diagnostics senior management 
I had a draft document in place but was unable to finalise due to the outstanding issues with the PPVL 
rooms delineated in the HFS report . There was an action for the facilities director at the end of August to 
take this aspect forward. These rooms were not built to specification in that they had modifications, and 
we have yet to establish what exactly they can be safely used for. 
Perhaps in the meantime the !PCT could issue Comms on where the negative pressure rooms are within 
QEUH/RHC and confirmation that validation is satisfactory. Given the situtation with a novel coronavirus 
and WHO instructing hospitals worldwide to prepare we need this information clarified urgently 
There were 4 negative pressure rooms signed off by me in QEUH but that was some time ago and it would 
be important to check with estates that there have been no issues with these rooms including whether 
there have been any subsequent validation reports issued, requiring ICD sign off 
Kr 
Teresa 
Dr Teresa Inkster 
Consultant Microbiologist, QEUH 
National Training Programme Director Medical Microbiology 
Dept of Microbiology 
Queen Elizabeth University Hospital 
Glasgow 
Direct dial :  

From: WRIGHT, Pauline {NHS GREATER GLASGOW & CLYDE) 
Sent: 15 January 2020 10:12 

To: Leanord Alistair (NHS GREATER GLASGOW & CLYDE); LEANORD, Alistair (NHS GREATER GLASGOW & CLYDE); 

GREEN, Rachel {NHS GREATER GLASGOW & CLYDE) 

Cc: Ritchie, Neil; Peters Seija (NHS GREATER GLASGOW & CLYDE); Khanna Nitish (NHS GREATER GLASGOW & CLYDE); 

INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE); Christine.Peters ; Deshpande Ashutosh (NHS 
NATIONAL WAITING TIMES BOARD); VALYRAKI, Kalliopi (NHS GREATER GLASGOW & CLYDE); Khalsa Kamaljit (NHS 

NATIONAL WAITING TIMES BOARD); alison .balfour  

Subject: Re : [ExternaltoGGC)QEUH Patient Placement 

Hi Al, 

Thanks for the response, and for Erica's input. The main issue is with negative pressure rooms in QEUH. I'm 
worried about relying on historical information/ emails to make decisions about patient placement when 
there is nothing in writing. This happens not infrequently and we need the most up to date information to 
make the right decision. 
My understanding is that the patient on Sunday night was in room 4 (SHDUl} rather than room 24, which 
Erica mentions in her emai l (cut and paste to the end of this email). 
Teresa - can you comment? 
Thanks 
Pauline 
Dr Pauline Wright 

2 
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Consultant Microbiologist 
Queen Elizabeth University Hospital 

From: Leanard, Alistair <Alistair.Leanord  
Sent: 14 January 2020 15:24 
To: WRIGHT, Pauline (NHS GREATER GLASGOW & CLYDE); LEANORD, Alistair (NHS GREATER GLASGOW & CLYDE); 
GREEN, Rachel (NHS GREATER GLASGOW & CLYDE) 
Cc: Ritch ie, Neil 
Subject: Re: [ExternaltoGGC]QEU H Patient Placement 
Pauline 
Thanks. This was raised at AICC today. 
A draft document has identified the rooms in RHC and work is underway, and hopefully will completed in 
short order. 

Cheers 
Al 
Sent from my BlackBerry 10 smartphone on the EE network. 

From: WRIGHT, Pauline (NHS GREATER GLASGOW & CLYDE) 
Sent: Monday, 13 January 2020 04:43 
To: Leanard, Alistair; LEANORD, Alistair (NHS GREATER GLASGOW & CLYDE); Green, Rachel (NHSmail) 
Cc: Ritchie, Neil 
Subject: [ExternaltoGGC]QEUH Patient Placement 

As you know we have had several meetings relat ing to working a an ICD / giving IC advice out of hours as a 
Microbio logist at QEUH . 

One of the issues we ra ised was the lack of an up to date patient placement policy based on validation 
data and we were assured that this would be made available as soon as possible. There was a recognition 
that this document would need to be dynamic, taking into account the ongoing work at this site. 

I was called at 3am today by my ID colleague regarding appropriate patient placement for a patient under 
investigation for M ERS coV. 
Unfortunately the negative pressure rooms that I was aware of, rooms 43 and 44 were not available (one 

has an MOR TB case and the other a patient with complex respiratory problems who could not be moved) 
My decision was that the PPVL room that the patient was in (HDU1 room 3) was the next best thing and 
advised the staff nurse to keep the patient there. She informed me that HDU1 room 4 has now been 
converted to a negative pressure room and that the nurses are checking the pressures daily and they are 
sitti ng between -8 to -12. 
I changed my advice on the basis of this information and advised the patient be placed in HOU 1 room 4. 
I am not an ICD but as a Microbiologist giving out of hours Infection Control advice I need to have the most 
up to date information to do this. 
I am concerned about the potential risks to staff/ patients by putting the patient in inappropriate 
accomodation. In add ition, every t ime this happens, an unnecessary amount of nursing and medical t ime is 
spent trying to get this information instead of being able to give clea r unambiuous advice and allow nurses 
and cl inicians to get on with their jobs. 
I might have missed an email communication about this and I apologise if that 's the case but can you 
confirm to me if HDUl room 4 is now a negative pressure room? 
Can we have an up to date list of the current negative pressure rooms in QEUH and RHC? 

Thanks for your help 
regards 

Pau line 

Dr Pauline Wright 
Consultant Microbiologist 
Queen Elizabeth University Hospital 

From: Peters, Erica 
Sent: 14 January 2020 22:38 

3 
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To: Leanard, Alistair 
Cc: Wright, Pauline; Ritchie, Neil 
Subject: FW: negative pressure rooms 
Hi, 
As discussed at the AICC today here is the email I had from Tl last year. Clearly there are challenges using a room 
with no en suite if this is t he 3rd room that was highlighted on Sunday night. I know that Teresa examined these 
reports carefully and as such I am confident in the 2 current rooms assuming appropriate checks via estates. 
I welcome the vent ilation placement document that is coming-I presume I will see it before approva l via the AICC? 
There were also rooms signed off in Childrens by t he sa me company around the same time. I don't have any detai ls 
of t h is and indeed no copies of the independent report but Teresa will have all of this. 
Hope th is helps. 
KR 
Erica 

From: INKSTER, Teresa (NHS GREATER GLASGOW & CLYDE) [mailto:teresa.lnkster  
Sent: 17 June 2019 13:41 
To: Peters, Erica 
Cc: Pritchard, Lynn 
Subject: [ExternaltoGGC]negative pressure rooms 
Hi Erica 
Just to let you know that I have signed off the validation reports for the 3 negative pressure rooms in 
critica l care. The rooms are 43 and 44 and 24 . Note 24 has no en-suite. All meet the requirements fo r 
pressure, air changes and have hepa fi lte red extract. 
On failure they will alarm centrally and at t he nurses station. Daily records of pressures shou ld be logged ( 
lain Thomson is aware of this) 
The IPCT are working on a patient placement guide as there are now two different types of room in use , 

negative pressure and PPVL. 
There will also be work done to assist with the interpretation of the pressure gauges w ith the addition of 
positive and negative pressure signage ( at the moment it is red/green colour only) 
Let me now if you have any queries 
Kind regards 
Teresa 
Dr Teresa Inkster 
Lead Infection Control Doctor NHSGGC 
National Training Programme Director Medical Microbiology 
Dept of Microbiology 
Queen Elizabeth University Hospital 
Glasgow 
Direct dial:  
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Ward 4c/HDU/ICE/PICU Ventilation Action Plan v4 
 

1 

18th September 2020 
 

Action Plan in response to HSE Notification of 
Contravention letter and IN KW/QEUH/DEC19/01 dated 17TH December 2019. 

WARD 4C/HDU/ICU/PICU Ventilation 
 

Contravention 
Ref: AREA Verification date Condition Action Planned Start Date Finish date Progress R A G 

IN 
KW/QEUH/DE
C19/01 
COSHH reg 7 
(1) (3) 

WARD 4C 

Hematology Oncology & Renal Patient Area; 
Action -  In order to dramatically improve the air quality within the ward 4C and to align with the newly established standard achieved within 
ward 6A the following will be carried out; 
 

 Agree Rooms where ICD can take Air Quality Samples so that a pre & post analysis of Air quality can be analysed; 
 Installation of En- suite Ceiling mounted HEPPA filters air scrubbers (the Air Cleaner Concealed is used to clean air by mechanically 

filtering through highly efficient filters); 
 Installation of door drop seals (to assist with room permability and contribute towards better AC rates and pressure control); 
 Replace all chilled beam coil connections with compressive type over push fit (this will ensure water ingress protection should heating 

failure and pipe contraction occur); 
 EN-Suite IPS Panel dampness inspection and lid installation (to assist with room permability and contribute towards better AC rates and 

pressure control; 
 Entire Room Floor and painting repairs; 
 Corridor CVG removal (this will reduce the risk of particulate transfer between corridor ceiling void and the clinical space, it will also 

improve the overall permability of the ward). 
 

 

 

 

 

Hematology Oncology Amber 

Rm76 (W188) N/A N/A See above 14/9/20 16/9/20 Scrubbers bought and in storage at 
QEUH.  

I I I I 

a 
QEUHWard4C 
Solutions Paper 

I I I I 

I I 

I I 

NHS 
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Ward 4c/HDU/ICE/PICU Ventilation Action Plan v4 
 

2 

Contravention 
Ref: AREA Verification date Condition Action Planned Start Date Finish date Progress R A G 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rm75 (W185) N/A N/A See above 17/9/20 19/9/20 As above 

Rm74 (W183) N/A N/A See above 19/9/20 21/9/20 As above 

Rm73 (W180) N/A N/A See above 22/9/20 24/9/20 As above 

Rm72 (W175) N/A N/A See above 25/9/20 27/9/20 As above 

Rm71 (W172) N/A N/A See above 27/9/20 29/9/20 As above 

Rm70 (W170) N/A N/A See above 30/9/20 2/10/20 As above 

Rm69 (W166) N/A N/A See above 3/10/20 5/8/20 As above 

Rm68 (W165) N/A N/A See above 5/10/20 7/10/20 As above 

Rm67 (W162) N/A N/A See above 8/10/20 10/10/20 As above 

Renal Transplant 

Rm 51 (W157) N/A N/A See above 11/10/20 13/10/20 As above 

Rm 52 (W155) N/A N/A See above 13/10/20 15/10/20 As above 

Rm53 (W154) N/A N/A See above 16/10/20 18/10/20 As above 

Rm54 (W152) N/A N/A See above 19/10/20 21/10/20 As above 

Rm 55 (W149) N/A N/A See above 21/10/20 23/10/20 As above 

Rm56 (W147) N/A N/A See above 24/10/20 26/10/20 As above 

Rm57 (W144) N/A N/A See above 27/10/20 29/10/20 As above 

Rm58 ( W143) N/A N/A See above 29/10/20 31/10/20 As above 

I I 
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Ward 4c/HDU/ICE/PICU Ventilation Action Plan v4 
 

3 

Contravention 
Ref: AREA Verification date Condition Action Planned Start Date Finish date Progress R A G 

Rm59 (W140) N/A N/A See above 1/11/20 3/11/20 As above 

Rm60 (W138) N/A N/A See above 4/11/20 6/11/20 As above 

Rm61 (W135) N/A N/A See above 6/11/20 8/11/20 As above 

Renal 
Rm62 (W134) N/A N/A See above 9/11/20 11/11/20 As above 

Rm63 (W130) N/A N/A See above 12/11/20 14/11/20 As above 

Rm64 (W130) N/A N/A See above 14/11/20 16/11/20 As above 

Rm65 (W130) N/A N/A See above 17/11/20 19/11/20 As above 

 Objective & Output 
 

 Maintain the current ACH rates as per the recent ventilation verification; 
 Lowered risk of dust ingress and support a superior clinical environment; 
 Improvement in Air Quality. 

 

NOC 

COSHH reg 7 
(1) (3) 

High 
Dependency 
Unit/ Intensive 
Care Unit 

Action - Bring forward the verification program of all 10 isolation rooms within HDU/ITU which is currently on going but will now conclude 
due to existing coved 9 admission pressures, then the intention on successful completion of this is to conduct the following: 
  
Under existing build parameters; 

 protect each patient occupied bed space to the Ward standard of the SHTM03-01 part A, which is 10 ACH and 10 Pascal from any CCU 
department to dirty corridor; 

o achieve this by removal of CVGs and replace with a ceiling tile (which has now been carried out); 
o pinning the existing suspended ceiling; 
o seal the IPS columns; 
o adjust the door gaps while fitting draft excluder drop down; 
o modify and re balance the ventilation plant control strategy to achieve 100% output. 
 

I I 
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Ward 4c/HDU/ICE/PICU Ventilation Action Plan v4 
 

4 

Contravention 
Ref: AREA Verification date Condition Action Planned Start Date Finish date Progress R A G 

  
Assuming clinical permission, infection control endorsement and no financial restriction (hence the employment of significant resources), estates 
anticipates a turnaround time of three weeks per HDU/ITU area establishing an 18 week program that would be variable dependant on success 
rate and clinical pressures. This is detailed below; 
 

HSE HDU/ICU 
Summary Briefing Paper

 

HDU 1 

(ICU 1) 

(Beds 1-10)  6 July 2019 POOR As above 
 

23/11/20 11/12/20 

Communication made with Senior 
Clinical Staff with initial agreement to 
carry out these works. These will be 
finalised nearer the time to take into 
account current position of patient 
group. COVID-19 has affected this 
start/completion date. 

 

Amber 

HDU 2 

(Beds 11-20)  

15 July 20 GOOD As above 18/1/21 29/1/21 

Area re-validated 15 July 20 

Communication made with Senior 
Clinical Staff with initial agreement to 
carry out these works. These will be 
finalised nearer the time to take into 
account current position of patient 
group. COVID-19 has affected this 
start/completion date.  

 

HDU 3 

(ICU 3) 

(Beds 21 – 30)  
6 July 19 POOR As above 14/12/20 11/1/21 

Communication made with Senior 
Clinical Staff with initial agreement to 
carry out these works. These will be 
finalised nearer the time to take into 
account current position of patient 
group. COVID-19 has affected this 
start/completion date. 

I I 

IEII 
}.. 

-

-
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-

-
-
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Ward 4c/HDU/ICE/PICU Ventilation Action Plan v4 
 

5 

Contravention 
Ref: AREA Verification date Condition Action Planned Start Date Finish date Progress R A G 

HDU 4 

(ICU 4) 

(Beds 31 – 40)  15 July 20 AVERAGE As above 1/2/21 12/2/21 

Area re-validated 15 July. 

Communication made with Senior 
Clinical Staff with initial agreement to 
carry out these works. These will be 
finalised nearer the time to take into 
account current position of patient 
group. COVID-19 has affected this 
start/completion date. 

HDU 5 

(Beds 41 – 49) 

 7 July 20 AVERAGE As above 15/2/21 26/2/21 

Area re-validated 7 July 20 
Communication made with Senior 
Clinical Staff with initial agreement to 
carry out these works. These will be 
finalised nearer the time to take into 
account current position of patient 
group. COVID-19 has affected this 
start/completion date. 

HDU 6 

(Beds 50 – 59) 

 15 July 20 AVERAGE As above 3/3/21 17/3/21 

Area re-validated 15 July 20 
Communication made with Senior 
Clinical Staff with initial agreement to 
carry out these works. These will be 
finalised nearer the time to take into 
account current position of patient 
group. COVID-19 has affected this 
start/completion date. 

Objective & Output 
 
Improve each area of HDU/ICU fabric permeability and ability to rebalance the ventilation plant in order to achieve design. Dirty 
utilities & prep rooms would also be included within this exercise so not to impede the established regimes of the patient areas. 
 

NOC 

COSHH reg 7 
(1) (3) 

Paediatric 
Intensive Care 
Unit 

Action; 
 Remove Ceiling Ventilation Grills (CVG’s) only; 
 Maintain the current ACH rates as per the recent ventilation verification; 
 Remaining patient 4 bedded room 1-4 rebalanced to achieve the compliant Air change rate while having a positive 2 pascal pressure 

cascade from room to corridor, this can be achieved by modifying the extract rates to reduce pressure while maintaining 10 ACH per 
hour and the standard for particulate dilution. 

I I 

-
-

-

-

Page 1538

A48946859



Ward 4c/HDU/ICE/PICU Ventilation Action Plan v4 
 

6 

Contravention 
Ref: AREA Verification date Condition Action Planned Start Date Finish date Progress R A G 

 Include remaining 4 bedded areas. Dirty utilities & prep rooms would also be included within this exercise so not to impede the 
established regimes of the patient areas. 

 

  

Bed Spaces 1-4 15 Sept 19 GOOD N/A N/A N/A Completed as per derogation 
Amber 

Bed Spaces 8 - 
11 6 July 19 GOOD As above 7/9/20 11/9/20 Includes associated dirty utility room 

Bed Spaces 13 
- 16 15 Sept 19 GOOD N/A N/A N/A Completed as per derogation 

Bed Spaces 19 
- 22 6 July 19 GOOD As above 14/9/20 17/9/20 Includes associated dirty utility room 

Room 7 
1st Nov 19 GOOD N/A N/A N/A Completed 

Room 8 
1st Nov 19 GOOD N/A N/A N/A Completed 

Objective & Output 
 
With an agreed ‘derogation’ to the SHTM03-01 Part A guidance, signed off by the AE(V), ICT and the respective Service Lead, 
this will achieve a compliant and suitable ventilation set up for the current and future patient groups that do & will occupy PICU 
within the RHC while ensuring that clinicians have the most flexibility possible to place and treat a specific patient group within 
that space. 
 

 

 

I I 

a a 
QEUH PICU QEUH PICU 

Penneability Works I Solutions Analysis 

------
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S U M M A R Y

Energy efficiency technologies are now a feature in hospital design, with active chilled
beams an example of one in use worldwide. Such innovations have clear benefits but there
is a paucity of information with respect to any infection control risks. We describe our
experience of chilled beam technology from one of our hospitals where we faced chal-
lenges with cleaning and episodes of water ingress including condensation. We highlight
the importance of infection control risk assessment in relation to new technologies and
the implementation of appropriate risk mitigation.

Crown Copyright ª 2020 Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. All rights reserved.
Introduction

While active chilled beam technology is in use in hospitals
globally including Scandinavia, Australia, and USA, their
introduction has been largely driven by energy-saving advan-
tages [1]. Active chilled beam technology delivers fresh air to
the patient bedroom and is designed to integrate into sus-
pended ceiling systems. Primary air from the supply ducting
passes through nozzles into the room. The air movement cre-
ates low pressure and draws air back in from the room over the
cooling coils. This is termed secondary (entrained) air and
mixes with the primary air to be redelivered through diffusers
(Figure 1).

In addition to energy conservation, advantages include
thermal comfort and quiet operation [2]. Acknowledged dis-
advantages are the production of condensation and cleanliness
t of Microbiology, Queen
F, UK. Tel.: þ44 0141 211

. Inkster).

by Elsevier Ltd on behalf of
issues [2]. Furthermore the large amounts of bedding used in
healthcare settings can lead to the abundance of lint, which
can become trapped within the beams [2]. There is a paucity of
published data on infection control risks of chilled beam
technology with no infection outcome-based clinical trials.
Concerns remain regarding the impact of the recycled pathway
of airborne pathogens intrinsic to the active chilled beam
concept [3,4]. The American Society of Heating, Refrigerating
and Air-Conditioning Engineers (2017) notes that chilled beams
should not be used in intensive care units, protective isolation
or source isolation rooms, toilets, procedure rooms, delivery
rooms, endoscopy rooms, or clean rooms due to ‘cleaning dif-
ficulty and potential for build-up of contamination’. The
recirculation within the room interferes with the concept of a
clean-to-dirty pathway for clean diluting air to remove
pathogens from the contaminated air. There is potential for
recirculation of pathogens within the breathing zone of
patients and staff but this is an area of active research with
computer modelling and other technologies and may depend
on factors such as aerosol size, other heat sources in the room
and human plume influences on air movements [5].
The Healthcare Infection Society. All rights reserved.
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Figure 1. Active chilled beam technology. From: https://tacoadvancedhydronics.wordpress.com/category/radiant-cooling-chilled-
beams/.

Figure 2. Photograph of chilled beam.
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Current UK and Scottish Health Technical Memorandum
guidelines for ventilation in healthcare premises are non-
specific and give little guidance as to the suitability of chilled
beam technology within healthcare premises [6]. However, the
neutropenic and source isolation room concept are incompat-
ible with chilled beams by token of the mandatory unimpeded
clean-to-dirty pathway. Where chilled beams are in use in
hospitals, guidance states that control settings should ensure
that external components of the beam are always above the
dew point. With reference to cleaning, access for cleaning and
the impact of maintenance requirements should be considered
[6]. We would recommend that water safety groups include
chilled beam technology as a water source and that these are
identified as a risk during the design phase as well as during
maintenance. Our hospital has 1677 beds with active chilled
beams installed in all patient rooms apart from the critical care
and bone marrow transplant units.

Methods

Since our hospital opened in 2015 we havemade a number of
observations in relation to chilled beam technology which may
have infection control implications.

Results and discussion

Cleaning

There have been issues with both access to clean and
cleaning frequency. This is a clear disadvantage to the tech-
nology in a large hospital. The risk is intrinsic to the design
which relies on entrained air from the room space, carrying
fibres, skin squames and aerosols passing over the fins of the
coils to be cooled/heated. This particulate matter tends to
collect and stick to the metal (Figure 2). Others state that as
the fin surfaces of an active chilled beam unit are relatively
well gapped, dust and dirt particles tend not to bridge the fin
surface; this does not reflect our experience [7].

The models in use in our hospital are not of the kind that
allow easy removal of the entire beam for full-scale cleaning
and decontamination. Cleaning is cumbersome and required on
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a six-week rotation due to visible build-up of dust, despite
manufacturers suggesting six months to yearly. Access to clean
can be problematic when patients are occupying the room, as
the chilled beam is situated directly above the patient’s bed.
High patient turnover makes chilled beam cleaning impracti-
cable as part of the standard discharge clean.

No filter is present, so all recirculated air will either carry
with it the pathogens back into the room or deposit on to the
beam. This poses an even greater risk when condensation drips

https://tacoadvancedhydronics.wordpress.com/category/radiant-cooling-chilled-beams/
https://tacoadvancedhydronics.wordpress.com/category/radiant-cooling-chilled-beams/


Box 1

Organisms isolated from dust in chilled beams

Micrococcus sp.
Coagulase-negative staphylococci
Bacillus sp.
Moraxella catarrhalis
Exophiala dermatitidis
Penicillium sp.
Rhodotorula sp.
Hyaline fungi
Aspergillus sp.
Panteoa agglomerans
Veillonella sp.
Stenotrophomonas sp.
Acinetobacter sp.
Paenibacillus pabuli
Klebsiella pneumoniae
Psychrobacter phenylpyruvicus
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through the accumulated dust, as has occurred on several
occasions.

Surface swabs from the chilled beams in our hospital have
grown multiple organisms (Box 1). These include: (i) skin
commensals in keeping with skin squame contamination (rais-
ing the possibility of meticillin-resistant and -susceptible
Staphylococcus aureus also being present and recirculated); (ii)
fungi, in keeping with moisture and a carbon source being
present in the collected dust; (iii) enteric organisms: in keeping
with possible airborne particles of bacteria entering into
patient room from toilet and collecting on beams; (iv) envi-
ronmental Gram-negative bacteria, in keeping with circulating
moisture- and dust-borne environmental organisms. Surface
swabs were undertaken in one of our general wards following
reports of leaking from the chilled beams and observations of
dust. These were plated directly on to blood agar,
cysteineelactose and electrolyte-deficient (CLED) agar and
Sabouraud plates. In total, areas of the chilled beams from 19
rooms were swabbed. Prior to cleaning, 22 out of 49 (45%)
samples were positive. In the two weeks post cleaning, four
swabs out of 42 were positive (9%).

This is evidence of the potential biohazard posed by
pathogens in the accumulated dirt on the fins of the beam and
in keeping with the theoretical risk of airborne pathogens
stagnating in the beam instead of being removed from a clean-
to-dirty pathway. The likelihood is that as time goes on there
will be an increasing bioburden of pathogens building up on
the coils presenting an increasing hazard, particularly when
combined with condensation events but not restricted to
these [5].
Condensation, water leaks, and water contamination

Condensation should not occur on chilled beams and this is a
prerequisite for safe functioning in healthcare [1,5,8]. The
design and monitoring should be set up to eliminate this risk.
Riffat states that ‘when the panel surface temperature is lower
than the dew point of room air, condensation on panel and pipe
surfaces occurs, which can lead to damage from dripping water
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and an unacceptable room air condition’ [1]. This is potentially
serious in healthcare settings, particularly with immunocom-
promised patients. Condensation encourages mould and bac-
terial growth posing an infection hazard even in small amounts
[9]. The degree of hazard depends on the bioburden, the
environmental conditions, patient characteristics and effec-
tiveness of the air change dilution effect. We have noted fre-
quent condensation events: most have involved two or three
beams in one ward area at a time, but on one occasion 106
rooms throughout the building were affected at the same time.
It is not clear if this is due to temperature settings being too low
for the dew point or if the dehumidification was planned to be
in the air handling unit and is not present in some. Alteration to
the dew point to operate above it has been undertaken to
mitigate this risk and we have not been made aware of any
further issues.

Our experience is not unique, with condensation issues
being documented outside healthcare settings in office build-
ings and a school [10]. These were due to leaks in the duct
system preventing sufficient air from reaching the beams [10].

As chilled beams use a water supply system within the
hospital, with potential for leakage into clinical areas, the
water supply requires temperature monitoring and attention to
biocide usage if the water becomes contaminated. The circu-
lating water system poses a Legionella spp., Pseudomonas spp.
and other waterborne pathogen risk.

Leakage of supply water in our hospital has occurred from
fittings. This phenomenon is supported by microbiology testing
which isolated Pseudomonas oleovorans from the beam water
system and from swabs from the leakage, external to the
beam. This is also crucially backed by a history of water ingress
to rooms. Whereas condensation on the beam causes ‘indoor
rain’ as tiny droplets of condensation coalesce on the fins and
fall into the room, leakage from the piping drips into the rim
and drips from a corner in a gravity-directed pathway with the
fins remaining dry [7]. Pseudomonas aeruginosa has also been
isolated from the circulating water in our hospital chilled beam
system.

There is no prospectively designed clinical trial based on
infection rates that would give evidence for suitability of the
use of this chilled beam technology in healthcare settings.
Comparison for the UK context would need to be between full
fresh air supply with and without chilled beams with standard
cleaning methods and measuring healthcare-associated infec-
tion rates prospectively. The basis for the advantage of the
chilled beam system in the published validation based on
computer modelling and prototype testing was that conven-
tional air-conditioning in hospitals included recirculation and
indefinite pressure regimes, which is not the starting point in
the UK [5]. The validation did not consider infectious aerosols
emitting from a patient or infectious doses of various patho-
gens, nor did it include a comparison of different air change
rates.

The proper functioning of a chilled beam system has been
described as a balancing act, with temperature, humidity,
volumes of outside air and occupancy all playing a role. Hos-
pitals using chilled beam technology should be aware of the
potential issues with access to clean, cleaning frequency, and
the possibility of condensation or water leaks and subsequent
risks from contaminated dust and water. Staff should be
encouraged to report any condensation or water leakage
events. Chilled beams should be included on a cleaning
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schedule and frequency should be determined according to
levels of dust build up. Infection control teams should consider
chilled beams as a potential environmental source when
investigating incidents/outbreaks.

A limitation of our report is that our experience is based on
observations from a single centre only and may not reflect
experience elsewhere. Further studies are required to delin-
eate the infection control risks associated with such energy-
saving efficiency methods which are likely to feature more
commonly in future hospital builds.

In conclusion, when designing new hospitals, consideration
should be given to the potential infection control risks asso-
ciated with such energy-saving initiatives, with early involve-
ment of the infection control team to ensure that risks are fully
delineated and risk mitigation measures implemented. We
would value more detailed reference to chilled beam and other
energy efficiency technologies within national specifications
for healthcare premises.
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1.0  GENERAL INTRODUCTION 
 

Purpose of Document 
 
The manufacture, supply, installation, wiring, setting to work and commissioning of the works 
described in this document shall be undertaken by the Mechanical and Electrical Contractor and 
is referred to in this document as “Sub-contractor”. 
 
To carry out the development of the design, the Sub-contractor shall obtain the necessary 
supporting documentation including but not limited to that listed in Appendix A. 
 
This specification shall be read in conjunction with all other mechanical and electrical engineering 
services specifications and the Architectural drawings. 
 
 
2.0  SCOPE 
 
The scope of work covered by this Specification shall include the following:- 
 

 Ventilation System, including:- 

 Kitchen extract equipment 

 Fan coil units 

 Variable air volume terminal units 

 Local air conditioning systems 

 Air ductwork and ancillaries 

 Air handling units 

 Fans 

 Air filtration 

 Heating and cooling coils 

 Heat recovery 

 Air treatment 

 Silencers and acoustic treatment 

 Air terminal devices 
 
 
3.0  SPECIFIC EXCLUSIONS 
 
The following is specifically excluded from the scope of this Specification:- 
 

 BMS and automatic control systems 
 Insulation 
 Louvres in external façade 
 Kitchen canopies/hoods 
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4.0  INTERFACES AND DEMARCATIONS 
 
The Ventilation Systems shall be provided as a complete working system serving the Adult and 
Children’s Hospitals.  
 
The Sub-contractor shall provide information to other parties for power supplies, controls and fire 
alarm system interfaces. 
 
 
5.0  APPLICABLE STANDARDS 
 
All elements of the works shall be in accordance with the requirements of current legislation, 
regulations and industry standards unless otherwise stated. 
 
The Ventilation System shall accord with all appropriate Hospital Technical Memoranda, Codes of 
Practice and relevant British and European Standards and Appendix A. 
 
The equipment supplied shall conform to all relevant standards and regulations in force. The 
equipment shall be supplied with relevant Declarations of Conformity to certify compliance with the 
EMC directive 89/336/EEC-92/31/EEC and the Machinery Safety Directive 89/392/EEC-
91/368/EEC-93/44/EEC. Also the equipment and installation shall comply with all relevant statutory 
requirements in force at the time: 
 
 
6.0  DESIGN CRITERIA 
 

LV power characteristics: 400/230 V, 3-phase, 50 Hz, 230 V, 1-phase, 50 Hz. 
 

External Design Conditions  

Winter -6oC sat 

Summer 26.2oC db  
18.5oC wb 

 

For operating theatre plant 30oC db 
20oC wb 

 

Sizing for refrigeration plant 30oC 

 

Primary MTHW Flow Temperature 105°C 

Primary MTHW Return Temperature 75°C 

Secondary LTHW Flow Temperature 75°C 

Secondary LTHW Return Temperature 60°C 
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Primary MTHW Operating Pressure 4.5 Bar 

Secondary LTHW Operating Pressure 
Refer to 
pressurisation plant 
schedule 

   

Primary Chilled Water Flow Temp (at EC) 6°C  

Primary Chilled Water Return Temp (at EC) 14°C 

Primary Chilled Water Flow Temp (at PHE) 7°C 

Primary Chilled Water Return Temp (at PHE) 13°C 

Secondary Chilled Water Flow Temperature 8°C 

Secondary Chilled Water Return Temperature 13°C 

  

Chilled Beam Flow Temperature 15°C 

Chilled Beam Return Temperature 18°C 

  

Primary Chilled Water Operating Pressure 3.0 Bar 

Secondary Chilled Water Operating Pressure 
Refer to 
pressurisation plant 
schedule 

  

Limiting noise criteria at site boundary Refer to Acoustic 
Consultant’s Report 

Room noise criteria  Refer to Acoustic 
Consultant’s Report 

 
For ventilation/air change rates used in the design, the Sub-contractor shall refer 
to the ADB sheets. 
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7.0  LIAISON 
 
The Sub-contractor shall include for liaison with:-  

Health and Safety Professionals. As well as the Health and Safety requirements of this 
specification, the Sub-contractor shall include for close liaison with Health and Safety professionals 
including the Hospital’s Health and Safety Advisors and the CDM Co-ordinator and shall comply 
with the CDM Regulations and all Health and Safety Regulations. 

The Contractor. The Sub-contractor shall liaise with the Contractor through whom all 
communications must flow.  Drawings and other documentation shall be available via the 
Contractor. The Sub-contractor shall include for liaison with members of the Contractor’s team with 
an interest in the planning and administration of the Ventilation System. 
 
Other Specialist Sub-contractors. The Sub-contractor shall liaise with other specialist Sub-
contractors as necessary to ensure that all interfaces and co-ordination between the Fire Detection 
and Alarm System and other systems are allowed for.  This shall include but not be limited to:-  

 Building Management System specialist 

 Fire Alarm and Detection specialist 

 Other disciplines for co-ordination 

 Fire Protect Systems specialist 

 Kitchen Specialist 
 

The Hospital. The Sub-contractor shall include for liaison in conjunction with the Contractor with 
members of the Hospital’s team with an interest in the planning and administration of the 
Ventilation System. 

The Architect. The Sub-contractor shall include for review of the Architect’s plans and elevations 
and shall liaise as necessary with the Architect to assist with the production of these drawings.  
The Sub-contractor shall ensure that the plans and elevations are co-ordinated with the Ventilation 
Systems, in terms of such issues as space and access.  The Sub-contractor shall provide all 
services input into the reflected ceiling plans for review to the Architect. 

The Fire and Risk Engineer. The Sub-contractor shall follow the recommendations of the Fire and 
Risk Engineer in the production of the drawings.  This shall include a review of the Fire Strategy 
and other documents when locating fire dampers, smoke dampers and the requirement for fire 
rated ductwork. 

Building Control. The Sub-contractor shall liaise, with and adhere to, the requirements of the 
Building Control Officer. 
 
Any other member of the Project and Trust teams concerned with the planning and administration 
of the Ventilation System. 
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8.0 SYSTEM DESCRIPTION 
 
The mechanical ventilation and air conditioning systems shall comply with HVAC DW144, 154, 
TR19, BS 5726 (updated), and descriptions and requirements set out below. 
 
8.1 Background to Ventilation and Air Conditioning Installations 
 
The building is largely sealed with limited openable windows in order to control the internal 
environment within the spaces and limit the impact of odours from the Scottish Water works 
adjacent to the site. 
 
The Hospital shall be mechanically ventilated:-  
 

 Throughout all internal rooms that have no access to natural ventilation 
 Perimeter areas where mechanical ventilation is required for clinical reasons 
 Perimeter areas where mechanical ventilation is required for operational and 

environmental control reasons 
 Deep plan perimeter areas where necessary to assist the natural ventilation 

 
The various departments to match their function shall be served by a number of ventilation air 
handling systems. 
 
In general, each air handling system shall be served by packaged air-handling units containing all 
components necessary (e.g. fans, coils, filters, etc.) to provide the correct environmental control of 
those spaces/rooms served. 
 
Active chilled beams and fan coil units shall also be provided for comfort cooling in areas where 
there is a need for separation or where high heat gains make these a more appropriate choice of 
systems.   
 
Various types of room are included within this project and are described elsewhere.  These are:- 
 

 Wards 

 Isolation rooms 

 Outpatient type departments 

 Operating theatres 

 Critical care departments 

 Comfort cooled areas (e.g. diagnostic imaging) 

 Catering facilities 

 Safety cabinet extracts 

 Computer rooms and data hub rooms 
 
Carbon Target 
 
The hospitals have a stringent carbon target of 80kg/m2 per annum and the engineering services 
have been designed with this strictly in mind. The Sub-contractor shall not deviate from the 
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proposed designs without consulting with the Contractor and providing evidence on how the 
deviation impacts on energy usage and hence the carbon target. 
 
Fan Motors 
 
All fan assemblies shall incorporate fan impeller and motors selected to provide the most energy 
efficient solution conforming to Section 6 regulations and shall be fitted with IE2 efficiency motors 
to EN 60034-30:2009 as standard, and suitable for operation in ambient temperatures of 40  
degrees C. 
 
System Resistance 
 
The carbon target of 80kg/m2 per annum requires that, for example, system pressure loss is limited 
to reduce fan power. 
The detailed design calculations for fan resistance have been based on assumed pressure drops 
through in-line components which are stated in the specification or equipment data sheets. The 
Sub-contractor’s selection of components shall ensure that the pressure drop of a component does 
not exceed that assumed in the calculations. The Sub-contractor shall also take care in finally 
detailed the ductwork routes to avoid potential causes of high pressure drop that may have a 
detrimental effect on ultimate fan performance. Upon completion of the Sub-contractor’s installation 
drawings the Sub-contractor shall recalculate the whole system pressure drop, including all 
components to verify that the design calculated pressure drop has not been exceeded. For the 
purposes of calculating the system resistances the following allowances have been made in the 
figures in the equipment schedules: 
 
 
 
 
 
 
 
 
 
 
 

All rectangular radiused bends: r/w = 0.5 
All circular radiused bends:  r/d = 1 

 
System performance 
  
The Sub-contractor shall supply and install services and equipment to perform as per specification.  
 
The Sub-contractor shall submit details of all mechanical equipment for comment and place orders 
in a timely fashion to ensure delivery as per programme.  
 
Where a particular manufacture is specified, the Sub-contractor shall include for that manufacturer.  
  
Where considered appropriate, provide for equivalent standard alternatives to be offered for 
consideration.  
  
This must be done in a timely manner and the Sub-contractor shall provide all details including but 
not limited to:  

Grille    25 Pa 
Dampers   20 Pa 
Heater Battery   20 Pa 
Louvre   25 Pa 
Plant Room Attenuator   50 Pa 
Cross Talk  Attenuator   25 Pa 
Cowl   50 Pa 
HEPA Filter 450 Pa 
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 - Detailed description  
 - Cost comparison  
 - Technical comparison  
 - Thermal comfort comparison 
 - Carbon emission and energy usage comparison 
 - References to standards  
 - References to SHTM/HTMs  

Completion  
 
The Sub-contractor shall protect the system from damage or interference during the works.  
 
The Sub-contractor shall test, and clean the system as per TR/19.  
 
The Sub-contractor shall submit O&M and record information via Zutec.  
 
The Sub-contractor’s defects and liability period shall be as the contract prelims.  

940 OPERATING TOOLS 
 
 •  Tools: Supply tools for operation, maintenance and cleaning purposes.  

 - Quantity: 2 sets. 
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T51 CLIMATIC CEILINGS AND BEAM SYSTEMS 
 

GENERAL 
 
In clinical spaces and bedroom accommodation local heating and sensible cooling, where 
required, is to be provided via 4-pipe ceiling mounted enclosed active chilled beams. The 
devices shall be complete with dedicated controls enabling temperatures to be varied 
within each treated space.  
 
In circumstances where sensible cooling units cannot meet the heat gains, then fan coil 
units are to be used. 
 
The controls shall comprise of local room mounted temperature sensor/controller 
operating 2-port electrically operated valves in response to user inputs to raise or lower 
the room temperatures. The controls shall incorporate sequencing to avoid simultaneous 
heating and cooling to minimise energy input. 
 
The emitters shall be provided with their own dedicated chilled water circuit operating at 
temperatures optimised for the chilled beams whilst minimising the risks associated with 
condensation within the device.  
 
The active chilled beams shall be installed in series with radiant panels, where required, 
on the dedicated heating circuit serving the areas with 4-pipe chilled beams. 
 
The Sub-contractor shall allow for supplying samples and constructing mock-ups for 
comment. This shall include ceiling mock-ups for the chilled beams. 
 
The Sub-contractor shall allow for witness testing the devices, in a mock up single 
bedroom, in the manufacturer’s thermal laboratories to ensure the comfort condition 
requirements can be achieved. This shall include simulation loads in the space and 
readings from hot wire anemometers and turbulence probes at pre-determined points 
within the space.  
 
CFD calculations will not be accepted in isolation as method of proof for meeting the 
comfort requirements.  
  
The comfort conditions shall be tested, as above, in accordance with BS EN ISO 7730 
and shall prove that a category A room can be provided. 
 
All emitters shall have smooth easy clean surfaces with no sharp edges or dirt collecting 
gaps.  
  
All emitters shall be suitable for hospital application.  
  
Access doors and hatches shall be provided for service and maintenance purposes.  
 
All elements of the work shall be in accordance with the requirements of current 
legislation, regulations and industry standards.  
  
The installation shall also comply with all relevant Code of Practice and British standards.  
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 210 DESIGN 
 
 •  System designs to be completed: Active chilled beam systems.  
 •  Testing standards:  
 - Capacity: To BS EN 14240.  
 - Comfort: To BS EN ISO 7730.  
 •  Proposals: Submit drawings, technical information, calculations and manufacturer’s 
 literature.  
 

PRODUCTS 
  
The chilled beams shall be installed as per drawings, specification and manufactures 
instructions.  
  
The chilled beams shall have low velocity air distribution into the space to prevent 
draughts and noise.  
  
Beams shall come complete with the manufacturer’s connection terminal card, valves, 
actuator, condensation sensor and terminal box with input and output terminals, and 
volume control damper on the primary air inlet.  

 
310 CLIMATIC BEAMS, ACTIVE 
 

The active chilled beam shall have a galvanised steel case with combined cooling and 
supply air unit for flush installation within suspended ceiling. 
   
The cooling capacities of the chilled beams shall be controlled by regulating the water flow 
rate according to the control signal from the room temperature controller. 
  
Heating and chilled water connections shall be provided with 2-port control valves. Local 
pipework shall also include flexible connections, self-sealing pressure tapings, air vents 
and drains.  
  
An integral anti-condensation sensor shall be provided on the chilled water flow pipe to 
close the control valve in the event of the chilled water temperature falling below 15oC. 
 
For more details of the control of the active chilled beams the Sub-contractor shall refer to 
the relevant BMS controls specification. 

 
The main pipelines of the cooling and heating water circuits should be installed above the 
beam in order to enable venting of the pipework. 
  
Each beam shall have a measurement tap for static pressure measurement, to enable 
measurement of the supply airflow rate.   
  
Chilled beams shall be of the enclosed hygienic type, with the beam casing sized to 
integrate with a standard T shaped grid. The return air grille panel shall be removable 
from within the treated space with all internal components capable of being cleaned 
without further dismantling. The performance criteria for the active chilled beams is 
provided below: 
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The beam casing shall have a stove enamelled finish in white to RAL 9010. 
 
 

 •  Type: Enclosed hygienic type.  
 •  Manufacturer: The Sub-contractor is to provide technical submissions for review. 
 •  Flexible connectors: Provide connectors to allow each panel to be lowered for  
 inspection and maintenance.  
 •  Casing:  

 - Material: galvanised steel case.  
 - Material thickness: Submit proposals.  
 - Surface treatment: hygienic with no burrs.  
 - Perforations: Standard Manufacturer's plate.  

 
EXECUTION 
 
The Sub-contractor shall ensure all works carried out shall be done is a safe manner and 
comply with Health and Safety Regulations.  This shall include clean and tidy working and 
working in confined spaces. The Sub-contractor shall protect the chilled beams from 
damage or interference during the works  

 
 
620 SETTING OUT 
 
 •  General: Co-ordinate with ceiling system to maintain the beams and ceiling panels  
 accurately, continuous and even.  
 •  Alignment: Straight and parallel to walls or setting out lines.  
 •  Infill and access units, integrated services: Fit correctly and align.  
 •  Support: Manufacturer's standard. The Sub-contractor shall liaise with the Architect in  
 locating the grilles and diffusers on the architectural reflected ceiling plans as necessary.  
 
 630 INSTALLING CLIMATIC BEAMS  
 
 •  General: Position accurately, parallel to outside wall.  
 •  Alignment: Level in relation to ceiling.  
 •  Mounting: Recessed, Any imperfect Beams scratched or damaged surfaces, or fixing  

screws having damaged heads or scratched plating, shall be rejected and must be replaced 
free of charge with satisfactory work before the contract shall be taken over as completed. 
Beams shall be installed level with the ceiling line and square with adjacent ceiling tiles. 
Where direct fixing to the ceiling is not inherent to the ceiling layout, the Sub- Contractor 
shall ensure that adequate concealed supports are provided to ensure that beams are 
installed at the correct level and square with the surrounding ceiling and adjacent 
luminaires. All beams shall be supplied in a fully finished condition and shall be provided 
with protective covering during building operations, and subsequently removed by the 
Sub-contractor. 

 •  Support: Provide chains to take the weight of the beams when lowered for inspection.  
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U10 VENTILATION SYSTEMS 
 

ALL AIR SYSTEMS 
 
These shall be low velocity systems with air being distributed throughout the building in 
galvanised sheet steel ductwork via ceiling voids and riser duct spaces terminating in 
ceiling or wall diffusers as appropriate. 

 
On full fresh air systems, heat recovery devices shall be provided, to exchange heat 
between exhausted extract air and incoming fresh air wherever significant energy savings 
can be achieved. 
 
Generally, temperature control shall be by means of room or duct-mounted sensors which 
shall operate, via the automatic control system software the control valves on the hot 
water and chilled water to the heating and cooling coils respectively (refer to BMS 
specification for further details). 
 
Areas shall be controlled in zones or as individual rooms as necessary to achieve the 
conditions required by the ADB Sheets. 
 
Space shall be provided in all units for future incorporation of activated carbon filters to 
control odours entering the ventilating systems. Space shall also be included to upgrade 
the pre-filter from panel filters to bag filters. 
 
Supply plants shall incorporate panel type coarse pre-filters followed by high efficiency 
bag filters.  Absolute HEPA (high efficiency particulate air) terminal filters shall be 
provided only for ‘ultra clean’ areas such as UCV Theatres, Pharmacy Aseptic Suite and 
as a future allowance for isolation rooms. Some isolation rooms incorporate HEPA filters 
on the extract system. 
 
Full humidity control, including humidification and dehumidification, shall be provided only 
in critical air-conditioned clinical areas such as the Pharmacy Aseptic Suite or wherever 
close control of humidity is required for the successful operation of sensitive equipment, 
e.g. computers, as advised by the ADB Sheets.  Space shall be included within Operating 
Theatre air handling units for the provision of humidification in the future. Since the 
anticipated requirement for humidification is limited this shall be provided by electric steam 
injection humidifiers. 
 
Air pressure regimes for theatre suites shall be designed in accordance with the guidance 
provided in SHTM 03-1 employing wall mounted pressure stabilisers. 
 
Air volumes have been established by consideration of heat gains or losses and also the 
air change rate necessary for comfort and safety as appropriate for the activity carried out 
in each area.  Relative air pressures between rooms shall be maintained to suit the 
activity concerned, by design of the supply and extract air volumes, and use of pressure 
relief equipment where necessary to prevent cross infection or transfer of unpleasant 
odours between areas, as required by the ADB sheets. 
 
Heat recovery shall be provided between the supply and extract systems. The hospital 
ventilation systems shall be in accordance with SHTM 03-01 Ventilation in health care 
premises, DW 144 and DW 143.  
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The ventilation system including all AHU's, fan's, diffusers, dampers and grilles shall meet 
the design noise and vibration criteria.   
 
The ventilation and cooling system shall be zoned with each air handling system being 
served by packaged air-handling units containing all components necessary (e.g. fans, 
coils, filters, etc.) to provide the correct environmental control of those spaces/rooms 
served.  
   
The philosophy of the system is to provide energy efficient operation with areas of the 
hospital operating on a similar time and clinical nature being served from the same 
system, and to maintain a sensible level of availability, such that in the event of plant 
breakdown or maintenance, limited areas of ventilation are lost. Air handling plants shall 
have availability reinforced by the provision of duplicate motors or fans, which shall 
automatically changeover to maintain the ventilation requirements.  

 
The Sub-contractor shall take care in finally co-ordinating the ductwork routes to avoid 
potential causes of high pressure drop that will have a detrimental effect on ultimate fan 
performance.  
  
All ventilation controls must be capable of being fully interrogated by the building 
management system through the independent network protocol.  

WARDS  

The ventilation systems serving ward areas shall provide treated air to internal spaces, 
clinical spaces and make-up air for sanitary accommodation.  

Make up air for en suite WC accommodation shall be introduced directly into the 
associated bedroom and via active chilled beam units to maintain the required space 
temperatures.  

The beams shall be complete with dedicated controls enabling temperatures to be varied 
within each treated space. The controls shall comprise local digital room mounted 
temperature sensor/controller operating 2-port electrically operated valves in response to 
user inputs to raise or lower the room temperatures.  
 
Air shall be extracted from spaces by either the clean or dirty extract systems as 
appropriate.  Heat recovery shall be provided between the supply and extract systems. 
The type of recovery system employed shall depend on the area being served. Refer to 
system drawings and schedules for details.  
 
The ward tower shall use different facades of the building for intake and exhaust air. The 
podium plantrooms shall use roof turrets for extract air and vertical wall louvres for supply 
air. This strategy should avoid short circuiting or contamination of the supply air and also 
meet the BREEAM requirement for separation. The Sub-contractor shall exercise caution 
when locating any other extracts or gas scavenging exhaust to ensure the supply intakes 
are not contaminated.    
 
The tower shall be zoned to match the different load profiles with each finger being served 
by three AHU's. e.g. the external facade with higher solar gains, the central zone and the 
facade with lower solar gains. Each AHU shall serve four floors in this configuration. The 
centre circulation are shall have two zones each served by a different AHU, again each 

---
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AHU shall serve four floors.  
 
ISOLATION ROOMS  

Each lobbied isolation room shall be provided with its own dedicated ventilation system in 
line with SHBN 04.  

Each system ventilation plant shall filter, heat and cool the air and supply it to the room 
lobby at the required temperature, as dictated by a sensor in the bedroom.  

Air shall be transferred to the room via a wall mounted pressure stabiliser and then 
extracted from the suite via the bedroom and en suite WC, and ducted by fire-clad 
ductwork to a dedicated extract fan in the plantroom.  

Each extract fan unit shall comprise of an isolation damper and a centrifugal cased extract 
fan, with the motor located out of the air stream, and the exhaust duct shall discharge 3.0 
metres above roof level. In the Level 2 plantroom serving the Critical Care Ward it is not 
possible to achieve a safe discharge height of 3.0 metres above roof level. In this case the 
extract air shall be HEPA filtered through ‘safe change’ filter units in the plantroom before 
being discharged to atmosphere with all other ventilation exhausts. 

Due to the small size of the plants, heat recovery is not considered viable and shall 
therefore not be provided.  

Isolations rooms supply air terminals shall be capable of having terminal HEPA filters 
fitted at some future date. The air handling unit fan shall be capable of overcoming the 
additional resistance imposed by the HEPA filter by a simple speed change on the motor 
inverter.  
 
OUTPATIENT TYPE DEPARTMENTS  

The ventilation systems serving outpatient areas shall provide heated air to internal 
spaces, clinical spaces and make-up air for sanitary accommodation.  

Active chilled beams shall generally be provided to individual spaces to provide 
independent control of heating and cooling requirements. 

Air shall be extracted by clean and dirty extract systems.  

Heat recovery shall be provided between the supply and extract systems.  
 
OPERATING THEATRES  

Each operating theatre shall be provided with a dedicated ventilation system.  

Each system ventilation plant shall filter, heat and cool the air and supply it to the suite of 
rooms, and arranged to allow individual temperature set point adjustment and indicated on 
the associated surgeon's theatre panel (refer to BMS specification). 

The pressure regimes between the spaces in each theatre suite shall be maintained by a 
combination of supply and extract rates to each space, and pressure stabilisers located in 
the walls.  

Heat recovery shall be provided between the supply and extract systems.  Out of hours 
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setback shall be provided by reducing the air volumes and temperature set points.  

In theatres with a requirement for Ultra Clean Ventilation (UCV), a specialist shall be 
employed to undertake the provision of the UCV canopy in accordance with SHTM 03-1.  

Ancillary areas associated with the Operating Theatre department shall be served from a 
dedicated plant.  
 
CRITICAL CARE DEPARTMENTS  

Critical care departments such as ITU/HDU shall be provided with dedicated ventilation 
systems.  

The supply air ventilation plant shall heat and cool the air as required by the control 
system to provide the correct condition in the various rooms/zones.  

Final temperature control to the spaces shall be achieved by terminal reheaters controlled 
from user adjustable sensors within each space. Heater batteries shall be located 
wherever possible in plant areas, but where heaters can only be provided in the ceiling 
void of the occupied space they shall be located away from patient occupied spaces, i.e. 
bed spaces.  

Heat recovery shall be provided between the supply and extract systems.  
 
COMFORT COOLED AREAS  

Departments where space temperature control is required, such as the Emergency 
Centre, Diagnostic Imaging, etc. cooling shall be provided by treated air to clinical spaces 
and spaces with high equipment gains.  

The department shall be arranged in a number of zones to suit the control requirements, 
varying heat gains and use of the spaces.  

Particular areas that have high-density heat gains shall be provided with terminal cooling 
in the form of fan coil units to achieve the required space conditions.  

The supply air ventilation plant shall heat or cool the air as required by the control system 
to provide the correct condition in the various rooms/zones.  
All AHU's and fans shall be suitable for hospital application refer to drawings and 
schedules for further details. 
 
SAFETY CABINET EXTRACT SYSTEMS  

The Pharmacy shall be served by separate extract systems serving the general areas 
whilst extracts from safety cabinets shall be handled by individual contaminated extract 
systems.   

The design of the general extract system shall be co-ordinated with the associated supply 
system and contaminated extracts to maintain suitable pressure levels and ensure the 
Clean Room requirements of the Aseptic Suite are maintained.  

The Aseptic suite is a "clean space" and as such shall be installed and commissioned as  
per SHTM 03-01 AND HBN 14-01. equipment shall be fully commissioned to validate their 
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function and achievement of performance.  
 
QUENCH PIPES 
  
The Quench pipes serving the MRI machines shall be installed by the sub-contractor in 
accordance with a design and specification produced by the MRI supplier/installer. The 
route of the pipes shall be as shown on the drawings and they shall be insulated and 
terminate in accordance with the recommendations given by the MRI supplier/installer. 
The Quench pipes are required to be continuous and therefore the pipe structure and 
insulation shall maintain the required 2 hour fire integrity.     

130 MECHANICAL SUPPLY VENTILATION SYSTEM 

 Supply air from central air handling plant shall be delivered through the ductwork systems 
to the areas served, and discharged via ceiling mounted diffusers. 
 
Supply and extract air handling plants shall be of a packaged construction with a double 
skin casing complete with thermal/acoustic insulation material between the two skins.  
Units shall house filters, coils, fans and motorised inlet dampers, etc. Heat recovery 
devices and humidifiers shall also be incorporated where required. External fan motors 
shall be provided to all units with some unit types having twin motors.  

All AHU's and fans shall be suitable for hospital application. Refer to drawings and 
schedules for further details. 

 •  Location of plant: Various locations throughout the building.   
 •  Type of system: Multizone, constant volume.  
 •  External air intake terminals: Architectural louvres.  
 •  Air filters: In air handling units, as section U81.  
 - Accessories: As schedule.  
 •  Heat recovery: In air handling units, as section U81/U85.  
 •  Air handling units: As section U81and schedules.  
 - Fabrication: Construction, as section U81.  
 •  Supply fans: As schedule.  
 •  Acoustic treatment: Rectangular silencer, as section U87.  
 • Air ductwork and ancillaries: Ductwork, Fire rated and smoke extract ductwork and fittings, 

as section U80.  
 - Accessories: Dampers, fire and smoke, metal ductwork, as section U80.  
 •  Thermal insulation on supply air ductwork: As section Y30. 
 •  Vibration isolation mountings: Spring isolators, as section Y31. 
 •  Reheat batteries: As schedules and drawings.  
 •  Room supply air terminal devices: Chilled beams, grilles and diffusers as specified.  
 •  Controls: All ventilation controls must be capable of being fully interrogated by the building  
             management system through the independent network protocol.  
 •  Completion:  

 -  Identification of ductwork and equipment: As section Y32.  
 -  Testing and commissioning:  
 -  Ductwork pressure testing, as section U80; 
 -  Air distribution system commissioning, as section Y50; and 
 -  Performance testing, as section Y50. 
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140 MECHANICAL EXTRACT VENTILATION SYSTEM 
  

Extract air from the area concerned shall be drawn through a ductwork system to extract 
fans in the roof plantrooms for discharge to atmosphere, or returned to the air handling 
plant for recirculation.   
  

 •  Room extract air terminal devices: As drawings.  
 • Air ductwork and ancillaries: Fire rated and smoke extract ductwork and fittings, as section 

U80 and Smoke extract ductwork, as section U80: 
 - Accessories: Dampers, fire and smoke, metal ductwork, as section U80 and Flexible  
   ductwork, as section U80.  
 •  Thermal insulation on extract air ductwork: As specified.  
 •  Vibration isolation mountings: Spring isolators, as section Y31.  
 • Heat recovery: Plate recuperator, as section U85 or thermal wheel, as section U85 

depending on AHU type. 
 •  Acoustic treatment: Rectangular silencer, as section U87.  
 •  Extract fans: The extract fan shall have twin motors depending of fan type.  
 •  External exhaust air terminals: Architectural louvres 
 •  Controls: All ventilation controls must be capable of being fully interrogated by the building  
             management system through the independent network protocol.  
 •  Completion:  
 
 -  Identification of ductwork and equipment: As section Y32.  
 -  Testing and commissioning:  
 -  Ductwork pressure testing, as section U80; 
 -  Air distribution system commissioning, as section Y50; and 
 -  Performance testing, as section Y50.  
 
150 TOILET EXTRACT VENTILATION SYSTEM 
 

Potentially contaminated dirty air extract systems shall be discharged at, or above, roof 
level. 

Dirty extract shall be provided to extract air from toilets, bathrooms, cleaners' rooms and 
dirty utility areas. Extract plants shall either form part of the general area air handling unit 
of be separate extract fan units. 

Air shall be extracted via grilles in the individual rooms and ducted by galvanised sheet 
steel ductwork similar to that provided for the general supply and extract systems to 
extract fans in the plantrooms. Make up air shall be via the main ventilation system.  

Separate dirty extract units shall be manufactured heavy gauge aluzinc corrosion resistant 
steel. The general construction is to Class A leakage. 
  
The fan unit shall be supplied complete with all manufacture control accessories to be fully 
integrated into the BMS.  

The fan unit shall be provided with an integrated commissioning/speed control to 
accurately commission the system. The commissioning set up facility directly controls the 
integrated speed control/frequency inverter. 

Heat recovery shall be used for the larger dirty extract systems. 
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Where toilets or bathrooms are in isolated positions, not convenient to central ducted 
systems, small units operated by light switch control shall be used 

 •  Room extract air terminal devices: Air transfer grilles and diffusers, as  
             specification. 
 •  Air ductwork and ancillaries: Sheet metal ductwork and fittings, circular, as section U80  
              and Sheet metal ductwork and fittings, rectangular, as section U80:  
 - Accessories: Dampers, fire and smoke, metal ductwork, as section U80 and Flexible  
    ductwork, as section U80.  
 •  Thermal insulation on extract air ductwork: Not required 
 •  Vibration isolation mountings: Spring isolators, as section Y31.  
 •  Acoustic treatment: Circular silencer, as section U87 and Rectangular silencer, as section 
      U87.  
 •  Extract fans: Twin Toilet extract fans run and standby, as section U82.  
 •  External exhaust air terminals: Architectural louvres.  
 •  Controls: All ventilation controls must be capable of being fully interrogated by the building  
              management system through the independent network protocol. 
 •  Completion:  
 
 -  Identification of ductwork and equipment: As section Y32.  
 -  Testing and commissioning:  
 -  Ductwork pressure testing, as section U80;  
 -  Air distribution system commissioning, as section Y50; and 
 -  Performance testing, as section Y50.  
 
160 KITCHEN EXTRACT VENTILATION SYSTEM 
 

Ventilation to the central catering areas shall be provided to deal with the requirements on 
the cooking equipment to reduce odours and limit temperatures within the space. 

Contaminated air extract systems shall be discharged at, or above, the tower roof level at 
high velocity as appropriate. 

Ventilation make-up air shall be provided to balance the extracted air. 

There shall no recovery from kitchen hood extract due to the difficulties with grease laden air. 

The kitchen canopies shall be supplied and installed by the kitchen specialist and do not form 
part of these works.  The Sub-contractor shall liaise with the kitchen specialist, so as to agree 
requirements.  All the main kitchen extract hoods to be the capture/entrainment type. This 
type of canopy entrains the contaminant air by supplying fresh air over the kitchen island. 
This shall reduce extract air flow rates and hence save energy. The hoods and supply air 
shall also have a set back position when the kitchen is not in use. This shall reduce air flows 
when the kitchen is not in use and energy consumption 

   
 •  Air ductwork and ancillaries: Fire rated and smoke extract ductwork and fittings, as section  
 U80. All kitchen extract systems to DW172:  
 - Accessories: All kitchen hood extract ductwork to be fire rated. 
 •  Thermal insulation on extract air ductwork: Not required. 
 •  Vibration isolation mountings: Spring isolators, as section Y31.  
 •  Acoustic treatment: Sub-contractor’s specialist to examine. 
 •  Extract fans: Centrifugal belt driven, as section U82.  
 •  Completion:  
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 -  Identification of ductwork and equipment: As section Y32.  
 -  Testing and commissioning:  
 -  Ductwork pressure testing, as section U80; 
 -  Air distribution system commissioning, as section Y50; and 
 -  Performance testing, as section Y50.  
  
 EXECUTION 

 
The Sub-contractor shall ensure all works shall be done is a safe manner and comply with 
Health and Safety Regulations.  This shall include clean and tidy working and working in 
confined spaces.  

All supply and extract ventilation systems should be clearly labelled. The label should 
identify both the AHU and the area that it serves. The lettering should be at least 50 mm 
high and be mounted in an easily visible place near the fan of the unit. Any sub-systems 
and the principal branch ducts should be similarly labelled. The direction of air flow should 
be clearly marked on all main and branch ducts.  

 
630 INSTALLING DUCTWORK ON AIR HANDLING UNITS 
 
 •  Air discharge: Connect ductwork to allow air to straighten as it leaves the air handling unit.  
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 U41 FAN COIL UNITS 

 310 FAN COIL UNITS 
  

Fan coil units shall be complete with dedicated controls enabling temperatures to be 
varied within each treated space.  The units shall, where applicable, include heating. The 
controls shall comprise local room mounted temperature sensor/controller operating 2-port 
electrically operated valves in response to user inputs to raise or lower the room 
temperatures. 
  
All Fan coil unit motors shall be fitted with built in Thermal overload protection. 

 •  Performance: To BS 4856.  
 •  Manufacturer: Sub-contractor’s choice  
   - Product reference: Sub-contractor to provide technical proposals.  
 •  The Sub-contractor shall examine all layout drawings, schematics and schedules, in order 

to ascertain duties and required temperatures. 
 •  Fan speed: Low.  

 Fan motors: EC type with a Specific Fan Power less than 0.8 watts per litre/second 
 •  Noise levels: As fan coil schedule.  
 •  Electrical supply type: As fan coil schedule.  
 •  Casings: As manufacturer’s standard for application.  
 •  Mounting: As manufacturer’s standard for application. 
 •  Finish: As manufacturer’s standard for application. 
 •  Ductwork connections: Sub-contractor to provide proposals.  
 •  Access: Provide access to filter, fan and motor, valves and controls.  
 •  Drip tray:  
 - Position: Under coil, and under control valve where fitted.  
 - Material: Corrosion resistant.  
 - Condensation: Insulate external faces to prevent.  
 •  Controls: All ventilation controls must be capable of being fully interrogated by the building  
 management system through the independent network protocol.  
 •  Accessories: As Fan coil schedule.  

EXECUTION 
  
The Sub-contractor shall ensure all works carried out shall be done is a safe manner and 
comply with Health and Safety Regulations.  This shall include clean and tidy working and 
working in confined spaces.  

 610 FAN COIL UNIT DRAIN LINE 
 
 •  Drain connections: Connect drain line flush with bottom of drip tray.  
 •  Drain line: To discharge via a suitable dry type trap.  
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 U60 LOCAL AND ROOM AIR CONDITIONING SYSTEMS 

GENERAL 
  
Generally ventilation and comfort cooling shall be from central systems. Where this is not 
possible because of the remoteness of the area from the main plant, the particular use of 
the space, or high cooling loads, local systems shall be used. The Sub-contractor shall 
ensure that these systems are installed to the same high standard as the main system.  
 
PRODUCTS 
  
All elements of the work shall be in accordance with the requirements of current 
legislation, regulations and industry standards. The installation shall also comply with 
relevant British Standards. The Sub-contractor shall provide working drawings for the 
installation and issue them for comment before work commences. 

  
340 COMPUTER ROOM AIR CONDITIONING UNITS (CRAC) 
  

The two main server room air-conditioning systems shall be feed from the main chilled 
water system.  Computer rooms shall each be provided with independent systems via 
dedicated secondary chilled water circuits having their own plate heat exchangers and 
circulating pumps. 

CRACs shall be floor standing ‘downflow’ type and CRACs must be capable of being fully 
interrogated by the building management system through the independent network 
protocol.   
  
To comply with these directives appropriate national & harmonised standards have been 
applied. These are listed on the Declaration of Conformity, supplied with each product. 

Unit cabinets shall be manufactured from galvanised sheet steel coated with epoxy baked 
powder paint to provide a durable finish. Internal strength and rigidity shall be provided by 
a welded space frame constructed of channel profile folded steel. Cabinets shall be lined 
internally with fire resistant 20mm foam (UL94 V0) for thermal and acoustic insulation. 
Cabinets shall meet the Hospital acoustic and vibration requirements. The cabinet doors 
are full height, hinged and key lock secured. Door arrangement shall allow flexible door 
opening/removal for improved access. Doors shall have rubberised door seals reduce 
sound breakout and eradicate leakage. 

The units shall have large surface area coil(s) to optimise airflow and heat transfer, 
manufactured from refrigeration quality copper tubes with mechanically bonded aluminium 
fins. 
  
Fins shall be coated with a non-stick acrylic film to provide additional corrosion protection 
and efficient surface water removal for improved performance. 
  
Coil headers shall be circuited to ensure low water pressure drops. The cooling coils shall 
be mounted over a full width stainless steel condensate tray.  Chilled water flow shall be 
via a factory fitted 3 port modulating control valve.  

All coils shall be Factory pressure tested to 20Bar. 

----
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Fans shall be backward curved impellers, direct drive centrifugal fan assemblies with 
integral rotor mounted motor which is statically and dynamically balanced for quiet 
operation. Designed for high corrosion resistance, the impellers are laser welded 
aluminium with galvanised rotor and die cast aluminium EC power module. An inbuilt EC 
fan control module shall allow the fan to modulate from 15-100%. 

Filters shall be 97mm pleated disposable panel filters in a rigid frame. Conform to BS EN 
779-G4. 

Access and removal from unit front. An adjustable diaphragm pressure switch fitted 
across the filter assembly shall monitor pressure drop which shall initiate a filter dirty 
alarm. 

The control panel shall have fan motor contactors and overloads, transformer, sub circuit 
protection, volt free contacts, mains and inter-connecting terminals. The panel shall be 
fitted within the cabinet and be hinged for easy access to other components within the 
unit. The electrical control panels shall be wired to the latest European standards and 
codes of practice. 

To ensure complete unit isolation of the electrical panel during adjustment and 
maintenance a door interlocking isolator is provided as standard. 

Units shall be fitted with the microprocessor controller which shall have a real time clock 
and a communication port plus networking and Bac Net BMS connections. A backlit LCD 
door mounted display keypad assembly shall be fitted to view the unit status and allow 
operator adjustment. 

The condensate pump shall have a reservoir with a capacity of 5 l/m at a head of 10.8m. 

Leak detection tape suitable for sensing water droplets shall be supplied loose for remote 
mounting on site.      

 
 •  Sub-contractor to provide technical proposals. 
 •  Arrangement: Vertical.  
 •  Casing: Steel frame with acoustically lined steel panels.  
 •  Finish: Manufacturer's standard.  
 - Colour: Manufacturer's standard.  
 •  Controls: All controls must be capable of being fully interrogated by the building  
 management system through the independent network protocol.  
 
 Each server room shall be provided with the following: 
 
 •  Room sensible cooling capacity 200 kW 
 •  Number of units (N+I)  5 No.  
 •  Sensible cooling capacity per unit 50 kW 
 •  Sensible Heat Ratio   1.0  
 •  Chilled water temperatures at unit Flow 8°C 
       Return 14°C 
 •  Chilled water flow rate per unit 1.94 litres/second  
 •  Maximum coil/valve pressure drop 60 kPa 
 •  Inlet air design conditions  22°C 50% RH 

•  Nominal air flow per unit  3.75 m³/s 
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EXECUTION 
  
The Sub-contractor shall ensure all works carried out shall be done is a safe manner and 
comply with Health and Safety Regulations.  This shall include clean and tidy working and 
working in confined spaces.  
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 U80 AIR DUCTWORK AND ANCILLARIES 
 

During installation the ductwork shall be installed to a PDI (Protection, Delivery & 
Installation) as defined in the HVCA (2005) TR/19 – Guide to good practice: internal 
cleanliness of ventilation systems'.  
  
A Specialist Cleaning Operation shall be performed on all ductwork systems installed 
serving Clinical Areas, in accordance with the guidelines of Section 9 – Verification of 
Cleanliness, HVCA TR/19. 
 
The cleanliness of the ductwork installation shall be confirmed and documented by means 
of the post clean verification test procedure outlined in Section 9.5 of HVCA (2005 TR/19). 
 
 

300 CLASSIFICATION     
 
Ductwork shall be classified as described in Table 1 of DW/144, as follows:- 
 

 Plantroom and main riser ductwork: Class B 

 Distribution ductwork at each floor Class: A 
 
The ductwork sub-contractor shall clearly indicate on the manufacturing and installation 
drawings the classification of the ductwork proposed. 
 
All ductwork shall meet the leakage criteria given in the Building Regulations Section 6 
which requires it to meet the requirements of HVCA DW/143. 
 
10%, chosen at random, of Class B ductwork shall be selected by the Contractor for 
testing.  

Ductwork branch connections shall be shoe type as fig 106 in DW144, spigot type 
branches shall not be acceptable.   

The Sub-contractor shall ensure that sufficient dampers are provided to regulate and 
balance the system. Dampers on grilles or diffusers shall be used only for balancing of 
external air distribution devices in a common branch. All dampers shall be sufficiently rigid 
to prevent vibration within the systems, when absorbing the additional available pressure 
of the system.  

PRODUCTS 
  
A specialist ductwork Sub-contractor shall be employed by the Sub-contractor to fabricate 
install and test a range of ductwork that shall be used for general ventilation, air 
conditioning or comfort cooling.  

 305 DAMPERS, FIRE AND SMOKE, METAL DUCTWORK  

The ductwork system shall be provided with fire dampers in locations corresponding to the 
appropriate fire separation barriers. Actuation of the dampers shall be in accordance with 
SHTM81 Fire Code, and the Fire Consultants Strategy Report, subject to the separation 
performance of the barrier.  
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Where actuation of the damper is via the fire alarm system the damper shall be motorised 
to facilitate re-opening after testing of the fire alarm system.  Dampers utilising fusible link 
operation only shall be provided with local mechanical indicator on the side of the fire 
damper.  Dampers with motorised operation shall be monitored via a separate electronic 
remote monitoring system.  

Fire dampers MUST be fitted with the correct installation frame and supports.  

Fire rated ductwork shall be utilised where the use of fire dampers is inappropriate.  

The smoke damper control panel must be capable of being fully interrogated by the 
building management system through the independent network protocol. 

Smoke control dampers shall be provided in the positions as indicated on the drawings 
and shall be suitable for mounting in the horizontal or vertical plane. They shall be certified 
by the manufacturer to have been tested to the temperature time curve of BS ISO 10294, 
for a period of 4 hours with a classification of ES 240 in the fully closed position with 
power off. 

Smoke control dampers shall have factory fitted installation frames to HVCA 10.1.83 
specification and the sub-contractor shall allow for all additional framing, supports and 
bracing securing the damper to the structures, to the satisfaction of the Building Control 
Officer. 

All smoke control dampers shall be supplied with a factory fitted actuator, complete with 
integral micro switches and controlled mechanical fail safe operation of not more than 20 
seconds.    
  
The totally enclosed precise movement with British Standard 5588: Part 9999: 1999 
should be held in the open position by means of a thermally actuated device set to 
operate at approximately 74 °C. Automatic smoke and fire control dampers are fire rated 
dampers as they are held in the reset (Open) position by a thermally actuated device. 

The totally enclosed precise movement opposed blade drive shall be positioned out of 
airstream for protection against damage, be hard wearing and free running. 
  
The control mode/damper connection shall be by means of the drive interface mechanism, 
which shall be totally independent of the ductwork. 
  
Automatic smoke release dampers with their appropriate control modes shall have spring 
fail-safe open operation. 

The Sub-contractor shall be responsible for allocating a unique reference number to each 
damper per system and produce a schedule for the purposes of carrying out the 
inspection and testing of all installed smoke/fire dampers. Upon completion of the tests, 
the certificates, with the schedule must be issued confirming that all dampers have been 
inspected and function correctly in accordance with the manufacturer's data sheets. The 
ductwork Sub-contractor is to allow for subsequent demonstration of all fire/smoke 
dampers to a witnessing party. Access door requirements as DW144 Appendix M require 
unique numbers to be identified on the fire damper and also on installation / record 
drawings, damper control graphics and within a schedule to be included in the O& M 
instructions. 
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The Sub-contractor shall be responsible for ensuring the mechanical inspection and 
testing of all smoke/fire dampers installed on the contract is carried out with the smoke 
damper control specialist testing and in attendance same time. Upon completion of the 
tests, the certificates must be issued for confirming that all the dampers have been 
inspected and that they function correctly in accordance with the manufacturer's data 
sheets. 
  
The dampers shall comply to Class A and B of Eurovent Document 2/2 and Test 
Procedures for Classes A, B and C of HVCA Ductwork Specification DW144. 

  
305A DAMPERS, FIRE AND SMOKE, METAL DUCTWORK  
  

The slam shut curtain fire dampers shall have a stainless steel folding curtain having 
unbroken movable joints, stainless steel constant tension closure springs for positive 
closure and stainless steel peripheral gasketing. 
 
The self resettable, latching removable release mechanism cassette, shall ensure the 
closure of the stainless steel curtain under full fire conditions. The housing shall be 
galvanised steel fully welded spigotted type casing suitable for square, rectangular, 
circular or flat oval connections. 

The spigotted casing with continuously welded corners and spigot connections makes 
these dampers suitable for inclusion into air distribution systems to the test methods of  
Eurovent Class A, B & C and HVCA Ductwork specification DW144. 

 
 •  Standard: To BS EN 1366-2.  
 •  Type: Multi-blade.  
 •  Manufacturer: Sub-contractor to submit proposals. 
 - Product reference: Sub-contractor to submit proposals. 
 •  Material: Stainless steel.  
 •  Accessories: External visual indication of fire damper blade position.  
 •  Fusible links fusing temperature: 72°C.  
 
 
 

 310 DAMPERS, NON-RETURN 
  

Non return dampers shall be installed as shown on the drawings. They shall automatically 
shut of individual sections of an air conditioning system.  
 
The damper shall be selected for the type of system (constant or variable volume).  

 
 •  Standard: To BS EN 1751.  
 •  Manufacturer: Sub-contractor to submit proposals. 
 - Product reference: Sub-contractor to submit proposals. 
 •  Leakage through closed blades: Class 0.  
 •  Casing leakage: Sub-contractor to submit proposals. 
 •  Pressure: Sub-contractor to submit proposals. 
 •  Material: Galvanized sheet steel frame and aluminium blades.  
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 330 DAMPERS, SHUT OFF  
  

Shut of dampers shall be suitable for air conditioning and ventilation systems requiring air 
control and low closed blade leakage characteristics. For standard low/medium pressure 
and velocity systems. 
  
Air control and system balancing shut-off dampers shall comprising of  stainless steel 
aerodynamic blades with synthetic trailing edge blade seals, synthetic blade end bearings 
and stainless steel top and side spring tempered flexible gasketing. Dampers to have a 
maximum closed blade leakage of 27 l/s at 1000 Pa when measured on a 1000mm wide x 
1000mm high damper. Housed in a galvanised mild steel frame having integral peripheral 
flanges.  

 
 •  Standard: To BS EN 1751.  
 •  Manufacturer: Sub-contractor to submit proposals. 
 - Product reference: Sub-contractor to submit proposals. 
 •  Leakage through closed blades: Sub-contractor to submit proposals. 
 •  Casing leakage: Sub-contractor to submit proposals. 
 •  Pressure: Sub-contractor to submit proposals. 
 •  Setting: Sub-contractor to submit proposals. 
 •  Material: Galvanized sheet steel.  
 •  Control method: Electric and electronic.  

 340 FLEXIBLE DUCTWORK 
  

Flexible ductwork shall not be used in runs that are more than 1.0m. Fixed ductwork shall 
terminate not less than 450mm from terminal equipment. Actual lengths of flexible 
ductwork when fully extended shall not exceed 125% of the connection distance. 
  
Where the flexible ductwork is to be insulated, this shall be factory applied of a type 
approved for the application and to the thermal conductivity equivalent to the adjacent 
thermal insulation, and shall be Class O fire rated. 

 
 •  Standard: To HVCA DW/144.  
 •  Manufacturer: Sub-contractor to submit proposals. 
   - Product reference: Sub-contractor to submit proposals. 
 •  Material: As specification U10.  

 370 PRESSURE STABILISERS 
  

Pressure control flaps/pressure stabilisers are to be installed as shown on drawings. The 
flap/stabiliser shall accurately control the differential air pressure between adjacent rooms, 
and the blades close fully as soon as the pressure differential drops below the required 
level. This diverts the airflow to pass through an open door forcing back airborne 
contamination. 
  
The damper shall come with a Standard Finish: RAL9010 powder coated white with 
antimicrobial protection as standard.  
  
Bearings shall be stainless steel ball roller type sealed for life ball bearings. Pressure 
Control Range shall be 3 - 50 Pa with a setting accuracy of +/- 1 Pa. Where required the 
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flap/pressure stabilisers shall come complete with fire/fire smoke damper.  
  
The fire/smoke damper shall be standard smoke/fire damper integrity tested to BS EN 
1366 for 245 minutes - ES classification (ES245).The fire/smoke damper shall be enclose 
in a case with the flap/stabiliser as one unit and the entire case shall be powder coated 
white with antimicrobial protection as standard. The fire damper must be compatible and 
be capable of being controlled by the fire damper control panel/system.   

 
 •  Manufacturer: Sub-contractor to submit proposals.  
   - Product reference: Sub-contractor to submit proposals.  
 •  Material: Stainless steel flap and adjustable balance weight assembly.  
 •  Wall mounting casings material: Sub-contractor to submit proposals. 
 •  Control pressure of balance weight: Sub-contractor to submit proposals. 

 380 ACCESS DOORS 
  

An access panel shall be provided adjacent to all items of in-line equipment that require 
either regular servicing or intermittent access. 

Access doors shall not generally be less than 450 mm long by the full width of the duct on 
sizes up to 450 mm wide. For ductwork sizes up to 600 mm wide, access door shall not 
be less than 450 mm x 450mm clear opening. Ductwork sizes for 600 mm-900 mm shall 
have not less than 600 mm x 450 mm access doors. For ducts with longest dimensions 
below 300 mm Level 2 access doors DW/144 Table 25 shall apply. For ductwork with 
sides longer than 900mm access door sizes shall be agreed with the Sub-contractor. 
Where man access  into ductwork is possible then the supports and fixing shall be 
suitable to support the weight of an occupant and tools.  Access doors shall be installed 
adjacent to all coils and batteries for inspection and cleaning. 

Access and inspection opening locations shall be in accordance with Part 7 of DW/144 
and suitable to comply with the requirements of TR/19 with the exception of above and the 
following.  

All doors shall be fitted with rust-resistant quick release fasteners and those in the riser 
shafts shall be supplied with an approved retaining device fixed to door and frame. Access 
doors shall be capable of withstanding the respective system test pressures referred to in 
Table 1 of DW/144.  

All access doors are to be pre-insulated and shall be constructed and installed in such a 
manner that the internal face of the duct and door is maintained when fixed. On insulated 
services all access doors shall be fitted with raised stools which shall be equal to the 
depth of the insulation. For tender purposes assume insulation thickness of 38 mm. All 
insulation finishes shall be extended to the neck size of the access door with the access 
doorframe returns exposed on the surface of the insulation finish.  

Ductwork test holes shall be required to be drilled in the locations recommended in SHTM 
2025/03-01 (Commissioning) and identified by the commissioning engineer. Test holes 
shall be drilled and located in accordance with the requirements of BSRIA Application 
Guide 3/89 Section C3.2 at the positions confirmed by in situ marking or marked up 
ductwork drawings. Each test hole to be sealed with a top hat grommet. Locations shall 
not be limited to those described.  

Access doors, panels and covers other than those regarded as standard practice (see 
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DW/144) shall be marked on the manufacturers drawings issued for comment or noted 
below or in other sections of this specification, including type to be used.     

Details of large access openings shall be agreed and shall be:-  
 
Fitted in readily accessible locations and suitable for the purpose. 
  
Provided to the sizes, requirements and positions recommended in DW/144 and this 
specification and on the drawings, utilising suitable proprietary products, which meet the 
relevant pressure classifications.  Provided adjacent to duct mounted filters, cooling coils, 
fans, heating coils, humidifiers, and all dampers including hand fire and smoke dampers to 
facilitate easy cleaning and maintenance.  
 
For air-conditioning (A.C) systems access doors provided for Level 3 access and for other 
ventilation systems Level 2 access is provided all as indicated on DW/144 Table 25.  

Access doors shall be sealed, to ensure an airtight seal with a soft EDPM full-face gasket 
secured to the ductwork with an approved adhesive. Fire rated to match the standard of 
ductwork in which they are installed. Insulated in all thermally insulated ductwork to match 
the insulation value of the associated lagging and maintain the vapour barrier.   

FABRICATION 
  
Ductwork used for general ventilation system (including air-conditioning and comfort 
cooling) shall be manufactured from sheet steel and may be rectangular, circular or flat 
oval as indicated on the scheme design drawings. Ductwork constructed from an 
alternative material shall be agreed with the Contractor and clearly indicated on the 
scheme drawings. Ductwork, shall generally be constructed from zinc coated Steel as 
described in DW/144.  

The specialist ductwork Sub-contractor shall be responsible for:-  

Reviewing associated Architects and Structural Engineers drawings to confirm routes, 
availability of supports etc. Site measuring built structures to confirm suitability of routes, 
co-ordination (with the structure).  
 
Provision of manufacturing/installation and builderswork drawings associated with the 
ductwork system.  
 
Provision of support details and proposed locations. This shall be via manufacturing 
drawings and mark-ups on Architectural/Structural engineers' scheme drawings.  

Co-ordination and installation of all ductwork components not directly supplied by the 
ductwork Sub-contractor.  
 
Manufacture and supply of all ductwork, and associated components. Installation, air 
leakage testing, and component operation testing of the ductwork systems and their 
associated equipment. Preparation of as-fitted ductwork drawings - issued as electronic 
copy and hard copy at a scale of 1:50 or 1:25.  
  
All the forgoing responsibilities shall be co-ordinated and integrated within the agreed 
programme of installation.  
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520 FIRE RATED AND SMOKE EXTRACT DUCTWORK AND FITTINGS 

Where indicated on the scheme drawings or where passing through fire rated 
rooms/enclosures, ductwork shall be of fire rated construction equal to the room/enclosure 
through which it passes, in accordance with the Fire Consultant’s Strategy Report and 
NHS Fire Code SHTM 81. The Sub-contractor shall review the fire strategy and architects 
drawings. 
  
The location of the fire enclosing structures and their value (in hours) are indicated on the 
Architects drawings. 
 
The ductwork shall be constructed as a complete system to provide the rated protection 
for stability, integrity and insulation when tested in accordance with SHTM 81 and BS. Any 
components within the system shall maintain the overall integrity in accordance with the 
test procedures.  
  
Where ductwork services penetrate fire rated walls and cavity barriers, the penetrations 
shall be sealed after installation by the main contractor using a proprietary fire 
sleeve/sealant as manufactured by specialists.  
  
The ductwork systems shall be fire stopped where appropriate. Where plastic ductwork is 
specified the ductwork Sub-contractor shall supply and fit to ductwork intumescent 
sleeves for the main contractor to finish too.  
  
 The ductwork shall be constructed as a complete system to provide the rated protection 
for stability, integrity and insulation when tested in accordance with BS476 Part 24. Any 
components within the system shall maintain the overall integrity in accordance with the 
test procedures. 
  
All fire rated ductwork shall be constructed and installed by a specialist supplier who shall 
certificate the complete system to the approval of the Local Authority Building Control 
Officer. 
  
The standard of fire stopping shall give greater or equal fire resistance as the construction 
through which the service penetrates. Where sheet steel or rolled steel section sealing 
flanges are required the ductwork Sub-contractor shall provide them. 

Cleanliness and leak tests shall be as main ductwork section. 
 
 •  Standard: To HVCA DW/144.  
 •  Fire resistance to BS 476-24: As this specification.  
 - Stability: To meet room requirements.  
 - Integrity: To meet room requirements.  
 - Insulation: To meet room requirements.  
 •  Accessories:  
 - Materials: Compatible with ductwork.  
 - Finish: Match ductwork.  

 530 PLASTICS DUCTWORK AND FITTINGS, CIRCULAR (No plastic ductwork shall  
 be used without prior written agreement of the Contractor) 
 
 •  Standard: To HVCA DW/154.  
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 •  Environmental conditions for plastics ductwork: As drawings.  
 •  Material: As drawings.  
 •  Regulating dampers: As drawings.  
 •  Flexible joint connections: Fit on fan inlets and outlets and at building expansion joints.  
 •  Hangers and supports  
 - Strength requirements: To BS EN 12236.  
 •  Access openings: As required. 

 550 SHEET METAL DUCTWORK AND FITTINGS, CIRCULAR 
  

Standard components shall be used wherever practical.  Circular ductwork supports shall 
be as Figures 65 (drop rod studding only) or 66(DW/144).  

 
 •  Standards: To HVCA DW/144, BS EN 1506 and BS EN 12237.  
 •  Air leakage testing: As classification requirement.  
 •  Special installations: Not applicable.  
 •  Material: Suitable for system and as drawings.  
 •  Construction: Spirally wound.  
 •  Regulating dampers:  
 - Balancing type: Suitable for system and as drawings.  
 - Operation: Suitable for system.  
 - Material: Suitable for system.  
 •  Flexible joint connections: Fit on fan inlets and outlets and at building expansion joints.  
 •  Hangers and supports  
 - Strength requirements: To BS EN 12236.  
 •  Access openings:  
 - Function:  
 -  Inspection; 
 -  Cleaning; and 
 -  Maintenance.  
 - Sizes: As DW 144 and Part  U10.  

560 SHEET METAL DUCTWORK AND FITTINGS, RECTANGULAR  
 

Any duct with an aspect ratio greater than 4:1 shall be supplied with a central splitter. For 
all slide-on flange systems (Mezz or similar) with bolted corners, joints on all systems to 
be further secured with intermediary fastenings to the Manufacturer's recommendations. 
Only full girth stiffeners shall be used. Dimpling, self-tapping screws and piercing screws 
shall not be used as fasteners on ductwork. Turning vanes shall be double skinned as 
(DW/144) and attached to ductwork using guide rails as indicated in DW/144. Access 
doors are required in accordance with HVCA guide TR/19 Tables 2 and 3.  
  
The ductwork Sub-contractor may use radius bends as Figure 29 (DW/144) as an 
alternative, enabling turning vanes to be omitted.  

 
 •  Standards: To HVCA DW/144 and BS EN 1505.  
 •  Air leakage testing: As classification requirement.  
 •  Special installations: Not applicable.  
 •  Material: Suitable for system and as drawing.  
 •  Regulating dampers:  
 - Balancing type: Suitable for system and as drawing.  
 - Operation: Suitable for system.  
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 - Material: Suitable for system.  
 •  Flexible joint connections: Fit on fan inlets and outlets and at building expansion joints.  
 •  Hangers and supports  
 - Strength requirements: To BS EN 12236.  
 •  Access openings:  
 - Function:  
 -  Inspection; 
 -  Cleaning; and 
 -  Maintenance.  
 - Sizes: As DW 144 and Part U10.  

EXECUTION 
  
The Sub-contractor shall ensure all works carried out shall be done is a safe manner and 
comply with Health and Safety Regulations. This shall include clean and tidy working and 
working in confined spaces.  

 610 GENERAL 
 
 •  Cut edges on ductwork, flanges and supports: Smooth and burr free.  

 630 INSTALLATION OF PLASTICS DUCTWORK 
 
 •  Standard: To HVCA DW/154.  
   - Other requirements: Generally no plastic ductwork shall be used.  
 •  Installing flexible joint connections: Minimize pressure drop.  

 640 INSTALLATION OF SHEET METAL DUCTWORK 
 
 •  Standard: To HVCA DW/144.  

  - Other requirements: Hangers and supports shall be generally as Table 15 of DW/144 
     or with manufacturer's proprietary devices with the following qualifications.  

 •  Installing flexible joint connections: Minimize pressure drop.  

 650 SUPPORT OF AIR TERMINALS UNITS IN CEILING GRIDS 
 
 •  Standard: To HVCA DW/144.  
 •  Special supports: Supply and extract grille/ diffuser supports shall be as manufacturers  
 detail.  
 •  Position: The Sub-contractor is responsible for the co-ordination of the reflected ceiling 
              layout. 

 670 DUCTWORK SUPPORT FOR VAPOUR SEAL CONTINUITY 
 
 •  Method of support:  
 

The horizontal bearers shall be steel profiled section such as Uni-strut or similar 
proprietary support system. The horizontal bearers shall have a galvanised finish, and 
plastic end-caps. A medium density Class O rubber or EDPM gasket shall be provided 
between the ductwork and the support bearer horizontal surface. The gasket shall not fully 
deform under load. The ductwork Sub-contractor shall calculate the support system 
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selected. Horizontal supports shall not be used as secondary supports for additional 
services without prior approval. Calculations shall include the additional loads imposed by 
the agreed additional services. Multi-tier ductwork runs shall all be supported on individual 
horizontal bearers with single length common support rods sized for the combined load of 
all ducts being supported. Multiple section drop rods shall not be accepted. Insulated 
ducts with vapour sealing shall be provided with a timber or composite material isolating 
member between ductwork and the support bearer, either horizontally (rectangular 
ductwork) or circumferential (circular/flat oval ductwork). 
  
The isolating member shall be the full depth of the insulation and shall have the insulation 
finish/vapour seal and where applicable encasement extended without a break at least 1 
duct width or diameter either side of the support channel. The isolation rubber gasket shall 
also be included. The ductwork Sub-contractor shall include an allowance for insulation on 
all faces of ductwork when setting out in horizontal and vertical planes. Supports or 
bearers, that interrupt or penetrate the insulation or vapour seal, shall not be accepted. 
 
The ductwork Sub-contractor shall provide a standard sheet of support details cross 
referenced with the manufacturing and installation drawings. Where cantilever brackets or 
other special forms of support are indicated, they shall be structurally strong enough to 
take the load and to transfer the imposed load to the building structure. The Contractor 
may require design and supporting calculations for comment prior to manufacture.  

 690 DRAINAGE OF DUCTWORK 
 
 •  Ductwork: Install to drain entrained moisture  
 •  Joints: Lap to minimize moisture leakage.  

 700 TEST HOLES 
 
 •  Location: In accordance with CIBSE Commissioning Code Series A and HVCA DW/144.  

 710 CONTROLS AND SENSING EQUIPMENT 
 
 •  Install sensors and test points to suit specialist control and sensing equipment.  

 720 WEATHERPROOFING 
 
 •  All duct work penetrations to the external shall be weathered by the  
 main Contractor.  
  
740 INSTALLING CONTROL EQUIPMENT 
 
 •  General: Fit sensors, damper motors and other control equipment.  

 760 ACCESS TO DAMPERS FOR RESETTING AND MAINTENANCE 
 
 •  Location: Provide access to damper mechanisms on fire dampers; smoke dampers;  
 combined smoke and fire dampers; and volume control dampers through access doors,  
 false ceilings etc. Where more than one fire damper is installed in a frame provide access  
 to all fire dampers.  
 •  Fire links: Provide access so that they can be replaced.  
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 790 DUCTWORK CLEANLINESS & VERIFICATION 
 

Refer to section U80 above.  
   

 915 CLEANING OF KITCHEN EXTRACT SYSTEMS 
 
 •  Cleaning: In accordance with HVCA TR/19.  
 •  Method of test: Deposit thickness test.  
 •  Method of cleaning: As section 7 TR/19.  
 •  Post clean verification of cleanliness report: Submit.  

 940 AIR LEAKAGE TESTING OF MEDIUM PRESSURE DUCTWORK 
 
 •  Standard: To HVCA DW/144.  
 •  Procedure: Carry out tests. Submit report.  
 •  Extent: Random testing of 10% maximum of the ductwork system.  
 •  Test pressure: To HVCA DW/144.  
 •  Documentation: Submit calculations used to arrive at the allowable loss for the section to  
 be tested.  

 950 AIR LEAKAGE TESTING OF PLANT ITEMS 
 
 •  Standard: To HVCA DW/144.  
 •  Procedure: Include in-line plant with certificate of conformity for pressure class and air  
 leakage classification for system under test.  

 960 FIRE DAMPER SPARES 
 
 •  Fusible links: Supply spares.  
   - Quantity: 4 no full set of spares. 
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 U81 AIR HANDLING UNITS 

PRODUCTS 

Packaged supply and extract air handling plants shall be provided as defined in the 
schedules of equipment and as indicated on the drawings, or as defined further in this 
specification.  
  
The air handling unit and fan supplier shall select the internal components of the plants, 
such that the overall system resistance does not result in system fan power being 
excessive.  
  
The Sub-contractor shall obtain from his proposed supplier calculations to demonstrate 
that the Building Regulation requirements for Specific Fan Power, etc are being met along 
with his technical submission.  

All items of the AHU plant and system controls must be capable of being fully interrogated 
by the building management system through the independent network protocol.  

310 AIR HANDLING UNITS 
 

The supply and extract air handling plant shall in all respects comply and align with the 
requirements and recommendation detailed within the Health Technical Memoranda 
(SHTM/HTMs), in particular SHTM/HTM 2025/03-01 and 08-01, except where specifically 
noted within this specification.   

The AHU shall be arranged so that the majority of items are under positive pressure. Any 
item of plant requiring a drain should be on the positive pressure side of the fan. 
  
AHU Plants shall be of a rigid, air tight, assembly and constructed in unitary form or 
consist of standard modular components, assembled to ensure even airflow throughout 
plant with no by-passing of active components. Sealing strips shall be provided between 
all component parts. Factory joints shall be fully tightened and all necessary sealing strips, 
nuts, bolts and washers etc. being provided for site made joints. The units shall be 
suitable for operating against closed dampers, i.e.no flow conditions during normal and 
fire operation. Panels penetrated by service pipes, electrical cables etc. shall be sealed 
together with all joints having an air leakage integrity at design pressure which is not less 
than the integrity of the associated ductwork systems.  
  
The units shall incorporate gradual change section pieces between sections to minimise 
pressure drops, with spacing of components to manufacturer's recommendations to 
ensure satisfactory operation at each stage and allow access for inspection, cleaning and 
maintenance. The inside surfaces shall have smooth and easy clean finishes free from 
structural projection. The location of fan motor, fan belts, filters etc. shall be as detailed in 
the schedules and on the drawings.  
  
All modular constructed plants shall be provided with purpose made base frames. Bases 
shall be of sufficient height to accommodate drainage traps from dehumidifiers, 
humidifiers etc. All plants shall be provided with sufficient access panels/doors and 
viewing windows to allow maintenance and repairs to be carried out. Coils used in air-
handling units shall be rated in accordance with EN 1216. On larger plants, split/multiple 
coils shall be used. 
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Construction shall be such as to withstand maximum fan static pressure without 
deformation and with panel deflection of not more than 1/120 of maximum panel 
dimension under operating conditions.  

Energy recovery shall be via a plate heat exchanger or thermal wheel (fitted with a purge 
sector), depending on the type of unit. Cleaning access shall be required to both sides of 
any energy-recovery device. 

Where units incorporate humidifying plant, recuperators or cooling coils, the internal 
surfaces of the units liable to be affected by any free water produced shall be protected by 
anti-corrosion paint (white) or a similar finish. Such units shall have adequate drain trays 
to collect water; the drain trays shall be extended, or other means of collection shall be 
provided to ensure the removal of any water deposited or condensed in adjacent sections. 
  
Trays collecting cooled water shall be insulated to prevent condensation on the outer 
surface. All the surfaces/features shall be suitable to withstand regular cleaning with a 
water solution containing 5ppm chlorine, such as 316 stainless steel. Internal sloping 
surfaces for humidifier and cooling coil sections to fall to drain. All drains shall be provided 
with glass U-traps suitable to withstand twice the negative/positive pressure produced by 
the fan and have a screwed access for cleaning and filling as indicated in TM13 
(Minimising the risk of Legionnaire's disease) and as further defined in Department of 
Health Guidance Notes. Certified type test performance certificates shall be issued on 
completion of plant testing for fans, coils, filters and electric motors etc. Fire rating type 
test certificates shall be provided for filters. Individual pressure testing certificates shall be 
provided for coils. Specific fan performance curves shall be provided and these are to 
relate to the unit ESP with clean filters. 
  
All wiring from fans is to be taken through the unit casing and a 2 metre tail left for 
connecting to inverters supplied by the controls specialist 

Viewing ports and internal illumination shall be fitted to facilitate routine inspection of the 
AHU. Viewing ports should be at a convenient height so that temporary ladders are not 
required. Internal illumination should be provided by fittings to at least IP55 rating. Fittings 
shall be positioned so that they provide both illumination for inspection and task lighting. 
All of the lights in a unit shall be operated by a single switch.  

Space for the future installation of impregnated carbon filters shall be provided in all 
supply AHUs due to the Hospital site being in the same district as the Scottish Water 
sewerage works. The type of carbon filters and hence space allowance shall also be 
capable of dealing with intermittent smells from the helicopter landing pad. Space shall 
also be included for upgrading the G4 panel pre-filters to F7 grade when the carbon filters 
are fitted. 

The AHU's manufacture shall allow for the pressure drop caused by the carbon filters and 
F7 pre-filter in their calculations.  

 •  Standard: To BS EN 13053.  
•  Sub-contractor to provide technical submissions for review.  These are to include 
    workshop drawings. 

 •  Construction: Double skin.  
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320 AIR CONTROL DAMPERS 
 

Motorised low leakage shut off dampers shall be located immediately behind the intake 
and discharge of each supply and extract system respectively. They shall be of the 
opposed blade type, opening through a full 90o and must close automatically in the event 
of power failure or plant shutdown to prevent any reversal of the system airflow. 
  
A manually operated isolating damper should be installed between the main AHU and its 
distribution system to enable the unit to be isolated when cleaning is in progress. 

 
 •  Function: Shut off.  
   - Damper position: Dampers are to be rigid, with square connections fitted with end and 
                    edge seals of a flexible material and with minimal play in linkages. The leakage on 
                    shut-off should be less than 2%. 
 •  Damper control: Motorized.  
 •  Type: Multi-blade damper, opposed blade.  
 •  Material: Manufacturer's standard.  
 •  Ancillaries Locking device and Position indicator.  

330 FILTERS 
 

Filters shall be securely housed and sealed in well-fitting frames that minimise air by pass.  
 
Mounting frames should be designed so that the air flow pushes the filter into its housing 
to help minimise air bypass. Mounting frames shall be capable of being withdrawn so that 
the filter can be changed without having to reach into the unit. 
  
Neither the filter media, nor any material used in the construction of the filters, should be 
capable of sustaining combustion  
  
All filters sections should be provided with direct reading dial type gauges marked with 
clean and dirty sectors to visually show filter status. 
  
A complete spare set of filters shall be provided at handover. Filter grades to be as 
schedule. 
 
Refer to section U83. 

340 HEAT RECOVERY 

Heat recovery shall be provided to air handling units and be of the type as indicated on 
the schedules. 

Refer to section U85. 
 
350 HUMIDIFIERS 
 

 Packaged steam humidifiers shall be provided to air handling units as indicated on the 
schedules. 
 
Space shall be included within Operating Theatre air handling units for the provision of 
humidification in the future. 
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Refer to section U86. 

360 PREHEATERS 
  

Duties as schedule. 
 
Frost coils shall be plain tube without fins, where practical.  Where this is not practical 
coils with fins at 6mm spacing shall be used. 
 
Refer to section U84. 

 370 COOLING COILS 
 

Duties as schedule. 
 

Refer to section U84. 

 380 REHEATER 
 
Duties as schedule. 
 
Refer to Section U84. 

 390 FANS 
 

Fans shall be selected to limit the total system (supply and extract fans) specific fan 
power, as described in the 'Non-Domestic Heating, Cooling and Ventilation Compliance 
Guide – Section 10. External system resistances for air handling units and fans are given 
in the schedule. 
 
Fans shall be centrifugal fans with backward curved aerofoil blades, and give an efficiency 
of not less than 78%. 
  
Fans shall be positioned to 'blow through' the central plant so that the cooling coil and 
humidifier drains shall be under positive pressure.   
 
Where a centrifugal fan is located with an open intake, the clear distance between the 
suction opening and the nearest wall should be not less than half the diameter of the inlet. 
If two fans with free inlets are positioned within the same chamber, their adjacent suction 
openings should be at least 1 diameter apart. 
  
Fan/s and drive/s shall be provided with mounting frames and isolation mountings. 
 
Motors shall be located externally. On externally driven fans, drive connection or belts 
shall be provided with airtight seals to prevent leakage. Externally driven fans shall have 
suitable anti-vibration mountings and frame with flexible connections to the fan sections of 
the unit. Fan-drive trains, whether supply or extract, should be easily visible without the 
need to remove access covers. 
 
Fan drives shall be protected by a mesh guard.  
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All fans shall be controlled by inverter speed control drives supplied by the controls 
specialist. 
  
Fans shall be capable of being direct start with fixed speed and manual operation in the 
event of a computer control system failure or software fault. 
  
Particularly attention shall be given to critical care systems serving operating suites, high 
dependency care units of any type, isolation facilities, laboratories and pharmaceutical 
production suites in this regard. 

 •  Performance: In accordance with BS 6583.  
 •  Type of fan: Centrifugal.  
 •  Motor mounting: The fan motor shall be external to the air stream.  
 •  Blow through units: Arrange section to allow uniform velocity profile downstream.  

 
 Refer to Section U82. 

 405 ATTENUATOR 
 

Where attenuators are located within the air handling unit they shall be the same cross 
sectional area as the AHU and have diffusion plenums as necessary.  
  
Cleaning access should be provided at both ends of any attenuator unit. 
 
Attenuators shall meet SHTM/HTM 2025/03-01 and this specification. 
  
The splitters shall be fitted with 0.8mm mild steel galvanised bull nosed entries and exits 
to reduce pressure drop. 

Normally the attenuators shall be installed with the splitters in the vertical plane. However 
in some circumstances, i.e. close to a vertical bend it may be necessary to install with 
splitters horizontally. In those circumstances the splitters shall be suitably stiffened to 
prevent flexing and restriction of the airway. 
 

 Refer to section U87. 

FABRICATION 
  
The Sub-contractor shall submit details of all mechanical equipment for comment and 
place orders in a timely fashion to ensure delivery as per programme  
  
The Sub-contractor shall protect the AHU's from damage or interference during the works.  
  
The AHU's shall be blanked off when delivered to site to prevent dust entering the AHU.  
  
The Sub-contractor shall include for the services of the manufacturer's skilled services 
engineers to start up, test and check all the AHU's and controls. This shall include all tests 
to prove that all the AHU equipment is working with and responding to the clients BMS 
network and head end. The units when commissioned shall be "Set Up" to give maximum 
efficiency.  The AHU's shall be witnessed by the Contractor before the plant shall be 
accepted from the Sub-contractor. The Sub-contractor shall allow for instruction of the 
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clients representative on the working of the equipment.  

 510 AIR HANDLING UNIT CASING CONSTRUCTION 
 

Supply air handling plants shall be of a packaged construction with a double skin casing, 
complete with thermal/acoustic insulation material between the two skins. Units shall 
house filters, coils, fans and motorised inlet dampers, etc. Heat recovery devices shall 
also be incorporated as detailed in the AHU schedule. 
 
Vibration isolation shall be provided in the form of spring anti-vibration mountings located 
under fan and motor bases with flexible connections from the fan discharge and the 
adjoining ductwork. 

 •  Standard: To BS EN 1886.  
 •  Details: The sub-contractor is to submit shop drawings and details of dimensions and 
     weight for review.   
 •  Thermal performance of casing, to form part of the technical submission.  
 •  Acoustic insulation of casing: To form part of the technical submission. 
 •  Fire protection: To form part of the technical submission. 
 •  Material: To form part of the technical submission. 
   - Finish: To form part of the technical submission. 
 •  Air handling unit feet: Base to suit AHU and depth of drain and pipe fall. 
 •  The Sub-contractor is to allow space to integrate the BMS controls into each air handling  
     unit, to serve that respective AHU, and liase with the BMS Specialist to integrate this. 

 520 AIR HANDLING UNIT ACCESS 
 
 •  General: Provide access openings and covers complete, including opening devices.  
 •  Seal: To prevent excessive air leakage.  
 •  Seal durability: For normal maintenance operations over at least 10 years.  
 •  Access type: Access doors/hatches as appropriate and where indicated on the drawings or  
 called for in SHTMs, shall be provided complete with handles, locks, keys and  
 latches to the same standards of construction and finish of unit. 
 
 Where the unit is large enough for a maintenance engineer to enter the unit, facilities for  
 local maintenance isolation of equipment and opening the doors from the inside shall be  
 provided. 
 
 The doors should be large enough e.g. 500mm minimum to allow easy access. Items  
 requiring infrequent access such as attenuators may be via bolted on, lift off panels All  
 doors/panels shall be provided with seals to prevent air leakage.  
 
 Access shall be provided as a minimum to fan chamber, dampers, filters, humidifiers and  
 both sides of heating and cooling coils. 
 
 Internal lights and double glazed viewing windows shall be provided into fan chambers,  

 either sides of coils, humidifier sections and where indicated on the drawings. Fittings 
within the unit shall be to IP55 standard and be operated from a single switch. 
Additionally, the cladding shall be capable of being easily removed as is necessary to 
obtain access for necessary inspection and maintenance and also for removal of large 
items of equipment.  

 All necessary items shall be assembled by means of nuts, bolts, anti-vibration lock 
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washers or approved quick release fastenings. Access doors on isolation suite extract 
shall have biohazard label affixed. 

  
 EXECUTION 
  
610 COMPONENT ASSEMBLY 
 
 •  Sealing: Provide gaskets between air handling unit sections to prevent air leakage from  
 casing.  
 •  Site drilling of air handling unit: Not permitted.  

 620A ACCESS 
 
 •  Access space: Position air handling units to allow space for maintenance and access.  
 

Access for servicing shall be as manufacture recommendations and drawings.  
  
As a minimum the Sub-contractor shall allow the width of the AHU for withdrawing the 
coils.  

 630 COIL INSTALLATION GENERALLY 
 
 •  Venting and draining: Set out pipeline to and from the coils to allow venting and draining of  
 the coils and piping.  
 •  Support: Do not support pipeline and valves on coil connections.  
 •  Access: Allow space to inspect and maintain the coils on both sides.  

 640 HOT WATER COILS INSTALLATION 
 
 •  Expansion: Connect pipeline to allow free expansion of headers and tubes.  

 650A DRAIN LINES INSTALLATION 
 
 •  All items of plant that could produce moisture must be provided with a drainage system.  
  

The system shall comprise a drip tray, glass trap, air break and associated drainage 
pipework. All parts of the drainage system must comply with SHTM 03-01.  
  
The drip-tray should be constructed of stainless steel, and be so arranged that it shall 
completely drain. To prevent 'pooling', it is essential that the drain connection should not 
have an up-stand; and that a slope of 1 in 20 in all directions should be incorporated to the 
drain outlet position. The tray must be completely accessible or, for smaller units, easily 
removable for inspection and cleaning.  

  
Where traps are fitted to plant located outside or in unheated plant rooms trace heating 
shall be required. The trace heating must not raise the temperature of the water in the trap 
above 5oC.  

 660 SERVICES CONNECTIONS 
 
 •  Entry points: Seal around electrical cable and pipeline entry points to prevent air leakage.  
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 •  Flexible cables: Provide between fan motor and local isolator.  

 670 ISOLATION OF AIR HANDLING UNITS 
 
 •  Electrical connections: Provide means of isolating air handling units electrically.  
 •  Pipe connections: Provide means of isolating pipelines to air handling units.  
 •  Steam: Provide means of isolating steam to humidifier when access door is opened.  

 680 SUPPORT FOR AIR HANDLING UNITS 
 
 •  Method: Purpose made raised frame, with sufficient clearance for drains and traps.  

COMPLETION  
  
During the flushing of the pipework system the AHU coil must be by passed or 
disconnected.  
  
Under no circumstances shall the Sub-contractor flush though the coils  
  
The units shall be supplied initially with one complete set of spare filters and a further set 
is to be offered for handover to the client at the end of the contract. This set should be 
carefully packed and labelled for each plant and filter type.  
  
Alongside each filter gauge a permanent label is required with the following information:-  

 
 Type (pre, bag, final etc.)  
 Grade  
 Size  
 Clean PD (at full speed)  
 Dirty PD (at full speed)  

 910 PRE-COMMISSIONING OF COILS 
 
 •  Preparation:  
 - Remove protective covering.  
 - Check frost protection and drain if heat is not available in freezing conditions.  
 - Straighten fins.  
 •  Cleaning and chemical treatment: Use chemicals compatible with the materials in the coils.  

 920 AIR LEAKAGE TESTING 
 
 •  Testing: In accordance with HEVAC Guide to air handling unit leakage testing.  

 930 TESTING 
 
 • Test location: On site before incorporation in works. (Selected factory testing/inspection 

may be carried out)  
 •  Test results: Submit.  
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U82 FANS 

PRODUCTS 
 
All fans shall be type tested to BS.848 and a type test certificate shall be provided for 
each type of fan supplied. All fan duties shall be at an air density of 1.2 kg/m³ at 1.01325 
bar and 15°C. Fan outlet velocities shall not exceed 10.00 m/s. Each fan shall be provided 
with dedicated fan performance curves, with the duty selection, absorbed power 
requirements, motor selection and sound power levels clearly indicated.  

All fans shall be selected for low noise.  

All fans shall be low energy type.  

All fan's and system controls  must be capable of being fully interrogated by the building  
management system through the independent network protocol.  
 
All fans are to be inverter driven. 

 310 AXIAL FLOW FANS 
 

Axial flow fans shall be of the long case pattern with a heavy gauge mild steel casing  
galvanised after fabrication, flanged and drilled at each end.  
 
The impeller shall be of multi-blade aerofoil section constructed from die cast aluminium 
or heavy-duty steel. The hub design shall allow for manual adjustment of the blade pitch 
angle. Multi-stage axial fans shall be arranged with contra-rotating stages. 
 
The impellers shall be directly driven through a totally enclosed motor with ball or roller 
bearing to suit the application. The fan motor shall be sized so that a blade pitch angle 
adjustment of the impeller of up to 2° shall be possible without a change of motor. During 
assembly of each fan the fan impeller shall be statically balanced to a level of 4.5 mm/s 
RMS at the fan feet. All bearing lubrication shall be extended to the outside of the casing. 
Axial fans shall be complete with anti-vibration mounts, flexible connections and matching 
flanges for duct connection and bellmouths and guards where fans are in free air. Motor 
terminal boxes shall be external to the casing and provide protection to IP55 as defined in 
BSEN.60529. 

 •  Performance: To BS 848-1.  
 •  Sub-contractor to provide technical proposals for review. 
 •  Mechanical safety: To BS 848-5.  
 •  Electrical safety: To BS EN 60335-2-80.  
 •  Dimensions: To BS 848-4.  
 •  Operating conditions:  
   - Environment: Sewerage works nearby.  
 - Air density: 1.20 kg/m3.  
 •  Operation: As schedule and drawings.  
 •  Inspection doors: Fit airtight inspection doors giving access to drive motors and other  
 components requiring regular servicing and maintenance.  
 •  Motor and drive: Match fan.  
 •  Material:  
   - Casing: Manufacturer’s standard. Sub-contractor to submit proposals.  
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   - Impeller: Manufacturer's standard.  
 •  Anti-vibration mountings: Manufacturer's standard.  Sub-contractor to submit proposals. 
 •  Flexible duct connections: Manufacturer's standard.  Sub-contractor to submit proposals. 
 •  Accessories: As schedule and drawings.  

 320 CENTRIFUGAL FANS 
 

Fan units shall be installed as detailed on drawings and fan schedules. External fans shall 
be weatherproofed and suitable for conditions.  
  
The assembly is dynamically balanced to DIN ISO 1940. Motors shall be constructed from 
aluminium and be suitable for speed control. 
  
Fans shall be suitable for horizontal through to vertical shaft operation. Supplied IP55, 
with removable drain plugs. 
  
Sealed for life bearings lubricated with wide temperature range grease. Motors shall be 
fitted with thermostat overheat protection as standard. Three phase motors shall be 
suitable for inverter speed control down to 20% of full speed where specified. 
  
Fans shall be fully cased, complete with an externally mounted pre-wired electrical 
terminal box. Casings shall be from sheet steel with integral pre-drilled inlet flanges. 
  
Casings shall have a galvanised finish to provide a high corrosion resistance  

 
 •  Performance: To BS 848-1.  
 •  Sub-contractor to provide technical proposals for review.  
 •  Mechanical safety: To BS 848-5.  
 •  Electrical safety: To BS EN 60335-2-80.  
 •  Dimensions: To BS 848-4.  
 •  Operating conditions:  
   - Environment: Sewerage works nearby.  
 - Air density: 1.20 kg/m3.  
 •  Operation: As Fan schedule.  
 •  Motor and drive: Match fan.  
 •  Casing: Manufacturer's standard.  Sub-contractor to submit proposals. 
 •  Inspection doors: Fit airtight doors in scroll and cover.  
 •  Mounting: As Fan schedule and drawings.  
 •  Material Galvanized sheet steel.  
 •  Anti-vibration mountings: Manufacturer's standard.  Sub-contractor to submit proposals. 
 •  Flexible duct connections: Manufacturer's standard.  Sub-contractor to submit proposals. 
 •  Accessories: As Fan schedule.  

 350 ROOF MOUNTED FANS 
 

The roof mounted extract/supply fans shall be located in the positions indicated on the 
drawings and in accordance with the relevant fan schedule. It shall be a low profile cowl 
manufactured in flame retardant GRP. 
  
The roof fan shall suit the roof profile. 
  
The fan shall be supplied complete with backdraught shutters, bird guard, purlin box curb, 
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hand guard, specific details of the curb and purlin shall be confirmed by the main Sub-
contractor. 

The Sub-contractor shall make due allowance for supporting the fan via the provision of 
purpose made trimmers between purlin. The trimmers shall be sized to adequately 
support the weight of the fans. 

The fan shall be supplied with all the control interfaces to integrate with the clients BMS 
system. 

 •  Performance: To BS 848-1.  
   - Inlet and outlet arrangement: Sub-contractor to provide technical proposals for review. 
 •  Sub-contractor to provide technical proposals for review.  
 •  Mechanical safety: To BS 848-5.  
 •  Electrical safety: To BS EN 60335-2-80.  
 •  Dimensions: To BS 848-4.  
 •  Operating conditions:  
   - Environment:  Sewerage works nearby.  
 - Air density: 1.20 kg/m3.  
 •  Operation: As Fan schedule and drawings.  
 •  Motor and drive: Match fan.  
 •  Anti-vibration mountings: Manufacturer's standard.  Sub-contractor to submit proposals. 
 •  Flexible duct connections: Required.  
 •  Flexible electrical connection: Fans electrical power shall be rated for outdoor use.  
 •  Accessories: As Fan schedule.  

 355 SMOKE EXTRACT FANS. 
 

Fans shall be the bifurcated type are indicated or required, the motor shall be outside the 
airstream. Motors may be placed between the two halves of the casing using ambient air 
for motor cooling. Where hot gases, vapours or corrosive fumes are being handled, the 
motor bearings shall be suitable for operation at the temperatures resulting for the 
processes involved. 
  
Fans shall be specially constructed for the temperature and the running duration specified 
during Fire/smoke condition.  

 
 •  Standard: To BS EN 12101-3.  
 •  Sub-contractor to provide technical proposals for review.  
 •  Electrical safety: To BS EN 60335-2-80.  
 •  Accessories:  
 - Flexible connections: Required.  
 - Vibration isolators: Manufacturer’s standard.  Sub-contractor to submit proposals.  
 •  Control: As schedule.  
 •  Starting device: As schedule.  

 360 TOILET EXTRACT FANS 
 

Dirty extract systems shall be provided with dedicated extract fans. The fans shall be 
arranged for duplicate operation in a run and stand-by configuration. 
 
The fans shall be of the centrifugal type with forward curved blades. The impellers shall be  
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belt driven. 
  
Each fan shall have its own dedicated motor and drive assembly mounted on a common 
base frame with spring anti-vibration mounts between the frame and the unit 
case/framework. 
  
The fans shall be arranged for auto changeover achieved via the BMS. On failure of the 
duty fan the stand-by shall start and run. The changeover shall also include the automatic 
activation of backdraught dampers. The fan enclosure shall be configured to allow 
continuous operation of the stand-by fan while the failed unit is removed for repair or 
replacement. The fan and motor shall be removed as a common assembly. 
  
The fans shall be housed in a common heavy gauge aluminium casing arranged for 
ducted inlet and outlets. 
  
The units shall be provided with airflow and failure monitors suitable for interfacing with 
the BMS. Auto changeover shall be undertaken by the BMS. 

 
 •  Performance: To BS 848-1.  
 - Inlet and outlet arrangement: As drawings.  
 •  Manufacturer: Sub-contractor to provide technical proposals. 
 - Product reference: Sub-contractor to provide technical proposals. 
 •  Sub-contractor to provide technical proposals for review.  
 •  Electrical safety: To BS EN 60335-2-80.  
 •  Operation: As schedule 
 •  Electrical supply type: As schedule.  
 •  Accessories:  
 - Access panel: Removable panel 
 - Controls: Speed controller to match fan, refer to BMS for further details.  
 - Silencer.  
 - Backdraught damper.  
 - Anti-vibration mount.  
 - Guards.  

 370 CONSTRUCTION AND HANDLING 
 
 •  Casings: Rigid, so there is no drumming under operating conditions.  
 •  Lifting: Provide lifting eyebolts or similar facilities on fans or sections heavier than 20 kg.  

EXECUTION 
  
 610 INSTALLATION 

 
 •  Fixing: Use fixing points provided. Do not strain the fan structure when bolts are tightened.  
 •  Orientation: Mount impeller shaft horizontally.  
 •  Alignment: Install fan to allow optimum air flow path. 
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U83 AIR FILTRATION 

PRODUCTS 
  
Filters may be provided in separate plant section of the air handling unit or, if specified, as  
part of a common section. Filter banks shall be provided with mounting frames to suit 
standard commercially available filter cells, arranged for side or front withdrawal as per 
schedules.  
  
Air filter shall be constructed shall not be capable of supporting combustion. 
 
Gauges shall be provided across each filter. Tees and branch tubing should be fitted so 
that the controls specialist to fit a separate dirty filter warning pressure switch.  

All filters shall have a Filter dirty alarm to the BMS.  

Alongside each filter gauge a permanent label is required with the following information:-  
  

 Type (pre, bag, final etc.)  
 Grade  
 Size  
 Clean PD (at full speed)  
 Dirty PD (at full speed)  

One complete spare set of filter media for each plant shall be provided at handover, being 
carefully packed for storage and labelled for respective plant and filter types.  

The Sub-contractor shall supply and install services and equipment to perform as per 
specification. The Sub-contractor shall submit details of all mechanical equipment for 
comment and place orders in a timely fashion to ensure delivery as per programme.  
 
Where a particular manufacture is specified, the Sub-contractor shall include for that 
manufacturer.  
  
Where considered appropriate, provide for equivalent standard alternatives to be offered 
for consideration.  
  
This must be done in a timely manner and the Sub-contractor shall provide all details 
including but not limited to.  

 
 -   Detailed description  
 -   Cost comparison  
 -   Technical comparison  
 -   References to standards  

 310 PRIMARY FILTERS 
 

Filter media shall be manufactured from 100% recycled materials. Filter media shall be a 
cotton and synthetic blend, lofted to a uniform depth, and formed into a uniform radial 
pleats. 
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A welded wire grid, treated for corrosion resistance, shall be bonded to the downstream 
side of the media to maintain the radial pleat and prevent media oscillation. 
  
An enclosing frame, of biodegradable board shall provide a rigid and durable enclosure.  

 
The frame shall be bonded to the media to prevent air bypass.  
  
The manufacturer shall provide evidence of facility certification to ISO standard. 

 
 •  Performance: To BS EN 779.  
 •  Filter type: Sub-contractor to submit proposals.  
 •  Manufacturer: Sub-contractor to submit proposals. 
   - Product reference: Sub-contractor to submit proposals. 
 •  Duty:  
   - Air flow rate: Sub-contractor to submit proposals. 
   - Air velocity: Sub-contractor to submit proposals. 
   - Initial filter pressure drop: Sub-contractor to submit proposals. 
 - Final filter pressure drop: 150 Pa.  
   - Filter class: As schedules.  
   - Filter height, width and limiting depth: As schedule and drawings.  
   - Conditions: Sewerage works nearby.  
 •  Flammability: Non-flammable for duration of recommended working life.  
 •  Casing: Manufacturer's standard.  
 •  Access: As specification.  
 •  Filter mounting frames: Purpose made, rigid, with building-in ties where filter is mounted in  
 walls or partitions.  
 •  Allow for future upgrade to grade F7 bag filter when carbon filter is fitted. 

 320 SECONDARY FILTERS 
 

Bag or extended surface type filters shall be provided to the required grade or better as 
specified, in the Equipment Schedules with maximum air velocity at face not exceeding 
2.5 m/s. Filter media shall be manufactured from 100% recycled media.            
 
Filters shall be fully self-supporting without external ties or stiffening frames. Filters shall 
inflate fully, shall not sag or flutter, nor have effective medium area reduced by obstruction 
due to contact with other filter faces or housing surfaces when operating between 60% 
and 110% of design air volume for constant volume systems or between the specified 
minimum and maximum air volume rates for multi-speed systems. Bag shall be short or 
normal length as noted in the Schedule of design criteria. 

 
 •  Performance: To BS EN 779.  
 •  Filter type: Bag.  
 •  Manufacturer: Sub-contractor to submit proposals. 
   - Product reference: Sub-contractor to submit proposals.  
 •  Duty:  
   -  Air flow rate: Sub-contractor to submit proposals. 
   -  Air velocity: Sub-contractor to submit proposals. 
   -  Initial filter pressure drop: Sub-contractor to submit proposals. 
 - Final filter pressure drop: 250 Pa.  
   - Filter class: Sub-contractor to submit proposals. 
   - Filter height, width and limiting depth: Sub-contractor to submit proposals. 

Page 1595

A48946859



ENGINEERING SERVICES   New South Glasgow  
SPECIFICATION   Hospitals 

 
 

 
J:\2900 Stage 3\ZBP Specifications\Mechanical\ZBP-XX-
XX-SP-524-303.doc 

53 of 72 

 
   
   

 •  Flammability: Non-flammable for duration of recommended working life.  
 •  Casing: Rigid.  
 •  Access: Sub-contractor to submit proposals. 
 •  Filter mounting frames: Purpose made, rigid, with building-in ties where filter is mounted in  
 walls or partitions.  
   - Material: Sub-contractor to submit proposals. 

330 HIGH EFFICIENCY PARTICLE ARRESTOR (HEPA) FILTERS 
 

High efficiency particulate air filters (HEPA/absolute) shall remove virtually all particles 
from air.  
  
HEPA filters shall be H14 (EU 14) (unless otherwise Specified) with an efficiency of 
99.995% @  MPPS. 

HEPA filters shall be of the replaceable panel type with leak proof seals. They shall be 
installed in a manner that permits on site validation of the filter and its housing. This shall 
involve the release of a Dispersed Oil Particle (DOP) challenge smoke through an 
injection point upstream of the filter and a measurement of the DOP penetration across 
the downstream face. 
 
A photometer shall be used to detect leaks. 

The Method of testing/Validation with DOP shall be as set out in HTM 03-01. 

Filter housing and seal (generally Housing shall be Electro zinced steel painted white RAL 
9010, seal shall be Silicone or Polyurethane gel) shall be suitable for application.  

 •  Standard: To BS EN 1822.  
 •  Manufacturer: Sub-contractor to submit proposals. 
   - Product reference: Sub-contractor to submit proposals. 
 •  Use of conditioned space: Sub-contractor to submit proposals. 
 •  Duty:  
   - Maximum air flow rate: Sub-contractor to submit proposals. 
   - Air velocity: Sub-contractor to submit proposals. 
   - Filter height, width and limiting depth: Sub-contractor to submit proposals. 
 •  Filter media: HEPA filter media - Group H.  
 •  Filter class: H14.  
 •  Filter casing: Provide with gasket fitted to casing.  
 •  Filter material: As above.  
 •  Flammability: Non-flammable for duration of recommended working life.  
 •  Access: Access shall be provided for filter change and DOP test.  
 •  Filter frame material: To suit application, as schedule.  

 350A IMPREGNATED CARBON FILTERS (INFORMATION FOR SPACE ALLOCATION ONLY) 

Due to the Hospital site being in the same district as the Scottish water Sewerage works it  
is considered that large amounts of natural ventilation is not a practical  solution.  

The Sub-contractor shall allow for a specialist consultant to test the air and advise on the 
type of impregnated carbon to be utilised.  
 
Carbon filters shall remove gases and vapours from the air stream and are graded 
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according to the range of substances they can remove.  
 

Carbon filters shall be impregnated carbon suitable for the atmosphere on the site.  
  
The carbon used shall have the correct dwell time for the conditions. This shall include the 
sewage works and the helicopter exhaust.  
 
All kitchen extract fans shall also be provided with carbon filters. 
 
The Sub-contractor’s specialist shall also select filters for these systems. 

 
 •  Manufacturer: Sub-contractor to submit proposals. 
   - Product reference: Sub-contractor to submit proposals. 
 •  Duty:  
   - Air flow rate: Sub-contractor to submit proposals. 
   - Air velocity: Sub-contractor to submit proposals. 
   - Initial filter pressure drop: Sub-contractor to submit proposals. 
 •  General: Provide absorbent bed filled with uniform thickness of activated carbon granules  
 constructed to prevent settlement. Provide bonded carbon cells to prevent pinholing.  
 •  Media type: Sub-contractor to submit proposals. 
 •  Casing: Provide casing with removable panels.  
 •  Casing material: To suit application, as schedule.  

 370 EDGE SEALS 
 
 •  Function: Prevent air by-passing filters. Seals must remain effective after removal and  
 replacement of cells.  

 380 PRESSURE GAUGES 
 

Each filter shall have a Filter dirty alarm Filter status and Filter dirty alarm. This shall be 
compatible with the client BMS system: 

 
 •  Type: Dial.  
 •  Manufacturer: Sub-contractor to provide technical proposals. 
   - Product reference: Sub-contractor to provide technical proposals. 
 •  Gauge markings: Positions equivalent to 'Filter Dirty' and 'Filter Clean' conditions.  
 •  Pressure differential switch: Provide for visual or audio warning of 'Filter Blocked  
 Condition'.  

 390 TERMINAL FILTER HOUSINGS 
 
 •  Terminal filter housing shall be easy to maintain, clean housing, able to accept a range of  
 standard diffusers and grilles. The diffuser and colour shall match the other supply and  

extract diffusers.  

Before any HEPA filters are installed the ductwork system shall be suitably clean. 

The terminal housings shall have: 

 Polyester power coat finish 
 Limited travel filter clamps 
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 DOP/Pd sample port 
 Installation hanging brackets 
 Fully welded flange 
 Top or side circular inlet 

Damaged filters must not be install in the system. 
 
 •  Filters housed: HEPA and ULPA.  
 •  Housing seals: Gaskets between holding frames on banks of filters. Seal filters into steel  
 casing.  

 395 FILTER SAFE-CHANGE UNITS 
 

Where indicated on the drawings supply and install safe change housings complete with all 
pre and main filters.  All housings to be manufactured from seam welded carbon steel with 
2 pack epoxy coat finish. 

Each filter assembly shall have the following features:- 

 Inlet and outlet ductwork connections and support feet. 

 Inlet and outlet tight shut off dampers. 

Tight shut off dampers shall have seals to KTA 3601 or DIN 25414 (maximum leakage 
0.01m³/hr x m² with a pressure differential of 2000Pa).  The dampers shall be pressure 
tight to 5000Pa.  The damper mechanism shall be designed such that after closure no 
energy is required to keep the damper in a closed position.  The case and blades of the 
unit shall be constructed of sheet stainless steel to BS 1449 – Grade 304 – S11 Finish 2B.  
Bearing assemblies shall be stainless steel or brass.  Damper blade sealed shall be 
neoprene foam rubber material, temperature resistant up to 80°C. 

 Manometer points across each filter housing with manometer fitted across the hepa filter.  
Tappings to be configured to allow for BEMS monitoring of hepa filter condition.  
Manometer to be mounted on the assembly framework. 

 2 No. stainless steel cam bars for filter location. 

 Aerosol sampling point in bottom spigot. 

 All necessary safe change bag and retaining ring sets. 

 All filter assemblies shall be factory pressure tested to a pressure of 2500Pa for minimum 
1 hour and a test certificate provided. 

 Leak test devices to DIN 1946 shall also be provided to allow maintenance staff to ensure 
replacement filters are properly seated prior to operation. 

Each unit shall have: 

 Minipleat high capacity absolute filters, 610 x 610 x 292mm deep with MDF case, 
efficiency to BS EN 1822 grade H14, 99.995%.  All filters throughout the development 
shall be a common grade. 
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 Hardened case pre-filters 610 x 610 x 60mm to BN 779 grade G7. 

 Upon completion of installation, a site validation test shall be carried out to achieve a 
maximum of 0.005% penetration and certificate provided. 

EXECUTION 

 610 INSTALLING FILTER FRAMES 
 
 •  Fixing: Securely fasten frames to ductwork walls.  
 •  Gaps around the frames: Seal with mastic sealant.  

 620 INSTALLING FILTERS 
 
 •  Mounting: Clamp securely against sealing gasket to prevent leaks.  

 630 INSTALLING PRESSURE GAUGES 
 
 •  General: Fix external to unit to allow easy observation, within 3 m of filter.  
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 U84 HEATING AND COOLING COILS 

PRODUCTS 
  
To facilitate maintenance access, auxiliary wet batteries should be located above 
corridors or other non-critical areas and not above patient occupied spaces. Access doors 
shall met the requirements in section U80.  

310 LOW TEMPERATURE HOT WATER HEATING COILS 
 

Hot water coils shall be installed as shown on drawings. 
  
Tubes are arranged in a staggered pattern with respect to adjacent rows to provide 
maximum heat transfer efficiency. 
  
Return bends are the full thickness and diameter of the coil tubes to provide unrestricted 
flow and undiminished strength Access for cleaning must be provided to both sides of all 
coils and batteries.   

All water batteries shall be designed to ensure equal flow through all circuits. The water 
flow and return connections together with the airflow direction shall be permanently 
marked on the casing. All coils shall be supplied complete with vents and drains. Provision 
shall be made for expansion of the tubes and for effective venting of the coils.  

Coils shall be arranged so as to facilitate removal of the coils without draining local 
pipework 

On large coils, multiple or split coils shall be used to ease installation, repair and 
maintenance operations. 

Heat exchanger finned surfaces shall extend the full width of the coil casing. Coils shall be 
suitably protected against corrosion with due regard to the geographical location of the 
coil and local atmospheric conditions. Sealing devices shall be provided around the casing 
to prevent air by-pass 

Casings shall be galvanised sheet steel with angle framing at each end drilled ready to 
receive the counter flanges on the connecting ductwork. Coils shall be supported so that 
their weight is not transmitted to ductwork and so they can be removed without disturbing 
adjacent ductwork. Inspection doors shall be provided on both the upstream and the 
downstream sides of the coils. 

All coils shall be tested at the manufacturer's works or an approved testing laboratory and 
rated for thermal performance to BS EN 13053 and certificates provided. These tests shall 
also include confirmation of water pressure drops at the design flow rates. These pressure 
drops shall be from pipework pressure topping on the flow and return connections external 
to the unit. 
  
The maximum water system pressure drop shall be 25 kPa.  The maximum air pressure 
drop across the coil shall be 20 Pa.  Any site tests that show either pressure drops above 
this level shall require the replacement of the coil. 

Where auxiliary/ret - heater-batteries are located in false ceilings, they should be fitted 
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with a catch tray and leak detection alarm. The catch tray shall be installed under both the 
battery and the control valve assembly to protect the ceiling from leaks. The moisture 
sensor and alarm shall be fitted in the tray and shall alarm the clients BMS in the event of 
a leak. 

 •  Performance: To BS 5141-2 and BS EN 1216.  
 •  The Sub-contractor shall submit proposals for review. 
 •  Materials: Solid drawn copper tubes with copper fins.  
 •  Tube wall thickness: At least 0.7 mm.  
 •  Fin thickness (minimum):  
 - Aluminium: 0.4 mm.  
 - Copper: 0.3 mm.  
 •  Fin spacing (maximum): As schedule.  
 •  Thermal expansion: Allow for movement.  
 •  Casing finish: Galvanized mild steel.  
 •  Access doors: Hinged, airtight and watertight for maintenance.  
 •  Draining and venting: As specification.  
 •  Water test pressure: Up to 2.1 MPa or 1.5 times the working pressure, whichever is  
 greater.  
 •  Packaging: Fit protection for fins before despatch.  
 •  Protection: Fit blank flanges or caps to pipe connections after manufacture.  
 •  Accessories: As schedule.  

320 CHILLED WATER COOLING COILS 
 

Access for cleaning must be provided to both sides of all cooling coils. The coil shall have  
electro tinned fins.  
  
Coils frames and casings shall be manufactured from stainless steel. 
 
Pipe Connections shall be screwed up to 50mm, flanged above. Maximum velocity over 
the coils shall be 2m/s.  
  
The coil shall have an eliminator.  
  
All cooling coils shall be fitted with their own independent drainage system. The system 
shall comprise of a stainless steel drip-tray, glass trap, air break and associated drainage 
pipework. 
  
The drip tray shall be arranged to drain completely and prevent pooling.  
  
The drain connection shall not have an up-stand. A slope of 1 in 20 in all directions shall 
be incorporated to the drain outlet position. 
  
Where coils are greater than one metre high intermediate drain trays shall be provided. 
 
The AHU base shall be high enough to accommodate the trap and pipe work fall.  
  
The tray shall be completely accessible or for inspection and cleaning. 
  
Each drip-tray should be provided with its own drain trap. The drain trap should be of the 
clear (borosilicate) glass type. 
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The trap should have a means for filling and should incorporate couplings to facilitate 
removal for cleaning. It should be located in an easily visible position where it shall not be 
subject to casual knocks. The pipework connecting it to the drainage tray should have a 
continuous fall of not less than 1 in 20. 

  
Water from each trap must discharge via a clear air gap of at least 15 mm above the 
unrestricted spill-over level of either an open tundish connected to a drainage stack via a 
second trap, or a floor gully. A support should be provided to ensure that the air gap 
cannot be reduced. Drainage pipework shall be copper. 
  
A baffle or similar device must be provided in the drip-tray to prevent air bypassing the 
coil, and the tray should be large enough to capture the moisture from the eliminator, 
bends and headers. 
  
The cooling-coil control valve should close upon selection of low speed, system shut-
down, low airflow or fan failure. 
  
The maximum water pressure drops across the coils shall be 30 kPa.  The maximum air 
pressure drops across the coils shall be 80 Pa.  Any site tests that show pressures above 
either of these levels shall require the replacement of the coil. 

 
 •  Performance: To BS 5141-1 and BS EN 1216.  
 •  Duty: Refer to drawings and schedules.  
 •  Materials: Solid drawn copper tubes with copper fins, all electro-tinned.  
 •  Tube wall thickness: At least 0.7 mm.  
 •  Fin thickness (minimum):  
 - Aluminium: 0.4 mm.  
 - Copper: 0.3 mm.  
 •  Casing:  
 - Finish: Stainless steel 
 - Return bends: Provide removable covers. Lag and vapour seal the bends.   
 •  Eliminator plates: Install downstream of all coils.   
 •  Draining and venting: As specification.  
 •  Access doors: Hinged, airtight and watertight for maintenance.  
 •  Water test pressure: Up to 2.1 MPa or 1.5 times the working pressure, whichever is  
 greater.  
 •  Packaging: Fit protection for fins before despatch.  
 •  Protection: Fit blank flanges or caps to pipe connections after manufacture.  
 •  Accessories As schedule.  
 
 •  Airflow: Evenly distributed over face area of coil (to be verified at commissioning) 
 •  Air velocity: Ensure it is below level at which moisture carryover occurs.  

 340 ELECTRIC HEATER BATTERIES 
 

Generally electric heating batteries are to be avoided. Their use should be restricted to 
low power use (for example trimming control).  
  
Where used, electric heaters shall be provided with high temperature cut out protection 
with automatic reset. 
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The Sub-contractor is to provide technical submissions for review. 
 
 •  Casing material: Aluminium.  
   - Casing finish: Natural.  
 •  Access doors: Hinged, airtight and watertight for maintenance.  
 •  Heating elements: Mount on removable terminal plate.  
   - Type: As schedule.  
 •  Terminal boxes: Welded steel.  
 • Safety cut-out switch: Automatic reset, wired in series or via contactor with heating 

elements.  
 •  Controls:  
 - Fan interlock to prevent heater operating without fan running.  
 - Run-on timer to allow airflow to cool heater before switching off fan.  
 •  Air flow detector switch: Wired in series with other safety devices.  
   - Type: Differential pressure.  
 •  Accessories:  Heater batteries to be thyrister controlled. 

 EXECUTION 
 

During the flushing of the pipework system all coils must be by passed or disconnected. 
Under no circumstances shall the Sub-contractor flush though the coils  

 610 INSTALLATION 
 
 •  Equipment, controls and instruments positioned next to heating coils: Protect from thermal  
 radiation.  
 •  Fixings: Support coils independently of ductwork.  

 620 ELIMINATOR PLATES INSTALLATION 
 
 •  General: Fit to allow removal from coil casing.  

 630 DRAIN TRAP INSTALLATION 
 
 •  Air break: Locate between trap outlet and drainage system.  
 •  Traps under suction: Install the outlet below the inlet by a depth equivalent to at least one  
 and a half times working pressure.  
 •  Traps under positive pressure: Install inlet and outlet at same level.  
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 U85 HEAT RECOVERY 
 

Thermal wheel heat exchangers shall be incorporated within extract air plants handling 
uncontaminated air (non hygro-scopic type). These plants shall also include main dirty air 
extract plants.  The heat exchangers shall transfer heat energy within the extract air to a 
pumped circulation water heat recovery system.  Heat exchangers within the fresh air 
plants shall utilise the recovered heat to pre-heat incoming fresh air.   
 
Where the use of thermal wheel heat recovery units have been found to be inappropriate 
plate recuperator systems are to be employed.   
 
The heat recovery systems shall be configured to operate at all times when useful energy 
can be recovered and used by the various air plants. 

 PRODUCTS 

 310 PLATE RECUPERATORS 
 
 •  The Sub-contractor is to submit proposals for review based upon details shown on  
      drawings, schematics and schedules. 
 •  Efficiency: minimum 55%.  
 •  Heat transfer plates: Manufacturer's standard for application.  Sub-contractor to provide  
    technical submission. 
 •  Coating: Manufacturer's standard for application. 
 •  Access doors: Hinged, airtight and watertight for maintenance.  
 •  Accessories:  
 -  Face and bypass dampers; 

 330 THERMAL WHEELS 
  
 •  The Sub-contractor is to submit proposals for review based upon details shown on 
      drawings, schematics and schedules. 
 •  Efficiency: minimum 65%.  
 •  Rotor: Non-hygroscopic.  
 •  Access doors: Hinged, airtight and watertight for maintenance.  
 •  Accessories:  
 -  Adjustable purging sector; 
 -  By-pass damper; 
 -  Matching ductwork flanges; 
 -  Return air damper; and 
 -  Speed controller.  

 EXECUTION 

 630 INSTALLING DRAIN TRAPS 
 
 •  Air break: Locate between trap outlet and drainage system.  
 •  Traps under suction: Install the outlet below the inlet by a depth equivalent to at least one  
 and a half times working pressure.  
 •  Traps under positive pressure: Install inlet and outlet at same level.  
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 U86 AIR TREATMENT 
 

Full humidity control, including humidification and dehumidification, shall be provided only 
in critical air-conditioned clinical areas such as the Pharmacy Aseptic Suite or wherever 
close control of humidity is required for the successful operation of sensitive equipment, 
e.g. computers.   
 
Only steam injection manifold-type humidifiers are considered suitable for use in health 
building air-conditioning systems. Water humidifiers of any other type shall not be used. 
  
The local steam generator must be fed with potable quality water. Should the humidifier 
be unused for a period exceeding 48 hours, it must be capable of automatically draining 
its water content, including that contained in the supply pipework, right back to the running 
main and leave itself empty.  The humidifier shall have overriding controls separate from 
the normal plant humidistat.  
  
Their purpose is to prevent excessive condensation in the conditioned space when 
starting up. A time delay shall be incorporated into the humidifier control system such that 
the humidifier does not start until 30 minutes after the ventilation/plant start-up. In addition, 
a high limit humidistat shall be installed to limit the output of the humidifier so that the 
saturation in the duct does not exceed 70%.  
  
The humidifier control system should ensure that the humidifier is switched off when the 
fan is not running. 

 
 •  Type: Steam from self contained boiler.  
 •  Water quality: As schedule.  

PRODUCTS 

 310A STEAM HUMIDIFIERS 
  
 •  Manufacturer: The Sub-contractor is to submit proposals for review. 
   - Electrical supply type: Three phase.  
 •  Steam source: Local Electric.  
 •  Safety of appliance: To BS EN 60335-2-88.  
 •  Material: Corrosion resistant.  
 •  Access doors: Hinged airtight and watertight for maintenance.  
 •  Safety signs: On access door, a label reading 'Isolate steam supply before opening' in  
 letters at least 25 mm high.  
 •  Accessories: Manufacturer's standard 
  
 EXECUTION 

 610 INSTALLATION 
 
 •  Discharge: Install humidifiers so that air flow is uniform over cross-section of ductwork.  
 •  Position: Do not install next to air heating coils. 
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 620 CONDENSATE CONNECTIONS 
 
 •  General: Arrange condensate lines so that back pressure does not exceed manufacturer's  
 recommendations.  

 630 THERMAL EXPANSION 
 
 •  General: Connect pipelines to take up thermal expansion without stressing humidifiers.  

 640 INSTALLING DRAIN TRAPS 
 
 •  Air break: Locate between trap outlet and drainage system.  
 •  Traps under positive pressure: Install inlet and outlet at same level.  
 650 FIXINGS 
 
 •  General: Support humidifiers from building structure on zinc coated steel supports,  
 independently of adjacent ductwork. Provide separate supports for components mounted  
 outside casings.  
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 U87 SILENCERS AND ACOUSTIC TREATMENT 

PRODUCTS 
 
The attenuators including cross talks, shall be selected and installed by the Sub-
contractor.  The Sub-contractor shall appoint a specialist to select these, using the noise 
criteria detailed elsewhere. The permissible pressure drop on cross talk attenuators is 25 
Pa and 50 Pa on other attenuators. The Sub-contractor is to provide technical 
submissions for the silencers and acoustic treatment. 

310 CIRCULAR SILENCERS 

Silencers shall be installed generally as indicated on the drawings. 
  
Silencers shall be of the size, configuration, capacity and acoustic performance required 
to meet the specified acoustic criteria.  

All circular silencers shall be constructed with a galvanized steel casing. All casing seams 
and joints shall be lock formed and sealed. All fixings to the casing to be with blind rivets 
to eliminate leakage. 

The silencer infill to be covered in ICI Melinex or similar to prevent particle migration. The 
membrane shall have a 25 year service life. 

 
 •  Performance requirements: To BS EN ISO 7235 and BS EN ISO 11691.  
 •  Casing: galvanised sheet steel minimum thickness 0.8mm 
 • Splitters: galvanised perforated sheet screen minimum thickness 0.8mm with an open  

area of at least 23%. 
 •  Lining material: Inert, fire proof, inorganic and non- hygroscopic minimum density 48kg/m3.  
 •  Markings: Show direction of air flow on silencer.  

 320 RECTANGULAR SILENCERS 

Silencers shall be installed as indicated on the drawings. 
  
Silencers shall be of the size, configuration, capacity and acoustic performance required 
to meet the specified acoustic criteria.  

All Rectangular silencers shall be constructed with a galvanized steel casing. All casing 
seams and joints shall be lock formed and sealed. All fixings to the casing to be with blind 
rivets to eliminate leakage. 

The silencer infill to be covered in ICI Melinex or similar to prevent particle migration. The 
membrane shall have a 25 year service life. 

 
 •  Performance requirements: To BS EN ISO 7235 and BS EN ISO 11691.  
 •  Casing: galvanised sheet steel minimum thickness 0.8mm 
 • Splitters: galvanised perforated sheet screen minimum thickness 0.8mm with an open  

area of at least 23%. 
 •  Lining material: Inert, fire proof, inorganic and non- hygroscopic minimum density 48kg/m3.  
 •  Markings: Show direction of air flow on silencer.  
 

Page 1607

A48946859



ENGINEERING SERVICES   New South Glasgow  
SPECIFICATION   Hospitals 

 
 

 
J:\2900 Stage 3\ZBP Specifications\Mechanical\ZBP-XX-
XX-SP-524-303.doc 

65 of 72 

 
   
   

 330 AIR TRANSFER AND CROSS TALK ATTENUATORS 

Cross Talk attenuators shall be installed in the ductwork in locations shown in the plans. 
 
The performance of the attenuators is to be such that the privacy to be maintained 
between adjacent spaces. 
  
The attenuator shall control noise in particular speech via the ductwork. 
  
The Sub-contractor shall submit calculations for examination by the acoustic consultant. 

All cross talk silencers shall be constructed with a galvanized steel casing. All casing 
seams and joints shall be lock formed and sealed. All fixings to the casing to be with blind 
rivets to eliminate leakage. 

 The silencer infill to be covered in ICI Melinex or similar to prevent particle migration. The 
membrane shall have a 25 year service life. 

 
 •  Performance requirements: To BS EN ISO 7235 and BS EN ISO 11691.  
 •  Casing: galvanised sheet steel minimum thickness 0.8mm 
 • Splitters: galvanised perforated sheet screen minimum thickness 0.8mm with an open  

area of at least 23%. 
 •  Lining material: Inert, fire proof, inorganic and non- hygroscopic minimum density 48kg/m3.  
 •  Markings: Show direction of air flow on silencer.  

  
The cross talk attenuator shall be installed / located to avoid flanking ideally places in the 
ductwork as it passes through the wall separating rooms.  

 350 ACOUSTIC INSULATION 
 

The Sub-contractor’s acoustic specialist shall examine the need for acoustic lagging.  
Acoustic lagging shall be provided and fitted where necessary to the outside of the 
ductwork to achieve an enhanced Sound Reduction Index (SRI) of ductwork and hence 
reduce noise break in or break out. 
  
The lagging shall consist of mineral wool density not less than 48kg/m3 and not less than 
50mm thick. 
  
The mineral wool shall be covered with an outer skin typically lead weighed PVC material 
or 0.8mm thick galvanised mild steel. All joints shall be suitably sealed to maintain 
acoustic integrity.  
  
The lagging shall be securely fixed to the pipework / ductwork using mechanical fixings. 
 
 •  Material: Lightweight mineral wool.  
 •  Outer covering: As specification.  

EXECUTION 

 610 ACOUSTIC LININGS 
 
 •  Access: Where personnel access is provided, protect acoustic linings to prevent damage.  
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 U88 AIR TERMINAL DEVICES 

 PRODUCTS 
  

Air terminals shall be provided as indicated on the drawings, or as defined further in this 
specification.  
  
The Sub-contractor shall co-ordinate the reflected ceiling plan.  
  
The Sub-contractor shall appoint a specialist supplier to provide the selections and 
schedules for the air terminal devices.  The Sub-contractor’s specialist shall select the 
grilles and diffusers using the locations and air volumes shown on the drawing.  The Sub-
contractor shall submit these for review. 
 
All diffusers and grilles shall be selected for quiet operation, using the noise criteria 
specified.  
  
The Sub-contractor shall provide samples of each type of air terminal device for review. 
  
Neck velocity shall not exceed 2.5 m/s on any terminal device (diffusers/grilles etc).  

 
310 AIR TERMINAL DEVICES, SPECIALIST UCV HOODS 
  

The UCV shall be a Vertical-flow type system and meet all requirement of SHTM/HTM 
2025/03-01 including table 6. 
 
The return air grilles/diffusers shall be sited so as not to cause short circuiting. The Sub-
contractor shall comply with SHTM/HTM 2025/03-01 to this regard.  
  
The Sub-contractor shall ensure that each face or each corner of the theatre shall have an 
air path to provide good air circulation and to prevent entrainment in the clean zone. Air 
velocities for and over the UCV shall be as SHTM/HTM 2025/03-01 as a minimum. UCV 
systems shall come complete with HEPA filters. A set of new filters shall be issued to the 
client following commissioning of the unit. 

The final filters shall be installed in a leak-proof housing in a manner that allows the 
terminal unit, filters and their seals to be validated. A challenge test shall be carried out 
during commissioning to prove the effectiveness of the complete installation. Challenge 
test shall be as manufactures recommendations and the Method of testing/Validation with 
DOP shall be as set out in HTM 2025/03-01.  

The UCV shall have direct-reading pressure gauges for each final filter and a return-air 
filter to capture the relatively coarse particles that would otherwise significantly reduce the 
life of the final filter.  The return air filter shall be G3 grade to BS EN 779 as a minimum.  

The UCV shall not exceed NR 50. Any in line attenuation shall non-particle-shedding and 
fire-resistant. 

Lighting for the UCV shall be as CIBSE lighting guide LG2 and BS EN 12464-1. 
  

Operating luminaires should comply with the photometric requirements detailed in relevant 
sections of BS EN 60601. 
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The lighting level shall be even throughout and luminaries shall not adversely affect the air 
flow. 

The functions of the canopy circulation fans shall be continuously monitored by a BMS 
control unit. 

Additional to this the UCV system shall have  
 

 a set-back facility that shall reduce the air supplied through the UCV terminal to a  
 volume that equates to an amount not less than 25 air changes per hour of the  
 operating room's gross volume whilst still leaving the supply AHU operating at full speed;  

 a facility to turn off the entire system, the supply AHU and the UCV terminal (an  
 emergency stop is not required);  

 a read-out sufficiently large to be clearly visible from the operating table that shows  
 the temperature of the air being supplied by the UCV terminal;  

 a read-out sufficiently large to be clearly visible from the operating table that shows  
 the relative humidity of the air being supplied by the UCV terminal;  

 a red indicator light that shall illuminate when either the supply AHU or the UCV  
 terminal fails; either or both are switched off or the AHU and UCV terminal are at set 
 -back;  

 an amber indicator light that shall illuminate when the UCV terminal is at set-back  
 and the supply AHU is running;  

 a green indicator light that shall illuminate when both the supply AHU and UCV  
 terminals are operating at full speed;  

 a blue indicator light that shall illuminate when the UCV terminal's HEPA-filter  
 resistance causes the air delivered to fall below 80% of the design flow rate.  

 Performance:  
 - Mixed flow applications: To BS EN 12238.  
 - Sound power levels: To BS EN ISO 5135.  
 •  Performance requirement to SHTM. 
 •  Material: Stainless steel.  

325 AIR TRANSFER GRILLES 
 

Transfer grilles shall be non-vision type and sized for a maximum face velocity of 1.5 m/s. 
  
 •  Grille type: Non-vision.  
 •  Accessories: Transfer grilles shall not be installed in a fire rated door/wall. 

Transfer grilles in operating theatres shall incorporate a volume control 
damper to allow adjustment to room pressure  

330 DIFFUSERS 
 

Ceiling diffusers shall be installed as shown on the drawings. The diffuser shall be a 
square ceiling diffuser for flush mounting, comprising diffuser face with mitred perimeter 
border. 
Louvre face diffusers shall be of the four way pattern and shall have adjustable cores to 
provide horizontal or vertical distribution.  The air pattern shall be achieved via the use of 
directional blanking plates within the body of the diffuser and shall not be visible from the 
diffuser face.  The diffuser shall be suitable for incorporation in a standard ceiling tile grid 
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without overlapping the tile-supporting bar. Diffusers shall be complete with a security 
chain between the diffuser body and the core and an earth bonding tag.   
 
Ceiling diffusers shall be suitable for direct replacement of 600 x 600 ceiling tiles or an 
overall size relative to the selected neck size for fitting within a cut tile. 
 
Branches serving individual diffusers shall be provided with a manual volume control 
damper supplied and fitted by the ductwork sub-contractor, in addition to the grille damper 
where supplied.  The duct mounted volume control damper shall be located as close as 
possible (within 1 duct diameter) of the take-off with the main branch duct. 

 
Where extract is required via ceiling mounted devices louvre face diffusers shall be used. 
The diffusers shall be similar in construction and appearance to the supply diffusers.   
 
The diffuser shall have fixed air control blades, central fixing screw with decorative cap 
and an opposed blade damper adjustable from the front face. 

The plenum box shall be galvanised sheet metal with a rubber lip seal. 
  
The plenum box shall have fixings for suspending the assembly from the ceiling slab. 
  
The plenum boxes shall be suitable for side or top entry as required. 

The diffuser face shall be extruded aluminium sections, natural anodised rear ancillaries in 
formed sheet steel, surfaces phosphate treated and stove-enamelled. 

Supply and extract diffusers shall be at a distance from one another to prevent short 
circuiting.  Supply diffusers shall be located away from one another to prevent two 
opposing air streams meeting and causing drafts, the individual velocities shall not be 
greater than 0.25 m/s.  
  

 •  Performance:  
 - Mixed flow applications: To BS EN 12238.  
 - Sound power levels: To BS EN ISO 5135.  
  
340   LAMINAR FLOW PANELS 
 

Laminar flow panel diffusers shall be provided in operating theatres with a footprint that 
encompasses the operating site to produce a downward-displacement parallel-flow air 
distribution. 

 
Diffusers, of all patterns, to operating theatres shall achieve the required velocity at the 
operating table position of between 0.2 and 0.3 metres per second, and achieve good air 
distribution throughout the remainder of the room. Particular care shall be taken to ensure 
that in a heating mode air discharge velocity overcomes the buoyancy of the air to achieve 
the required velocity at the operating table position. 
 
The ventilation distribution arrangement must take priority over the layout of luminaires 
and pendants, etc. 
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350   TOILET SUPPLY AND EXTRACT VALVES 
 

Extract with toilets, bathrooms and showers shall be via exhaust air disc valves.  Each 
valve shall be constructed from sheet steel and provided with a stove-enamelled finish.  
The centre disc valve core shall be mounted on a threaded adjustable centre spindle 
complete with locking nut to provide air volume flow rate adjustment. 

 
The centre disc assembly shall be mounted in a profiled outer ring complete with an edge 
seal and tamperproof sub-frame. 
 
Generally each valve shall be installed within a cut tile.  Each valve shall not require a 
plenum but shall be connected into a section of rigid ductwork before any flexible is used. 
 
Each branch connecting to individual valves shall be provided with a manual volume 
control damper fitted as close to the upstream branch connection as possible. 

 360 DIFFUSERS, LINEAR 
 

Linear diffusers shall be installed as shown on drawings. 
  
They shall be made from aluminium extrusion, natural anodised.  
  
Diffusers shall come complete with end caps and air control blades. 
  
The diffusers shall have a rear mounted plenum box fitted with a side entry spigot and 
suspension brackets to hang the complete assembly from the ceiling. 
  
The plenum box shall be fitted with a volume control damper adjustable from the diffuser 
face and be made from galvanised sheet steel. 

 
 •  Performance:  
 - Mixed flow applications: To BS EN 12238.  
 - Sound power levels: To BS EN ISO 5135.  
 •  Diffuser: Slot.  
 •  Material: Aluminium.  
   - Finish: Anodized.  

 370 DIFFUSERS, SWIRL 
 

The swirl diffusers shall be adjustable in square or circular face plates with swirling 
horizontal discharge of supply air with high induction. 
  
Diffusers shall consist of a pressed front face with radially angled air discharge sections 
incorporating adjustable directional air control blades.  
  
Diffusers shall be complete with a plenum box with circular top or side entry spigots and 
volume control damper. The Plenum box shall be supplied with fixed hanging brackets.  

The face plate shall be galvanised sheet steel with the surfaces pre-treated and powder 
coated white (RAL 9010). 
  
The control blades shall be made from Polystyrol coloured black  or white as Architects 
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specification.  
  
The plenum box is made from galvanised sheet steel with a rubber lip seal. 
  
The plenum box shall be galvanised sheet metal with a rubber lip seal. 
  
The plenum box shall have fixings for suspending the assembly from the ceiling slab. 
  
The plenum boxes shall be suitable for side or top entry. 

Supply and extract diffusers shall be at a distance from one another to prevent short 
circuiting.  Supply diffusers shall be located away from one another to prevent two 
opposing air streams meeting and causing drafts, the individual velocities shall not be 
greater than 0.25 m/s.  

 
 •  Performance:  
 - Mixed flow applications: To BS EN 12238.  
 - Sound power levels: To BS EN ISO 5135.  
 •  Material: Galvanized steel.  
   - Finish: Epoxy resin powder/ hardener coating.  
 

380 MEDICINEMA FLOOR DIFFUSERS 
 

The Medicinema shall be served by floor mounted displacement diffusers. 
 
The diffusers shall be as Krantz DB-E. 

 
 390 GRILLES 
 

Grilles shall be installed as shown on the drawings. 
  
The grilles shall be made from extruded aluminium sections. The finish shall be as 
Architects RAL number. Grilles shall be selected for quite operation. 

Grilles, shall have corner mitres and rear perimeter sealing strip with profiled front blades. 

Sub frames shall be used where required.  
  
 •  Performance:  

 - Mixed flow applications: To BS EN 12238.  
 - Displacement flow applications: To BS EN 12239.  
 - Sound power levels: To BS EN ISO 5135.  
 
400   CEILING VENTING GRILLES (CVG) 
 

Ceiling venting grilles shall be provided along the main distribution routes for medical gas 
and natural gas pipework. 

 
Ceiling venting grilles shall be of similar construction and arrangement to the supply 
diffusers.  The diffuser body only shall be provided for these items. 
 
The minimum size of CVGs shall be 150 x 150mm. 
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410 PLENUM BOXES, CEILING OR WALL MOUNTED 
 

Plenum boxes shall be made of 0.7mm Galvanised steel plenum.  
 
Spigot construction shall be a top or side entry plenum option robustly fabricated plenums 
shall come complete with all necessary fixing angles for drop rod support. 

 
 •  Duty: To match grille and diffuser. 
 •  Configuration: Single plenum box or a series of plenum boxes butted together to form a  
 continuous length.  
 •  Construction: Sturdy and rigid with circular inlet spigots of 65 mm minimum length.  
 •  Fixing: Incorporate means for fixing to, or suspending from, building or other construction.  

 EXECUTION 

 610 INSTALLATION 
 
 •  General: Do not distort air terminal devices. Fix securely.  
 •  Air leakage: Prevent. Seal joints with self adhesive foam strip or equivalent.  
 •  Appearance: Finish visible edge joints neatly. Do not leave sharp edges and protruding  
              screws.  

 620 FIXING CIRCULAR AND RECTANGULAR DIFFUSERS 
 
 •  Method: As per manufacturers instructions and specification.  

 640 FIXING LINEAR AND SLOT DIFFUSERS 
 
 •  Method: As per manufacturers instructions and specification.  

 650 FIXING FLOOR MOUNTED SWIRL DIFFUSERS 
 
 •  General: Fit flush with finished floor.  
 •  Method: As per manufacturers instructions and specification.  

 660 FIXING GRILLES 
 
 •  Method: As per manufacturers instructions and specification.  

 670 OPERATION 
 
 •  General: Fit so that moving parts operate correctly and removable cores can be taken out  
 and replaced.  
 •  High level and ceiling applications: On removable cores, provide safety wires with quick  
 release ends.  

 680 BLANKING PLATES 
 •  Location: Where needed to restrict projection of air flow from section of grille or diffuser.  

Page 1614

A48946859



ENGINEERING SERVICES   New South Glasgow  
SPECIFICATION   Hospitals 

 
 

 
J:\2900 Stage 3\ZBP Specifications\Mechanical\ZBP-XX-
XX-SP-524-303.doc 

72 of 72 

 
   
   

APPENDIX A 
 

SUPPORTING DOCUMENTATION 
 
 
In order to carry out the design, the Sub-contractor shall require access at least to the 
documentation listed below. 
The following information is, or shall be, available from the Contractor:- 
 

1. Standard General Conditions and Preliminary Clauses 
2. All ZBP Layout Drawings, Schematics, Specifications and Schedules 
3. Nightingale Associates: Fire Strategy Drawings 
4. Nightingale Associates: Building Plans 
5. Nightingale Associates: Building Sections 
6. Nightingale Associates: Wall Elevations 
7. Nightingale Associates: Reflected ceiling plans 
8. ZBP: Automatic Controls and Building Management System Specification : 
 ZBP-XX-XX-SP-660-401 to 406 
9. ZBP: Fire Detection and Alarm Specification : ZBP-XX-XX-SP-572-214 
10. ITPD Documentation and Appendices 

 
 
Drawings for other specialist systems shall be developed by other Sub-contractors during the 
detailed design period and shall be made available by the Contractor 
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From: STORRAR, Ian (NHS NATIONAL SERVICES SCOTLAND)
To: Gallacher, Alan; Purdon, Colin
Cc: RANKIN, Annette (NHS NATIONAL SERVICES SCOTLAND); INKSTER, Teresa (NHS GREATER GLASGOW &

CLYDE)
Subject: 2019-08-08 QEUH & RCH chilled beams
Date: 08 August 2019 10:02:14
Attachments: image003.jpg

Alan, Colin
I have had another look at ZUTEC this morning and the chilled beam reference is different from
that which we discussed yesterday (although that reference is in ZUTEC too).
The Parasol units have the ability for dew point control on the units as far as I can tell. For the
critical/augmented control areas this may prove to be a better option than that being currently
implemented.
I cannot check if the design called for this as the design info does not appear to be there

Regards
Ian
Ian Storrar BSc CEng FCIBSE FIHEEM MIET
Head of Engineering - Health Facilities Scotland
Procurement, Commissioning and Facilities
NHS National Services Scotland
3rd Floor
Meridian Court
5 Cadogan Street
Glasgow
G2 6QE

Reception: 0141 207 1600

www.hfs.scot.nhs.uk
Please consider the environment before printing this email. 

NHS National Services Scotland is the common name for the Common Services Agency for the
Scottish Health Service. www.nhsnss.org <http://www.nhsnss.org/>

[i] 
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QUEEN ELIZABETH UNIVERSITY HOSPITAL 
 

ADULTS WARD 6A - ROOM 1 

 

CRITICAL VENTILATION ANNUAL VERIFICATION & INSPECTION 

ADULTS WARD 6A – ROOM 1 

 

 

Client: NHS Greater Glasgow & 
Clyde Client Contact: James Guthrie 

Hospital: Queen Elizabeth University 
Hospital Site Address: 1345 Govan Road, Glasgow 

G51 4TF 

Area: Adults Ward 6A – Room 1 AHU: 122AHU05 

Room Condition: GOOD Report No: B0056883 

Date of Test: 11th November 2019 Date of Last Test: Unknown 

Test Engineer & Report 
Preparation: Sharon McLaughlin Signature:  

CSSL. Reviewed By: Ian McKenzie Signature: 
 

Client Reviewed By: James Guthrie Client Signature:  

NHS 
' ti ,,, 

Greater Glasgow 
and Clyde 

Page 1617

A48946859



 
 

QUEEN ELIZABETH UNIVERSITY HOSPITAL 
 

ADULTS WARD 6A - ROOM 1 

 

 

 

Table of Contents 

 

1. Scope of Works 

2. Definition of terms 

3. Executive Summary & Observations 

4. Annual Verification Checklist 

5. Supply & Extract airflow rates and air change rates 

6. Room Pressure Differentials, Temperature & Noise Levels 

7. Typical Schematic Layout of Bedroom 1  

8. Typical Schematic of Camfil Recirculation Unit 

9. Test Equipment Used 

10. Calibration Certificates 

 

 

 

 

 

 

 

 

 

 

 

 

Page 1618

A48946859



 
 

QUEEN ELIZABETH UNIVERSITY HOSPITAL 
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Section 1 – Scope of Works 
 
 
Annual Inspection of Critical Ventilation Systems 
 
To carry out a compliance and performance inspection of all critical path ventilation systems in accordance with - 
Heating and Ventilation Systems - SHTM – Scottish Health Technical Memorandum 03-01: Specialised Ventilation for 
Healthcare Premises.  
 
Part B: Operational management & Performance Verification.  
 
This report is for Adults Ward 6A bedroom 1 located in the Queen Elizabeth University Hospital. 
 
The validation of the rooms was carried out to record a baseline validation record for these rooms. This validation work 
followed post fitting of recirculation fans (Camfil Camcleaner 400 concealed fan units) located within the ceiling of the 
toilet of bedroom 1 on Ward 6A. The Camcleaner consists of a F7 pre-filter (bag) and a secondary H14 HEPA filter. 
See report details of fan settings, air volumes, room pressures and noise levels achieved while maintaining SHTM03-
01 compliance.     
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Section 2 – Definition of terms 
 
 
Assessment of compliance with Health Building Note 26 and Scottish Health Technical Memorandum 03-01. 
 
 
Poor 
 
Air volumes and hence air-change rate is less than 75% of the design; room pressure differentials do not ensure a flow 
from clean to less clean areas. Supply or extract air diffusers are not clean. Pressure stabilisers not clean and/or not 
operating correctly. Visible faults in the fabric of the suite, doors unable to close completely, general air of neglect. 
 
Action: Urgent management action required. 
 
 
Average 
 
Air volumes and room pressure differentials approximate to the original design values. Supply air diffusers clean but 
extracts visibly fouled most pressure stabilisers clean and operating correctly. Minor faults in the fabric and décor of 
the suite. 
 
Action: Maintenance action required. 
 
 
Good 
 
Better than average. 
 
Action: None. 
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Section 3 - Executive Summary/Observations: 
 
 
The evaluation of Adult’s Ward 6A – Bed 1. 
 
 

1) To make sure the noise levels in the bedroom and en suite were compliant with SHTM03-01 which are 
bedroom 35db(A) & en-suite 45db(A). 

 
2) Noise levels and air volumes were measured to the various fan power levels on the recirculation unit in the en- 

suite (sped control setting level 1-6) Speed controller at setting 3 when all compliant and final values recorded 
within this report.  

 
 

Adults Ward 6A – Room 1 

Fan Speed Setting En-Suite dB(A)     
SHTM 45dB(A) 

Bedroom dB(A)               
SHTM 35dB(A) Air Volume l/s 

*Increased scrub 
value for the en-

suite (ACRs) 

1 35.5 33.9 10 2.6 

2 35.8 34.3 15 3.8 

3 39.3 34.8 58 14.8 

4 47.8 45.7 113 28.9 

5 50.7 48.6 136 34.7 

6 54.5 52.5 163 41.6 

Comments: Speed 3 for the en-suite is SHTM03-01 compliant – Speed 3 is SHTM03-01 compliant for the 
bedroom noise levels. 

RED = Final fan speed setting used 

*These are the values for enhanced scrub up in the en-suite, the values noted above are an increase scrub up 
rate on top of the air change rate that the en-suite extract is achieving of 8.4 air changes per hour. 
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Section 4 – Annual Ventilation verification Checklist 

 Poor Average Good 
Compliance with HBN & SHTM   

✓ 
Maintenance Quality   ✓ 

    
No Survey Question Yes No Comments 

1 Has the annual verification of the AHU been carried 
out? ✓   

2 Are windows hermetically sealed? ✓   
3 Are the ceilings in the area complete and sealed? - - Suspended ceiling grid 

4 Are there any significant faults in the fabric of the rooms 
in the suite?  ✓  

5 Are room light fittings correctly sealed? ✓   
6 Are all supply and extract air terminals visibly clean? ✓   

7 Measure and record the supply and extract air flow in 
the principle ducts ✓  Direct Balometer reading 

8 Measure and record the air flow at all supply and 
extract terminals ✓   

9 Does the derived air-change rate achieve at least 75% 
of the design? ✓   

 
 
 
 
Section 5 – Supply & Extract Airflow Rates & Air Change Rates 

Adults Ward 6A - Room 1 

Room 
Reference 

Design Volume      
l/s 

Recorded Air 
Volume l/s 

Room Volume 
m³ 

Recorded 
(AC/HR) 

*SHTM ACRs 
(AC/HR) 

Bedroom 
(Supply Chilled 

Beam) 
40 +41 47.6 3.1 *2.5 - 3 

En-Suite 
(Extract) 45 -33 14.1 8.4 3 

Comments: * derogated ACRs for the bedroom – SHTM03-01 is 6 air change rates. 

----
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Section 6 – Room Pressure Differentials, Temperature & Noise Levels 
 
 
Room Pressure Differentials 

Adults Ward 6A – Room 1 

Room Reference Target Room 
Pressure (Pa) 

Recorded Room 
Pressures (Pa) 

Magnehelic Gauge 
pre reading (Pa) 

Magnehelic Gauge 
post reading (Pa) 

Bedroom to Corridor +ve +1.3Pa n/a n/a 

Bedroom to En-Suite -ve -0.8Pa n/a n/a 

Comments: Room pressure is as requested for room type SHTM03-01 should be 0Pa or -ve to corridor. 

 

 
Temperature & Noise Levels 

Room Reference Door TAG Ref.: Temperature Target 18 - 
25°C 

Noise Level                        
Target <35db(A) 

Bedroom GENW1-004 23.5 34.8 

En-Suite GENW1-003 23.3 39.3 

Comments: Noise levels SHTM03-01 compliant set on speed 3. Camfil fan speed set at speed 3 when values 
recorded on above table. WC noise level target 45dB(A) 
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Section 7– Typical Schematic Layout of Adults 6A - Bed Room 1 
 

Extract Grille 1
 -33l/s

Bed 1
 Room Volume = 47.6m³ 

3.1 AC/HR

Recirculation
 Grille 1
+58l/s

Recirculation
 Grille 2
-58l/s

=Recirculation Grille =Extract Grille =Directional Airflow 
Arrow

=Chilled Beam

Chilled Beam
Volume = +41l/s

Door Reference
GENW1-004

En-Suite
 Room Volume = 14.1m³ 

8.4 AC/HR enhanced by a 
further 14.8 AC/HR with 

new scrubber recirculation 
fan set at speed 3.

39.3 dB(A)

Door Reference
GENW1-003

-0.8Pa

+1
.3

P
a

34.8 dB(A)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

0 

I 
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Section 8– Typical Schematic Layout of Camfil Recirculation Unit 
 
 
 
 
 

Recirculation Grille 1 Recirculation Grille 2
 

Camfil Recirculation Unit
Ward 6A -  Room 1 - En Suite

GENW1-003

HEPA Filter (H13)
287x287x292

Bag Filter
(F7 Green) 

287x287x370

Fan Section

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I T 
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Section 9 – Test Equipment Used 
 

Type of Equipment Serial No Cal Due Date 

Micro-manometer 
8651 June 2020 

Sound Meter 
N850802 July 2020 

Humidity & Temperature Meter 
42670651 July 2020 

Balometer 
PH7311809008 June 2020 
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Section 10 – Calibration Certificates 
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CERTIFICATE OF CALIBRATION 
Issued by: RS Components Ltd 

Date Issued: 10 Jul 2019 Certificate No. 1587874 II 
IRSICalibration 
Calibration and Repair Service 

DPN 175, Lammas Rd, 
Weldon Industrial Est 

Page 1 of 2 Pages 

Cort>y , Northants, NN1 7 9RS 

Tel: 01536 405545 
Fax: 01536 401590 

Client 

Instrument 

Serial No. 

Client Reference 

Procedure ID. 

Date of Calibration 

CORRECTAIR SOLUTIONS LIMITED 
PAISLEY 
RENFREWSHIRE 
PA13RA 

FLUKE 971 Humidity & Temperature meter. 

42670651 

N/A 

724.4193_DPM_(HYGRO95%) Rev. 1 

10 Jul 2019 

Antony Cavanagh 

Equipment Used to Carry Out Calibration 

Rotronic Hygrogen 2 Humidity Generator 
MSW 473 Dew Point Mirror 

Equipment ID. 

MSW Dew Point Reference Probe 

CAL 1077 
CAL 1078 
CAL 1079 

The measurements reported in this certificate were carried out using equipment whose values are 
traceable to national standards. 
All procedures employed and results reported are in compliance w ith the requirements of the 
International Standard ISO/IEC 17025:2005. 
The management controls of the RS Calibration Laboratory are registered under the 
Brit ish Standard BS EN ISO 9001 : 2015 No. RS 00362. 

Uncertainties 
The reported expanded uncertainties are based on a standard uncertainty multiplied by a coverage 
factor k = 2 , providing a level of confidence of approximately 95%. 

This calibration is of a new instrument. 

RS Components takes Its environmental responsibilities very seriously and as such has printed this 
double sided document In black and whlto, on paper from sustainable sources. 

Thia certificate may not be reproduced other than in full , except with the prior written approval of the Issuing laboratory. 
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CERTIFICATE O F CALIBRATION 
Issued by: RS Components Ltd 

Date Issued: 11 Jul 2019 Certificate No. 1588163 II 
IRSICalibration 
Calibratio n and Repair Service 

DPN 175, Lammas Rd, 
Weldon Industrial Est 

Page 1 of 3 Pages 

Corby , Northants , NN17 9RS 

Tel: 01536 405545 
Fax: 0 I 536 401590 

Client 

Instrument 

Serial No. 

Client Reference 

Procedure ID. 

Date of Calibration 

CORRECTAIR SOLUTIONS LIMITED 
NEILSTON 
G78 3JA 

SAUTER SU 130 Sound Meter 

N850802 

NIA 

789.8902 Rev. P3 

11 Jul 2019 

Pamela Alvarez 

Equipment Used to Carry Out Calibration 

Bruel & Kjaer Acoustic Calibrator Type 4226 

Equipment ID. 

Cal 1045 

The measurements reported in this certificate were carried out using equipment whose values are 
traceable to national standards. 

All procedures employed and results reported are in compliance with the requirements of the 
International Standard ISO/IEC 17025:2005. 

The management controls of the RS Calibration Laboratory are registered under the 
British Standard BS EN ISO 9001 : 2015 No. RS 00362. 

Uncertainties 
The reported expanded uncertainties are based on a standard uncertainty multiplied by a coverage 
factor k = 2, providing a level of confidence of approximately 95%. 

Compliance to Specification 
The manufacturer of this instrument doesn't state compliance with any sound level meter standard, 
therefore these are Reported Values Only. 

Th is calibration is of a new instrument. 

RS Components takes its environmental responsibilities very seriously and as such has printed this 
double sided document in black and white, on paper from sustainable sources. 

This cenificate may not be reproduced other than in full , except with the prior written approval of the issuing laboratory. 
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IMT or CEG Action Owner Status Completion Date

CEG
Identify and block off any potential cladding breaches 
allowing bird ingress to plantrooms.

CP Complete 01/03/19

IMT Carry out deep cleaning of plantrooms at high and low level CP Complete 30/08/19

CEG
Seal up IPS Panels in rooms to avoid passage of air into 
patient rooms

CP Complete 01/05/19

CEG Carry out CFD analysis of helipad/helicopter interaction IP Complete 06/06/19
IMT Adjust door seals to Gruffalo corridor light well CP Complete 22/03/19

IMT
Deep clean all evaporator units sited in Gruffalo lightwell 
and install netting

CP Complete 22/03/19

IMT
Install tackmats at helipad lift to remove any 
contamination brought in on trolley wheels

KC Complete 16/04/19

CEG Produce pest control report CP Complete 22/03/19
CEG Submit maintenance logs for all AHUs on Level 12 DC Complete
CEG Submit maintenance logs for all AHUs serving PICU DC Complete

CEG
Confirm dates of AHU shutdowns to correlate with patient 
infection dates

DC Complete

CEG
Carry out internal investigation of AHUs to check for 
bypass at filter housing

DC Complete

IMT Change F7 filters on AHUs to F9 DC Complete 01/03/19
CEG Confirm no bypass of air at the filters within AHUs DC Complete 22/03/19
IMT Consider removal of sedum roof material TS Withdrawn …
CEG Remove CVGs from Wards DC on hold …
CEG Fit door closers to Ward 4B bedroom doors CP Withdrawn …
CEG Check door seals between Ward 4B and 4C DC Complete 21/06/19
CEG Check door seals in risers at  Ward 4C CP Complete 21/06/19
CEG Permit to access via external door to roof at level 4 CP Complete 21/06/19

CEG
Produce a condition report for all flooring within shower 
rooms Ward 4B, 4C and 6A

CP Complete 06/06/19

IMT
Install mobile HEPA filtration units in all high risk patient 
wards

DC Complete 15/02/19

IMT Pigeon control via trapping and helipad cull. CP
Ongoing 

procedure
…

CEG Fit active ventilation to PICU bottle store (extract fan only) DC Complete

CEG
Track the processing and storage of linen and map out 
journey

IC Complete 06/06/19

IMT
Survey all windows in Ward 6A and 4B for possible ingress 
of outside air. Repair where necessary.

JM Complete 06/06/19

CEG
Collate information from Pest Control on "Cleaning to Pest 
Control Standard"

CP Complete 26/07/19

CEG
Proposal to block of risers above and below ward 6A, 4B 
and 4C

DC on hold …

CEG Pest control to update on timeline of cleaning PR123 CP Complete 23/08/19

CEG
Discussion with Swisslog to gain an understanding of the 
pneumatic tube system operation

CP/JH Complete 23/08/19

IMT
Leakage from Chilled Beams. Change flexible push fit 
connectors.

CP/DC Complete 02/09/19
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From: Bustillo, Sandra
To: Dick, Lorraine
Subject: FW: Responses to Parents Question 6A
Date: 13 December 2019 16:16:57
Attachments: IMG_20191112_100307699.jpg

IMG_20191112_100316262.jpg
IMG_20191112_100433473.jpg
IMG_20191112_101426317.jpg

In response to the issues raised we can confirm:
(a) Ventilation

Extensive testing of the ward environment found no link between infections and the ward. We have
introduced HEPA filters to the bedrooms and en-suites; the bedrooms have a positive pressure
reading which means that the generally filtered air flows out rather than into the rooms. In addition,
it should be noted that the high specification general filtration system for the entire hospital means
that we have high levels of air filtration (87%) in place on all general areas.
The infection rates in the ward – as Cab sec confirmed – have reduced and the rates in the ward are
on a par with other Scottish units.
Prophylaxis line (Scott Davidson)

(b) Water
What have we said about S-J K? No other infections have been linked to the water supply,
despite testing.

(c) Showers
We answered these questions based on the concerns that families had raised with the
clinical teams. We were aware that questions had been raised about the drainage and our
response made clear that there were no issues with regards to the drainage system.
We had however previously briefed parents about dampness in some of the showers which
was a result of sealant coming away from the walls. We also issued a media statement
confirming this situation. Parents were kept fully informed about the action taken to
address this issue.

(d) Leak in kitchen
The leak in the ward kitchen was inspected on close examination there was no evidence of
saturated wall boarding, or of water getting behind, or below the flooring. All works were
undertaken under RA conditions in line with the conditions that CP has outlined.

(e) IMT
It is true that there were a number of different views and hypotheses examined as part of
our investigations into potential links between a number of infections and the environment.
We also drew on national expertise, HPS, and the ward was re-opened on this basis of the
extensive investigations by both the IMT and HPS, the results of which led to the agreement
that the ward was safe to re-open to new patient admissions.

______________________________________________________________________
Sandra Bustillo |Interim Director of Communications |NHS Greater Glasgow and Clyde
JB Russell House |Gartnavel Royal Hospital |1055 Great Western Road, G12 OXH

web: www.nhsggc.org.uk

Follow us on Twitter @nhsggc

From: Steele, Tom 
Sent: 13 December 2019 14:16
To: Bustillo, Sandra <Sandra.Bustillo
Subject: FW: Responses to Parents Question 6A
Once you’ve finished your darning, you can look over this???
Tom Steele | Director of Estates and Facilities
| NHS Greater Glasgow and Clyde | JB Russell House | Gartnavel Royal Hospital | 1055 Great Western Road |
Glasgow | G12 0XH
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From: Riddell, Mark 
Sent: 13 December 2019 14:08
To: Steele, Tom <Tom.Steele ; Purdon, Colin <Colin.Purdon
Cox, Gerry <Gerry.Cox  Conner, Darryl James
<DarrylJames.Conner
Cc: Hirst, Allyson <Allyson.Hirst
Subject: RE: Responses to Parents Question 6A
Tom
Have reused a previous statement along with supporting pictures that Ker had compiled, I think this
tells the full story.
Ward 6A Entrance is -1pa to the lift hall with the doors closed, when the doors open the ward
entrance becomes ambient as shown in Image 100307699 & 100316262.
Ward 6A Kitchen is -3 pa to the corridor with the door shut as it operationally should be as shown in
image 1014266317 and does not fluctuate regardless of external door orientation, this is supported
and expected by the evidence that the pressure cascade in the kitchen is under more negative
pressure than the rest of the ward.
The narrative for the existing pressure regime in ward 6A is as follows :
All patient rooms are notionally positive to the corridor
The kitchen is negative to the corridor
The ward entrance to corridor is ambient to notionally negative depending on the door orientation
which is extremely variable due to the traffic of people.
Regards
Mark

From: Steele, Tom 
Sent: 13 December 2019 13:27
To: Riddell, Mark; Purdon, Colin; Cox, Gerry; Conner, Darryl James
Subject: RE: Responses to Parents Question 6A 
Importance: High
Mark, I have changed a few bits, but I am sure that we can put up a robust response to the assertion
about the leak in the ward kitchen. This was viewed and all works were undertaken under RA
conditions and on closer examination there was no evidence of saturated wall boarding, or of water
getting behind, or below the flooring. In addition, it would perhaps not be unusual to detect fungal
spores form a floor that has very regular footfall over it?
Tom Steele | Director of Estates and Facilities
| NHS Greater Glasgow and Clyde | JB Russell House | Gartnavel Royal Hospital | 1055 Great Western Road |
Glasgow | G12 0XH

From: Riddell, Mark 
Sent: 13 December 2019 13:04
To: Steele, Tom <Tom.Steele Purdon, Colin <Colin.Purdon
Cox, Gerry <Gerry.Cox  Conner, Darryl James
<DarrylJames.Conner
Subject: RE: Responses to Parents Question 6A
Tom
Please see comments below
Regards
Mark

From: Steele, Tom 
Sent: 12 December 2019 08:30
To: Purdon, Colin; Cox, Gerry; Riddell, Mark; Conner, Darryl James
Subject: FW: Responses to Parents Question 6A 
Importance: High
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Colin, I need you to review the email below and edit your initial thoughts on the statements, most of
which are known, but will gather significant momentum today, so I need all attention today, discuss
with others as necessary, but keep discreet.
Regards Tom
Tom Steele | Director of Estates and Facilities
| NHS Greater Glasgow and Clyde | JB Russell House | Gartnavel Royal Hospital | 1055 Great Western Road |
Glasgow | G12 0XH

From: Peters, Christine <Christine.Peters  
Sent: 11 December 2019 18:20
To: McQueen F (Fiona) <Fiona.McQueen ; White C (Craig) <Craig.White
Cc: Inkster, Teresa (NHSmail) <teresa.inkster
Subject: Responses to Parents Question 6A 
Importance: High
Dear Prof McQueen and Prof White,
I hope you don’t mind me writing to alert you to some objections I have to the answers that have
been given to parents regarding 6A - which I saw on line today for the first time - as I consider them
to contain inaccuracies based on my knowledge of the situation. In retrospect I think it would have
been essential to discuss these answers with Dr Inkster who was Lead ICD and key microbiology
Water expert in the hospital given her intimate knowledge of the history, results and expertise and
experience in BMT environmental management over a decade at the Beatson.
Qus pertaining to ventilation
There is a difference between saying ventilation is “safe” (what does that mean? ) and “meeting
standards required for the patient cohort housed in the accommodation” . This is an important
differential as it is only by meeting the standards /requirements that one can be assured that
reasonable preventative measures are in place. Deviations from this are hard to compensate for –
eg lack of positive pressure means unfiltered air readily accesses the room and is breathed by the
patient posing a risk of fungal infection particularly (including Cryptococcus if it is in the air). This has
been verified by air sampling results during Dr Hoods investigations.
The strain of Cryptococcus found in the patient that started the investigation has not been grown
from the air. Confirmed at the Cryptococcus advisory group and John Hood
This ward is not designed to be a neutropenic facility, It was a clinical decision made by Infection
Control to move to Ward 6A. however the interpretation of safe would be that this ward is safer
than that of an equivalent standard general ward within the QEUH Campus, this is backed up by
notional positive pressure barriers from rooms to corridor, mobile HEPPA scrubbers deployed
throughout the ward corridors and bedrooms and standalone H13 air scrubbers installed in all en-
suites which has evidentially reduced particulate rates.
It is a simple matter of fact that the rooms in 6A do NOT meet requirements for protective airborne
isolation which is the infection threat to neutropenic high risk patients. Note , the same was true of
2A as evidenced by the external engineer reports and the requirement for a huge amount of
remedial work that is required . This statement on 6A rooms is based on :

1. No positive pressure incorrect, notional positive pressure is established albeit is below the
standard required for a Neutropenic cohort

2. 3 Ach instead of 10 correct
3. Chilled beams in situ Guidance does not stipulate that they should not be in situ, SHTM 03-01

gives specific guidance on the use of the chilled beams within Hospital and goes on to
encourage the benefits they may bring (Section 2.38, SHTM 03-01 Part A, 2014). With
regards to the internal air condition control, SHTM 03-01 states that humidity controls are
not required within general wards in hospital areas (Section 1.24) but also suggests an air
handling unit cooling coil control strategy which should be used when close control of
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humidity is required of which has been implemented.
Guidance and legislation regarding the selection of active chilled beam HVAC system
suitability for clinical environments will vary from country to country. Based on the Scottish
Guidance (SHTM 03-01, 2014), it appears to be the case that Active Chilled beams are
acceptable as the re-circulation is only present within the one space, and is not being
transported across to different areas within the hospital as found in central plant re-
circulation.

4. Air is not HEPA filtered at point of supply Agreed this is the standard :
Neutropenic
patient
ward

10
ACH

+10
Pascals

H12
Filter

30
Noise
rating

18-
28

temperature
5. Air sampling has repeatedly found fungal counts above that expected for this patient cohort

as well as bacterial counts
What is the Standard ? can she provide evidence of standards?
For this reason antifungal prophylaxis is the mainstay of risk mitigation at present.

Qus pertaining to water :
filters were put in place as a control measure due to a water supply that was contaminated Who
indicated that it was contaminated?. That is not made clear in the responses . The water that is
describes as wholesome has high colony counts of Mycobacterium and fungi. This does not pose an
issue to immune competent patients but certainly does for the cohort under discussion. At least one
mycobacterial infection has clearly been linked to the hospital water by whole genome sequencing
and my view is that it is not possible to state that the other 6A infections have no link to the hospital
environment as has been stated in public statements, based on the epidemiology , environmental
results and the nature of the organisms themselves. Teresa is best place to give a comprehensive
review of the water risks. Is there a separate standard for Neutropenic patient water supply out
with Governments standards for hospital water supplies? No other infections have been linked to
the water supply, despite testing.
Qu 4 : re no problems with the showers
There was a problem with leakage of water under the floor with extensive mould under the flooring
due to a poorly designed seal and the rigidity of the flooring material used . This required significant
remedial work and a decant from the ward earlier this year. Where welds in vinyl joints have broken
the area has been inspected, repaired, or replaced under SCRIBE RA conditions.
There was one incident in 4B of sewage effluent coming up a shower drain while a BMT patient was
bathing . The patient went on to have an extremely rare environmental organism line infection. Is
there evidence that this infection is linked to the incident? Unfortunately drains block, especially in
Hospitals. Incidents such as this are quickly dealt with by the estates team as well as the domestic
services staff in conjunction with infection control colleagues and clinical team.
QU 8 : Chilled Beams
chilled beam cleaning is in place to prevent build up of dust and particulate matter and organisms
on the chilled beams. The fact that this is required as frequently as 6 weekly is an indication of a
faulty system. Guidance states that service intervals are 6 monthly to yearly and have only been
shortened at the request of IC and estates endeavouring efforts to provide a high level service. This
level of service clean will be under review once regular surface testing is undertaken and reduced if
possible to minimise disruption to the ward rooms.
These chilled beams should not be used in the immune compromised setting .I agree in principle,
but as previously stated this is not a guidance stipulation and as long as adequate control measures
are implemented, dew point monitoring and source dehumidification of which now are, they meet
the standard of the current guidance available. And even when they are used in other settings the
design is such that if they are installed correctly they should only be required to be cleaned 6
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monthly to yearly. It is a major question of concern that these chilled beams accumulate dust and
particulate matter at such a rate as to require 6 weekly cleaning. Active chilled beams operate under
induction therefore if they are requiring cleaning after 6 weeks then the cleaning process of the
room must be called into question.

Qu 30 : re leak into kitchen 27th September
Please find attached the SBAR I wrote regarding the leak and the results that Fungus was grown
from a sample of the wet material. This would not be unexpected given it is a floor that has regular
footfall access by staff. This was not a staff kitchen in the sense that it was where patient special
feeds were stored and drinks prepared for parents and children. Please see photos of the water
damage.
The risk from ANY water ingress into a BMT area is fungal propagation and spore dispersal followed
by infections as well as collection of water borne organisms. Therefore the assurance given is
incorrect. For the kitchen to have been made functional again all the wet material would need to
have been removed with strict HAISCRIBE process in place . Was this carried out? YES as standard
SOP. In addition, no wall material was saturated, nor had any water permeated to the underside of
the flooring, therefore all surfaces were intact.
Qu Pertaining to IMT
There is no consideration given to the marked difference in opinions on the IMT or the fact that the
chair of the IMT was replaced followed by her resignation linked to the way the IMT was handled.
This is not an easy message to convey , however I think it is vital that there needs to be a level of
acknowledgement regarding the fact that the main expert in infection control in the organisation
had a view that was not taken on by the organisation, for this to be a truly transparent process. Not
for comment by me, any recommendations set by Terresa and her team were fully implemented to
offset their original decision to move this patient group to a general ward.
I am happy to discuss all of the above and while I do not doubt for a moment that every effort is
being made to reduce infection risk, I believe that in order to build trust going forward a high level
of accuracy in delineating risks is warranted.
Kind regards,

Christine
Dr Christine Peters
Consultant Microbiologist
Queen Elizabeth University Hospital,
GGC
Ex 
Mobile: 
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Background 
The adult haemopoietic stem cell transplant service moved to the QEUH in May 2015, because of 
concerns that the planned level of support for acutely unwell patients on the GGH site would be 
insufficient to support such a high intensity speciality and would not meet the JACIE accreditation 
standards. The level of high intensity support provided at GGH prior to May 2015 was already far 
from ideal and any reduction would make it extremely difficult to maintain a safe service for 
patients. It was known in May 2013, at the time of the decision to move the BMTU to the new unit 
at the QEUH, that the corridor would not be HEPA filtered, but it was expected that the rooms 
provided would be of an acceptable standard for highly immunocompromised patients with 
appropriate HEPA filtration, room pressures and air exchange rates. Given the frequent requirement 
for support from HDU, ICU and other acute specialities it was agreed by the clinical team that this 
need should be prioritised when balanced against the lack of HEPA filtration in the corridor.  
Unfortunately, the unit had to return to the Beatson, West of Scotland Cancer Centre in July 2015 
because of the identification of extremely poor air quality in the new transplant unit. This return was 
predicated on it being short‐term with remedial works to improve the air quality in ward 4B, QEUH 
to acceptable levels. The BMT team agreed to work closely with the BWOSCC high acuity and QEUH 
teams to minimise the risk to critically unwell patients whilst at the BWOSCC.  
 
Remedial Works Required 
The GGC Infection control lead, Dr T Inkster, sought advice from Health Protection Scotland (HPS) 
about the changes required to ward 4B to establish the current standards for highly 
immunocompromised patients and review how they could be met. HPS in their document 
(SBAR_BMT_NHSGGC_PDF_version 52) detail what these should be. Some work has already been 
done and plans have been drawn up to achieve virtually all the other requirements. A feasibility 
analysis has been carried out and remedial action outlined which will improve the air quality in ward 
4B, QEUH. However, this is still below the specifications set out in the HPS document  
The major issues are  

 Frequency of air exchange is below the recommended 10/hour  

 Positive pressure in the room is below the recommended +10PA 

 The corridor is not directly HEPA filtered although all air entering will be 
It should be noted that in the above document HPS  state that “Ideally the corridor should also be 
HEPA filter supplied, however, this is normally only achieved in a purpose built unit and is less 
important if the rooms are appropriately ventilated and achieve positive pressure in comparison to 
the corridor.” 
 
Risks of Suboptimal Air Handling 
The main risk poor air quality poses to patients is significant invasive fungal infection. It is impossible 
to quantify if there will be an increased risk incurred by moving back to the QEUH compared with 
the current provision at BWoSCC once the planned upgrade in air handling provision has been 
completed, given that there will be suboptimal air exchanges and no direct HEPA filtration of the 
corridor. Until the proposed changes have been made we cannot do air sampling or particle counts 
to look for fungal colonies. However, we can reduce the risk of invasive fungal infection by using well 
tolerated and effective anti fungal prophylaxis such as posaconazole. With the measures that have 
been taken already, and further measures that are being planned, the air quality is almost certainly 
going to be adequate to protect patients, albeit the specification does not fully meet HPS standards.  
 
Risks of Remaining at the BWoSCC 
The failure to completely meet the HPS standards at QEUH needs to be balanced against the 
following which are incurred whilst the service remains at the QEUH 

 Lack of HDU/ITU at BWoSCC  
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o  Requirement for early transfer to QEUH to reduce risk of critically unwell patient at 
BWOSCC site. This means patients are being transferred to the QEUH who would 
normally be managed on the ward.  

o Exposure to an unprotected environment during transfer   
o Potential for significant compromise in outcome due to lack of rapid access to these 

staff and facilities. 

 On‐going concern about ensuring optimal care for patients who have been transferred from 
the BWOSCC transplant unit to the QEUH due to lack of on site BMT nursing, pharmacy and 
AHP expertise. 

 Significant psychological effects on patients moved to QEUH, who require to  remain there 
for long periods of time, due to concerns about general stability of condition, but who could 
be managed in the BMTU if onsite at the QEUH 

 Difficulty in obtaining prompt medical and surgical opinions at BWOSCC, particularly OOH. 
Patients require transfer to QEUH. 

 Lack of beds at the BWOSCC delaying admissions and increasing risk of disease progression 

 Single air handling plant at the BWoSCC which cannot be serviced and has failed several 
times in the last few months. 

 The level of support available on‐site will be inadequate for the unit to achieve JACIE 
accreditation.  
 

Monitoring Regime  
On conclusion of the works outlined in the feasibility report, monitoring of the environment will take 
place as follows: 
 

 Air particle Count 

 Active air sampling  
 
Acceptable levels would be: 
 

 Air particle Count < 1000 

 Active air sampling fungal colonies < 1CFU/m3 
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UK Benchmarking  
Of the 7 centres who responded to a local survey (across the UK), all are operating within varying environments as follows: 

Hospital 

HEPA 
filtered 
Rooms  
Y / N 

HEPA 
filtered 
Corridors 
Y / N 

Room Air 
Changes 
10/hour 
Y / N 
(if 

different, 
please 
specify) 

Room 
Pressure 
Positive 
10Pa 
Y / N  
(if 

different, 
please 
specify) 

Sealed  
Rooms 
(fixed 
ceilings 
etc) 
Y / N  

Air  
Lock  

Entrance 
to Ward 
Y / N 

Is Air 
Pressure 

Monitoring 
System 
Alarmed 
Y / N 

Is there a 
“Back‐up” air 
handling plant 
for Wards 

Or 
Separate plant 
for each room 

Rooms with 
anteroom at 

negative pressure 
for infectious BMT 

patients 
Y / N 

(Please state 
approx. Pa) 

Do you operate a 
programme of 
Environmental 
Monitoring 

(Particle Counting / 
Microbial air 
sampling etc – 
please state 

acceptable limits) 

HDU / ICU 
on‐site 

Comment 

 
                     

QEUH 
Proposal 

Y  N 
(approx.  
4 AC/hr 
with 
pos 
pressur
e to 
external 
corridor
s + 
wards) 

N 
Approx. 
6AC/hr 

N 
(approx. 
2.3‐8 Pa) 

Y  Y  Y 
Audible 
alarm 
outside 
each 
room 

Y 
Independent 
(back‐up) AHU 
unit available 
if primary unit 
fails 

Y 
(Available via 
adjacent Renal 
Ward) 

Y 
Monthly 
programme of 
Microbial Air 
Sampling and 
Particle 
Monitoring  

Y   

UCLH Y N Y Y Y N No, 
pressure 
gauge on 
wall  

No ‐10KPa on 
separate floor 

Micro sampling of 
all wards (contact 
plates etc) led by 
infection control. 
HEPA qualified 
annually by 
external 
company.  

ITU + HDU   
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St 
Bartholome
ws (Barts 
Health) 

Yes  Yes  Yes  Yes  Yes  Yes  Yes  Back up  Yes  Done by infection 
control. No SOP 
that I’m aware of. 

ICU on‐
site for 
BMT 
patients. 
Other 
ICU’/HDU’ 
for cardiac 
patients 

Whole floor 
is HEPA 
filtered 
(Brand new 
facility – last 
year) 

Nottingham 
University 
Hospital 
 
 

Y 
 
 
 
 

N 
 
 
 
 

Y 
 
 
 
 

Y 
Runs at 
<10 
 
 
 
 

N 
Suspended 
ceilings 
 
 
 
 
 

N 
 
 
 
 

N 
But is checked 
every 
morning by 
ward staff 
and then 
alarm raised if 
out of range. 

Y 
Back up generators 
Monitored by 
estates dept 
 

 

N/Y 
Negative pressure can 
be achieved by leaving 
the bathroom door 
open. ?Pa 

 

Y 
NUH Infection control 
dept coordinates this – 
air particle sampling and 
micro sampling done. 
Also water sampling 
showers and sinks. 
Throughout ward.  
Results go through to 
ward Manager. 

Critical 
Care Unit 
on‐site 

 

KCH  Y  Y  Y  Y  Y  Some  Y  N  Y  No. 
Rooms verified 
on opening. 
Regular HEPA 
filter 
replacement. 

HDU + ICU   

ANON  Y  No. 
Each 
room 
positive 
to 
corridor 

Y  Y  Y  Y  Yes, local 
and 
central 

Separate AHU 
for each 
patient room. 
Main Ward on 
separate 
system. 

Yes, 15Pa in 
anteroom and 
10Pa in patient 
room. 

No. 
Rooms verified 
on opening. 
Regular HEPA 
filter 
replacement. 

ICU (ITU)   

Royal Devon 
& Exeter 

Y  N  Y  Y  Y  N  N  N  Y  Y  ITU 
(+HDU) 

 

Leeds Adult  Y  Y  Y  Y  Y  Y  Y  Y  Y  N  ICU + HDU   
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N.B QEUH is based on the specification once the works outlined in the recent feasibility study are 
completed. 
 
 
Conclusions  
On this basis, it is our belief that the current proposals will ensure an adequate solution to providing 
a safe environment for patients and compare favourably to the physical environment available at 
BWoSCC: 
 

  Current BWoSC C  Proposed QEUH 
HEPA filtered Rooms  
Y / N 

Y  Y 

HEPA filtered Corridors 
Y / N 

Y  N 
 (HEPA filtered air 
supplied to rooms – 

cascaded to corridor then 
external corridor under 

positive pressure 
differential). 

Room Air Changes 10/hour 
Y / N 

Y  Approx 6 AC/hr 

Room Pressure Positive 10Pa 
Y / N  

Y  Approx 2.3 – 8 Pa 

Sealed Rooms(fixed ceilings 
etc) Y / N 

Y  Y 

Air Lock Entrance to Ward 
Y / N 

Y  Y 

Is Air Pressure Monitoring 
System Alarmed Y / N 

N  Y 

Back‐up plan Y / N  Y  Y 
Rooms with anteroom at 
negative pressure for infectious 
BMT patients 
Y / N 

Y  Y 

Programme of Environmental 
Monitoring Y / N 

Y  Y 

ICU /HDU  N  Y 
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Queen Elizabeth University Hospital (NHSGGC) Bone Marrow Transplant Unit  

 
 

 
 
Situation 

 
NHS Greater Glasgow and Clyde (NHSGGC) initially requested 
support from Health Protection Scotland (HPS) in 2015 in the review 
of their Bone Marrow Transplant Unit within Queen Elizabeth 
University Hospital (QEUH) prior to transfer of patients from the 
Beatson Oncology Centre (WOSBOC). This review focussed mainly 
on the ventilation and provision of a safe environment for the care of 
these patients within the QEUH. HPS liaised with HFS and support 
has continued since the initial request. 

NHS 
' ti ,r 

National 
Services 
Scotland 
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Background 

The decision to transfer the care of bone marrow transplant patients 
from the Beatson Oncology Unit to the QEUH was made in June 
2013. Construction of the QEUH was well established at this point 
and therefore the unit was not purpose built. When the new hospital 
opened patients transferred to ward 4b from the Beatson Oncology 
unit. Concern was raised following environmental and air sampling 
yielded high particulate counts and fungal spore growth. On 
identification of these results the patients were relocated back to the 
WOSBOC as a temporary measure whilst remedial work was 
undertaken in ward 4b. Currently the patients remain in the WOSBOC 
whilst works have been ongoing in ward 4B in an attempt to make the 
unit compliant.   It is noted that there is no current UK guidance on 
BMT isolation rooms. General ventilation guidance is contained 
within  SHTM 03-01 (Parts A and B) and SHPN 04-01 Supplement 
01. Additionally, an SBAR was produced in May 2015 which provided 
GGC with recommendations to allow the provision of a protective 
environment for patients within the bone marrow transplant unit. 
The SBAR focussed primarily on the adult BMT transfer to ward 4B 
was produced by HPS/HFS in December 2015 (Appendix 1).  
 
Whilst NHSGGC has continued to work towards these 
recommendations  it is noted that the solution proposed does not 
meet the guidance nor does it seek to address all the 
recommendations in the SBAR(2015). As a result HFS cannot 
comment on the effectiveness of the measures intended to be put in 
place. NHSGGC  are working towards transfer of the patients from 
the BOSWOC to ward 4B by early 2018. A staged approach to 
repatriation of the BOSWOC BMT patients back to ward 4B has been 
proposed. This includes transfer of existing medical patients to other 
areas within the hospital, ventilation within the area turned back on 
once patients have vacated the area and external validation and 
commissioning of the unit will be undertaken. Once this has been 
completed and agreed with facilities, IPCT and management 
haemato-oncology patients from the South Glasgow are will occupy 
ward 4b for a period of 6 months will microbiological monitoring is 
undertaken.   HPS have been requested to provide support relating to 
initial monitoring of the environment prior to transfer and during the 
first six months of the transfer to allow early identification of airborne 
fungal spore risks. 
 
A rapid literature review relating to microbiological risks was 
undertaken (Appendix 2) and support sought from Peter Hoffman 
(Public Health England)  
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Assessment 

 The recommendations outlined in the SBAR (2015) relating to 
ventilation included: 
To allow the provision of a protective  environment for patients within 
the bone marrow transplant unit (Ward 4B) 

• The rooms must be positively pressured at 10 pa  
• ALL air entering the room must be via the HEPA filter 
• The HEPA filter should as a minimum be E12 (H13) and 

located within the supply air diffuser 
• The rooms must be sealed and no air which has not passed 

via the HEPA filter should access the room 
• A strict protocol which minimises the length of time the door is 

opened and reduces air entry via an open door is required.  
• There must be a continuous pressure monitoring system for 

each room which alarms and gives an early indication of a 
pressure drop within the room 

• Bedroom Air changes of 10 ACH must be achieved 
• The walls and ceilings within the rooms and ensuite must be 

sealed. 
• All room services must be sealed 
• All service access hatches within the bedrooms/ensuite must 

be sealed 
 

 
NHSGGC have confirmed that the rooms meet 10Pa however fall 
short on air changes at 6 AC/hr instead of the recommended 10 
AC/hr. Air changes dilute the microbial content of the room from what 
is already dispersed within the room. The main focus from protection 
of the immune-compromised patient is to ensure protection is 
provided from outdoor contamination via hepa filtration. The integrity 
of the hepa filter requires to be insitu checked with particles to ensure 
its efficiency and correct fitting.  
 
It is an engineering recommendation that the design philosophy as 
outlined in SHPN 04-01 Supplement 1 is followed as far a reasonably 
practicable and that the supply and extract branches to each suite are 
fitted with spring close gas tight dampers to allow individual suites to 
be closed for maintenance or cleaning. 

 
It should be noted that BSRIA are recommending that air permeability 
should be between 2.5-1.0m3/hr/m2 at 50Pa and given the limitations 
of the existing solution, it may be prudent for NHS GGC to consider 
this. 

 
Extract ventilation ductwork should be separate and terminate as 
described in SHPN 04 Supplement 01.  

NHS 
' ti ,r 

National 
Services 
Scotland 

Page 1648

A48946859



 
Ventilation rates: 
Validation of the entire system should be as detailed in SHTM 03-01 
part A and verification of the entire system should be as outlined in 
SHTM 03-01 part B. The frequency of verification should be at least 
annually, or more frequently if issues arise. 

 
Sampling: 
There are two ways of sampling: 

• Active air sampling 
• Passive air sampling 

 
Active air sampling involves using the air sampler and monitoring all 
patient rooms and corridor on the same day and sampling a high 
volume of air of at least 1 cubic metre of air from each room. There is 
no requirement for rooms to be empty during sampling as the testing 
is to identify fungi not bacteria 
 
Passive air sampling involves using settle plates in every room and 
allowed to remain in situ for a period of approximately 5-6 hours. 
Settle plates will sample fungal spores relatively inefficiently but can 
sample over a far longer time than active air samplers and so capture 
isolated contamination dispersion events that active sampling is likely 
to miss. The medium used should be selective medium which only 
allows the growth of fungi. (e.g Sabaraud’s with appropriate selective 
supplements),  
 
Sampling should take place in an adjacent unprotected environment 
simultaneously to those within the rooms. Fungal levels in the outdoor 
environment (i.e. the challenge to any system of patient protection) 
will vary over time. A finding of low fungal counts in the protected may 
just be the result of a low challenge level. This sampling strategy 
allows the determination of a contamination ratio of the protected 
environment versus unprotected environment. 
 
A combined approach of both passive and active air sampling 
undertaken in parallel utilising media which selects fungi only , using 
the same medium, is the preferred method for commissioning and 
monitoring purposes, with both methods being undertaken 
simultaneously including an external unprotected control sample. 
Samples taken at weekly intervals for a period of 4-6 weeks at 
varying times should provide sufficient information on the integrity of 
the ventilation system with consideration being given to a follow up 
one month later. Thereafter sampling should return to the agreed 
boards protocol. Microbiological sampling is used as a validation of 
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engineering and engineering controls and should only be done after 
the engineering parameters have been assured as adequate. Annual 
validation of engineering is important and must be undertaken. 
 
Results: Fungal growth does not require to be speciated. If controls 
are in place the optimal level should be zero growth. The presence of 
any fungal spores on active sampling should prompt a review. The 
following strategy per cubic metre of air sampled is proposed 
 

• Zero growth   =    optimal 
• Single digit     =    review room air supply, confirm direction of 

outward air passage at multiple gaps in the room’s integrity, 
examine room for areas of dampness or fungal growth. 
Investigate possible errors in sampling technique and 
resample  

• Double digits and above =   indication of a serious problem. 
Urgent investigation and clinical consideration of fungal 
prophylaxis 

 
It is worth noting that a zero result, whilst optimal, does not always 
assure engineering efficacy as it may be reflective of no circulating 
fungal spores at the time of testing.  
 
 
Lighting and power: 
Luminaires to be recessed into a solid ceiling and be (minimum) IP44 
with clear access strategy for maintenance including gear and lamp 
replacement. 
Any power, trunking or other services penetrations into the space 
must be sealed. 

 
Water: 
The water systems should be to SHTM 04-01 and free of any 
waterborne pathogens at the point of use.  

 
Contingency: 
As it is proposed that only one air handling unit serves the BMT 
isolation rooms, planned shut downs or unplanned events (such as 
motor failures or power failures) require to be addressed. The result 
of these shutdowns may mean that patients may need to be 
relocated. 
It is suggested that contingency plans include:- 

• AHU complete failure for prolonged period 
• AHU complete failure for short duration 
• AHU maintenance (air related – filters, fans, cleaning, 
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etc) 
• AHU maintenance (water related - cleaning, testing, 

inspecting) 
• Cleaning or deep cleaning of rooms following 

occupation.  
• If the AHU does not have a duty/standby arrangement, 

spare supply fans are sourced and stored locally to the 
AHU. 

• If ALL the ductwork is not fire rated, what happens in 
the event of a fire scenario. 

It may also be prudent to have contingency plans for local power 
failure and in the event of pathogens found in the local water supplies 
to the BMT isolation facilities 

Microbiological 
monitoring  
Recommendation 

 
• Both active and passive air sampling should be undertaken in 

parallel 
• Sampling should be undertaken weekly at varying times for a 

period of 4 -6 weeks and a follow up one month later 
• All patient rooms within 4b should be included in each sample 

period 
• An external adjacent unprotected area should be identified 

and passive sampling undertaken in parallel with protected 
(BMT unit rooms) sampling 

• Standard sample plates should be used which are selective 
for fungi and that inhibit bacterial growth 

• Any fungal colonies identified require to be counted but not 
speciated 

• As the medium used are selective for fungi and not bacteria, 
the rooms do not require to be vacated during the sampling 
period. 

• Passive sampling/settle plates should be left insitu for 4-6 
hours approximately ensuring the plates do not dry out. 

• Active sampling volume should be approx 1,000 litres per 
room. 

• The air sampler should be placed on a clean trolley or stand 
• The medium for both passive and active sampling should be 

the same 
• Results should be interpreted:   
• Zero growth   =    optimal 
• Single digit     =    review room air supply, confirm direction of 

outward air passage at multiple gaps in the room’s integrity, 
examine room for areas of dampness or fungal growth. 
Investigate possible errors in sampling technique and 
resample  
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• Double digits and above =   indication of a serious problem. 
Urgent investigation and clinical consideration of fungal 
prophylaxis 

 
• Annual validation of ventilation should be undertaken in line 

with the agreed protocol, based on selected components of 
SHTM 03-01 part B. 

• Once completion of commission monitoring as outlined above 
the normal monitoring protocol endorsed by NHSGGC should 
be resumed 
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Appendix 1: 
 
Insert SBAR
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Appendix 2:  
Research studies  
Reference  Study type  Setting  Summary  Conclusions/recommendatio

ns  
Alberti et al. 
Relationship 
between 
environmental 
fungal 
contamination 
and the incidence 
of invasive 
aspergillosis in 
haematology 
patients. Journal 
of Hospital 
Infection (2001) 
48:198-206  

Prospectiv
e 
surveillanc
e  

BMT unit 
and 2 
haematolog
y wards  
France  

Bi-monthly air 
and surface 
fungal sampling 
of patient rooms 
(some with HEPA 
filters and LAF 
systems) as well 
as communal 
sites (corridors 
etc) carried out 
over a 4-year 
period. Invasive 
nosocomial 
aspergillosis 
infections were 
monitored over 
the same period. 
Patterns of fungal 
contamination 
were comparable 
in the three 
wards, with a 
gradient ranging 
from high levels 
in common sites 
and conventional 
rooms (up to 6 
cfu/m3) to a 
virtual absence in 
rooms equipped 
with HEPA filters 
and LAF systems. 
Using a regression 
model, a 
significant 
relationship was 
found between 

This study emphasizes the 
utility of environmental 
surveillance. The authors 
recommend that pressure 
measurement should be 
regularly checked, as a 
decreased air pressure within 
the ward can result in a fungal 
contamination from adjacent 
sites.  Monitoring of air 
fungal contamination is also 
recommended based on the 
significant relationship 
observed between incidence 
of invasive aspergillosis and 
air contamination with 
Aspergillus and non-
Aspergillus species. The 
authors also recommend 
environmental surface 
monitoring based on the 
relationship they observed 
between fungal 
contamination of surfaces and 
invasive aspergillus infections.  
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Reference  Study type  Setting  Summary  Conclusions/recommendatio
ns  

the incidence of 
invasive 
nosocomial 
aspergillosis and 
the degree of 
fungal 
contamination of 
air and surfaces in 
conventional 
patient rooms 
(not equipped 
with HEPA) and 
common sites. 
The study found 
that peaks of air 
contamination by 
Aspergillus ≥2 
cfu/m3 had a 
determining role 
in the relationship 
between 
environment 
contamination 
and the 
occurrence of 
invasive 
aspergillosis.  

Bellanger et al. 
Fungal 
aerocontaminatio
n exposure risk 
for patients in 3 
successive 
locations of a 
paediatric 
hematology unit 
department: 
influence of air 
equipment and 
building structure 

Prospectiv
e 
surveillanc
e  

Paediatric 
haematolog
y 
department  
France  

Monthly air 
fungal sampling 
carried out of 
patient rooms 
and weekly air 
fungal sampling 
of corridors over 
a ten-year period, 
during which time 
the unit was 
relocated twice: 
from a building 
without a 

Based on their results, the 
authors suggest a threshold 
alert of 8 CFU/m3 for unit 
corridor aerocontamination.  
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Reference  Study type  Setting  Summary  Conclusions/recommendatio
ns  

on air quality. 
American Journal 
of Infection 
Control (2017) 45: 
e109-e113.  

filtration system 
(B1) to  a 
renovated 
building with low 
air pressure (B2) 
to a new building 
with high air 
pressure and 
HEPA filters. 
Multivariate 
statistical analysis 
showed that B2 
was 
approximately 2.9 
times more 
contaminated by 
mould than B3 (P 
= .004), whereas 
B1 was 
approximately 1.8 
times more 
contaminated 
than B3 (P = .32). 
The study also 
found that 
contamination of 
air in corridors 
was important.  
Whenever 
opportunistic 
fungi are >8 
CFU/m3 in unit 
corridors, the risk 
of fungal 
aerocontaminatio
n in rooms is 
multiplied by 4.  

Reboux et al. A 
10-year survey of 
fungal of 

Prospectiv
e 
surveillanc

Haematolog
y units 

Study 
retrospectively 
assessed the 

A trigger threshold of 40 
cfu/m3 in main corridors is 
suggested – the authors state 
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Reference  Study type  Setting  Summary  Conclusions/recommendatio
ns  

aerocontaminatio
n in hospital 
corridors: a 
reliable sentinel 
to predict fungal 
exposure risk? 
Journal of 
Hospital Infection 
(2014) 87: 34-40 
 
 
 

e  contribution of 
fungal 
aerocontaminatio
n measurement in 
haematology 
corridors and 
main hospital 
corridors as a 
sentinel to assess 
fungal exposure 
and risk of 
invasive mould 
infections over a 
ten year period. 
Air samples were 
taken every week 
in the same 
locations in 
haematology 
corridors and 
main hospital 
corridors. All 
fungal species 
were identified. 
The Haematology 
and Hospital 
Hygiene 
Departments 
were alerted 
systematically 
whenever a peak 
of opportunistic 
species was 
detected and 
corrective action 
was planned. 
12 peaks of 
Aspergillus 
fumigatus (>40 
CFU/m3) were 

that at this level it was 
possible to keep the staff alert 
without warning them too 
often. A trigger level of 
>1cfu/m3 was set in 
haematology corridors.    
While the study found that 
while monitoring did not 
prevent all invasive 
aspergillosis cases, the 
authors felt that the absence 
of surveillance could reduce 
staff vigilance and 
consequently increase the risk 
of invasive fungal infection.  
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Reference  Study type  Setting  Summary  Conclusions/recommendatio
ns  

observed in the 
main hospital 
corridors, and A. 
fumigatus 
contamination 
was detected up 
to six times per 
year in the 
haematology 
corridors. Peaks 
in the main 
corridors were 
thought to be 
associated with 
outdoor works 
(building, 
excavation and 
construction), 
indoor works 
(removal of false 
ceilings) and 
turning on the 
heating system. It 
was not possible 
to establish a 
link between 
invasive 
aspergillosis 
diagnosis and 
recent A. 
fumigatus peaks 
in the main or 
haematology 
corridors.  

 
Reviews and Other  
Reference  Study 

type  
Setting  Summary  Conclusions/recommen

dations  
Gray and 
Ludman. The 

Letter to 
the 

BMT unit 
United Kingdom  

Letter reporting 
microbial air counts 

Authors introduced 
three-monthly air 
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Reference  Study 
type  

Setting  Summary  Conclusions/recommen
dations  

protected 
environment for 
high-risk 
haematology 
patients: as safe 
as we think? 
Journal of 
Hospital Infection 
(2016) 92: 295 

Editor  in HEPA filtered BMT 
unit found to be 
unexpectedly high in 
two subsequent years 
following yearly 
planned 
maintenance. 
Increases attributed 
to deficiencies in the 
vicinity of ceiling air-
supply vents:  
damage to the 
paintwork bon the 
ceilings, and to the 
seals around light 
fittings which led to 
dust collecting 
directly in the path of 
laminar airflow 
supply; dust on the 
ceiling air-supply 
vents themselves, 
which had not been 
cleaned by the 
contractors. Cleaning 
and fixing defects 
returned samples to 
expected levels.  

sampling of BMT 
isolation cubicles in 
order to obtain greater 
ongoing assurance of 
the safety of the air on 
the unit. 

Kennedy et al. A 
novel application 
of statistical 
process control 
charts- 
monitoring air 
quality in a 
paediatric 
haematology/onc
ology 
unitcategory: 
lesson in 

Confere
nce 
abstract  

Paediatric 
Haematology/On
cology unit 
United Kingdom  

This study sought to 
determine whether 
statistical process 
control charts were 
useful in 
environmental air 
monitoring of high 
risk healthcare units. 
Results of air 
sampling at several 
sites within the 
paediatric 

Statistical process 
control charts are a 
useful addition to 
environmental control 
measures to provide 
optimal air quality 
within clinical areas 
housing 
immunocompromised 
patients at risk of 
invasive fungal 
infection. This has now 

NHS 
' ti ,r 

National 
Services 
Scotland 

Page 1659

A48946859



Reference  Study 
type  

Setting  Summary  Conclusions/recommen
dations  

microbiology and 
infection control. 
Journal of 
Infection (2011) 
63(6): e75-e76 

haematology/oncolog
y/BMT 
unit (in addition to 
external sites within 
the hospital grounds) 
collected over a 2 
year period were 
used to produce 
SPC charts. The SPC 
charts provided mean 
fungal spore counts, 
upper control limits 
and trigger alert lines 
for (a) total fungi, (b) 
Aspergillus spp. and 
(c) Aspergillus 
fumigatus at each site 
sampled within the 
unit, thus providing 
information on the 
state of control for 
each area. For areas 
with high efficiency 
air filtration, 
the upper control 
limits and trigger 
alert lines are set at 
very low levels of 
spore counts. 
Subsequently, if 
fungal counts in any 
area approach the 
trigger alert category, 
action will be taken 
e.g. checking 
efficiency of air 
filters, particle 
counting, monitoring 
of cleaning 
procedures etc. 

become a continuous 
process with results 
from routine monthly 
air sampling being 
incorporated into the 
SPC charts. 
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Reference  Study 
type  

Setting  Summary  Conclusions/recommen
dations  

Gonçalves 
Menegueti et al. 
Assessment of 
microbiological 
air quality in 
hemato-oncology 
units and its 
relationship with 
the occurrence of 
invasive fungal 
infections: an 
integrative 
review. Revista 
da Sociedade 
Brasileira de 
Medicina 
Tropical (2013) 
46(4):391-396 

Review  Haematology/On
cology units  

Integrative review 
that included 13 
primary studies. The 
results of the studies 
suggest that 
suggesting that HEPA 
filtering of the 
ambient air in 
hemato-oncology 
units can prevent the 
incidence of invasive 
fungal infections. 
Currently, there is no 
consensus about the 
maximum allowable 
count of fungi in the 
air, which 
complicates filtration 
monitoring, including 
filter maintenance 
and replacement.  
 

There is a requirement 
for consensus on 
maximum allowable 
count of fungi in air.   

Morris et al. 
Sampling of 
Aspergillus 
spores in air. 
Journal of 
Hospital Infection 
(2000) 44: 81-92  

Review  General 
healthcare  

The review outlines 
many of the physical 
and environmental 
parameters that 
influence meaningful 
air sampling for 
Aspergillus and 
recommends a simple 
procedure that has 
been tried and tested 
in many aspergillosis 
outbreaks. 

Interpretation of air 
sampling data and 
recommendations 
A single air sample will 
often underestimate 
the fungal 
contamination in the 
air: multiple air 
sampling has to be 
performed 
No strict numerical 
guidelines are available 
which are appropriate 
for assessing whether 
the contamination in a 
particular location is 
acceptable or not but 
the following threshold 
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Reference  Study 
type  

Setting  Summary  Conclusions/recommen
dations  
levels have been 
recorded: 
• Outdoor air: total 

fungal count: 103 to 
105 CFU/m3 

• Aspergillus: 0·2–3·5 
conidia/m3 

Note: seasonal variation 
recognised 
• HEPA filtered air (> 

95% efficiency and 
> 10 air changes per 
hour): <0·1 CFU/m3 

• No air filtration: 5·0 
conidia/m3 

• Construction/defect
ive ventilation: 2·3–
5·9 conidia/m3 

If total fungal count 
exceeds 1·0 CFU/m3 on 
several occasions the air 
systems or procedural 
practice in patient areas 
requires intensive 
evaluation. 

Rupp et al, 
Routine sampling 
of air for fungi 
does not predict 
risk of invasive 
aspergillosis in 
immunocompro
mised patients. 
Journal of 
Hospital Infection 
(2008) 68: 270-
282  

Letter to 
the 
editor  

Haematopoietic 
stem cell 
transplant Unit  

In response to an 
outbreak of invasive 
aspergillosis, the 
authors implemented 
weekly fungal 
sampling in the unit, 
which continued for a 
7 year period. 
Aspergillus spp. were 
recovered from 163 
(16.7%) of the air 
samples. Of air 
cultures yielding 
Aspergillus spp., the 
quantitative results 

Due to the fact that air 
sampling did not appear 
to be helpful in 
predicting the risk of 
invasive aspergillosis, as 
well as the fact that it 
takes 5-7 days for 
results of air samples 
making it too late to 
intervene to prevent 
exposure, the authors 
discontinued routine 
air sampling for mould. 
Instead, emphasis is 
now placed on 
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Reference  Study 
type  

Setting  Summary  Conclusions/recommen
dations  

ranged from 1.8 
cfu/m3 to 28.3 
cfu/m3. Other non-
Aspergillus spp. of 
fungi, 
predominantly 
Penicillium spp., 
Cladosporium spp. 
and Alternaria spp., 
were detected in 567 
of the air cultures 
(58%). Analysis 
revealed that routine 
weekly quantitative 
air cultures did not 
appear to be helpful 
in predicting the risk 
of development of 
invasive aspergillosis 
in the subsequent 14-
day and 28-day time 
periods. 

maintenance of the 
ventilation system and 
the physical integrity of 
the HSCT unit, as well 
as environmental 
cleanliness. 
 

 
 
Guidance  
Reference  Key recommendations /information  
Chang et al. Consensus guidelines for 
implementation of quality processes 
to prevent invasive fungal disease 
and enhanced surveillance measures 
during hospital building works. 
Internal Medicine Journal (2014) 44: 
1389-1397   

• Employ targeted air sampling prior to the 
commissioning of a new ward or air-handing system  

• Consider using targeted environmental sampling as 
a measure of enhanced surveillance during any 
hospital building works. 

• Consider using targeted environmental sampling to 
facilitate outbreak investigations. 

Air sampling: A written, defined, standardised, 
multidisciplinary protocol for sample collection and culturing 
is required in institutions where targeted air sampling is 
performed. Analysis and interpretation of results should use 
scientifically determined or anticipatory baseline values for 
comparison. Expected actions, based on the results 
obtained, should also be defined. Unfortunately, the 
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Reference  Key recommendations /information  
sensitivity, specificity and threshold values are unclear, and 
there are no uniform air quality standards.  
Microbiological sampling of air, water and inanimate 
surfaces is hampered by the variability in collection 
protocols, analysis and interpretation.  Settle plates 
(sedimentation or depositional 
methods) are not recommended for sampling fungal spores 
as spores can remain suspended in the air 
indefinitely. 
There are no universally accepted standards or guidelines for 
the interpretation of fungal spore or colony counts collected 
in response to an outbreak. Fungal spore levels vary over 
time and with other factors, such as ambient light and 
humidity. An exposure level of <5 CFU/m3 of Aspergillus 
spp. in protective isolation areas and <0.1 CFU/m3 in HEPA-
filtered environments, with limits of 15 CFU/m3 for gross 
colony counts of all fungal organisms, is recommended. 

Dykewicz. Hospital infection control 
in hematopoietic stem cell transplant 
recipients. Emerging Infectious 
Diseases (2001) 7(2): 263-267  

• Some experts suggest that hospitals routinely sample 
air, ceiling tiles, ventilation ducts and filters to test for 
molds, especially when construction or renovation 
occurs near or around the rooms of 
immunocompromised patients or when clinical 
surveillance demonstrates a possible increase in mold 
(e.g. aspergillosis) cases [CIII: This is an optional 
intervention because evidence is insufficient to support 
a recommendation or evidence for efficacy might not 
outweigh adverse effects/This is evidence from 
authorities’ opinions based on clinical experience, 
descriptive studies, or reports of expert committees].  

• In the absence of a nosocomial outbreak, HSCT units 
need not perform routine fungal cultures of devices and 
dust in the rooms of HSCT recipients and candidates 
undergoing conditioning therapy [DIII: Indicates that 
moderate evidence for lack of efficacy or adverse 
outcome supports against the intervention/ This is 
evidence from authorities’ opinions based on clinical 
experience, descriptive studies, or reports of expert 
committees]  

Sehulster LM et al.Guidelines for 
environmental infection control in 
health-care facilities. 

Microbiologic sampling of air in health-care facilities remains 
controversial because of currently unresolved technical 
limitations and the need for substantial laboratory support. 

NHS 
' ti ,r 

National 
Services 
Scotland 

Page 1664

A48946859



Reference  Key recommendations /information  
Recommendations from CDC and the 
Healthcare Infection Control 
Practices Advisory Committee 
(HICPAC). Chicago IL; American 
Society for Healthcare 
Engineering/American Hospital 
Association; 2004 

Infection-control professionals, laboratorians, and engineers 
should determine if microbiologic and/or particle sampling is 
warranted and assess proposed methods for sampling. The 
most significant technical limitation of air sampling for 
airborne fungal agents is the lack of standards linking fungal 
spore levels with infection rates. Despite this limitation, 
several health-care institutions have opted to use 
microbiologic sampling when construction projects are 
anticipated and/or underway in efforts to assess the safety 
of the environment for immunocompromised patients. 
Microbiologic air sampling should be limited to assays for 
airborne fungi; of those, the thermotolerant fungi (i.e., those 
capable of growing at 35°C–37°C) are of particular concern 
because of their pathogenicity in immunocompromised 
hosts. Use of selective media (e.g., Sabouraud dextrose agar 
and inhibitory mold agar) helps with the initial identification 
of recovered organisms. 
 
Box 6. Unresolved issues associated with microbiologic air 
sampling  
• Lack of standards linking fungal spore levels with 

infection rates (i.e., no safe level of exposure)  
• Lack of standard protocols for testing (e.g., sampling 

intervals, number of samples, sampling locations)  
• Need for substantial laboratory support  
• Culture issues (e.g., false negatives, insensitivity, lag 

time between sampling and recording the  results)  
• New, complex polymerase chain reaction (PCR) 

analytical methods  
• Unknown incubation period for Aspergillus spp. infection  
• Variability of sampler readings  
• Sensitivity of the sampler used (i.e., the volumes of air 

sampled)  
• Lack of details in the literature about describing 

sampling circumstances (e.g., unoccupied rooms vs. 
ongoing activities in rooms, expected fungal 
concentrations, and rate of outdoor air penetration)  

• Lack of correlation between fungal species and strains 
from the environment and clinical specimens  

• Confounding variables with high-risk patients (e.g., 
visitors and time spent outside of protective 
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Reference  Key recommendations /information  
environment [PE] without respiratory protection)  

• Need for determination of ideal temperature for 
incubating fungal cultures (95°F [35°C] is the most 
commonly used temperature)  

 
Settle plates, because they rely on gravity during sampling, 
tend to select for larger particles and lack sensitivity for 
respirable particles (e.g., individual fungal spores), especially 
in highly-filtered environments. Therefore, they are 
considered impractical for general use. Settle plates, 
however, may detect fungi aerosolized during medical 
procedures (e.g., during wound dressing changes). 
The use of slit or sieve impactor samplers capable of 
collecting large volumes of air in short periods of time are 
needed to detect low numbers of fungal spores in highly 
filtered areas. In some outbreaks, aspergillosis cases have 
occurred when fungal spore concentrations in PE ambient 
air ranged as low as 0.9–2.2 colony-forming units per cubic 
meter (CFU/m3) of air. On the basis of the expected spore 
counts in the ambient air and the performance parameters 
of various types of volumetric air samplers, investigators of a 
recent aspergillosis outbreak have suggested that an air 
volume of at least 1000 L (1 m3) should be considered when 
sampling highly filtered areas. Investigators have also 
suggested limits of 15 CFU/m3 for gross colony counts of 
fungal organisms and <0.1 CFU/m3 for Aspergillus 
fumigatus and other potentially opportunistic fungi in 
heavily filtered areas (≥12 ACH and filtration of ≥99.97% 
efficiency). No correlation of these values with the incidence 
of health-care– associated fungal infection rates has been 
reported. 

National Guidelines for the 
Prevention of Nosocomial Invasive 
Aspergillosis During 
Construction/Renovation Work. 
National Disease Surveillance 
Centre, Dublin 2002  

Contains an Appendix outlining a recommended air sampling 
method, drawn from Morris et al’s 2000 review.  
No strict numerical guidelines are available, which are 
appropriate for assessing whether 
the contamination in a particular location is acceptable or 
not but the following threshold 
levels have been recorded: 
• Outdoor air (Note: seasonal variation recognised): 

• Total fungal count: 103 to 105 CFU/m3, 
• Aspergillus: 0.2-3.5 conidia/m3 
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Reference  Key recommendations /information  
• HEPA filtered air (>95% efficiency and >10 air changes per 
hour): < 0.1 CFU/m3 
• No air filtration: 5.0 conidia/m3 
• Construction/defective ventilation: 2.3-5.9 conidia/m3 
If total fungal count exceeds 1.0 CFU/m3 on several 
occasions the air systems or procedural practice in patent 
areas requires intensive evaluation. 

Ruiz-Camps et al. Guidelines for the 
prevention of invasive mould 
diseases caused by filamentous 
fungi by the Spanish Society of 
Infectious Diseases and Clinical 
Microbiology (SEIMIC). Clinical 
Microbiology and Infection (2011) 
17(supplement 2): 1-24  

• What is the usual spore concentration in hospital air? 
Studies must be carried out in each centre [unprotected 
hospital air] to determine the normal concentration and 
detect significant increases. Counts above 25 CFU/m3 
can be considered to be very high. (Level II) 

• When should microbiological determinations of air be 
performed? It is advisable to carry out environmental 
cultures when required by current legislation and when 
there are cases of IFI [invasive fungal infection] caused 
by aerial fungi or when refurbishment and maintenance 
works are being carried out. However, some experts 
recommend carrying out cultures on a regular basis to 
verify the proper operation of the facility, both in 
operating theatres and in protected rooms. (Level IA)  

• What is the acceptable concentration of fungi (CFU) in 
protected air? The limit of CFU/m3 of air is 0.5, which 
means, as a maximum, it is possible to detect one colony 
of filamentous fungi in a sample of 2 m3 of air. (Level IC)  

• What is the acceptable concentration of fungi (CFU) in 
unprotected hospital air? Figures vary according to the 
study consulted. Under normal conditions, this should 
be below 25 CFU/m3.  (Level II) 

• Do routine microbiological surveillance cultures have 
any additional value? They may be useful to determine 
the integrity of the filters of protected areas, although 
filter maintenance is more important. They may be 
helpful to determine the presence of unexpected 
contamination foci in centres that do not have adequate 
installations. They make it possible to have historical 
measurements to use for comparison purposes. (Level II) 

Tomblyn et al. Guidelines for 
preventing infectious complications 
among hematopoietic cell 
transplantation recipients: a global 

• Routine microbiologic air sampling for fungal spores in 
HCT units is not recommended, as its role has not been 
established (DIII). However, during a suspected 
outbreak, there may be a role for microbiologic air 
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Reference  Key recommendations /information  
perspective. Biol Blood Marrow 
Transplant (2009) 15: 1143-1238 
Yokoe et al. Infection prevention 
and control in health-care facilities 
in which hematopoietic cell 
transplant patients are treated. 
Bone Marrow Transplantation 
(2009) 44: 495-507   

sampling in patient care areas (CIII). If microbiologic air 
sampling is performed as part of an outbreak 
investigation, sample volumes of at least 1000L may 
achieve a higher degree of sensitivity than smaller 
samples. 
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Ventilation Review Appendix K information discussed at meeting of 10/11/10 

Noted that the review was on the preliminary design of 5 departments produced for GMP costing purposes and that flexibility in design is possible moving into the 

detail design phase. Issues having wider implications and major effect on the energy consumption are highlighted.  

1.  Ventilation review ZBP issues  Nightingale issues Relevant 

drawing  

Response/ discussion points Action 

2.  General and information 

requests 

     

2.1.  Resend as file corrupt ZBP-XX--PL-534-301_02 

ZBP-XX--PL-534-302_02 

ZBP-XX--PL-524-304_02 

    

2.2.   ZBP-XX--PL-524-050_03     

2.3.   ZBP-XX--PL-524-023_01     

2.4.   ZBP-XX--PL-524-004_03     

2.5.   ZBP-XX--PL-524-005_02     

2.6.   ZBP-XX--PL-524-015_04     

2.7.   ZBP-XX--PL-524-007_02     

2.8.   ZBP-XX--PL-524-028_02     

3.  Zoning comments generally      

3.1.  AHUs serving ward areas A 

and C 

Where there are areas 

within wards which are 

unlikely to be used at night , 

can ventilation be reduced 

to these areas- e.g. 

dayrooms, treatment rooms 

offices, school rooms etc? 

 ZBP-XX-

03-PL-

524-

303_02 

  

3.2.  41 AHU 22 2
nd

 floor NCH 

admin areas 

This only serves office and 

daytime use area – is there 

any potential for mixed 

mode here or for air flow 

related to internal 

temperature only? Is it full 

fresh air or can recirc be 

introduced here? 

  Minimal fresh air therefore no 

point in recirculation. Openable 

windows not possible at this 

stage 

 

3.3.  Isolation AHUs Is there any form of control   Discussed and to be referred to BE/ZBP 
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so that when these  areas 

are not in use, they shut 

down or go onto low volume 

and uncontrolled 

temperatures (indications 

and local control to bring 

areas up to “room ready” 

may be required) 

Board – operational policy 

needed  - note that room ready 

indication would be needed in 

any case for +ve,-ve operation 

and in case unit has a fault or is 

shut down for maintenance. 

3.4.  Circulation and storage How are these 

heated/ventilated? 

  ( please confirm response) BE/ZBP 

3.5.  31AHU26 Endoscopy Configuration for this unit? Is 

all extract  through PHX? 

  Please confirm – this unit was 

either not on schematic or on a 

drawing we could not open 

BE/ZBP 

3.6.  IT hubs Do these have 

supplementary cooling and if 

so, how is this achieved? 

  Confirmed that this is from 

central chilled water. Further 

development needed here as  

1. Chillers may be required all 

year to serve these 

distributed areas – free 

cooling via air only to be 

considered for majority of 

year 

2. Need to combine with IT 

meeting to discuss target 

PUE and means or air 

distribution plus potential 

for natural cooling ( possibly 

with chiller back up) 

BE/ZBP/EL/NHSGGC 

3.7.  Control generally  Where AHUS serve rooms 

with varying heat gain, how 

is individual room 

temperature control 

achieved? 

  Needs further discussion – to be 

reviewed with controls  

BE/ZBP/EL 

3.8.  33AHU01 renal? area  Staff base and store   BE/NA 
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if reversed would 

give staff view out 

3.9.  As above   Planning around the 

reception/plant/wai

ting / changing 

creates large 

internal office – 

could any re-

planning here for 

example relocating 

the staff change 

create a better staff 

environment and 

reduced lighting 

energy 

consumption? 

  BE/NA 

3.10. 31AHU29 staff areas There appears to be a mix of 

24 hour and 12 hour areas 

here – how is the unit sub 

zoned?  

The  staff change 

areas have access to 

daylight via the 

atrium, whereas 

various  offices and 

4 person 

workstation area do 

not - could any re-

planning here for 

example relocating 

the staff change 

create a better staff 

environment and 

reduced lighting 

energy 

consumption? 

 Consider sub zoning – need to 

develop with board more 

accurate and detailed 

occupancy patterns to establish 

the most efficient way of 

serving this and the remainder 

of the theatre areas. 

BE/ZBP 

3.11.  Local override controls could 

be useful to overnight room 

  General issue where there are 

isolated 24 hour areas within 

BE/ZBP 
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– to top up heating when 

rest of unit is on setback for 

example which time out 

automatically 

zones which are otherwise 24 

hour – to be considered on full 

review of detailed design 

3.12. 31AHU17 and all other 

theatre plant and recovery 

areas 

How are these controlled 

and is there a setback facility 

to each? 

  Set back facility confirmed to all 

theatres but noted that 

extended hours and 24 

operation to emergency theatre 

likely.  

Recovery – 2 areas – detailed 

discussion on usage patterns 

needed to establish if one area 

can be set back.  

 

3.13. 31AHU27 Is this a day case areas – it 

incorporates the lift lobby 

areas  - is it 12 hour only or 

24 hour and again what if 

any are set back 

arrangements ? 

  Please confirm – need to review 

lobbies generally.  

BE/ZBP/EL/NHSGGC 

3.14. 31AHU30 This appears to be a general 

clean area ancillary to 

theatres – presumably 

positive pressure area.  – is 

there set back/ variable 

volume to this area and how 

is it controlled? Is there heat 

recovery to the extract? 

  Heat recovery confirmed in 

schematics. Set back confirmed 

as possible – see 3.12 above 

 

3.15. 41AHU25 and wards 

generally with regen 

kitchens  

What is likely heat gain to 

the area, what happens to 

the extract and is there 

opportunity here for heat 

reclaim? 

 ZBP-XX-

03-PL-

524-

305_02 

Regeneration kitchens need 

further consideration and detail 

design.  To be reviewed once 

equipment type more 

developed. Confirmed that heat 

reclaim from extract is planned. 

Consider serving regeneration 

BE/ZBP/EL/NHSGGC 
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kitchens from dedicated plant 

with no cooling  

3.16. 41AHU25 – children’s wards 

generally  

There are quite large 

daytime only areas from grid 

R13.1 west – these could be 

mixed mode.  

  Sealed building decision now 

taken. Sub zoning of daytime 

only areas to be considered – 

where these are at the end of 

distribution, dampers would be 

possible to VSDs. Detailed 

patterns of use to be discussed,  

BE/ZBP/EL/NHSGGC  

3.17. All Adult ward plant Public core areas are served 

from ward plant – is it 

necessary for this area to 

have cooled air and would 

simple vent plant with heat 

recovery be more 

economical? 

 ZBP-XX-

03-PL-

524-

306,7_0

2 

These areas are circulation and 

waiting only. Extract and simple 

local vent to waiting rooms 

would appear to be sufficient. 

BE/ZBP to confirm 

BE/ZBP/EL/NHSGGC 

3.18.  As comment 3.1     

3.19. 121AHU07 122AHU07 CORE 

AREAS PLANT 

What is confirmation of units 

and can these be simple vent 

without cooling? 

  As 3.17 above  BE/ZBP 

3.20. Kitchen 31AHU61 How is heat recovered from 

chilled areas – opportunity 

to preheat supply air – need 

to discuss refrigerant heat 

reclaim options for this area 

 ZBP-XX-

03-PL-

524-

300_02 

This area is understood to be 

under development.  The chilled 

production areas would be 

capable of heat recovery and 

the heat used for adjacent areas 

BE/ZBP 

3.21.   I assume main 

kitchen layout still in 

production? 

 The kitchen layout is still in 

development.  The schematics 

show full conditioned air to the 

kitchen. It was suggested that 

the canopies should be 

untempered filtered air only 

and conditioned air used for 

background ventilation to 

kitchen only 

BE/ZBP 
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3.22. 22AHU25 Is this a basic vent unit as 

serving storage only? I would 

suggest demand based time 

out control to maintenance 

area heating as this is likely 

to be intermittent and entire 

area can then be heated to 

say 16C only with no cooling 

  To be confirmed BE/ZBP 

4.  Ventilation schematics      

4.1.  General comments  based on 

21AHU01 

Is carbon filtration to be 

fitted and permanently 

active? This will significantly 

increase energy use and 

maintenance cost of plant 

even when there is no need 

of carbon filtration. Could a 

bypass be arranged so that 

carbon filter is only used 

when necessary? 

 ZBP XX 

XX SC 

524 

701_02 

This needs discussion at main 

design meeting – it was 

acknowledged by all that the 

carbon filtration will have a high 

pressure drop and therefore 

high impact on the fan energy 

consumption. It was agreed that 

a whole life cost should be 

developed for a sample AHU 

looking at the life cost in 

energy, maintenance and 

capital cost terms for a range of 

options including carbon 

filtration – options for this 

include omission of carbon 

filtration or a bypass 

arrangement.  The results to be 

contained in brief report for 

presentation to board. 

BE/ZBP by next 

meeting 

4.2.   I assume heat recovery 

device is a thermal wheel –

please confirm, is there a 

control mode such that that 

when free cooling is 

possible, heat is not 

  To be developed further in 

controls discussion 

BE/ZBP 
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recovered from exhaust? 

4.3.    Motor drive  - belt or direct? 

Belted and running to both 

motors or one – what is 

relative motor frame size for 

these options? Have 

integrated variable speed 

motors been considered? 

  The options for direct and belt 

driven to be considered in WLC 

terms as 4.1 above.  

 

4.4.   What are filter ratings and 

clean/dirty settings? 

  To be confirmed and reviewed.  BE/ZBP/EL 

4.5.   How is VSD configured?    To be confirmed and reviewed. BE/ZBP/EL 

4.6.   Are  MD1 and 2 for 

maintenance only? If so are 

these necessary as 

motorised – isolation plates 

decrease airstream 

resistance – for discussion 

  To be confirmed and reviewed. BE/ZBP/EL 

4.7.   VSDs- performance spec to 

consider efficiency and 

losses – what is best and 

worst on market and 

suppliers to be chosen on 

WLC 

  VSD choice and effect of best 

and worst to be part of WLC 

review 

BE/ZBP/EL 

4.8.   Have we now confirmed that 

the motors and fans are not 

to be oversized? 

  Discussion took place on the 

means of achieving the ER’s 

requirement for 25% spare 

capacity.   

Option A 

Over sizing fans and motors is 

least favoured option as the fan 

efficiency is likely to be poor for 

the life of the plant.  

Option B 

Space for additional plant and 

BE/ZBP by next 

meeting 
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ductwork is possible but the 

additional plant and riser space 

is significant and the cost and 

complication of retrofitting 

additional plant is substantial 

Option C 

A further option which is 

favoured on carbon saving 

grounds is providing plant sized 

at 25% lower face velocity – i.e 

2.0m/s as opposed to 2.5m/s. 

This is a modest increase in 

plant room and riser size 

compared to option B and has 

the further advantage of saving 

in fan power for the life of the 

plant until any upgrading is 

required. When upgrading is 

required, the fans would be 

changed to the higher duty 

which is a relatively simple and 

low cost operation.  

 

Option C is therefore 

recommended – to be 

confirmed by WLC cost exercise 

and to wider design team 

4.9.   Are all motors HEMs   Confirmed – to be checked 

through detail design.  

 

4.10.  What is face velocity? ( 

payback 2.5  to 2.0 is <3 

years typically) 

  See discussion in 4.8 above – to 

be part of WLC exercise 

 

4.11.  Fan efficiency- see design 

guide 

  Choice of DD or belt drive and 

the motor in or out of airstream 

 

Comment [SCL final1]: The choice of 
drive mechanism and motor type will also 
yield considerable energy-savings potential. 
Additional energy savings of 2 to 5 W/ft2 
(21.6 to 54 W/m2) may be achieved with the 
substitution of high-efficiency motors for 
standard-efficiency motors. The choice to 
use fans with motors outside the primary 
air stream will save 1.0 to 1.5 w/ft2. (10.7 
to 16.15 W/m2) due to motor inefficiency, 
but removal of the motor from the air 
stream by using belt-driven fans with lower 
mechanical efficiencies will reduce the 
energy savings. High-efficiency motors 
have an inefficiency of 6% to 8%, whereas 
belt-drive systems have inefficiencies of 4% 
to 6%. The use of special direct-drive fans 
with motors outside the air stream 
(bifurcated fan housings) may result in 
higher system effects and lower total 
efficiency. 
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Discussion needed on 

whether proximity of HR will 

allow fan to develop full 

performance 

to be considered as part of WLC 

exercise as above 

4.12.  Coli design – compare 

pressure drops between 

manufacturers which can 

vary considerably for the 

same performance 

  To be further developed in 

detail design. 

BE/ZBP/EL 

4.13.  Overall what is target SFPv ?   Calculate typical for WLC 

exercise – discussed that SFP 

overall would need to be 

calculated for Building Warrant 

but that this is likely to be an 

average value as AHU SFP likely 

to be higher than extract. 

BE/ZBP by next 

meeting 

4.14.  See comments above re 

zoning- is clinincal staff office 

12 or 24 hour? 

  All zoning to be re-reviewed as 

detail design progressed 

BE/ZBP 

4.15.  Reheat arrangements – can 

room temp sensors 

reschedule off coil to 

prevent wasteful reheat? 

  To be further considered during 

controls review 

BE/ZBP/EL 

4.16.  Are cooling and main reheat 

coils in ahu interlocked to 

prevent simultaneous 

operation? 

  To be further considered during 

controls review 

BE/ZBP/EL 

4.17.  What are economics for heat 

reclaim from dirty extract? 

  This required further discussion 

at wider team level. There are 

considerable economies to be 

gained both in space, capital 

cost, carton and running cost 

terms by omitting separate dirty 

extract provision.  HTM03-01 

BE/ZBP 
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states that “Extract ventilation is required in sanitary facilities, dirty utilities and rooms where odorous but non-toxic fumes are likely; this is to ensure air movement into the space. A single fan/motor unit should be provided to meet this need. There is no healthcare requirement to provide a separate foul/dirty extract system.” Whilst it is 

appreciated that the equivalent 

SHTM does not have this 

provision, it was agreed that as 

an update in the near future of 

the Scottish standard may 

follow the precedent set by the 

English standard, it is worth 

seeking derogation of the 

requirement for separate twin 

dirty extract. This will enable all 

heat from extract to be 

recovered 
4.18.  Is supplementary heating or 

cooling proposed in spaces 

served? 

  It was agreed that this was hard 

to follow across the various 

drawings issued to date. A 

marked up set of drawings is to 

be prepared which 

demonstrates the control 

BE/ZBP by next 

meeting 
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heating cooling and ventilation 

strategy to each space – this can 

be colour coded and initially 

cover the 5 designed 

departments 

4.19. 21AHU08-17 critical care 

isolation 

As comments above  

4.1 

4.3 

4.4-4.13 

4.16 

4.18 

ZBP XX XX SC 524 

707_02 

 See comments above   

4.20.  What are economics for heat 

reclaim from extract? 

  See comments above  

4.21.  Is fan to be sized for future 

HEPA – if so, how does this 

affect efficiency and would it 

be better to accept a future 

fan change if very inefficient 

selection likely? 

  Fan change suggested as a 

strategy – to be agreed with 

wider design team 

BE/ZBP/EL 

4.22.  See also zoning comments re 

set back – room ready could 

be added to nurse panel 

  See comments in 3.3 above  BE/ZBP 

4.23. Acute assessment ward 21 

AHU24 

As comments above  

4.1 

4.3 

4.4-4.13 

4.15-18 

( single motor noted) 

 ZBP XX 

XX SC 

524 

714_02 

See comments above BE/ZBP 

4.24.  Are DE and CE volumes 

reversed? 

  To be confirmed  and clarified BE/ZBP 

4.25. Adult A&E 21AHU28 and 29 What is the criteria for 

thermal wheel versus PHX 

and what is the impact in 

loss/gain of efficiency?  

  To be part of the WLC exercise BE/ZBP by next 

meeting 

Comment [SCL final2]: Synchronous 
belts are stretch-free and can achieve 
higher efficiency than V-belts due to lower 
hysteresis, lower friction losses, and truly 
synchronous operation (no slip; no creep). 
The lower flexing losses result from the 
small thickness of the belt between the 
teeth. The absence of speed losses (slip and 
creep) is due to the positive mating of the 
teeth of the belt with the teeth of the 
sprockets. Because of these lower losses the 
synchronous belts have not only higher 
peak efficiency than V-belts, but also the 
efficiency curve is flatter. 
Synchronous belts require toothed pulleys 
(sprockets), which are more expensive than 
V-belt pulleys. In a retrofit application, the 
additional investment required is the cost of 
the sprockets, plus the extra cost of the belts 
and of the installation. In the cost-
effectiveness calculations it is assumed that 
those extra costs fall in the range $8-16/hp. 
This price variation is strongly dependent 
on the rating of the belt drive, with the 
large drives requiring a smaller price 
premium per horsepower. The sprockets 
typically cost 1.5-2 times the cost of belts 
(the second and third purchased at future 
times and thus discounted) and one set of 
sprockets. Additionally, it is assumed that 
there is an average 5% efficiency 
improvement and that the belt will last 
24,000 operating hours. Synchronous belts 
provide slip-free synchronous operation, 
have a long lifetime, and can operate in wet 
and oily environments. Their operation can 
be noisy at high speed and their main 
weakness is the lack of capability to absorb 
shock loads. 
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4.26.   Is single temperature 

detection sufficient within 

spaces ? 

  Needs further discussion – to be 

reviewed with controls  

BE/ZBP/EL 

4.27.  As comments above  

4.1 

4.3 

4.4-4.13 

4.15-18 

  See comments above  

4.28. Theatres 22AHU11-13 

ultraclean 

As comments above  

4.1 

4.3 

4.4-4.13 

4.15-18 

 ZBP XX 

XX SC 

524-

747_01 

See comments above  

4.29. Theatres 22AHU14-17 As above   ZBP XX 

XX SC 

524 

748_01 

See comments above  

4.30.  What is function of 

humidistat? Is this to control 

high limit only? 

  Confirmed as high limit as no 

humidification.  

 

4.31. Theatres 

22AHU01/02/09/10-20 

As above   ZBP XX 

XX SC 

524 

801_02 

See comments above  

4.32. Theatres 22AHU03-08 

ultraclean 

As above   ZBP XX 

XX SC 

524 

802_02 

See comments above  

4.33. Theatres Recovery 

31AHU21/22 

As above   ZBP XX 

XX SC 

524 

803_02 

See comments above  

4.34.  Zone control not shown as 

yet 

  Needs further discussion – to be 

reviewed with controls  

BE/ZBP/EL 
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4.35. X ray 31 AHU52 

Adult radiology etc 31AHU55 

What is the criteria for 

thermal wheel versus PHX 

and what is the impact in 

loss/gain of efficiency?  

 ZBP XX 

XX SC 

524 

833_03 

ZBP XX 

XX SC 

524 

836_02 

Needs further discussion – to be 

reviewed with controls  

BE/ZBP/EL 

4.36.   Is single temperature 

detection sufficient within 

spaces ? 

  To be further considered during 

controls review 

BE/ZBP/EL 

4.37.  As comments above  

4.1 

4.3 

4.4-4.13 

4.15-18 

  See comments above  

4.38. MRI unit As X ray above plus  ZBP XX 

XX SC 

524 

834_01 

See comments above  

4.39.  What is ethos for reheats? Is 

heat gain here likely to be 

less or greater than ancillary 

and anaesthetic areas or do 

these areas have 

supplementary heating? 

  Needs further discussion – to be 

reviewed with controls  

BE/ZBP/EL 

4.40.  What is function of humidity 

detector – is this to control 

high limit in space? 

  Confirmed as high limit as no 

humidification. 

 

4.41. Restaurant and kitchen 32 

AHU 02 

The riser runs for the 

extracts are very long – I 

assume there is no other 

possible discharge locations? 

What are velocities in ducts 

Location of kitchen 

problematic – need 

to consider 

intermediate plant 

area  

ZBP XX 

XX SC 

524 

852_02 

Acknowledged that location 

undesirable due to fire risk and 

maintenance difficulty as well as 

energy considerations.  

BE/ZBP/EL/NHSGGC 

Ecoteric Ltd 
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and likely SFPs? 

4.42.  It seems wasteful to supply 

canopy with conditioned air 

– have untreated canopy 

supply been considered ? 

  See comments in 3.20 above   

4.43.  As comments 4.1 

4.3-13 

4.16 

4.18  

  See comments above  

4.44.  What is the function of the 

reheat to the restaurant? 

  To be further considered during 

controls review 

BE/ZBP/EL 

4.45.  Are extracts interlocked to 

equipment operation and 

can supply volume reduce 

when major extracts are not 

operating? 

  To be further considered during 

controls review 

BE/ZBP/EL 

4.46. Renal dialysis 33AHU01 As comments  

4.1-4.13, 4.15-18 

 ZBP XX 

XX SC 

524 

861_03 

See comments above  

4.47.  Is there an opportunity to 

recover heat from renal RO 

plant?  

  To be further considered during 

detail design review 

BE/ZBP/EL 

4.48.  Is this a daytime only plant ?   To be confirmed  BE/ZBP 

4.49. NSH OPD 41AHU 05 As comments  

4.1-4.13, 4.15-18 

 ZBP XX 

XX SC 

524 

874_02 

See comments above  

4.50.  Is this a daytime only plant ?   To be confirmed  BE/ZBP 

4.51. NCH atrium 41 AHU09 As comments  

4.1-4.13, 4.15-18 

 ZBP XX 

XX SC 

524 

878_02 

See comments above  

4.52.  Full conditioning of this   Needs further consideration BE/ZBP 

Ecoteric Ltd 
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space which is primarily 

circulation seems 

uneconomical – can summer 

temps be moderated by 

opening vents and winter by 

exhaust from adjacent 

heated areas? 

and discussion 

4.53.  Is this a daytime only plant?   To be confirmed  BE/ZBP 

4.54. Perimeter bedrooms 121 

AHU 01, 2 and internal; 

areas plant, ward central 

core plant  121AHU07 

As comments  

4.1-4.13, 4.15-18 

 ZBP XX 

XX SC 

524 

901_02 

ZBP XX 

XX SC 

524 

902_02 

ZBP XX 

XX SC 

524 

903_03 

ZBP XX 

XX SC 

524 

907_02 

 

See comments above  

4.55.  How are temperatures 

scheduled – is it room 

control to terminal units only 

and plant at set off coil 

temperature? If so is there 

allowance for seasonal shift?  

  To be further considered during 

controls review 

BE/ZBP/EL 

4.56.  Internal spaces plant – I 

assume no supplementary 

heating to these areas? 

  To be further considered during 

controls review 

BE/ZBP/EL 

Ecoteric Ltd 
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4.57.  Is cooling necessary to core 

plant? 

    

4.58.  Why thermal wheel to core 

plant? 

  Philosophy of thermal wheel 

versus PHX to be considered in 

WLC exercised 

BE/ZBP by next 

meeting 

5.  Ventilation layouts      

5.1.  Second floor adult theatres Noted- terminal velocities 

<2.5m/s  - is this the same 

for all terminals ? 

 ZBP-XX--

PL-524-

024_03 

ZBP-XX--

PL-524-

025_02 

Confirmed   

5.2.        

5.3.  First  floor restaurant and 

NSC theatres 

Electric heater battery – 

avoid if possible – are there 

any more of these? 

 ZBP-XX--

PL-524-

016_04 

Error – to be amended in detail 

design 

 

5.4.  Isolation/CCU No comment  ZBP-XX--

PL-524-

017_03 

  

5.5.  Renal dialysis and 

dermatology OPD 

No comment  ZBP-XX--

PL-524-

029_02 
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Proposal to Relocate Adult haemopoietic Stem Cell Transplant Service From Beatson 
West of Scotland Cancer Centre to Queen Elizabeth University Hospital 
 
1. Introduction 
 
This paper outlines the background to the current situation within BMT services. The paper 
details the enabling works and monitoring processes that have been undertaken since the 
last paper to the Acute Services Committee in March 2017. 
 
The paper recommends that the service relocates from the Beatson West of Scotland 
Cancer Centre to Ward 4B at the Queen Elizabeth Hospital as originally intended. 
 
The Acute Services Committee is asked to endorse this recommendation. 
 
2. Background 
 
NHS Greater Glasgow and Clyde is commissioned by National Services Division to provide 
all adult allogeneic donor stem cell transplantation for the population of Scotland. The 
national service covers both stem cell donation from family members and unrelated donors. 
The SLA value in 2016/17 was £7,904,092 for 70 transplants. This is proposed to increase to 
£8,114,359 for 73 in 2017/18, with on-going increases in activity predicted.  
 
In 2013, a decision was taken to move the BMT service from wards B8/B9 at the BWoSCC 
to the new QEUH. This was to address concerns that the planned level of support for acutely 
unwell patients on the Gartnavel General Hospital (GGH) site would be insufficient for such a 
high intensity speciality as BMT and would not meet the JACIE accreditation standards. The 
move also allowed for an increase of beds from 19 to 24 to support the agreed increase in 
the national transplant programme. 
 
Capital funding of £1million was invested to support enabling works to 4B, such as upgrade 
air filtration plant, and the BMT service moved to the QEUH in May 2015. 
 
Following the identification of air quality issues in the new transplant unit, the service was, 
however, returned to B8/9, BWoSCC in July 2015. This return was predicated on it being 
short-term, with further remedial works to be undertaken to improve the air quality in ward 4B 
QEUH to acceptable levels. Remedial works were completed by October 2015 and at this 
time the service began to make plans to move back to QEUH.   
 
The Infection Control Team raised concerns regarding the specification of works that had 
been completed and requested input from Health Protection Scotland (HPS) at this time. 
Following the receipt of recommendations from HPS with regard to the required 
specification, the Infection Control Team advised that the specification did not meet the 
required environmental standards for a BMT Unit and therefore, they were unable to support 
return to the QEUH.  The BMT service has remained at BWoSCC since this time. The 
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clinical team have on-going concern about delivering a safe and sustainable service from the 
BWoSCC site, given high demand for critical care support and support from other medical 
and surgical specialties for transplant patients. 
 
In the autumn of 2016, a further feasibility study commenced into potential options utilising 
retained estate on the QEUH site. A report was produced in January 2017 and a multi 
professional option appraisal was undertaken. From this, the conclusion drawn was that 
further options on the QEUH site at this stage were neither technically, clinically nor 
financially viable.   
 
The two options that remained for consideration were remaining in the existing location on 
B8/9 in BWoSCC or relocation to 4B at QEUH as per the current specification.  Following a 
detailed option appraisal process, involving clinical teams, infection control and Health 
Protection  Scotland the Acute Services Committee at their meeting in March, 2017 
approved  a monitoring period of the ward 4B environment be undertaken to reassess the 
environmental suitability of transferring the BMT service to QUEH.  
 
3. Process 
 
Enabling works were performed from October to December 2017 to include new solid 
ceilings in the en-suite areas, replacement of filters, HEPA filtration unit installed in drug 
preparation area, heating controls rewired to eliminate control issues and door control 
devices fitted to improve the pressure differentials. Validations and permeability testing were 
performed and confirmed as satisfactory.  
 
In October 2017, a robust process for assessing the effectiveness of this work to provide an 
appropriate protective environment for patients undergoing transplantation was developed in 
consultation with Health Protection Scotland, Health Facilities Scotland and expert external 
advice. An SBAR was produced and the subsequent monitoring and validation has been 
completed according to these recommendations. 
 
4. Air Monitoring  
 
Weekly monitoring started in January 2018 for an agreed period of 6 weeks, with non-
transplant haemato-oncology patients in the ward to ensure testing in real-world conditions. 
The air sampling results were as expected with counts generally <1000 given the unit 
specification and are deemed satisfactory for the intended purpose of the unit.   
 
Active air sampling has revealed low fungal counts including Aspergillus and Mucor – this is 
to be expected given the lack of a HEPA filtered corridor.  These counts were mainly in the 
corridor area rather than the HEPA filtered rooms.  In view of this, keeping doors closed to 
rooms is essential.  
 
Moving forward we would plan to institute monthly air sampling with the same parameters as 
those used in the Beatson BMT unit i.e. particle counts l<1000. Fungal colonies would 
trigger a review by the infection control doctor.  
 
5. Water Monitoring 
 
Water testing for Legionella and Pseudomonas is negative. Regular testing will be 
undertaken. There is a water contamination incident in QEUH and RHC with several different 
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Gram negative environmental bacteria and fungi.  There have been no patient cases in ward 
4B linked to water contamination. The source has been traced to the taps and showerheads 
and possibly contaminated pipework.  The same taps and showerheads are in 4B therefore, 
the same control measures will be employed. Shower heads will be changed to disposable. 
All outlets in 4B have filters which is a short term control measure. Expert opinion is being 
sought with regards to long term control measures which will likely include different taps and  
chemical dosing. Fungi can be difficult to eradicate from water therefore the likely 
recommendation will be point of use filters in the long term.  
 
6. Meeting to Review Monitoring Results 
 
All relevant parties including representation from HPS, HFS, NSS met in March 2018 and 
agreed that testing to date was satisfactory and if confirmed in a final round of testing, the 
group would recommend the transplant unit to return to the QEUH. This has now been 
completed with recent results consistent with previous monitoring results. 
 
7. Contingency Planning 
 
There is an agreed contingency plan utilising mobile HEPA filter units in the event of a 
ventilation failure.  
 
The costs associated with this are £100,000 to include 25 mobile units, 2 industrial supply 
units and critical spares.  
 
8. Summary and Recommendation 
 
The enabling works and subsequent validation and monitoring have been completed 
according to the SBAR recommendations and confirms the environment in ward 4B is 
appropriate for transplant patients. It is therefore recommended that the BMT unit return to 
the QEUH as soon as practicable with proposed date of 16th June 2018.  
 
The Acute Services Committee is asked to endorse the recommendation that the BMT 
service moves back to QEUH in June 2018. 
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Action List 

Gram Negative Bacteraemia (GNB) and Mycobacterium chelonae Incident Management Team 

Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status/Update 

23/08/19 John Mallon will get new stickers to be made up which 
will easily identify water samples requiring testing in 

relation to this incident. 

John Mallon Ongoing  

23/08/19 IPCT to see if any surveillance has been carried out in 
the past regarding paediatrics which the IPCT can 

pick up on 

IPCT Ongoing   

23/08/19 Standard Operating Procedure is to be written to 
outline requirements if a patient is moved out with 

Ward 6A. 

IPCT Ongoing   

23/08/19 Biocide is to be introduced to the chilled beams water. Estates Ongoing   

23/08/19 Revised SOP regarding the cleaning of chilled beams 
is to be sent to Dr Inkster 

Estates Ongoing   

23/08/19 Public toilets out with ward 6A including the disabled 
toilet are to be closed. 

Estates Ongoing   

23/08/19 Increase the dosing of chlorine dioxide to 0.7 PPM  Estates Ongoing   

23/08/19 HEPA filtration units are to be fitted to en-suite 
bathrooms in Ward 6A. 

Estates Ongoing   

23/08/19 Timeline of when the boiler lost pressure and 
increased condensation is being compiled by Estates 

and will be mapped against patient timeline 

Estates Ongoing   

23/08/19 Unfiltered water from Ward 6A DSR is to be tested 
along with water from DSR in PICU 

Estates Ongoing   

23/08/19 Point of use filter to be fitted to DSR within PICU Estates Ongoing   

23/08/19 Briefing communication for staff and patients/family 
are to be created 

Lorraine Dick  
Jenn Rodger 

Ongoing   

23/08/19 A holding statement for the press is to be written up Lorraine Dick Ongoing   

23/08/19 Peer review of ward 6A by someone from Great 
Ormond Street or Leeds Children Hospital is to be 

arranged 

Dr Emilia Crighton Ongoing   
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status/Update 

23/08/19 Walk round to Ward 6A by HPS is to be organised. Annette Rankin Ongoing   

23/08/19 Air testing is to be carried out within the Room 6 en-
suite as new HEPA filter unit has been installed. 

Estates Ongoing  

23/08/2019 William Hunter is to investigate the details of the new 
scrubbing machine that Emma Somerville reported on 

being used within Ward 6A. 

William Hunter Ongoing  

23/08/2019 Replace sink and IPS panel within Ward 6A DSR to 
enable a different tap to be fitted so a point of use filter 

can be installed. 

Colin Purdon Ongoing  

23/08/19 Access to filtered water domestics can use while the 
sink in Ward 6A DSR is not being used. 

Estates Ongoing  

23/08/2019 Check that Ward 2A/2B RHC refurbishment are not 
installing similar sinks within the DSR where point of 

use filters cannot be used. 

Colin Purdon Ongoing  

14/08/19 Stefan Morton is to carry out hand hygiene training for 
staff within Ward 6A. 

Stefan Morton Ongoing Extra teaching has been planned for the next 
few weeks 

14/08/19 Push fittings are to be replaced with mechanical 
fittings for the chilled beams.(4 replacement 

connectors in each room)   This will be carried out as 
soon as possible.   

Colin Purdon Ongoing  

08/08/19 Environmental samples of the chilled beams are to be 
taken within Ward 6A and compared with samples 

taken of chilled beams in a spate area out with ward 
6A. 

Teresa Inkster Ongoing  

08/08/19 Clinicians have requested  2 additional beds be made 
available within Ward 4B, BMT, QEUH to 

accommodate immunocompromised patients. 

Dr Emelia Crighton Ongoing  Dr Crighton will see if there is two additional 
beds for patients within Ward 4B, QEUH 

08/08/19 An option appraisal meeting is to be held to set out 
possible solutions if Ward 6A is to relocate. 

Kevin Hill 
 

Ongoing  

08/08/19 Point of use filters to be fitted to taps within Clinic 2, 
RHC.  Some sensor taps may need replaced in order 

to fit filters. 
 
 

Colin Purdon Ongoing Estates haven’t identified a suitable tap to 
replace sensor taps which are unable to be fitted 
with point of use filters.  An alternative tap is to 

be procured. 
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status/Update 

03/07/19 

 

 

 

 

Alan Gallagher is to create a detailed plan on what 
measures will be taken to minimise disruption to 
patients and clinical service when shock dosing 
treatment is implemented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Alan Gallagher 
Teresa Inkster 
 
 
 
 
 
 
 
 

Ongoing 
 
 
 
 
 
 

Water experts were contacted on 13th August.  
They have requested for more extensive testing 
around the campus to ascertain how extensive 
mycobacteria is throughout the hospital. 

Dr Inkster has asked to see a report on what 
has been done regarding the water dosing, 
including water samples that have been taken.  
Water group are meeting on Friday 16th August 
to discuss further. 

Estates have concerns regarding the problems 
which occur when carrying our shock dosing to 
Ward 6A as a whole tower will need shut down 
to implement this.      

Increase of dosing has been carried out from 0.2 
to 0.5 PPM on 5th July 2019 

 
25/06/19 

Annette Rankin is to obtain a list of all positive 
M.Chelonae cases in Scotland. 

She will also do a  report of all gram negative 
bacteramias and compare them between hospitals.  

About the nature of the organisms  Annette Rankin 
Ongoing 

 

Annette will send an SBAR relating to this to Dr 
Inkster tomorrow morning.  Last two cases will 

be added onto her report.  AR will send out next 
week w/b 19/8 
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status 

COMPLETED 
08/08/19 Estates to explore if it is possible to add in Chlorine 

Dioxide to the sealed water supply within the chilled 
beams. 

Tom Steele Complete Estates have spoken to the chilled beams 
service provider who have experienced dosing 
the system with biocides.  They require to know 

what has been found in the system so they 
know what biocides are required but will need to 

make sure there is no chemical reaction.  
Adding more chemicals to the chilled beams 
may cause other problems if there are any 

future leaks from them.    
08/08/19 Lorraine Dick is to set up a meeting to discuss how 

future correspondence can be given to patients/staff. 
Lorraine Dick Ongoing Lorraine is meeting with Kevin Hill at the end of 

this week to discuss.  Patients/parents are given 
a weekly update wit staff given written 
communication so they can refer to  if 

questioned. 
08/08/19  

John Mallon and facilities are to meet to discuss future 
labelling of samples. 

John Mallon  Ongoing Colin spoke to DMA not enough room on bottles 
to put location on it so they put codes on bottle 

and create a sheet with a list of codes.  They will 
now send the list of codes.  Getting lot of water 

samples through find easy way what to test 
water for.  Look for a sticker or an analysis so 

that they know what the lab have to test 
for/target.  DMA to have specific form or have a 
specific sticker for wtare etsing regarding this 
incident.  John Mallon will get office staff to 

come up with new stickers in which DMA can 
use for future water testing. 

08/08/19 Sink within Nuclear medicine used to disposed of 
isotopes is to be investigated. 

Colin Purdon Ongoing A partition has been placed between the two 
sinks.  Colin Purdon will try and procure a tap 

that a point of use filter can be fitted to this sink.  
Been some resistant from department but this 

has since been resolved. 
08/08/19 Updated timeline of all patients involved regarding this 

incident is to be sent out to the group. 
Dr Inkster will send Gillian Bowskill of a 2nd possible 

case to be added onto the time 

Gillian Bowskill Complete GB to send updated timeline electronically to 
clinicians.  Sent out this morning. 
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status 

14/08/19 William Hunter is to find out if the scrubbing machines 
used in Ward 6A use Actichlor solution within them 

William Hunter Ongoing William  looked at scrubbing machine there was 
a slight residue of water after.  Solution has 
been changed to Actichlor after finding out it 
was filled with unfiltered water with a neutral 

detergent solution.  Emma Sommerville reported 
that there now seems to be  different scrubbing 

machine being used within the ward which 
William Hunter will investigate.  

 14/08/19 Tom Steele is to send Dr Inkster the Data sheet 
regarding the a sample HEPA filtration unit which can 

be deployed within patients en-suites. 

Tom Steele Ongoing This has been installed into Room 6, Ward 6A.   

14/08/19 Toilet seat covers are to be fitted to patient en-suites  Colin Purdon 23/08/19 Complete 

03/07/19 
ARJO bath is to be removed from Ward 6A and cap 
the water outlet to the bath once approval has came 

from Anne Harkness Darryl Connor 14/08/19 

It was agreed that the water pipes will be 
capped so minimal disruption to ward.  Scribe 
has been prepared and awaiting the go ahead 

for the decommission for this.   

08/08/19 Look into a device that could gather all the 
condensation from chilled beams and be collected 

centrally within the ward 

Colin Purdon N/A This has been taken off the action plan as there 
should be no condensation coming from the 

chilled beams.   
08/08/19 Mechanical lock to be fitted to public toilet at the 

entrance of Ward 6A. 
Colin Purdon 14/08/19 Complete  

08/08/19 Alan Gallagher is to circulate his action plan regarding 
how estate/facilities issues are managed within Ward 

6A. 

Alan Gallagher 14/08/19 Complete 

08/08/19 List of patient that are planned to come into Ward 6A 
is to be obtained. 

Brenda Gibson 
 

14/08/19 Complete 

01/08/19 
Water samples from the chilled beams are to be taken 

 Darryl Conner 08/08/19 Complete 

01/08/19 

The new algorithm regarding the functionality of the 
chilled beams is to be implemented 

 Colin Purdon 08/08/19 Complete 

01/08/19 

Chilled beams are to be cleaned every 6 weeks 
instead of 3 months. Estates will link in with SCN to 

ascertain availability of patient rooms Darryl Conner 08/08/19 Complete 
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status 

01/08/19 

Dr Inkster will send the en‐suite room numbers from 
where the positive air samples originated room so estates 

can look into possible sources. 
  Teresa Inkster  08/08/19  Complete – no obvious source  

01/08/19 

The introduction of Ciprofloxacin is to be given to patients 
if clinicians are in agreement? 

  Brenda Gibson  08/08/19  Complete 

01/08/19 

Peer audit of patient central line care is to be carried out 
by the practice development educator in conjunction with 

the Infection Control Team.  Jenn Rodgers  08/08/19  Complete 

01/08/19 
Gillian Bowskill and Sandra Devine will complete HIORT to 

be sent to Dr Inkster then onto HPS 
Gillian Bowskill 
Sandra Devine  08/08/19  Complete 

01/08/19 

Agreement on general communication that can be shared 
between patient’s/parents and NHS staff. 

 

Teresa Inkster 
Kevin Hill 

Lorraine Dick  08/08/19 
Complete 

01/08/19 

Dr Kennedy will send out his epidemiology findings 
comparing infection rates from the old Yorkhill site to the 

new RHC site. 
 
 
 
 
 
 
 
 
  Iain Kennedy  08/0/819 

Complete – this will be added to the agenda for the 
next IMT as Dr Kennedy was not present. 

 
 
 
 

03/07/19  Sink within DSR may be getting a retrofitted filter attached 
to it.  Currently speak to manufacturer  Darryl Conner  N/A 

This was taken off action list as no Point of Use filter 

can be found that would fit this sink.  Ongoing 

struggling to find a filter that is suitable to fit.  This is 

not do able take off action plan. 

Page 1693

A48946859



 

Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status 

03/07/19  Drain cleaning is to be carried out in Nuclear Medicine and 
MRI where ward 6A patients have been visiting.  Darryl Conner  08/08/19 

Complete ‐ Work in progress, sink used in Nuclear 

medicine radioactive waste is put down the sink.  

Darryl will need to check drainage.  Complete. 

03/07/19  All point of use filters removed for routine replacement are 
to be labelled and kept until water results have been 

returned 

Darryl Conner 
 

01/8/19  Complete 

03/07/19  Every 2 weeks water testing is to be carried out for half of 
Ward 6A then carried out for the other half 

Darryl Conner  01/08/19  Complete ‐  for water testing for all cold taps every 2 
weeks 

03/07/19  Karen Connelly will contact Anne Harkness to seek 
approval for the removal of the ARJO bath. 

Karen Connelly  01/08/19  Complete 

03/07/19  Tap within unused prep room in ward 6A is to be replaced 
as no point of use filter can be fitted.   

Darryl Conner  01/08/19  Tap has been replaced but water is now hitting the 

back of the sink.  The sink has been put out of use. 

03/07/19  Dr Inkster & Prof Gibson are to meet up with Steve Russell 
to discuss the current development of ward 2A/2B, RHC 

Teresa Inkster 
Brenda Gibson 

01/08/19  Dr Inkster & Prof Gibson have met with Steve Russell 

and Hazel McIntyre from Capitol planning and 

signed off the design for Ward 2A/2B. 

25/06/19  Patient recently transferred to Edinburgh Children’s 
Hospital is to be included in the Gram Negative  patient 

timeline 

Susie Dodd  25/06/19  Complete 

25/06/19  Dr Iain Kennedy is to contact Scottish water to obtain 
samples of water being sent to QEUH campus to be tested 
within our own labs.  Samples have been obtained from 
properties beside the QEUH and also from the Gartnavel 

site. 

Dr Iain Kennedy  01/07/19  Complete 

25/06/19  Darryl and Gael to meet up to confirm when the best time 
to fit point of use filters to areas where Ward 6A patients 

are likely to attend i.e. Theatres 

Darryl Conner 
Gael Rolls 

01/07/19  Complete 
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status 

25/06/19  Modification to the aluminium sphigots within CHWB in 
Theatres & CDU will be undertaken.  Unable to carry out 
due to technicalities so it was agreed that bottle brushing 

the drains will be carried out instead. 

Darryl Conner  01/07/2019  Complete 

25/06/19  Increase dosing of chlorine dioxide is to be undertaken to 
the water supply 

Colin Purdon  01/07/19  Complete 

25/06/19  Additional hand hygiene step involving gelling of hands 
after being washed is to be introduced.  

Gael Roll  01/07/19  Complete 

25/06/19  Water samples are to be taken from chilled beams from 
Ward 6A 

Darryl Conner  01/07/19  Complete 

25/06/19  A log of when and where water leaks have happened due 
to the chilled beams is to be completed. 

Darryl Conner  01/07/19  Complete 

25/06/19  Air sampling for bacteria within Ward 6A is to be carried 
out while water is running into a CHWB to see if 

aerolisation is present 

Dr Teresa Inkster  01/07/19  Complete 

25/06/19  Kevin Hill & Dr Chris Deighan will take forward at Executive 
level  regarding incidence of similar cases of Gram Negative 
Bacteraemia within similar units in with the rest of the UK.  

  

Kevin Hill 
 Dr Chris Deighan  

01/07/19  Complete 

25/06/19  Sandra Devine spoke to Dr Jennifer Armstrong about 
informing Edinburgh Royal Infirmary about testing their 
water supply before opening.  She has requested that this 
should be carried out in a national forum and asked HPS 
for clarity.  HPS informed the group that ventilation and 
water issues have been discussed at length between HPS 

and HFS  

Sandra Devine  01/07/19  Complete 

19/6/19 
 

Compile Timeline of M.chelonae case (SJK)  Susie Dodd  20/06/19  Complete 

19/6/19 
 

Apply POUFs to theatre outlets  Colin Purdon  21/06/19  Complete 

19/6/19  Check water cooler removed from 6A staff room  Colin Purdon  20/06/19  Complete 

19/6/19  Carry out water testing in ward 6A pre and post POUFs 
(incl showers) and in theatres pre POUF application. 

Colin Purdon  24/06/19  Complete 
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Date Agreed 
Action 

Action Responsible 
Person/s 

Completion 
Date 

Status 

19/6/19  Water testing to be undertaken on outlets  identified from 
timeline which currently have no filters. 

Colin Purdon  24/06/19  Complete 

19/06/19  Obtain  Information  from  PAL  to  ensure  that  POUF  are 
effective against Mycobacteria. 

Colin Puirdon  24/06/19  Complete 

19/6/19  Compile report of water sampling results across RHC site to 
establish extent of M.chelonae within water supply. 

Colin Purdon  24/06/19  Complete 

19/6/19 
 

Situation update report for clinical staff  Dr Chaudhury  20/06/19  Complete 

19/6/19 
 

Prepare holding press statement  Mark Dell/Dr Inkster  20/06/19  Complete 

19/6/19  Provide email update to senior management teams 
 

Dr Teresa Inkster  19/06/19  Complete 
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EFFICACY OF HIGH-EFFICIENCY PARTICULATE AIR

FILTRATION IN PREVENTING ASPERGILLOSIS IN

IMMUNOCOMPROMISED PATIENTS WITH HEMATOLOGIC

MALIGNANCIES

Theresa Hahn, PhD; K. Michael Cummings, PhD; Arthur M. Michalek, PhD; Brian J. Lipman, MD; Brahm H. Segal, MD; 
Philip L. McCarthy, Jr., MD

OBJECTIVES: To describe and investigate the cause of an
outbreak of 10 cases of nosocomial invasive infection with
Aspergillus flavus in a hematologic oncology patient care unit.

DESIGN: A retrospective cohort study.
SETTING: The hematologic oncology unit of a compre-

hensive cancer center.
PATIENTS: Ninety-one patients admitted to the hemato-

logic oncology service between January 1 and December 31, 1992,
for 4 or more consecutive days were included in the study.

RESULTS: Ten (18%) of 55 patients admitted from July to
December 1992 were diagnosed as having invasive aspergillosis
compared with 0 (0%) of 36 patients admitted from January to June
1992 to the same patient care units. Patient characteristics, mor-
tality rate, autopsy rate, and admitting location did not change sig-
nificantly during the course of the year to result in a sudden

increase in the number of aspergillosis cases. The source of the
outbreak was the high counts of Aspergillus conidia determined
from air sampling in the non–bone marrow transplant wing during
the outbreak. After high-efficiency particulate air (HEPA) filters
were installed as an infection control measure, there were only two
additional cases of nosocomial aspergillosis in the 2 years follow-
ing the outbreak.

CONCLUSIONS: This outbreak occurred among hemato-
logic oncology patients with prolonged granulocytopenia housed
in an environment with neither HEPA filters nor laminar air flow
units. Our data demonstrate that in the setting of an outbreak of
aspergillosis, HEPA filters are protective for highly immunocom-
promised patients with hematologic malignancies and are effective
at controlling outbreaks due to air contamination with Aspergillus
conidia (Infect Control Hosp Epidemiol 2002;23:525-531).

Fungal infections are a significant determinant of the
morbidity and mortality of selected patients undergoing
immunosuppressive therapy for hematologic malignan-
cies.1-3 Early stage fungal infections are difficult to diagnose
and treat, resulting in a high mortality rate.3-5 Aspergillus
species are common organisms that cause fungal infections
in patients with leukemia and lymphoma, second only to
infections with Candida species.6,7 Aspergilli have a ubiqui-
tous distribution in the environment and their conidia are
easily transported to distant sites.8 In invasive pulmonary
aspergillosis, the main route of entry of Aspergillus is by
inhalation of conidia.9,10 Air concentration of conidia and
duration of exposure are important factors in the patho-
genesis of pulmonary aspergillosis.10-12

During the past two decades, invasive pulmonary
aspergillosis has been encountered with increasing fre-
quency in patients with hematologic malignancies.13,14 The
principal host defenses against invasive Aspergillus infec-
tion are alveolar macrophages, which target inhaled coni-
dia, and neutrophils, which target the hyphal stage.
Impairment of these cellular defenses and mucosal immu-

nity by cytotoxic chemotherapy, corticosteroids, and other
immunosuppressive agents predispose patients with hema-
tologic malignancies, hematopoietic stem cell transplants,
or both to invasive filamentous fungal infections. A major
obstacle to successful treatment is the difficulty establish-
ing an early diagnosis. Many Aspergillus infections are not
diagnosed until late in the course of infection or until post-
mortem examination.15 Thus, aspergillosis outbreaks are
underestimated or unnoticed because of the low rate of pos-
itive cultures of tissue and sputum samples.

Reported outbreaks of nosocomial invasive pul-
monary aspergillosis have been caused by concentration of
conidia in hospital ventilation systems,16 air contamination
from construction,12,17-24 contaminated fireproofing materi-
als,25 and other sources.26,27 Cancer and transplant centers
are at high risk for aspergillosis outbreaks. Reported
aspergillosis outbreaks have occurred mainly among
patients with acute or chronic myeloid leukemia and pro-
longed neutropenia. Some patients also received cytotoxic
chemotherapy, corticosteroids, an allogeneic bone marrow
transplant (BMT), or all three. The duration of granulocy-

Drs. Hahn, Lipman, Segal, and McCarthy are from the Department of Medicine; Drs. Hahn and Cummings are from the Department of Cancer
Prevention, Epidemiology and Biostatistics; and Dr. Michalek is from the Department of Educational Affairs, Roswell Park Cancer Institute, Buffalo,
New York.

Address reprint requests to Theresa Hahn, PhD, Departments of Medicine and Cancer Prevention, Epidemiology and Biostatistics, Roswell Park
Cancer Institute, Elm & Carlton Streets, Buffalo, NY 14263.

The authors thank the staff of the Department of Occupational and Environmental Safety at Roswell Park Cancer Institute for their management
of the air and contact sampling and Nachimuthu Natarajan, MS, for assisting with data management.
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topenia is a consistently important risk factor for invasive
aspergillosis.28

METHODS

Study Design
Because of the availability of detailed medical

records and air sampling, a retrospective cohort design
was used to study an outbreak of nosocomial aspergillo-
sis among the patients who were treated on the hemato-
logic oncology unit. All 91 patients admitted to this unit
for 4 or more consecutive days between January 1 and
December 31, 1992, were included in the study. Patients
who were admitted for less than 4 days were excluded
because their length of stay was not long enough for
them to develop a nosocomial infection and have it
detected. All data were analyzed using SPSS software
(SPSS Inc., Chicago, IL).

Definition of Aspergillosis
Because this was an outbreak investigation, we used

stringent criteria and included only documented proven
cases of aspergillosis in this analysis, although definitions
of possible and probable cases are available.29 A case of
aspergillosis was defined as any patient who had a species
of Aspergillus isolated from a sinopulmonary culture, from
a tissue biopsy specimen, or at autopsy, and who had radi-
ographic evidence of invasive disease, had invasive disease

determined at autopsy, or both. The first positive culture
had to have been taken more than 72 hours after the patient
was admitted to be considered indicative of nosocomially
acquired infection. Because this was a population with neu-
tropenic leukemia, any patient with at least one positive
sputum culture and radiographic evidence consistent with
invasive fungal infection was assumed to have invasive dis-
ease based on prior research.30 Seven of the eight patients
who died had an autopsy performed that confirmed the
diagnosis of invasive aspergillosis. All patients had A. flavus
(two also had A. niger) isolated from their specimens.
Patients suspected of having aspergillosis had clinical
symptoms (eg, cough, dyspnea, or neutropenic fever unre-
sponsive to antibiotics) and radiographic findings compati-
ble with invasive fungal infection without confirmatory cul-
ture or histopathology. They were treated for invasive
fungal infection but were not included in this analysis.

Description of Facilities
In 1992, Roswell Park Cancer Institute facilities

included an 8-story main hospital building connected by an
aboveground pedestrian walkway to a 4-story satellite
building. The satellite building’s fourth floor consisted of
an office wing and two patient care wings with a shared
nurses’ station (Fig. 1). The BMT wing had high-efficiency
particulate air (HEPA) filtration and four rooms with lami-
nar air flow units (LAFUs). The non-BMT wing housed
patients with hematologic disorders who were usually
admitted for high-dose chemotherapy without stem cell
support. Most of these patients (> 70%) had leukemia. Each
unit served as the overflow wing for the other, but all allo-
geneic BMT patients stayed in the HEPA-filtered environ-
ment (BMT wing). All of the rooms in these two units were
private. Procedures of staff, cleaning personnel, and main-
tenance personnel did not differ between the two units.

Air Sampling
Routine surveillance air samples were collected

weekly using Mattson Garvin Slit Air samplers (Fred Baker
Scientific, Cheshire, United Kingdom). All samples were
collected during 60 minutes at a flow rate of 1 cu ft/min,
yielding a total volume of air sampled of 1.7 m3. The growth
medium was Sabouraud Dextrose Agar, Emmons
Formulation pH 7.0 (Remel, Lenexa, KS). Air samples were
incubated at 27°C. Air samples were taken in each patient
room, office, elevator, and storage room, at the nurses’ sta-
tion, and at intervals in each hallway.

Air Quality or Filtering
The air handling systems for the BMT and the non-

BMT units established two different environments. The air
intake on the ground floor brought in ambient air that went
through two filtering processes, one with 30% efficiency
and one with 95% efficiency. The filtered air was delivered
to the fourth floor through a single ventilation shaft that
split at the fourth floor to supply the two wings. The filtered
air was delivered to each room on the non-BMT unit so that
there was a positive pressure gradient in each room.

FIGURE 1. Floor plan of the fourth floor of the satellite building depicting the
location of the patients with aspergillosis and air sampling. Rooms 462 to
471 were in the high-efficiency particulate air filtration environment. There is
a set of double doors outside rooms 462 and 463 that separate the bone
marrow transplant (BMT) wing from the nurses’ station (not reflected on this
diagram). SW = stairwell; E = elevator; NS = nurses’ station; +: > 0 to 1
colony-forming units (CFU)/m3; ++: > 1 to 10 CFU/m3; +++: > 10 to 100
CFU/m3; ++++: > 100 CFU/m3; bold stars: location of each patient at the
time of diagnosis of aspergillosis.
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The same filtered air was delivered to the BMT unit.
However, four patient rooms in the BMT wing had LAFUs
with HEPA filtration (99.7% efficiency) mounted in the wall
over the patient’s bed. The LAFUs continually provided a uni-
directional airflow of 90 linear feet per minute toward the
door leading to the hallway. There were also freestanding
HEPA filters at intervals in the hallway of the BMT unit. Each
patient room on both the BMT unit and the non-BMT unit
was filtered with 10 to 12 air exchanges per hour establishing
positive pressure of clean to dirty air. Self-closing or air-lock
doors were not installed in any patient rooms. No windows
were operable and there were no air conditioners installed in
individual patient rooms or elsewhere on either unit. The
additional air filtering provided by the HEPA filters and
LAFUs resulted in fewer Aspergillus conidia in the BMT unit
compared with the non-BMT unit. This was confirmed with
weekly air sampling (Fig. 1) during the outbreak.

RESULTS

There were 10 cases of invasive aspergillosis during
1992, all of which were diagnosed between August and
December (Fig. 2). Table 1 summarizes the information on
these patients. The incidence of acquiring aspergillosis dur-
ing the second half of 1992 was 18%, yielding a relative risk
estimate of 13.9 (P = .004) when compared with the first
half of 1992. The presence of immunocompromised
patients on two patient care units with different environ-
ments (HEPA filtration vs no HEPA filtration) established
an unintentional, natural experiment testing the efficacy of
HEPA filters.

Timing of the Outbreak
The patients admitted during the first half of 1992

were compared with the patients admitted during the sec-
ond half of 1992 to determine whether there were more
high-risk patients during the second half of 1992. As
detailed in Table 2, most of the patient characteristics
remained unchanged. The median number of febrile days
increased significantly (P = .03), whereas the median
length of stay and duration of neutropenia increased mar-
ginally. The proportion of patients with myeloid leukemia
increased from 47% to 58%, although this was not statisti-
cally significant. The duration of antifungal medication use
increased significantly, although this was a result of pro-
longed antifungal therapy in the cases of aspergillosis.

The mortality rate (31% vs 33%) and the autopsy rate

FIGURE 2. The number of cases of aspergillosis during 1992 by month of
diagnosis.

TABLE 1
CHARACTERISTICS OF THE PATIENTS WITH ASPERGILLOSIS*

Chest    Sinus
X-ray X-ray

Sino- or CT or CT Body
pulmo- Biopsy Consis- Consis- ANC < Temper-

Patient Age Diag- nary Speci- tent tent 500/m3 ature Cortico-
No. (y) Gender nosis Culture† men† With IA‡ With IA§ (d) � 38°C (d) steroids� Died Autopsy

1 71 M AML + + + – 17 9 Yes Yes Yes
2 58 M AML + + + – 17 18 No Yes Yes
3 57 M AML + + + + 20 19 No Yes Yes
4 77 M AML – + + – 29 27 Yes Yes Yes
5 40 M AML + NP + – 20 20 No No No
6 45 M AML + + + – 56 56 Yes Yes Yes
7 54 M CML + NP + + 26 18 No Yes No
8 79 F AML – + + – 30 13 Yes Yes Yes
9 31 F ALL + + – + 26 16 No No No
10 59 F NHL + + + – 15 11 No Yes Yes

CT = computerized tomography; IA = invasive aspergillosis; ANC = absolute neutrophil count; AML = acute myeloid leukemia; NP = not performed; CML = chronic myeloid leukemia; ALL = acute
lymphoid leukemia; NHL = non-Hodgkin’s lymphoma.
*None of these patients had received bone marrow transplants.
†Positive or negative cultures for Aspergillus species.
‡Presence or absence of persistent or progressive infiltrates despite appropriate antimicrobial therapy, or the presence of a halo sign or cavitation.
§Presence or absence of sinusitis.
�Corticosteroids (prednisone, methylprednisolone, or cyclosporine) were used for coexisting medical conditions (eg, temporal arteritis or suspected adult respiratory distress syndrome or interstitial
pneumonitis) that necessitated them.
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(14% vs 18%) did not differ significantly between the two
time periods. Although eight patients with aspergillosis
died during the second half of 1992, the mortality rate did
not increase significantly. We therefore believe that the
increased number of cases of aspergillosis during the sec-
ond half of 1992 was not biased by methods of detection.

Location of the Outbreak
The analysis of the location of the outbreak com-

pared the patients admitted to the non-BMT wing with
those admitted to the BMT wing during the second half of
1992, when 9 of the 10 patients with aspergillosis were
admitted to the non-BMT wing.

The results given in Table 3 indicate that the patients
in the BMT wing exhibited more of the risk factors for
aspergillosis and would have been considered at high risk
for fungal infection. The length of hospital stay (37 vs 30
days; P = .02) and the rate of BMT (65% vs 11%; P < .001)
were significantly greater for patients in the BMT wing
compared with patients in the non-BMT wing. The patients
in the BMT wing also had trends toward a higher rate of
steroid use and a longer duration of neutropenia. Despite
these risk factors for aspergillosis, only one case occurred
in this group. The outbreak occurred in the patient popula-
tion considered to be at lower risk for aspergillosis due to
high Aspergillus conidia counts (> 150 colony-forming units

[CFU]/m3) in the non-BMT wing compared with low
counts (< 4 CFU/m3) in the BMT wing (Fig. 1). The differ-
ence in air quality was attributed to the lack of HEPA filtra-
tion and LAFUs in the non-BMT wing.

Comparison Between Patients With Aspergillosis
and Patients Without Aspergillosis

Table 4 details the analysis of the patients with
aspergillosis versus the patients without aspergillosis
admitted to the non-BMT wing during the second half of
1992. Nine of 35 patients developed aspergillosis, 7 of
whom died. The patients with aspergillosis had a signifi-
cantly longer duration of fever and antifungal medication
use, both of which are measures but not causes of the infec-
tion. The only other statistically significant differences
between the two groups of patients were in the mortality
and autopsy rates. More of the patients with aspergillosis
had acute myeloid leukemia or chronic myeloid leukemia,
but this difference was not significant. None of the patients
with aspergillosis and 31% of the patients without
aspergillosis had been admitted for or had had a prior
BMT, although this difference also was not significant.

Source of the Outbreak
The source of the outbreak was determined to be the

high Aspergillus conidia counts found in the non-BMT unit by

TABLE 2
COMPARISON OF CHARACTERISTICS OF PATIENTS ADMITTED BETWEEN JANUARY AND JUNE 1992 VERSUS PATIENTS ADMITTED BETWEEN JULY

AND DECEMBER 1992

Characteristic Jan.–June (N = 36) July–Dec. (N = 55) P

Median age, y (range) 44.5 (16–79) 46 (16–80) NS*
Median LOS, d (range) 31 (4–64) 33 (4–146) .06
Median no. of days with temperature 8.5 (0–42) 13 (0–76) .03
� 38°C (range)

Median no. of days with ANC 18.5 (0–43) 20 (0–75) .07
< 500/mm3 (range)

Median duration of antifungal medication use, d (range) 10 (0–41) 19 (0–76) .01
Median BMI, kg/m2 (range) 24.5 (15.8–43.7) 25.5 (16–40.7) NS*
Male (%) 19 (53) 30 (55) NS*
AML or CML (%) 17 (47) 32 (58) NS*
Current or former smoker (%) 20 (56) 29 (53) NS*
Non-BMT wing (%) 22 (61) 35 (64) NS*
BMT during current admission (%) 10 (28) 17 (31) NS*
Current or prior BMT (%) 15 (42) 21 (38) NS*
Steroids† (%) 14 (39) 25 (45) NS*
Any antifungal medications (%) 28 (78) 50 (91) NS*
Other fungal infection‡ (%) 5 (14) 9 (16) NS*
Aspergillosis (%) 0 (0) 10 (18) .005
Died (%) 11 (31) 18 (33) NS*
Autopsy (%) 5 (14) 10 (18) NS*

NS = not significant; LOS = length of hospital stay; ANC = absolute neutrophil count; BMI = body mass index; AML = acute myeloid leukemia; CML = chronic myeloid leukemia; BMT = bone marrow transplant.
*P > .10.
†Methylprednisolone or cyclosporine use for any indication.
‡Fungal infection due to an organism other than Aspergillus.
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routine air sampling during the outbreak. The source of the
high conidia counts was investigated and determined to be
contaminated insulation in the wall of the fourth floor near
the nurses’ station, which was the point of the highest conidia
counts. Another investigated source was the third floor office
wing renovations, which were stopped on October 22, 1992,
due to the possibility of contamination of the fourth floor.
Although contact samples showed contamination of the work
site with A. flavus and A. niger, the third floor had a separate
air handling system. Thus, it was unlikely that the conidia
were transported to the hematologic oncology units. Other
sources that were investigated included the attic space above
the fourth floor, the air handling system, and the outside
ambient air, all of which had no conidia counts or counts that
were lower than those from the BMT wing.

Air sampling data from the fourth floor taken
between October 1 and November 15, 1992, showed the
highest conidia counts (> 150 CFU/m3) around the shared
nurses’ station (Fig. 1). The BMT wing had relatively low
conidia counts (< 4 CFU/m3), whereas the non-BMT wing
had high conidia counts (> 100 CFU/m3) just inside the
double doors separating the hallway from the nurses’ sta-
tion and a progressively declining gradient with low conidia
counts (< 5 CFU/m3) at the end of the hallway farthest
from the nurses’ station. The HEPA filters in the BMT wing
removed most of the conidia from the ambient air and the

absence of these filters in the non-BMT wing allowed the
gradient to become established.

Infection Control Measures
The increased fungal conidia burden detected by

environmental air sampling and the increased number of
cases of aspergillosis led to the following infection control
measures. On November 9, 1992, HEPA filters were placed
at intervals in the non-BMT wing and at the nurses’ station.
Itraconazole was added to the antifungal prophylactic regi-
men, the wall insulation was decontaminated, and the third
floor construction site was sealed with airtight barriers.
Only two additional cases of invasive nosocomial aspergillo-
sis were diagnosed in May 1993 after the initiation of these
infection control measures. As of December 1994, 2 years
after the outbreak, these were the only cases of nosocomi-
al aspergillosis on the fourth floor. In December 1994, the
patients on both wings were moved to two renovated floors
of the main hospital with HEPA filtration. The fourth floor
of the satellite building was converted to an outpatient clin-
ic in 1995.

It is difficult to assess the efficacy of each infection
control measure individually. In retrospect, the itracona-
zole fungal prophylaxis had little or no effect as a pre-
ventive measure due to its limited oral absorption. It is
likely that the addition of HEPA filters to the non-BMT

TABLE 3
COMPARISON OF PATIENTS ADMITTED TO THE NON–BONE MARROW TRANSPLANT WING WITH PATIENTS ADMITTED TO THE BONE MARROW

TRANSPLANT WING DURING JULY THROUGH DECEMBER 1992

Characteristic Non–BMT Wing (N = 35) BMT Wing (N = 20) P

Median age, y (range) 52 (21–80) 40.5 (16–79) NS*
Median LOS, d (range) 30 (4–59) 37 (20–146) .02
Median no. of days with temperature 13 (0–56) 12 (2–76) NS*
� 38°C (range)

Median no. of days ANC 20 (0–56) 22 (9–75) NS*
< 500/mm3 (range)

Median duration of antifungal 19 (0–76) 16.5 (0–63) NS*
medication use, d (range)

Median BMI, kg/m2 (range) 25.6 (16–41) 24.9 (18–38) NS*
Male (%) 26 (74) 4 (20) < .001
AML or CML (%) 21 (60) 11 (55) NS*
Current or former smoker (%) 21 (60) 8 (40) NS*
BMT during current admission (%) 4 (11) 13 (65) < .001
Current or prior BMT (%) 8 (23) 13 (65) .004
Steroids† (%) 12 (34) 13 (65) .05
Any antifungal medications (%) 31 (89) 19 (95) NS*
Other fungal infection‡ (%) 8 (23) 1 (5) NS*
Aspergillosis (%) 9 (26) 1 (5) .08
Died (%) 10 (29) 8 (40) NS*
Autopsy (%) 5 (14) 5 (25) NS*

BMT = bone marrow transplant; LOS = length of hospital stay; ANC = absolute neutrophil count; BMI = body mass index; AML = acute myeloid leukemia; CML = chronic myeloid leukemia; NS = not
significant.
*P > .10.
†Methylprednisolone or cyclosporine use for any indication.
‡Fungal infection due to an organism other than Aspergillus.
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wing led to the reduction in Aspergillus conidia and, con-
sequently, to the reduction in the number of cases of
aspergillosis.

DISCUSSION

A previous report from our institution of an outbreak
of aspergillosis among BMT recipients demonstrated the
need for HEPA filtration on BMT units.26 This report
demonstrates the efficacy of HEPA filters that have since
been installed in our BMT unit and the additional need of
this protective environment for patients with hematologic
malignancies who are immunocompromised from thera-
pies other than BMT. This study provides evidence-based
information regarding the necessity and efficacy of HEPA
filtration in hematologic malignancy units.

The main limitations of this study are the underesti-
mation of cases, the unavailability of DNA analysis tech-
niques, and the limited applicability and generalizability of
this study to other institutions. Nine of the 35 patients
admitted to the non-BMT wing were confirmed cases of
aspergillosis. An additional 5 patients were suspected of
having aspergillosis but were not included as cases
because their sputum cultures were negative for Aspergillus
and no biopsies or autopsies had been performed. The
comparison between patients with aspergillosis and
patients without aspergillosis on the non-BMT wing during

the second half of 1992 probably failed to yield any statisti-
cally significant differences because of the underestimation
of cases and the small sizes of the groups.

Circumstantial evidence points to the wall insula-
tion at the nurses’ station as the source of the gradient of
Aspergillus conidia in the non-BMT wing because it was
located where the highest Aspergillus conidia counts were
recovered. The moldy insulation we believe was the
source of the outbreak was not suddenly disturbed by
construction or other movement that would have con-
tributed to a sudden increase in conidia concentrations.
We speculate that the contamination of the insulation
occurred concurrent to the sudden spike in Aspergillus
conidia.

This outbreak occurred before the recent advances
in the diagnosis of aspergillosis31,32 and the development of
molecular techniques to determine point sources.33,34

These diagnostic tests may have detected additional cases;
however, when molecular techniques became available, the
samples either were not sufficient for adequate DNA analy-
sis or had already been discarded. Random amplification of
polymorphic DNA analysis could have helped identify the
source of the outbreak or determine whether the patients
with aspergillosis were infected from one or multiple
sources. However, the identification of A. flavus from all
cases is unusual and suggests a true outbreak from a single

TABLE 4
COMPARISON OF CHARACTERISTICS OF PATIENTS WITH ASPERGILLOSIS VERSUS PATIENTS WITHOUT ASPERGILLOSIS ADMITTED TO THE

NON–BONE MARROW TRANSPLANT WING DURING JULY THROUGH DECEMBER 1992

Patients With Patients Without
Characteristic Aspergillosis (N = 9) Aspergillosis (N = 26) P

Median age, y (range) 57 (31–77) 51 (21–80) NS*
Median LOS, d (range) 32 (21–59) 28.5 (4–53) NS*
Median no. of days with temperature 18 (9–56) 8.5 (0–26) .05
� 38°C (range)

Median no. of days ANC < 500/mm3 20 (15–56) 20 (0–45) NS*
(range)

Median duration of antifungal medication 24 (19–76) 16.5 (0–31) .02
use, d (range)

Median BMI, kg/m2 (range) 25.3 (20–31) 25.7 (16–41) NS*
Male (%) 7 (78) 19 (73) NS*
AML or CML (%) 7 (78) 14 (54) NS*
Current or former smoker (%) 6 (67) 15 (58) NS*
BMT during current admission (%) 0 (0) 4 (15) NS*
Current or prior BMT (%) 0 (0) 8 (31) .08
Steroids† (%) 3 (33) 9 (35) NS*
Any antifungal medications (%) 9 (100) 22 (85) NS*
Other fungal infection‡ (%) 2 (22) 6 (23) NS*
Died (%) 7 (78) 3 (12) .001
Autopsy (%) 5 (56) 0 (0) < .001

BMT = bone marrow transplant; LOS = length of hospital stay; ANC = absolute neutrophil count; BMI = body mass index; AML = acute myeloid leukemia; CML = chronic myeloid leukemia; NS = not
significant.
*P > .10.
†Methylprednisolone or cyclosporine use for any indication.
‡Fungal infection due to an organism other than Aspergillus.
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source rather than multiple sporadic cases. On the basis of
this study’s results, we recommend that HEPA filters be
used routinely in hospital units housing patients with hema-
tologic malignancies and prolonged neutropenia. This
study confirms previous findings of the efficacy of HEPA
filters in controlling aspergillosis outbreaks.20,23,24,35,36
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The effect of pressure differential and
care provider movement on airborne
infectious isolation room containment
effectiveness
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Background: Airborne infectious isolation rooms (AIIRs) are maintained at a negative pressure relative to surrounding areas to pre-
vent migration of potentially infectious droplet nuclei. Current US design standards require a pressure differential of only 2.5 Pas-
cals (Pa), compared with 15 Pa in some other countries. The purpose of this work was to compare containment efficiency in a
properly designed anteroom-equipped hospital AIIR at differential pressures ranging from 2.5 to 20 Pa under conditions of no pro-
vider traffic and simulated high provider traffic.
Methods: Fluorescent microspheres were released into the AIIR to simulate infectious droplet nuclei. Airborne concentrations were
measured inside the AIIR, in the anteroom, and at the corridor–anteroom door both with and without care provider movement
through the AIIR under differential pressure conditions of 2.5, 11, and 20 Pa. Particles were collected by air sampling onto filters,
with enumeration via fluorescent microscopy.
Results: Reduced containment effectiveness during provider traffic was observed, consistent with previous studies. Containment
increased with increasingly negative pressure differential and decreased with increasing provider traffic.
Conclusions: Provider traffic adversely affected containment. Containment improved with an increasing pressure differential. The
anteroom plays an important role in limiting net particle escape, especially during provider movement through the space.
Key Words: AIIR; droplet nuclei; anteroom; air volume migration.

Copyright ª 2011 Published by Elsevier Inc. on behalf of the Association for Professionals in Infection Control and Epidemiology, Inc.
(Am J Infect Control 2011;39:91-7.)
The Centers for Disease Control and Prevention
(CDC) identifies two measures for controlling airborne
disease in health care facilities: (1) the use of adminis-
trative measures to reduce the risk of exposing unin-
fected persons to persons who have disease that is
infectious by the airborne route, and (2) the use of en-
gineering controls to prevent the spread and reduce the
concentration of infectious droplet nuclei.1 The use of
hospital airborne infectious isolation rooms (AIIRs) in-
volves both of these strategies.2,3 AIIR ventilation sys-
tems maintain a negative air pressure inside the
room relative to the surrounding areas by mechani-
cally removing (exhausting) more air than is supplied,
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causing the room to be at slightly negative atmospheric
pressure relative to surrounding areas. This is intended
to cause air to flow into rather than out of the room
through open doors, cracks, or other penetrations
and thereby prevent airborne droplet nuclei from es-
caping the space.3 Numerous factors can interfere
with proper AIIR performance, and although a negative
pressure differential is necessary for correct air flow di-
rection, it does not guarantee it.3
AIIR DESIGN STANDARDS

The Guidelines for Design and Construction of Hospi-
tal and Health Care Facilities4 has been accepted as the
primary standard governing AIIR design in the United
States.5 The American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers and the CDC
have provided additional information and recommen-
dations on ventilation design performance.5,6 These
US standards require a minimum pressure differential
of only 2.5 Pa,4-6 whereas international standards re-
quire a minimum differential of as much as 15 Pa.7,8

US and international standards are in agreement re-
garding a required exhaust rate of 12 air changes per
91
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hour (ACH) in the AIIR, with at least 2 ACH of fresh air
brought in from the outside. An anteroom is recom-
mended as a transition from the potentially contami-
nated AIIR to the adjacent health care facility;6 health
care providers typically use this space to don and
doff personal protective equipment, such as respira-
tors, gloves, and gowns.
EFFECT OF PROVIDER MOVEMENT ON AIIR
CONTAINMENT

The literature contains little information regarding
the airborne pathogen containment efficiency of AIIRs
during provider movement into and out of the space at
various ventilation conditions, but air volume migra-
tion (AVM), the escape of a parcel of air from the
AIIR, has been demonstrated. Holding AIIR rooms at
negative differential pressure relative to surrounding
areas is essential. Beggs9 reported that the most com-
mon reason for loss of pressure differential in isolation
rooms is the opening of doors. Several studies have
demonstrated the adverse effects of door opening and
provider movement on AIIR containment effective-
ness,10-12 including a tracer gas study by Rydock and
Eian12 that evaluated 4 ‘‘state-of-the-art’’ AIIR rooms
in Norway with pressure differentials of 15 Pa between
the corridor and anteroom and 30 Pa between the cor-
ridor and patient room, both of which greatly exceed
US requirements. Sulfur hexafluoride (SF6) was re-
leased at the patient bed position and allowed to mix
in the room for 2 minutes before the release technician
exited the room into the anteroom. The technician
waited an additional 3 minutes in the anteroom before
entering the adjacent corridor. Subsequently, SF6 was
readily detected in both the anteroom and the corridor,
indicating that the AIIR did not contain all of the gas
during provider movement even at this high pressure
differential. Recent work by Johnson et al13 also dem-
onstrated greatly reduced containment efficiency dur-
ing simulated provider traffic into and out of an
expedient isolation enclosure, such as might be used
during a surge in demand for isolation capacity. We
found no study that evaluated the effect of provider
movement in a single facility over the range of recom-
mended pressure differentials, however. The purpose
of the present study was to compare containment effi-
ciency in a properly designed, anteroom-equipped
hospital AIIR at differential pressures ranging from
2.5 to 20 Pa under conditions of no provider traffic
and simulated high provider traffic.

MATERIALS AND METHODS

This study evaluated the containment effectiveness
of an AIIR with an anteroom under 3 different negative
A48946859
pressure conditions with and without health care pro-
vider movement through the space. Uniformly sized
2-mm-diameter green fluorescent polystyrene latex
(PSL)microspheres (Duke Scientific, PaloAlto, CA),which
simulate airborne pathogens, were distributed into an
AIIR fromwater suspension using a medical air jet neb-
ulizer. PSL microspheres were used because they are
nonpathogenic, are the same size as many airborne
pathogens, and fluoresce to make their identification
more specific. Because the PSL microspheres are aero-
dynamically similar to airborne bacterial pathogens,
they have the same transport behavior in air and thus
have a similar potential to escape the AIIR. Once aero-
solized, the particles were collected on preloaded
25-mm diameter, 0.8-mm pore size mixed cellulose
ester filters in conductive cowled cassettes (model
225-321; SKC, Eighty-Four, PA). The air sampling rate
was 1.5 L/min. Each filter was transferred from the cas-
sette to an oversizedmicroscope slide (753 38mm) and
coveredwith a 353 50mmslip tacked downwith drops
of clear fingernail polish. The samplewas labeledwith a
unique identification number. To distinguish fluores-
cent particles from background particles, the filters
were viewed using a Nikon Eclipse 80i top-illuminated
fluorescence microscope fitted with a Prior Optiscan
29 motorized stage, Nikon DXM 1200 digital camera,
and NIS Elements image analysis software (AR 2.10,
Build 215) (all from Nikon Instruments, Melville, NY).
Slides with dense particle deposition were counted at
403 magnification using a random field technique,
whereas the total surface of slides with light particle de-
position was manually counted according to the
method of Johnson and Lynch.14 The low (403) magni-
fication could be used because the fluorescent image of
the deposited particle was much larger than its 2-mm
physical diameter. The time-weighted average airborne
particle concentration estimate for each filter sample
was calculated from the filter count, the average pump
flow rate during the sample, and the sampling time.

The study took place in a major medical center in
Oklahoma City, Oklahoma. The particular AIIR studied
was selected because it had an anteroom, adjustable re-
turn air ventilation that enabled adjustment of the ex-
haust airflow and resulting negative pressure, and a
high exhaust flow capable of achieving differential
pressures exceeding 20 Pa. Swing-in type doors joined
the corridor and the anteroom and the anteroom and
the AIIR. Because this research project involved one
human subject to simulate provider movement, Institu-
tional Review Board approval was secured. The human
subject wore surgical scrubs, rubber gloves, safety gog-
gles, and an N95 respirator and played the role of a
health care provider moving into and out of the space.
Personal protective equipment was worn primarily to
simulate a ‘‘real world’’ scenario.
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The following protocol was followed during the
trials that involved health care provider movement.
The nebulizer was started remotely and allowed to op-
erate for 15 minutes before the subject entered the
room. After these 15 minutes, the subject opened the
outer anteroom door, entered the anteroom, closed
the door and waited 5 minutes, opened the inner ante-
room door, moved into the patient area, closed the door
and waited 5 minutes, opened the inner anteroom door
andmoved back into the anteroom, closed the door and
waited 5 minutes, opened the outer anteroom door and
exited the anteroom to the outside, and then closed the
door and waited 5 minutes. The subject repeated these
steps for a total of 3 cycles. The experiment involving
the human subject was repeated 3 times for each of
3 pressure differentials, for a total of 9 trials. Each trial
required 90 minutes of air sampling.

During the no-movement trials, the sampling pumps
and the nebulizer were started remotely as in the
movement trials, and after 90 minutes the cassette
from each sampling pump was collected and labeled.
No human subject moved to and from the rooms dur-
ing the 90-minute no-traffic trials.

The initial 15-minute nebulization time before entry
of the subject into the room was chosen to allow the
room particle concentration to come to equilibrium af-
ter starting the nebulizer, and was based on the exper-
imentally determined effective ventilation rate of the
central area of the AIIR. The effective ventilation rate,
Q9
ACH , expressed in air changes per hour (ACH), is the

total fresh air ventilation rate, Q (eg, ft3/hour), divided
by the room volume V (ft3/air change) and a dimension-
less factor K that takes into account the reduction in di-
lution efficiency caused by less than perfect air mixing
in the room, that is, Q9

ACH5
Q
KV .15 Because K is generally

unknown for a space, experimental determination of
Q9
ACH is useful in estimating the nebulization time re-

quired to reach an equilibrium concentration. We esti-
mated Q9

ACH for the AIIR using an approach similar to
that of Pavelchak et al.16 In brief, air current tracing
‘‘smoke’’ (airflow indicator tubes model 810-500;
SKC) was released into the AIIR in puffs as the investi-
gator walked 3 times around the room. The multipoint
release and motion of the investigator were intended to
promote good particle distribution in the space. The
ventilation system was operating at a 20-Pa pressure
differential, with a supply flow rate of 185 cfm and
an exhaust flow rate of 820 cfm. The subsequent ‘‘de-
cay’’ in the smoke concentration was measured over
time as it was diluted by the ventilation system. Theory
predicts that once particle generation is stopped, the
airborne particle concentration will decrease in an ex-
ponential fashion according to the equation C95 e2

Q
KVt

or C95 e2Q9
ACH t, where C’ is the normalized concentra-

tion (ie, the fraction of the initial concentration
A48946859
remaining at time t). The Q
KV or Q9

ACH exponential decay
constant physically represents the effective ventilation
rate of the AIIR expressed in air changes per unit time.
The logarithmic form of the exponential decay equa-
tion is ln ðC9Þ52Q9

ACH t, and from this relationship
we easily estimated the decay constant by linear re-
gression with the line constrained to pass through a
zero intercept. We took this value to be representative
of the decay constant in the central area of the room
in which the samplers were located. This estimate,
which was 0.4745 air changes per minute or 28.47
ACH (R2 . 0.96), then allowed us to calculate the time
required to reach 90% of the equilibrium particle con-
centration Ceq during aerosol generation. Assuming ex-
ponential concentration buildup following the relation
C5Ceqð12 e2Q9

ACH tÞ,15 the nebulization time, in min-
utes required to reach 90% of Ceq, was calculated as

t52
1

Q9
ACH

ln

�
12

C
Co

�
52

1

0:4745 min21 ln

�
12

:9Ceq

Ceq

�

52:303=0:474554:85min:

Measurement of exhaust ventilation rates at 20 Pa (185
cfm supply, 820 cfm exhaust), 11 Pa (175 cfm supply,
632 cfm exhaust), and 2.5 Pa (163 cfm supply, 295
cfm exhaust) indicated that the 15-minute nebulization
period allowed before the start of sampling would be
adequate to reach 90% of the equilibrium under all
pressure (and exhaust flow rate) conditions used pro-
vided that no large differences in room air mixing char-
acteristics occurred over this range of pressure
differentials and air flow rates.

The nebulizer simulated a patient continually pro-
ducing airborne particles through coughing, sneezing,
and talking. A modified device was used that provided
continuous replenishment of PSL particle source sus-
pension via an injection pump (Figs 1 and 2). A dual-
syringe infusion pump (model 200; KD Scientific,
Boston, MA) fitted with two 30-mm-diameter, 60-mL
syringes supplied the nebulizer with a constant sus-
pension feed rate of 1 mL/min over a 90-minute period.
An exit port that directed overflow to a 500-mL Erlen-
meyer flask ensured a constant volume of suspension
in the reservoir. A medical nebulizer compressor (Pro-
Neb Ultra model 85B0000, Pari Innovative Manufac-
turers, Midlothian, VA) operating at 20 psi pressure
provided a consistent air flow rate of 4.41 L/min, as
measured with an air flow calibrator (DryCal model
DC Lite, BIOS International, Butler, NJ).

AIIR containment was assessed by measuring PSL
concentrations inside and outside the AIIR in the pres-
ence and absence of provider traffic. Particle concen-
trations were measured at 4 locations inside the AIIR,
2 locations in the anteroom, and 4 locations outside
the corridor-anteroom door (10 total) at each of

http://www.ajicjournal.org


Fig 1. Nebulization system. The nebulization
system comprised a medical air jet nebulizer

modified to allow the continuously replenishment of
the reservoir with particle source suspension via an

infusion pump.

Fig 2. Modified nebulizer. Continuous
replenishment with an excess of particle suspension
prevented depletion of the suspension during the

1.5-hour nebulization periods.
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3 pressure differential conditions (2.5 Pa, 11 Pa, and
20 Pa) for each of two traffic conditions (no traffic or
3 provider passes through the AIIR), with 3 replicates
of each trial. This resulted in 10 filter samples3 3 pres-
sure differentials 3 2 traffic conditions 3 3 replicates
5 180 samples.

Pressure differentials for each experimental condi-
tion were measured between the corridor and patient
room and between the anteroom and patient room us-
ing a digital micromanometer pressure meter (model
DM-4; Infiltec, Waynesboro, MA). Pressure differential
readings were taken by placing one of the two micro-
manometer sensing hoses inside the room and running
the second hose under the doorway into the corridor.
The instrument displayed the resulting pressure differ-
ential between the spaces. Visual smoke tests to trace
air current direction also were performed throughout
the study to ensure maintenance of appropriate pres-
sure gradients. An Alnor standard balometer ‘‘flow
hood’’ (TSI, St Paul, MN) was used to measure the ex-
haust air flow rates.
A48946859
During each trial, 4 air-sampling pumps (SKC 224-
PCXR4 or MSA Escort ELF [Mine Safety Appliances,
Pittsburgh, PA]) were placed in the 4 quadrants of the
patient care area. Before sampling, thepumps were
calibrated to a flow rate of 1.50 6 0.03 L/min using
the air flow calibrator, and the values were recorded.
The flow was measured again after sampling to verify
consistent operation and determine the average flow
rate for the trial. The pumps were placed on tabletops
approximately 30 inches above the floor. Each pump
was fitted with a preloaded 25-mm-diameter mixed
cellulose ester filter. Two pumps with filters were also
placed on a countertop in the anteroom, and 4 addi-
tional pumps with filters were placed outside of the an-
teroom door in the corridor. The pumps in the corridor
were placed on stands on each side of the door at ele-
vations of 3 feet and 6 feet, with two on each side of the
door. These pumps were positioned within 1 foot of
each side of the doorway.

Conditions for the experiment were as follows. An
extension cord was run from the nebulizer compressor



Table 1. Corridor-to-room and anteroom-to-room particle concentration ratios

Mean measured differential pressure

Anteroom to patient care area Corridor to patient care area

1.5 Pa 7.3 Pa 12.5 Pa 2.1 Pa 10.7 Pa 20.7 Pa

Without provider traffic 7.00 3 1024 2.38 3 1024 1.62 3 1024 3.55 3 1024 1.20 3 1024 0

2.06 3 1023 2.72 3 1024 1.23 3 1024 3.07 3 1024 6.98 3 1025 0

1.59 3 1024 0 0 1.05 3 1024 1.45 3 1024 3.90 3 1024

With provider traffic 5.12 3 1022 1.55 3 1022 1.10 3 1022 3.84 3 1024 6.04 3 1024 2.04 3 1024

5.60 3 1022 1.79 3 1022 1.13 3 1022 5.03 3 1024 5.40 3 1024 2.86 3 1024

4.25 3 1022 1.57 3 1022 1.08 3 1022 7.99 3 1024 1.21 3 1024 0

NOTE. Values represent the ratio of the mean particle concentration in either the corridor or the anteroom to the mean particle concentration inside the room for each sampling

event.
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into the hallway so that the nebulizer could be started
without having to enter the room. The room’s ventila-
tion systemwas adjusted to provide a nominal differen-
tial pressure of 2.5, 11, or 20 Pa by controlling the
amount of exhausted air. The AIIR chosen for this study
had a normal operating differential pressure exceeding
20 Pa, so the target differentials were achieved by phys-
ically obstructing a portion of the exhaust air grill to
‘‘choke’’ the exhaust flow. At each pressure differential
condition, smoke tests were conducted between the
AIIR and anteroom and anteroom and corridor to visu-
ally verify the correct air flow direction, ensuring an
appropriate pressure gradient. Corridor–AIIR and ante-
room–AIIR pressure differentials were measured with a
digital micromanometer for each pressure condition.
Pump air flow rates were remeasured after each trial
and recorded.

RESULTS AND DISCUSSION

Of the 180 filter samples obtained, 4 were discarded
due to either pump failure during the trial or unaccept-
able variation in the before-and-after pump flow rate
measurements (.10% or 0.15 L/min). Three of the dis-
carded samples were from inside the AIIR and the other
was from inside the anteroom, and no more than one
sample was lost in any one trial. Owing to intermittent
operation of the building’s heating, ventilation, and air-
conditioning (HVAC) system, pressure differentials
were seen to vary somewhat from the target levels of
2.5, 11, and 20 Pa. The mean measured differentials
were 2.1 Pa (range, 1.2-2.5 Pa), 10.7 Pa (range, 9.4-
12.0 Pa), and 20.7 Pa (range, 20-21.3 Pa). These differ-
entials were measured at one point in time before
each trial, and due to the intermittent operation of
the building’s HVAC system might not represent the
mean pressure differential for the entire 90-minute
trial. Mean patient care area exhaust air flow rates
were 208 cfm (range, 198-218 cfm), 434 cfm (range,
413-445 cfm), and 660 cfm (no variation). Mean
A48946859
pressure differentials between the patient care area
and the anteroom were 1.5 Pa (range, 0.9-3.1 Pa), 7.3
Pa (range, 6.6-7.5 Pa), and 12.5 Pa (range, 12.2-13.9
Pa). The anteroom did not have its own supply or ex-
haust; air was drawn into the anteroom from the corri-
dor via a gap under the door and passed through to the
patient care area of the AIIR.

The maximum particle count for any sample col-
lected outside the corridor door was 5, compared
with filter counts of approximately 2500-4500 inside
the AIIR for the same period. The mean counts for
the 2.5-, 11-, and 20-Pa pressure conditions were
1.08, 0.42, and 0.25 in the absence of provider traffic
and 1.83, 1.50, and 0.42 with provider traffic. The cor-
responding mean corridor particle concentrations
were approximately 8.1, 3.1, and 1.9 particles/m3 in
the absence of provider traffic and 13.6, 11.2, and 3.1
particles/m3 with provider traffic.

The maximum particle count for any sample col-
lected in the anteroom was 242. The mean counts for
the 1.3, 7.5, and 12.5 Pa pressure conditions were
5.17, 0.60, and 0.33 in the absence of provider traffic
and 156.5, 52.8, and 29.0 with provider traffic. The cor-
responding mean anteroom particle concentrations
were approximately 38.2, 4.5, and 2.5 particles/m3 in
the absence of provider traffic and 1149, 393, and
215 particles/m3 with provider traffic.

Table 1 presents the ratio of mean particle concen-
trations in the corridor to those in the AIIR patient
care area, as well as the ratio of mean anteroom con-
centrations to mean patient care area concentrations,
for each of the 9 trials. As noted by Johnson et al,13

the particle concentrationmeasured in the corridor im-
mediately outside the room entrance is only a relative
measure of the degree of particle escape from the
room. This is due to the inability to contain all of the
air in the vicinity of the door during sampling, with
subsequent particle dispersion by room currents.
Thus, absolute containment efficiencies that might be
calculated from the ‘‘escape fraction’’ estimates

http://www.ajicjournal.org


Fig 3. Relative particle escape from the patient
area to the corridor. Net particle escape to the
corridor from the patient care area at different
pressure differentials with and without provider
traffic is shown relative to the observed particle

escape under the 2.5-Pa, no-traffic condition.

Fig 4. Relative particle escape from the patient
area to the anteroom. Particle escape to the

anteroom from the patient care area at different
pressure differentials with and without provider
traffic is shown relative to the observed particle

escape under the 2.5-Pa, no-traffic condition.
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represented by Table 1 would be overestimates of the
true containment. However, the measures are illustra-
tive of the relative containment under the various con-
ditions when one of the conditions is taken as the
baseline.

Figure 3 graphically presents corridor-to-room con-
centration ratios at the three pressure differential con-
ditions with and without provider movement, relative
to the ratio observed at the 2.5-Pa, no-traffic condition.
That condition was chosen because it represents the US
design standard. The figure reflects a decrease in parti-
cle escape as the negative pressure differential in-
creases from 2.5 Pa to 20 Pa for both the no-traffic
and with-traffic conditions. It also reflectsmuch greater
particle escape during provider traffic compared with
the no-traffic condition at 2.5 Pa, but with a diminish-
ing traffic effect at 11 Pa and little or no difference in
escape at 20 Pa.

Figure 3 appears to indicate improved containment
at pressure differentials above 2.5 Pa, especially in
the presence of provider movement. However, al-
though a two-way analysis of variance (ANOVA) of the
data in Table 1 (data not shown) indicated a statistically
significant difference (P , .03) in containment across
the traffic conditions, it did not show a significant dif-
ference due to the pressure differential (P 5 .09); the
traffic–pressure interaction term was also not statisti-
cally significant (P 5 .36). Whether this result is due
to an actual lack of effect, to the small sample size, or
to variations in differential pressure during trials or
other sources of imprecision, with subsequently low
statistical power to detect the real differences, is un-
clear. A larger-scale study is needed to improve statisti-
cal power and resolve this question.

Figure 4 illustrates the substantial contribution of
the anteroom in limiting the net escape of particles
A48946859
from the patient care area to the corridor. Whereas a
50-fold increase in particle escape occurred during
provider traffic relative to no traffic at the lowest differ-
ential pressure, this translated to only a roughly 2-fold
increase in net particle escape to the corridor from the
patient care area. There again appeared to be a de-
crease in particle escape with increasing pressure dif-
ferential for both traffic conditions, as supported by a
two-way ANOVA in which traffic condition, differential
pressure, and their interaction were all statistically
significant (P , 1026). The anteroom was clearly
effective in limiting the migration of particles out of
the AIIR, even though its only ventilation was by
pass-through air.

Interpreting our results is complicated somewhat by
the question of air flow rate into the AIIR through the
door undercut and other leakage points while the
door is closed, and through the door opening while
the door is in operation. These flows were not mea-
sured in the present study. Gill17,18 and Streifel19 have
suggested that a makeup air flow rate in the range of
100-130 cfm through one door to a well-sealed AIIR
can effectively minimize air volume migration. Gill18

reported that a 130-cfm flow through the undercut of
a closed AIIR door resulted in a pressure differential
of about 12.5 Pa. Wiseman20 recommended a differen-
tial air flow rate of 400 cfm that can be ‘‘throttled
down’’ to a lower flow adequate to maintain a 2.5 Pa
pressure differential when the AIIR door is closed. In
an extremely well-sealed AIIR, a pressure differential
of perhaps 11 Pa might be achieved with a much lower
differential air flow rate than would be required in a
less well-sealed AIIR. However, in that case the well-
sealed AIIR might then have less effective containment
when the door is open due to the lower differential
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flow. Apparently, the most effective design approach
would include a minimum pressure differential during
door-closed conditions and a minimum differential air
flow during door-operating conditions.

CONCLUSIONS

The reduced containment effectiveness during pro-
vider traffic observed in this study is consistent with
previous studies that demonstrated substantial air vol-
ume migration during AIIR door operation and pro-
vider movement into and out of a space. Although the
specific quantitative results presented here are particu-
lar to the conditions used in this study, they appear to
indicate that AIIR containment effectiveness in the
presence or absence of provider traffic may increase
with increasing pressure differential. It may be that
pressure differentials greater than the current 2.5 Pa
US design standard (say, on the order of the 15 Pa stan-
dard used in other countries) would be more protective
in controlling the escape of airborne droplet nuclei
from an AIIR during care provider movement into
and out of the room. The limited scope of the present
study does not allow us to draw a firm conclusion in
this regard, and additional work is needed to explore
this question. As shown by Rydock and Eian,12 even
differential pressures in the 15 Pa range might not be
sufficient to completely prevent air volume migration
during provider movement, and it must be recognized
that whether or not a particular pressure differential
would be adequately protective in a specific circum-
stance is a complex question. ‘‘Adequate’’ protectivity
depends on a variety of factors, including the infectiv-
ity and potential health effects of the threat organism,
the frequency and pattern of provider traffic into and
out of the AIIR, and the degree of droplet nuclei dilu-
tion provided in the interior of the AIIR by the HVAC
system and perhaps supplemental free-standing HEPA
filtration devices. In this study, the anteroomwas found
to play an important role in controlling net particle mi-
gration from the AIIR patient care area to the corridor,
especially in the presence of provider traffic. Additional
studies of AIIR containment effectiveness under real-
world patient care conditions, in the presence and ab-
sence of an anteroom, would provide the more detailed
information needed to consider further refinements to
AIIR design standards.

The authors gratefully acknowledge the staff members of the Environmental Health
and Safety Office and the Pediatric Intensive Care Unit of the Integris Baptist Hospital,
Oklahoma City, for their kind assistance and cooperation in allowing the use of one of
their AIIR units for this study.
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A Nosocomial Outbreak of 
Multidrug-Resistant Tuberculosis 
Thomas A. Kenyon, MD, MPH; Renee Ridzon, MD; 
Roberta Luskin-Hawk, MD; Carol Schultz, RN; 
William S. Paul, MD, MPH; Sarah E. Valw-•y, DMD, MPH; 
Ida M. Onorato, MD; and Kenneth Castro, MD 

Background: An outbreak of seven cases (in six pa1ients 
and one health care worker, all of whom had AIDS) of 
multidrug-,esis-tant tuberc:ufosls occurred in a hospital in 
Chicago. The hospital had a respirator-fit testing program 
but no acid-fast bacilli isolation rooms. 

Objective: To identify risk factors for transmission of My­
cobacterium tuberculosis . 

Design: Retrospective cohort study. 

Setting: Private hospital. 

Partidpants: Patients and health care workers exposed 
to M. tuberculosis. 

Measurements: Analysis of M. tuberculosis isolates. tu­

berculin skin testing, assessment of exposure, and assess• 
ment of participant characteristics. 

Results: All seven M. tuberculos;s isolates had matching 
DNA fingerprints. Of patients exposed to M . tuberculosis, 
those who developed tuberculosis had lower CD4' T• 
lymphocyte counts (P = 0.02) and were more likely to be 
ambulatory (P = 0.03) than those who did not. Of 74 ex­
posed health care workers, the 11 (15%) who had conver• 
sion on tuberculin skin testing were no more likely than 
those who did not have conversion to report that they 
always wore a respirator with a high•effkiency particulate 
air filter. 

Conc1usions: Transmission of M. tuberculosis occurred in 
a hospital that did not have recommended isolation 
rooms. A respirator•fit testing program did not protect 
health care workers in this setting, 

Ann /nt,m M,d. l997; 127:32-36. 

From Lhe Ccntcn for Disc.as< Control noo Ptcvcn1lon, Alliinua, Georgia; 
and St. Joseph Hospital and lhc Chicago DcP3rtmcn1 of Public Health. 
ChiC'.lgO. UJinob. F'or cumn1 author addreuc.s. see <nd of ten. 

Nosocomial outbreaks of tuberculosis have af­
rected recommendations for infection control 

practices io hospitals in the United States ( l- 8). 
Administrative and environmental measures and re­
spira1ory protection for health care workers have 
been recommended (9, 10). Evidence suggcstS that 
adherence 10 lhesc guidelines may be effective in 
preven1ing nosocomial Lransmiss.ion of Mycobacre­
rium 111berculosis (11-13). 

Of the 34 cases of multidrug-resistant tuberculo­
sis (resistant to at least isoniazid and rifampin) that 
were reported to the Chicago Department of Health 
from January 1994 through April I 995, 6 occurred 
in patients with AIDS who had been admiued to 
o ne floor of one hospital. Because nosocomial 
transmission of multidrug-resistam tuberculosis was 
suspected, an investigalion was initiated. 

Methods 

Potential outbreak cases--cases of tuberculosis 
in persons whose isolates were resistant to at least 
isoniazid and rifampin-were identified by matching 
the names of patients and health care workers at 
the hospital to state and local tuberculosis registries 
and by reviewing laboratory records and death cer­
tificates. We performed DNA fingerprinting of M. 
111/Jerculosis isolates using IS6110 and pTBNl2 
probes ( 14, 15). 

Medical records were reviewed for patie nts who 
were admitted to the outbreak floor when a patient 
whose sputum smears were positive for acid-fast 
bacilli was present. Patients who died within 30 days 
of exposure were excluded. 

Private providers of patients who may have been 
exposed to M. tuberculosis were contacted by tele­
phone or by mail. All were advised to screen !heir 
patients for tuberculous disease and infection by 
tuberculin skin tests and symptom checks. A posi­
tive result on a tuberculin skin test was defined as 
induration of 5 mm or more, a nd an increase in 
induration of at least 5 mm was considered a skin 
test conversion. Severely immunocompromised pa­
tienlS (CD4 + T-lymphocyte count < 50 cells/mL) 
who did 001 receive skin testing were assumed to be 
anergic (16). 

To assess exposure of health care workers to M. 
cuberculosis, we reviewed work schedules, chart sig­
natures, and patient assignments. Results of testing 
for fit of respirators with high-efficiency particulate 
air (HEPA) filters and resullS of annual tuberculin 
skin tests were obtained from employee records. 
Health care workers also completed a form abou1 
infection control practices a nd exposure to M. cu­
berculo.tis. 

Acid-fast bacilli isolation rooms (that is, rooms in 
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Figure. Timeline demonstrating two chalns of nosocomlal transmisSion of tuberculous organisms bt-twffn August 199-1 and September 1995 
in a hospital in Chiu.go. 

which the air pressure is negative in relation 10 the 
hallway a.nd that have .e:6 air changes per hour) 
were installed in December 1994. The design of the 
ventilation system on the outbreak floor was re­
viewed, and smoke tube testing was done to assess 
the direction of air 6ow. 

Data analysis was conducted using Epi lnfo, ver­
sion 6 ( I 7). Categorical variables were compared 
using the chi-square test, and relative risks with 
95% Cls were derived. Continuous variables were 
compared using the Wilcoxon rank-sum test. 

Results 

Seven persons had outbreak cases of tuberculo­
sis: six patients already known and one health care 
worker identified during the investigation. All of 
these persons had AIDS. All of their M. tuberculosis 
isolates were resistant to isoniazid and rifampin and 
had identical DNA fingerprints. Two generations of 
nosocomial transmission were identified (Figure). 
Case-patient I was admitted to the hospital with a 
diagnosis of tuberculosis; was placed in a private 
room; and began receiving therapy with isoniazid, 
rifampin, pyrazinamide, and ethambutol. From the 
time this patient was admitted, persons entering the 
patient's room were required to use HEPA-filter 
respirators. Case-patient 1 refused to remain in the 
room and was the source of infection for case­
patient 2, who was hospitalized at the same time 
across the hallway. 

Case-patient 2 was readmitted to the hospital I 0 
weeks later with fever, sinus pressure, and cough. 
Because the chest radiograph at admiss.ion was nor­
mal, tuberculosis was not initially suspected. A spu-

tillm smear obtained 3 days after admission was 
positive (3+) for acid-fast bacilli. Treatment with 
isoniazid, rifampin, and e thambutol was started, and 
persons entering the patient's room were required 
tQ use HEPA-filter respirators. It was reported that 
the door to the patient's room was malfunctioning 
and failed to remain closed. Case-patient 2 re­
mained in his room and yet was the source of 
infection for case-patients 3, 4, 5, and 6, who were 
hospitalized on the same ward. Transmission to 
case-patient 6, who was restricted 10 bed rest, oe­
cucred during this patient's short 23-hour hospital­
ization. Case-patient 7, the health care worker, drew 
blood from case-patient 2 before case-patient 2 re­
ceived a diagnosis of tuberculosis and occasionally 
worked on the outbreak floor while case-patients I 
and 2 were present. For case-patients 2, 3, 4, 5, 6, 
and 7, no exposure to M. tuberculosis other than 
fhat which occurred in the hospital was identified. 
Case-patients I and 2 were never in an acid-fast 
bacilli isolation room while they were infectious be­
cause no such rooms were available until December 
L994. Case-patients 4, 5, 6, and 7 were all placed in 
acid-fast bacilli isolation rooms when tuberculosis 
was suspected; case-patient 3 did not have sputum 
samples smear-positive for acid-fast bacilli. Smoke 
tube testing done in April 1995 revealed that the 
rooms occupied by case-patients 1 and 2 while these 
patients were infectious had air pressure that was 
positive in relation to the hallway. The acid-fast 
bacilli isolation rooms bad air pressure that was 
negative in re lation to the hallway. Ultraviolet ger­
micidal irradiation was not used in the hospital. 

The outbreak Hoor was composed of two sepa• 
rate wings with a centTal nursing station. Of the 169 
patients on the floor, S had tuberculosis (case-
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patients 2, 3, 4, 5, and 6). Of the 164 patients who 
did not have tuberculosis, 71 ( 43%) bad AlDS. 
Fifty-three of the 164 patients died before complet­
ing screening; none (including 37 patients with 
AIDS) received a diagnosis of tuberculosis. Of the 
remaining 111 patients, 5 had positive results on 
tuberculin skin testing, 34 bad negative results, 5 
had previously had positive results, 27 were anergic, 
and 40 had unknown test results. All 5 patients with 
positive test results had other risk factors for M. 
tuberculosis infection (fo7 example, foreign birth). 

All 5 patients were on the same ward as case­
patients I or 2 while these patients were infectious. 
No evidence of transmission among patients who 
did nnt have A ms or pa, ienls exposed only to case­
patients 3, 4, 5, or 6 was identified. Twenty-six pa­
tient5 with AJDS (all of whom were known or pre­
sumed to be anergic) were exposed to case-patients 
1 or 2. At the time of exposure, case-patients had 
lower CD4 + T-lymphoofle counts than non-case­
patients and were more likely to be ambulatory 
(Table). 

Of the 104 exposed health care workers, 17 who 
had previously had positive results on skin tests and 
13 who had resigned from the hospital were ex­
cluded from analysis. Of the remaining 74, 11 
(15%) had tuberculin skin test conversions (6 
nurses, 4 housestaff physicians, and I ward secre­
tary) and 4 had positive skin test results, but no 
baseline test results. None had any other identified 
exposure to tuberculosis. The remaining 59 (80%) 
had negative results on skin testing at least 12 
weeks after exposure. Except for case-patient 7, no 
health care worker developed tuberculosis. 

Case-patient 2 was the source of most of the epi­
sodes of transmission 10 health care workers. While 
case-patient 2 was hospitalized with infectious tu­
berculosis, health care workers with skin test con-

versions worked more days on the floor than did 
health care workers with negative test results. Health 
care workers who had conversion were no more 
likely to have provided direct care to a case-patient, 
including case-patient 2, than were workers with 
negative test results (Table). 

Forty-two (57%) of 7< exposed health care work­
ers responded to questions about infection control 
practices. Those with negative test results were no 
more likely than those with skin test conversion 
to report a lways wearing a HEPA-filter respirator 
when entering the room of a patient with tubercu­
losis (25 of 29 workers compared with 4 of 5 work­
ers; 8 workers did not recaU whether they used 
HEPA-filte r respiraiors) The results of respirator­
fit testing before exposure were available for 68 
health care workers; 62, including 80% of those 
with skin test conversior,s, passed this testing. 

Discussion 

This investigation provides evidence of nosoco­
mial transmission of multidrug-resistam M. 111berc11-
losis, including 1) exposure of case-patients who had 
secondary cases of tuberculosis to a source case­
patient on the same floor of the hospital; 2) consis­
tency of incubation periods with those of previous 
nosoeomial outbreaks among patients with AlDS 
(1-3); 3) isolates with matching panerns of drug 
susceptibility and DNA fingerprints; 4) lack of any 
other identified exposure to tuberculosis; and 5) 
exposure of all health care workers with skin test 
conversion 10 a case-patient who was not in an 
acid-fast bacilli isolation room. 

Several factors may have contributed 10 the 
transmission of M. tuberculosis, but the evidence for 
the role of insufficient environmental controls is 

Table. Risk Factors for Nosocomial Transmission of Mycobact~rium tuberculosis among Patients and Staff 

Risk f.x10f PtrSOnS with Persons "'1thou1 Rate Rabo P Value Pec'sons with Persons Rite Ratio PVa,lue 
TuberaJloSis Tuberculosis (95% Cl) Con~on ,.,egab\'e on (95% Cl) 

(n - 5) (rt• 21} Tuberculin Tut>trculin 
Skin Testing Si:in T tsting 

(n - 11) (n • 59) 

Risk f iKtM fo1 aaive tuberculo--
sis among pabe-nts admitted 
to the hosprtal 

Mean C04 • T-lymphocyte 
count (range), cells/ml 15 (0- 61) 157 (0-559) 0.02 

Bting ambulatory. t1 • 3 2 6-3 (1,4 - 28.2) 0.03 
Risk factOtS for tube-l'cu1,n skin 

test conversion among 
health care WOfters 

Pronding direct care to a case-
patienl. nf 7 30 1.3 (0.8 - 2.1) >0.2 

Exposure to case--paoeni 2. nf 8 21 3.8 (11.0 -13.0) 0.04 
Ovration of e,;posvre to c.,se.. 

patie-n1 2 (ra,nge), d 3(0-9) I (0-91 0.03 

• Voll.lH grttn "'• nUll'C)CJfJ of IN'l)fflO. 
, VilutS gf¥ffl at~ n~ ot l!Hfth ca~ WOl'l;tri. 
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most compelling. Case-patients l and 2 were both 
infectious, and the flow of contaminated air from 
their rooms (which had ai.r pressure that was posi­
tive in relation to the hallway) facilitated t.he spread 
of infectious droplet nuclei throughout the outbreak 
floor. Organisms were transmilled to health care 
workers who did not directly care for a patient with 
infectious tuberculosis and to one secretary who did 
not have patient care responsibilities. In this situa­
tion, a respiratory protection program did not pre­
vent transmission to health care workers; these find­
ings are consistent with previous eviden.ce that 
inadequate environmental controls were an impor­
tant factor in nosocomial transmission (8). Case­
patients I and 2 were both placed on antitubcrcu­
lous medication either at admission or within 3 days 
of admission, but the delayed recognition of and 
inadequate therapy for multidrug-resistant tubercu­
losis could have contributed to transmission. In 
many other reports (2- 7), delayed recognition was a 
common reason for transmission of tuberculous or­
ganisms. 

Case-patient 2 shows that a patient with AJDS 
can have infectious tuberculosis despite a normal 
chest radiograph. Active pulmonary tuberculosis 
should be suspected in patients who have AJDS, 
fever, and cough, regardless of radiographic findings 
(10). The evidence of transmission to a patient ex­
posed for only 23 hours underscores the urgency 
with which patients who have signs and symptoms 
compattble with tuberculosis should be immediately 
isolated and evaluated. 

Limitations of this investigation include the pos­
sible underestimation of transmission 10 exposed pa­
tients as a result of a high patient mortality rate. In 
addition, immunosuppression among patients may 
have made tuberculin skin testing unreliable. Skin 
test results were not available for 40 of the patients 
who may have been exposed; however, most of 
these patients were not k.nown to have HIV infec­
tion, and their private physicians did not consider 
them 10 be at high risk for tuberculous infection or 
disease. The number of exposed health care workers 
who became infected without directly caring for a 
patient with tuberculosis may have been overesti­
mated because chart signatures and assignment 
sheets may have been incomplete. Information is 
lacking for health care workers who resigned from 
the hospital or did not complete the questionnaire. 
Use of respirators may have been overestimated as 
a result of self-reporting. 

As of 1993, 38% of hospitals in the United States 
reported not having acid-fast bacilli isolation rooms 
consistent with guidelines from the Centers for Dis­
ease Control and Prevention (I 8). Inadequate iso­
lation facilities and delayed diagnosis of tuberculosis 
may contribute to the airborne spread and nosoco-

mial transmission of M. tuberculosis. Germicidal ultra­
violet irradiation may be used as a supplemental 
environmental control measure 10 reduce the con­
centration of infectious droplet nuclei in the envi­
ronment (10). The excellent skin testing program in 
this hospital facilitated the detection of new infec­
tions. A respiratory protection program alone can­
not protect all health care workers from infection 
with M. t11berculosis, especially those who work on 
the wards but do not enter patient rooms. Hospital 
infection control programs should emphasize the 
prompt identification of patients with tuberculosis 
and isolation consistent with the recommendations 
of the Centers for Disease Control and Prevention. 
Although all cases of active, tuberculosis in this out­
break were seen in persons with AIDS, inadequate 
administrative and environmental controls put all 
patients and hospital staff at risk for tuberculous 
infection and disease. 
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Those people who have no knowledge of e thics, who are fearful of people because of 
fearfulness of soul, who when struck by misfortune or disaster wail and weep, and 
who when !hey receive something good, though joy is great, given the defective 
education of their souls, imagine that they have received an uncommonly great good 
and in their pride become more arrogant. However, for those who decide in favor of 
ethics, their souls gain in strength. They are truly heroes, so that their souls are 
always slightly influenced and altered by good and evil. The more spiritual training a 
man has, no mauer his religion or change of circumstances, then happiness o r 
unhappiness when receiving a great good o r evil is less unsettling than those who do 
not believe. When struck by a great happiness or unhappiness, those who have the 
ethical and philosophical belief are less elevated by or unseuled and therefore bear 
happiness or sorrow more bravely. 
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Nosocomial aspergillosis and building construction 

DONNA HAIDUVEN 

University of South Florida, College of Public Health & Center for Biological Defense, Tampa, Florida, USA 

Introduction 

Healthcare-associated infections (HAI) with Apergillus pose a serious threat to 
those most severely immune suppressed patients. Outbreaks of nosocomial 
aspergillosis have occurred mainly among neutropenic patients, but with several 
important exceptions. HAI due to aspergillosi has occurred in association with 
environmental disturbances including but not limited to: hospital construction, 
maintenance, demolition and renovation; contaminated fireproofing materials; air 
filters in hospital ventilation systems, and via contaminated carpeting. It behooves 
those in the practice of patient care to prevent these situations before they occur, as 
opposed to dealing with them once they happen. The framework of the six links in 
the infectious disease process will be used to examine healthcare-associated 
invasive aspergillosis: causative agent, portal of entry, susceptible host, portal of 
exit, reservoir and mode of transmission. Two particular interventions: the 
Protective Environment (PE), and the Infection Control Risk Assessment 
(ICRA), will be outlined . Building construction projects and the number of 
neutropenic patients are likely to continue to increase. Therefore, future directions 
need to focus on reducing the susceptibility of the susceptible host and reducing the 
exposure to Aspergillus from environmental sources. In addition, recently released 
guidelines with control measures aimed at reducing environmental exposure to 
Aspergillus need to be further studied. 

Keywords nososcomial aspergillosis, healthcare-associated aspergillosis, 
construction, aspergillosis outbreaks, nosocomial infections 

Healthcare-associated infections (HAI) with Apergillus 
pose a serious threat to those most severely immune 
suppressed patients. Outbreaks of nosocomial aspergil­
losis have occurred mainly among neutropenic patients, 
but with several important exceptions. HAI due to 
Aspergillus have occurred in association with environ­
mental disturbances including but not limited to: 
hospital construction, maintenance, demolition and 
renovation; contaminated fireproofing materials; air 
filters in hospital ventilation systems, and via contami­
nated carpeting. The framework of the six links in the 
infectious disease process will be used to examine 

healthcare-associated invasive aspergillosis. Two infec­
tion control measures designed to protect the severely 
immune suppressed form HAI due to aspergillosis, the 
Protective Environment and the Infection Control Risk 
Assessment will be described in detail. Finally, implica­
tions for the future will be presented. 

Background 

It is estimated that healthcare-associated infections 
(HAI) account for approximately 1.7 million infections 
and 99,000 associated deaths each year in the United 
States. Of these HAI: the breakdown is as follows: 32% 
urinary tract infections, 22% surgical site infections, 
15% pneumonia, and 14% bloodstream infections [1]. It 
is important to note that even though pneumonia is not 
the most frequently occurring form of HAI, this type of 
HAI carries with it the highest mortality rate [2]. 
Fungal infections comprise 9% of all HAis. Among 
fungal infections, Candida accounts for 85.6% and 
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Preface

About Health Technical Memoranda
Health Technical Memoranda (HTMs) give 
comprehensive advice and guidance on the design, 
installation and operation of specialised building and 
engineering technology used in the delivery of healthcare.

The focus of Health Technical Memorandum guidance 
remains on healthcare-specific elements of standards, 
policies and up-to-date established best practice. They are 
applicable to new and existing sites, and are for use at 
various stages during the whole building lifecycle.

Healthcare providers have a duty of care to ensure that 
appropriate governance arrangements are in place and are 
managed effectively. The Health Technical Memorandum 
series provides best practice engineering standards and 
policy to enable management of this duty of care.

It is not the intention within this suite of documents to 
unnecessarily repeat international or European standards, 
industry standards or UK Government legislation. Where 
appropriate, these will be referenced.

Healthcare-specific technical engineering guidance is a 
vital tool in the safe and efficient operation of healthcare 
facilities. Health Technical Memorandum guidance is the 

main source of specific healthcare-related guidance for 
estates and facilities professionals. 

The core suite of nine subject areas provides access to 
guidance which:

•	 is more streamlined and accessible;

•	 encapsulates the latest standards and best practice in 
healthcare engineering, technology and sustainability;

•	 provides a structured reference for healthcare 
engineering.

Structure of the Health Technical 
Memorandum suite
The series contains a suite of nine core subjects:

Health Technical Memorandum 00 
	� Policies and principles (applicable to all Health 

Technical Memoranda in this series)

Health Technical Memorandum 01 
	 Decontamination

Health Technical Memorandum 02 
	 Medical gases

DESIGN & IDENTIFY
OPERATIONAL  
REQUIREMENTS

SPECIFICATIONS 
TECHNICAL & OUTPUT

PROCUREMENT
COMMISSIONING

MAINTENANCE

OPERATIONAL
MANAGEMENT

CONCEPTDISPOSAL

Ongoing
 Review 

CONSTRUCTION
INSTALLATION

RE-USE

Figure 1  Healthcare building life-cycle
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HTM 07
Environment &
Sustainability

HTM 08
Specialist
Services

HTM 01
Decontamination

HTM 02
Medical
Gases

HTM 06
Electrical
Services

HTM 03
Heating &
Ventilation
Systems

HTM 04
Water
Systems

HTM 05
Fire
Safety

Policies and
Principles

IN
TE

RN
AT

IONAL & EUROPEANSTANDARDS

IN
TERN

ATIONAL & EUROPEAN ST

AND
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RD
S

IN
DUSTRY STANDARDS

INDUSTRY STA NDARDS

HEALTH SPECIF IC DOCUMENTS

H
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P
E

C
IF IC

D
O

CU
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ENTS HEALTH

SPEC
I F

IC
D

O
C

U
M

E
N

T
S

HTM 00

Health Technical Memorandum 03 
	 Heating and ventilation systems

Health Technical Memorandum 04 
	 Water systems

Health Technical Memorandum 05 
	 Fire safety

Health Technical Memorandum 06 
	 Electrical services

Health Technical Memorandum 07 
	 Environment and sustainability

Health Technical Memorandum 08 
	 Specialist services

Some subject areas may be further developed into topics 
shown as -01, -02 etc and further referenced into Parts A, 
B etc.

Example: Health Technical Memorandum 06-02 
represents:

Electrical Services – Electrical safety guidance for low 
voltage systems

In a similar way Health Technical Memorandum 07-02 
represents: 

Environment and Sustainability – EnCO2de.

All Health Technical Memoranda are supported by the 
initial document Health Technical Memorandum 00 
which embraces the management and operational policies 
from previous documents and explores risk management 
issues.

Some variation in style and structure is reflected by the 
topic and approach of the different review working 
groups.

DH Estates and Facilities Division wishes to acknowledge 
the contribution made by professional bodies, 
engineering consultants, healthcare specialists and  
NHS staff who have contributed to the production of 
this guidance.

Figure 2  Engineering guidance
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During 2002/2003, the NHS in England consumed 
40.3 million cubic metres of water and produced 
34.4 million cubic metres of sewage. This comes at a cost 
– not just financial, but at a cost to the environment.

Financial savings of up to 20% may be achieved through 
water-efficiency measures, with little or no cost in 
investment. This translates to a possible saving of 
£9.5 million per year.

Much of these savings can be immediately realised 
through minor repairs to existing infrastructure and 
through staff behaviour, while others may require an 
initial capital investment that can be recovered within a 
specified payback period.

This Health Technical Memorandum encourages 
investigating these possible savings. Its principal remit is 

to encourage the efficient management of water and to 
promote the economic and environmental benefits of 
doing so. Additionally, it examines water-management 
decisions in the context of:

•	 patient health and well-being;

•	 social and behavioural aspects; and

•	 available and appropriate technology.

Methods for auditing facilities are outlined, with 
common areas of high water use discussed and technical 
solutions proposed. Guidance on establishing necessary 
social and behavioural aspects such as staff awareness, 
appropriate use of technology and a clear definition of 
responsibilities are also outlined.

Executive summary
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National and 
NHS Policy 

and Leglislation

Efficient
Management

Patient and staff 
health and welfare

Technical Standards 
and guidelines

Social and behavioural              
influences

1.1	 This guidance document lays out the steps to 
developing a water strategy for healthcare facilities. 
Its principal remit is to encourage the efficient 
management of water and to promote the 
economic and environmental benefits of doing so. 
Additionally, it examines water-management 
decisions in the context of:

•	 patient health and well-being;

•	 social and behavioural aspects; and

•	 available and appropriate technology.

	� It is relevant to all healthcare facilities, not just 
hospitals.

1.2	 The document refers to national or NHS policy 
and guidelines where appropriate, outlining a 
comprehensive approach to water management  
(see Figure 1). 

1.3	 Methods for auditing facilities are outlined, with 
common areas of high water use discussed and 
technical solutions proposed. Guidance on 
establishing necessary social and behavioural 
aspects such as staff awareness, appropriate use of 
technology and a clear definition of responsibilities 
are also outlined. 

Action checklist
1.4	 The following table is a summary of actions and 

their associated savings in terms of water and costs. 
It is not an exclusive list, but rather represents  
a first glimpse of how water savings can be 
accomplished. These items are discussed in more 
detail in Chapter 6.

1  Introduction

Figure 1  Efficient water management in context
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Item Typical 
percentage 
of total 
healthcare 
consumption

Typical consumption 
rate

Potential actions

WCs 24 6–9 L flush • �Install a cistern displacement device – saving approximately 
1 L per flush

• �Retrofit to a dual flush or lower flush system – giving the 
option for a half flush. (Note: Where dual-flush toilets are 
specified, they should have guidance or symbols instructing 
the user on the appropriate operation of the flushing device) 

• �Replace old WCs with those that give a flush volume of up to 
6 L (maximum)

Urinals 5 500–900 L per day • �Controlled flushing through foot triggers or motion sensors 
can reduce consumption by 120–200 L per day

• Waterless urinals
Taps 13 400 L per day • �Flow restrictors, non-concussive self-closing taps and sensora 

taps can reduce consumption by up to 50% (Note: the choice 
of tap should be appropriate for the intended use)

Leak detection 15–30 Small leak: 6 L per hour 
Large leak: 400–800 L 
per hour

Inspect all fixtures and fittings, graph monthly bills, or conduct 
internal monitoring through submetering to identify possible 
leaks

Boiler Variable Intense energy 
consumption means costs 
are much higher than 
water alone

• �Adjust boiler blowdown amount and frequency to reduce 
waste and to control total dissolved solids (TDS)

• Collect and reuse steam condensate

• Control steam losses
See Health Technical Memorandum 00 for guidance on recommended sanitary assemblies in healthcare facilities.
Also refer to the compliance criteria in BREEAM Healthcare.
a Automatic or sensor taps will only be effective when properly maintained and kept in good working order.
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Water resources in the UK
2.1	 The UK’s water resources are coming under 

increasing pressure. There is a risk that demand 
might exceed the total amount of water that can be 
abstracted from rivers and underground supplies, a 
situation that could lead to environmental damage 
and degradation. The Environment Agency has 
estimated that many aquifers are already over-
abstracted. (Figure 2 summarises the water resource 
availability for each catchment in England and 
Wales.)

2.2	 In highly urbanised regions such as southern 
England, the natural environment is now seriously 
under threat from water abstraction. For some areas 
of the South East, the availability of water per head 
has grown sufficiently serious to be comparable 
with that of some Middle-Eastern countries.  
There is a need, therefore, to relieve pressure by 
implementing better and more informed water-
management strategies.

2.3	 In addition to growing pressures on water resources 
from housing and commercial development, 

2  Managing water wisely in healthcare facilities

Figure 2  Water resource availability for England and Wales

Key:

No water available

Over-licensed

Over-abstracted

CAMS not completed yet

Not assessed/no status available

Water available

Source: Defra 2008
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D 
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climate change will significantly alter the way the 
UK uses its water resources, as well as the nature of 
water resources themselves. Summers are projected 
to become hotter and drier, and winters wetter. 
Accompanying this change in seasons will be an 
increased incidence and intensity of droughts and 
floods. Water will therefore be a crucial aspect of 
climate-change adaptation.

2.4	 Furthermore, water use has a direct association with 
climate-change mitigation. Significant amounts of 
energy are used in the supply and treatment of 
water. Water UK (2007) estimates place the carbon 
costs of water supply at around 0.271 grams of 
CO2 per litre, a figure likely to be much higher if 
the water is heated. Therefore, a more efficient use 
of water in healthcare facilities could result in a 
significant reduction of their carbon footprint. 

2.5	 In the context of increased development, 
climate change and limited water resources, the 
Department for Environment, Food and Rural 
Affairs (Defra) has observed that maintaining  
a reliable supply of water is no longer uniquely  
the remit of water suppliers. Measures need to be 
taken on the part of those using water to improve 
efficiency (Defra, 2007).

Social responsibility and sustainable 
development
2.6	 The NHS has the largest and most complex estate 

portfolio in Europe. These estates will have an 
impact on their surroundings, be it in terms of 
culture, economy or the environment. 

2.7	 Managing water efficiently across the healthcare 
estate will require a wide range of approaches  
and will ultimately have a large impact on the 
healthcare sector’s environmental footprint. 

2.8	 A clear and ambitious water strategy (see 
Chapter 5) will not only help to mitigate the 
environmental impacts of healthcare facilities, but 
will also serve to promote the sustainability of those 
facilities to those who use them and to the wider 
public.

Refer also to:

•	 BREEAM Healthcare;

•	 The Good Corporate Citizenship model.
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3.1	 In addition to Defra’s broad twin-track policy on 
water resources (Defra, 2008), a mounting volume 
of national and international policy and legislation 
specifically calls for actions to be taken to improve 
water efficiency and management.

European policy and legislation
3.2	 The European Commission’s communication on 

drought and water scarcity (COM (2007) 414 
final) estimates that 20% of all water consumed in 
the EU is wasted and states that:

	� “Water saving must become the priority and all 
possibilities to improve water efficiency must 
therefore be explored.” 

3.3	 The Water Framework Directive (2000/60/EC) sets 
out requirements and measures to improve water 
efficiency. 

3.4	 The Integrated Pollution Prevention and Control 
(PPC) Directive (96/61/EC) has now been 
transposed into law by the Pollution Prevention 
and Control Act 1999 and the Pollution Prevention 
and Control (England and Wales) Regulations 
2000 (as amended).

National policy and legislation

Water Act 2003

3.5	 The Water Act 2003 established that it is the 
responsibility of all public bodies to conserve water. 

3.6	 The Act also:

•	 introduced time limits for all new abstraction 
licences; 

•	 introduced the facility to revoke abstraction 
licences that cause serious environmental 
damage;

•	 introduced greater flexibility to raise or lower 
licensing thresholds; 

•	 deregulated small and environmentally 
insignificant abstractions; 

•	 extended licensing to abstractors of significant 
quantities presently outside the licensing system.

3.7	 The Environment Agency is developing catchment 
abstraction management strategies (CAMS) that 
aim to provide a structured approach to local water 
resources management, recognising the reasonable 
needs of abstractors and the needs of the 
environment. This fits in with the needs of  
the Water Framework Directive (2000/60/EC) 
mentioned in paragraph 3.3. The Environment 
Agency assesses any new application for a licence 
against the CAMS.

In Scotland, the Scottish Building Standards Agency 
has issued guidance on water use and efficiency.

In Northern Ireland, under the Water Act (Northern 
Ireland) 1972, the Environment and Heritage Service 
(EHS) is required to promote the conservation of the 
water resources of Northern Ireland and to promote 
the cleanliness of water in waterways and underground 
strata.

Water Supply (Water Fittings) Regulations 1999

3.8	 All water fittings are covered by the Water Supply 
(Water Fittings) Regulations 1999 for England and 
Wales. This legislation includes information on the 
water use of individual appliances.

3.9	 Implementation of the Regulations is overseen by 
the Water Regulations Advisory Scheme (WRAS).

3  Legislative and policy-related responsibilities
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Note
In England and Wales, the Water Supply (Water 
Fittings) Regulations and the Building Regulations are 
to be updated to include greater emphasis on water 
efficiency.

In Scotland, water fittings are covered by the Water 
Byelaws (2004).

In Northern Ireland, water fittings are governed by  
the Water Regulations (Northern Ireland) 1991.  
The Water and Sewerage Services (Miscellaneous 
Provisions) (Northern Ireland) Order 2006 introduces 
provisions relating to information sharing in 
connection with water and sewerage charges and 
introduces controls on the abstraction and 
impounding of water.

Water strategy

3.10	 The Government has set a target of a 25% 
reduction in water use in its office and non-office 
estates by 2020, relative to 2004/2005 levels 
(Defra, 1999).

3.11	 Defra’s (2008) current water strategy cites water 
efficiency as playing a prominent role in achieving 
a sustainable supply–demand balance, and 
encourages industrial and commercial sectors  
to lead by example through initiatives such as 
voluntary agreements.

Code for Sustainable Homes

3.12	 All new public-building developments are subject 
to obligatory water efficiency benchmarks as 
defined in the 2006 Code for Sustainable Homes. 
It is likely that a non-domestic version of the Code 
will be produced in the next two years.

A list of regulators and other independent bodies 
involved in water management is given in Chapter 9.
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4.1	 It is likely that the trend of emerging policy and 
legislation with regard to water efficiency and 
management will continue, as will increases in 
water prices. In highly stressed areas, restrictions on 
water use may be enforced more frequently during 
drought periods. Acting sooner rather than later 
will establish standards of water management and 
reporting, which pre-empt these changes and limit 
the associated risks to healthcare services.

4.2	 During 2002/2003, the NHS in England 
consumed 40.3 million cubic metres of water and 
produced 34.4 million cubic metres of sewage. 
Healthcare estates are likely to be classified as non-
domestic and charged through a combined flat rate 
and a volumetric rate, the flat-rate portion being 
determined by the size of the supply pipe and/or 
meter entering the property. This Health Technical 
Memorandum encourages investigating the possible 
savings that can be achieved not only through a 
reduction in the volume of water consumed, but 
possibly through a downsizing of supply pipes  
and/or meters in order to match the reduced 
consumption.

Note
The Water Services Regulation Authority (Ofwat)  
has published proposals to change the water supply 
licensing (WSL) regime to extend competition in the 
water and sewerage industry. The aim is to deliver 
economic as well as environmental benefits. Visit 
Ofwat’s website for more information.

Potential savings
4.3	 Water UK (2003) estimated that, in total, financial 

savings of up to 20% may be achieved through 
water-efficiency measures in healthcare estates, with 
little or no cost in investment. This translates to a 
possible saving of £9.5 million per year (at 2001 
prices).

4.4	 Much of these savings can be immediately realised 
through minor repairs to existing infrastructure and 

through staff behaviour, while others may require 
an initial capital investment that can be recovered 
within a specified payback period.

4.5	 Some types of water-efficiency activity will also 
incur savings in energy costs, as less water is 
required to be heated. 

Reducing water waste and its 
associated savings
4.6	 The following examples show the types of measure 

– and their associated savings – that can be taken to 
reduce water consumption. They are examples of 
practical actions that have been used in the 
healthcare sector.

4.7	 Examples 1 and 2 show how large savings can be 
made with very little capital expenditure and no 
actual or perceived impact on hygiene. Examples 3 
and 4 show that large savings can be made with 
payback periods of a couple of years, if more 
money is invested. In addition, example 4 shows 
that action can be taken in clinical areas without 
compromising hygiene.

Note
Other actions to save water may be more appropriate 
for different estates, and a choice of the best action to 
take can only be made after a preliminary audit.

  Example 1: identifying leaks

  �It was estimated that 15–30% of hospital consumption 
could be attributed to leakage. A small leak was 
potentially found to lose around 6 L per hour, leading 
to the loss of 53 m3 per year. More significant leaks 
were found to potentially lose up to 3500–7000 m3 
per year, costing approximately £6400 a year. After 
identifying and repairing two major leaks, one NHS 
hospital reported savings of £100,000 a year (source: 
Water UK, 2003).

4  Economic benefits
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Example 2: urinal flushing

Public urinals in one hospital were set to flush 
automatically every 20 minutes and retrofitted with 
water-saving devices, which limit unnecessary flushes. 
Each fitting cost £120 per unit, saving £234 of water 
each year, resulting in a six-month payback period 
(source: Water UK, 2003).

Example 3: steam traps

South Manchester Hospital Trust installed a low-
maintenance steam-trap system to conserve water. The 
cost of the project was £24,000, saving £1750 a year on 
water costs and £8600 on energy costs. The payback 
period was around 28 months (source: Carbon Trust, 
2000).

Example 4: wastewater recycling

East Kent and Canterbury Trust made huge savings in 
its renal unit. A significant amount of wastewater was 
produced by the hospital’s reverse osmosis plant. The 
project installed holding tanks and pipework that 
allowed the wastewater to be reused for urinal and  
WC flushing in the main operating theatres and the 
emergency care department, topped up with mains 
water when needed. The project reduced mains water 
consumption by 33%, saving £7000 a year. This 
allowed for project costs to be recovered in less than 
three years (source: Environment Agency, 2005).
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Monitor and 
Maintain
strategy

Recommended 
first step:

Conduct audit

Identify
objectives

Develop action
plan

Implement
action plan

5.1	 The best way to approach water management 
within any site or building is to develop a strategic 
plan. One of the main aspects of a water strategy is 
water efficiency, but it should be much wider than 
that, encompassing all water issues. The strategy 
should cover everything from flooding to hygiene 
– even if specific sections just state that the issue is 
covered elsewhere. The aim is to act as a central 
reference for all water issues.

5.2	 A water strategy will not be static; rather it will be a 
continuous process of monitoring, adaptation and 
implementation, which feeds into a live document 
(see Figure 3). The process can be entered at any 
stage, depending on where the site/building is  
with regard to water management. However, it is 
recommended that the first step is an audit.

5  Developing a water strategy

Figure 3  The water strategy process
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Resources and powers
Audit reports, 

water savings data

Audit reports,
guidelines, targets

Audit data input,
Strategy design input,

strategy Implementation

Senior management

Water champions

Staff

Figure 4  Framework of responsibilities for water management

Establishing and maintaining a 
framework of management
5.3	 In developing a water strategy, stakeholders from 

various organisational levels should be involved (see 
Figure 4).

Senior management

5.4	 In preparation for developing a water strategy, the 
issue of water management should be raised at a 
senior management level and support secured. 
Senior management should also discuss the 
possibility of integrating water-efficiency goals into 
key performance indicators.

Water champions

5.5	 Senior management should designate a water 
champion and provide the necessary resources and 
powers to conduct a water audit and coordinate the 

water strategy. Champions will act as coordinators 
for implementation, sources of information and a 
channel for reporting to senior management.

Staff involvement

5.6	 Water is often misconceived as effectively limitless 
and costless. Efficient management is hampered  
by a lack of staff awareness, leading to potential 
savings in water bills and increased environmental 
integrity being overlooked in the past.

5.7	 The development of a water strategy should be seen 
as an opportunity to raise staff awareness as well as 
to gather input.

5.8	 Water use is an emotive issue, and staff should be 
informed of the project to develop a water strategy 
and be given regular information during the 
process.
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5.9	 The development of the strategy should also, where 
possible, be an interactive process with adequate 
provision for staff to comment or contribute to the 
strategy. All staff will have a view on water, but the 
strategy should particularly involve those who use 
water in their duties or would be affected by the 
strategy.

5.10	 Daily routines should be investigated to identify 
patterns of water use.

5.11	 Finally, it may be of particular significance to 
discuss changes in water management with medical, 
nursing and infection-control staff in order to 
ensure that all parties are satisfied that there is no 
compromise to clinical care, hygiene or infection 
control.

Building management systems
5.12	 A building management system (BMS) is a 

computer-based centralised procedure that helps to 
manage, control and monitor certain engineering 
services within a building or a group of buildings. 
If used appropriately, such a system ensures 
efficiency and cost-effectiveness in terms of labour 
and energy costs, and provides a safe and more 
comfortable environment for the building’s 
occupants. 

5.13	 A BMS is operated from a central station, usually a 
personal computer, from which the user is able to 
analyse updated monitor values received from 
outstation sensors, actuators and stand-alone 
controllers.

5.14	 With the installation of water submeters, 
temperature sensors and reporting procedures at 
key points in a building, a BMS may support water 
management through the following:

•	 monitoring of water consumption and the 
identification of leaks or excessive consumption 
(see paragraphs 5.27–5.39);

•	 monitoring of water temperature for health and 
safety reasons (see paragraphs 5.25–5.26 and 
paragraphs 7.22–7.30);

•	 management of boilerhouses and cooling-tower 
cycles and maintenance (see paragraphs 
6.1–6.14);

•	 scheduling of maintenance events.

5.15	 Water champions should be assigned responsibility 
to cooperate with BMS managers in integrating 
water management into the BMS.

5.16	 Further information on BMS installation and 
operation can be found in Health Technical 
Memorandum 2005 – ‘Building management 
systems’.

Metering and submetering

Metering

5.17	 Information from water meters can be used by both 
water and sewerage service providers to carry out 
assessments for charging purposes and to aid water 
management within a facility.

5.18	 Beyond the main service meter, additional 
submeters may be installed at floor, section or 
appliance level to provide data on internal rates of 
consumption. In all cases, it is important that the 
meter be appropriately sized according to average 
flow rate measured.

5.19	 Main service meters that measure water entering 
from the supply network should be appropriately 
sized, as there is often a component of service 
charges which is based on meter size. Sizes may 
need to be reviewed after efficiency measures have 
been made inside the building, as flow rates may 
decrease.

5.20	 Water meters should be properly installed, 
maintained and used according to the 
manufacturer’s instructions. The meter supplier 
should calibrate the meter and check its accuracy.

Submetering

5.21	 Submeters allow for management to measure 
consumption according to sections of the system. 
These can be especially useful for conducting water 
audits, by which areas of high use can be more 
precisely detected.

5.22	 For monitoring purposes, submetering will also 
show area-specific rises in water consumption, 
indicating possible leakage.

5.23	 The possibility of integrating submeters into 
building management systems should be 
considered.

5.24	 For a case study of the use of meters in water 
management, see Chapter 13. 

Water quality, infection control, staff 
and patient welfare
5.25	 While this document’s principal focus is on water 

efficiency in healthcare facilities, many decisions 
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regarding water management will be affected by 
priority areas of water quality, infection control, 
and patient and staff welfare.

5.26	 Where standards in water efficiency overlap with 
those in infection control and patient and staff 
welfare, existing guidance is referred to and should 
be consulted before management decisions are 
made (see Table 1). Further discussion of water 
quality issues can be found in paragraphs 
7.22–7.30.

Conducting an audit
5.27	 A water audit is similar to a financial audit and 

can be as simple or as detailed as appropriate to 
meet circumstances and needs. In short, the audit 
looks at the amount of water entering the site, the 
amount leaving the site and the amount consumed. 
This basic calculation should provide an overview 
of costs, potential savings and areas of wastage. It 
will also highlight discrepancies, which will indicate 
leakage or other losses. The initial audit should  

Table 1  Key health concerns and relevant documents 

Key quality and health concerns Relevant document

The control of water-borne infections, in particular 
legionellosis

•  �Health Technical Memorandum 04-01 – ‘The control 
of Legionella, hygiene, “safe” hot water, cold water and 
drinking water systems’

•  �Health Facilities Note 30 – ‘Infection control in the built 
environment’

The control of infection transmission pathways through 
appropriate choice of technology and through staff training on 
cleaning and personal washing

•  Health Facilities Note 30

•  Health Building Note 00-10 Part C

•  NHS Healthcare Cleaning Manual 
The needs of vulnerable patients, such as vulnerability to 
scalding, ergonomic design and accessibility

•  Health Technical Memorandum 04-01

•  Health Building Note 00-02 – ‘Sanitary spaces’

•  Health Technical Memorandum 00
Providing adequate points of access for drinking water and 
promoting the health benefits of hydration within the NHS 
estate and in the wider community. 

Water UK has established the Water for Health Alliance, an 
industry initiative to promote the health benefits of hydration. 
The initiative includes guidelines for hospitals, available at 
www.wateratwork.org.uk/?page_id=13

Note
Planning teams should note the contents of ‘The Health Act 2006: Code of practice for the prevention and control of healthcare 
associated infections’ (Department of Health, January 2008). This code of practice sets out criteria by which managers of 
healthcare organisations are to ensure that patients are cared for in a clean environment and where the risk of healthcare-
associated infections is kept as low as possible. The document contains a comprehensive list of the Department’s guidance on the 
prevention of healthcare-associated infection.

Dorset County Hospital, Dorchester, has embarked on a 
programme to change all of its WC flush valves and taps 
to non-touch types. This is partly due to the water 
efficiency achieved, but mainly because there is 
mounting evidence that non-touch products offer 
significant benefits to improving hand hygiene.

The same hospital had an outbreak of Clostridium 
difficile. There were no cases of the disease in areas 

where non-touch taps were used. While it may be 
coincidental to some extent, it demonstrated the 
potential of hand hygiene and the benefits of non-touch 
taps.

Non-touch products not only offer water-saving and 
infection control benefits, but also convenience and ease 
of use for children and people with disabilities.

Case study: combining water efficiency and infection control and patient 
welfare
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Calculate water out:
wastewater

Calculate water in: collect 
existing data – bills, records, 

audits, spatial plans
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main sources of water

Identify areas of high use
and leakage

Submeter and 
monitor use

Audit key 
components of 

use

Figure 5  The water auditing process

also aim to establish a framework for ongoing 
monitoring of water consumption inside the 
building or site (see Figure 5).

5.28	 In seeking support for conducting an audit, 
healthcare organisations should designate a key 
accounts manager to liaise with the local water 
company. Some water companies are able to offer 
water audits to high-consumption customers (see 
also Chapter 11).

Calculating water coming in

5.29	 Existing data (such as bills, records and spatial 
plans of the site) should be collated, and also any 
other previous audits or reports on water. These 
should then be used to identify the main sources of 
water in the building or site, which may consist of 
private water supplies (for example boreholes), 
mains supply, bottled water, rainwater harvesting or 
water recycled within the building.

5.30	 Plotting monthly water bills against time on a 
graph can help to analyse trends in water use and 
identify a departure from normal consumption 
levels. A gradual increase in monthly consumption 
may indicate a leak.

5.31	 The possibility of downgrading to a smaller supply-
pipe meter should be investigated, based on the 
data gathered, as this will reduce standing charges 
for water and sewerage services. 

Note
In the analysis of water bills, account needs to be  
taken of any price increases, any appliances installed or 
removed, and significant changes in usage such as any 
ward closures etc.

Identifying areas of high use and leaks

5.32	 Once the net use of water for a building has been 
estimated, areas of high use should be identified,  
as these provide the largest potential for savings.  
In some cases, a simple paper audit listing water-
consuming fixtures and fittings within the facility, 
as well as their condition, will be a sufficient 
preliminary audit. Reference to Chapter 6 should 
be made when considering which components to 
include in the audit.

5.33	 In larger facilities, submeters provide a means of 
mapping water flows and analysing consumption 
according to different sections of the building. For 
more detailed audits, it may be worth installing 
submeters for audit and monitoring purposes. 
Gathering data on water use in different sections  
of the building may also identify leaks that are not 
immediately visible in monthly building-wide 
water consumption. 

5.34	 Identifying and repairing leaks is relevant to both 
efficiency and health in facilities. Metered charges 
will be reduced, as will the risk of contamination  
of the water supply. Engineering work that exposes 
pipework and/or produces a large amount of dust 
should be screened for infection risk (see Health 
Facilities Note 30).

5.35	 Measuring flows during periods of low use 
(typically at night-time) can reveal unusually high 
base flows, which can indicate a leak in the area 
supplied. This may not be the case for buildings 
such as hospitals, in which daily patterns of water 
use are erratic and do not drop sufficiently at night-
time. In such cases, metering may only be able to 
identify major long-term leaks (see Figure 7).

5.36	 Figure 6 is a hypothetical example, showing 
baseline consumption standing at 30 L per hour 
during night hours, possibly indicating a leak. 
Figure 7 is an actual example of a hospital’s 
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monthly consumption, illustrating a major leak 
that occurred in March 2000.

5.37	 The healthcare facility’s local water company 
should be able to assist in identifying leaks and 
anomalously high use. Almost all companies will 
offer free advice and some will offer free hands-on 
support.

5.38	 They will also be able to advise on which types of 
meter to install and whether advanced metering 
technology would be useful.

In Scotland and Northern Ireland, Scottish Water and 
Northern Ireland Water, respectively, are the single 
providers of water. (With regard to commercial 
customers in Scotland, 1 April 2008 saw the 
introduction of competition in water services. 
Therefore, service providers are likely to vary.)

Welsh customers are mostly served by D ŵr Cymru 
(Welsh Water), with small portions served by Dee 
Valley Water and Severn Trent Water.

Calculating water coming out

5.39	 As water services are charged according to separate 
water and sewerage charges, the amount of 

wastewater discharged into sewerage pipes should 
be calculated. Often this is more difficult than 
calculating the water coming in, as it tends not to 
be metered. It is advisable to check the following:

•	 the location of sewer outflows;

•	 where rainwater drainage goes;

•	 whether there are any septic tanks or soakaways;

•	 whether any water is taken off site;

•	 steam losses.

Identifying objectives and developing 
an action plan
5.40	 Having conducted a water audit, it should be 

possible to identify key objectives. These may be 
focused on identified leaks or may involve changing 
the management of water in those sections of the 
building with high water use.

5.41	 In developing an action plan, both behavioural and 
technological options for management should be 
considered. As mentioned above, staff involvement 
in the design as well as the implementation of an 
action plan is essential. The initial results of the 
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water audit should be circulated to staff, and an 
opportunity to discuss the most appropriate actions 
provided.

5.42	 Once a picture of water use and wastage emerges, 
the costs of each type of water should be calculated; 
this will indicate potential volumes and cost savings 
associated with water-efficiency options (outlined 
in Chapter 6).

5.43	 The next action is to assess the capital costs of 
implementing changes to reduce wastage. Capital 
costs can then be compared against operational 
savings; this should provide a hierarchy of water-
saving actions based on whole-lifecycle costs.

5.44	 In making final decisions on water conservation 
actions, other factors should be taken into account, 
such as infection control, health and safety, staff 
acceptability, environmental costs and benefits, the 
implications for sewerage, and any energy savings 
or costs associated with the water-saving measures. 
When choosing the appropriate technology, it is 
important to consult with staff and the control of 

infection team in order to identify any health risks 
or patients’ needs that may be relevant. 

5.45	 A plan should consist of a clear, measurable set of 
key objectives that can be easily monitored and 
updated.

Note
The formulation of an action plan is considered best 
practice. It is not mandatory.

Implementation

Outreach

5.46	 Once an audit is produced or a strategy is in place, 
it should be disseminated. A strategy should seek  
to empower and engage staff and patients, as half  
of all water savings can be generated through 
behaviour change, which can be free if the right 
atmosphere is created. Some suggestions for 
outreach are:
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•	 an information pack or other communication 
that highlights the importance and value of 
efficient water use both in and out of the 
workplace;

•	 management rewards and ring-fencing of water 
savings;

•	 signs and notices on appropriate use next to 
water-using appliances; and

•	 informing local media (via a healthcare 
organisation’s communications manager) of the 
new plan to raise the profile of water efficiency 
and local environmental policy.

Procurement and installation

5.47	 Information on water-efficient devices is included 
in Chapter 10. When corresponding with 
contractors and consultants, water efficiency should 
be stressed as a priority. 

Monitoring and maintaining standards

Benchmarking: hospital water consumption

5.48	 Benchmarking helps to inform a manager about 
appropriate parameters for water efficiency.

5.49	 As the size, design and use of healthcare facilities 
will vary considerably, a means of normalising 
water consumption across buildings is necessary. 
Normalisation may be achieved by calculating 
water consumed:

•	 per square metre of floor space (Table 2);

•	 per bed day (Table 3); or

•	 by person type (Table 4).

5.50	 In each case, it may also be necessary to distinguish 
between building types in order to achieve a more 
realistic benchmark. It is recommended that 
benchmarking be used as a guideline for 
management rather than a stringent target. 

Table 2  �Hospital water use (expressed in cubic 
metres per square metre of floor area per 
year)

Type of hospital Typical 
use

Best practice 
benchmarks

Small acute or long-stay 
hospitals without personal 
laundry

1.17 0.90

Small acute or long-stay 
hospitals with personal laundry

1.56 1.24

Large acute/teaching hospital 1.66 1.38
Source: Water UK (2003)

Recommended benchmarks

5.51	 Table 2 reflects the findings of a Water UK study 
conducted in 2003, in which cubic metres of water 
per square metre of floor space per year was found 
to most accurately reflect data analysis. It was also 
found that the only activity within hospitals which 
significantly influenced consumption was laundry 
washing. 

Table 3  Hospital water use (by patient bed days) 

Type of hospital
Water per patient bed-day (m3)

Very poor Poor Average Good

Acute (>100 beds) 1.138 0.711–1.137 0.531–0.710 <0.530
Long-stay (>25,000 patient days per year) 0.690 0.412–0.689 0.331–0.411 <0.330
Long-stay (<25,000 patient days per year) 0.380 0.298–0.379 0.218–0.297 <0.217

Source: Audit Commission (1993)

Table 4  �Hospital water use (expressed in litres per person per day)

Person type Litres per 
person per day

Employee (full-time without canteen) 25–50
Employee (full-time with canteen) 40–90
Resident employee 180
Hospital patient (in-patient) 450

Source: Audit Commission (1993)
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Figure 8  Annual water consumption (litres per occupied floor area)

Other benchmarks

5.52	 The benchmarks in Tables 3 and 4 are provided 
for information purposes only. However, if data 
necessary for calculating water consumption 
according to Table 2 (for instance total floor space) 
is not available, they may be used as guidance for 
water management.

Benchmarking: water consumption in 
healthcare facilities other than hospitals
5.53	 The benchmarks given in Tables 2–4 may not be 

appropriate for other types of healthcare facility. 
Where the facilities are largely used for office work, 
it is advisable that building managers use the 
current government performance target of 4 m3 
per employee per year (CIRIA, 2006).

5.54	 In other instances, data for water consumption per 
square metre of floor space (collected through a 
recent Estates Return Information Collection 
(ERIC) survey) may help to indicate an appropriate 
consumption level.

Northern Ireland and Scotland have similar data-
gathering systems.

5.55	 Table 5 and Figure 8 provide figures for a number 
of healthcare facilities. Data is given according to 
upper and lower quartiles and median values. These 
values should be taken as indicators only.

Table 5  �Annual water consumption (litres per 
occupied floor area)

Building type
Consumption (m3 per m2 

per year)

Q1 Median Q2

Ambulance 0.969 0.716 0.535
PCT 1.092 0.798 0.567
Children’s services 1.116 1.088 1.053
Mental health 1.39 1.222 0.973
Care trust 1.636 1.227 0.776
Community 1.412 1.248 1.135
Acute specialist 1.844 1.29 1.128
Orthopaedic 2.018 1.458 0.902
Acute teaching – outside 
London 1.771 1.596 1.39

Learning disabilities 2.072 1.682 1.422
Acute – outside London 1.906 1.7 1.499
Multi-service 2.219 1.702 1.492
Acute teaching – London 2.213 1.74 1.656
Acute – London 2.554 2.298 1.591

Source: �Estates Return Information Collection (ERIC) 
(2005/2006)
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Boilerhouses
6.1	 Optimising boiler performance and maintaining 

the system can save large amounts of water. This 
can be very cost-effective and will have a significant 
impact on reducing a facility’s carbon footprint, 
since hot water and steam have a great deal of 
embedded energy.

6.2	 When making any changes to boiler management 
or alterations to design, suitably trained personnel 
or companies must be employed.

6.3	 In addition to manufacturers’ instructions, the 
Health and Safety Executive’s (HSE) Guidance 
Note PM5 – ‘Automatically controlled steam and 
hot water boilers’ should be consulted prior to any 
action. 

Boiler feed-water pre-treatment

6.4	 Feed-water entering the boiler will frequently 
need to be demineralised in order to reduce solid 
deposits in the system. This process often involves 
the use of ion-exchange beds. These beds require 
frequent regeneration, typically through the use of 
hydrochloric acid or caustic soda. Water is used to 
flush the regeneration agents from the beds and is 
then considered effluent. 

6.5	 Water may be conserved by conducting the 
regeneration process only when needed, rather  
than at regular daily intervals. Trigger levels for 
regeneration can be defined either by volume of 
water treated or by monitored conductivity 
breakthrough of the bed.

Boiler blowdown

6.6	 Throughout operation, boiler units gradually build 
up concentrations of total dissolved solids (TDS). 
At sufficient concentrations, these TDS precipitate 
from the water and form solid material in the  
boiler unit, impairing efficiency and heat transfer. 
In order to avoid the water reaching high 
concentration of TDS, water should occasionally be 
dumped from the boiler; this is called “blowdown”. 

6.7	 Older models of boiler may continuously remove 
water from the top of the water tank or they may 
flush the system out at predetermined intervals.  
A blowdown system that is activated only when 
TDS concentration exceeds a certain threshold  
may provide significant energy and water savings. 
Calculations and decisions should be made by a 
competent person.

Steam losses, leaks and condensate recovery

6.8	 As steam travels through the outlet pipes of 
a boiler, its temperature decreases and water 
condenses in the pipes. This condensate can be 
collected and recycled into the boiler system, 
reducing energy and water consumption as well as 
slowing the build-up of TDS (as the condensed 
water tends to have a much lower TDS content).

6.9	 The energy required to produce steam is extremely 
high. Approximately 80% of the energy used in a 
boiler is used in providing the necessary latent heat 
to produce steam, with only 20% attributed to 
raising water to boiling point; care should be taken 
to prevent steam losses from the system and to 
ensure that the necessary safety precautions are  
in place.

6.10	 Installing heat exchangers (sealed thermal units) 
should be considered, as this will reclaim otherwise 
lost heat and will help to curb the risk of Legionella 
growth.

Cooling towers
6.11	 Cooling towers are used to transport heat from 

processes within the building to the roof. The 
process involves pumping water to holding tanks 
on the roof where water is allowed to evaporate – 
cooling the remaining water. In a similar manner  
to boilers, as water is lost through evaporation, the 
concentration of TDS grows. In order to prevent 
the build-up of solid materials in the tower, water 
must occasionally be bled from the system and 
make-up water introduced.

6  Suggested components of a water strategy
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6.12	 Alternatives to using cooling towers for temperature 
control are outlined in the Building Research 
Energy Conservation Support Unit’s (BRESCU) 
General Information Report 85 (GIR085) –  
‘New ways of cooling: information for building 
designers’. (See also the Health and Safety 
Executive’s (2000) ‘Approved Code of Practice: 
Legionnaires’ disease – the control of legionella 
bacteria in water systems’.)

Cycles of concentration

6.13	 The rate at which water is replaced in 
cooling towers is determined by the “cycles of 
concentration” (CoC) value. This value describes 
the acceptable ratio between the TDS bled from 
the cooling tower system and those introduced. 
Systems at lower CoC will use more water to 
maintain the required TDS value. Calculations and 
decisions should be made by a competent person.

Additional losses

6.14	 Losses due to factors other than evaporation and 
bleed water can be calculated using the following 
equation:

	                  Make-up water

	 (Cycles of concentration (CoC) ) × Bleed water

Catering department
6.15	 The catering department constitutes a significant 

portion of total water consumption in healthcare 
facilities, and may benefit from being submetered 
for monitoring purposes. Reducing water waste  
in this department requires a combination of 
behavioural change in staff and appropriate changes 
to technology. Suggestions for informing staff on 
how to conserve water are outlined below, followed 
by technical advice.

Washing and preparing food

6.16	 Staff awareness concerning efficient use of water in 
food preparation should be raised on the following 
points:

•	 Taps: A running tap can typically consume 
12 L/min. An effort not to leave unused taps 
running should be made – signs next to taps 
may be effective. Technology such as flow 
restrictors and automatic shut-off mechanisms 
will also reduce waste.

•	 Defrosting: Defrosting food under running hot 
water should be avoided when possible. 

Changing management of frozen foods to avoid 
using hot water for defrosting will save water 
and may be more energy-efficient.

Waste disposal

•	 Recycling: When preparing packaging for 
recycling, the recycling authority should be 
consulted on whether it is necessary to wash/
rinse packaging.

•	 Automatic potato peelers: Peelers often require 
a water supply to flush out potato peelings. 
Flows should be set at the minimum amount 
required. A flow-restricting valve can be used to 
achieve this.

•	 Food waste disposal channels: Larger kitchens 
occasionally use channels of water running 
through the facility to transport organic waste 
to a macerator, which is then released into the 
sewers. If an alternative method of collecting 
food waste cannot be implemented, channels 
should be managed with the following in mind:

	 –	�channels should only flow when the kitchen 
is in use and there is a need for them;

	 –	�the number of channels should be kept to a 
minimum;

	 –	�flow rates in the channel should be regulated 
and kept to a minimum.

•	 Reducing waste: Where the amount of waste 
entering the sewerage system is significant, 
water companies may charge an additional 
“trade effluent” charge. Reducing the amount of 
waste entering the sewerage system will help to 
reduce or remove such charges where present.

Washing

•	 Dishwashing and laundry: Daily uses should 
be evaluated for dishwashers and washing 
machines, and a washing routine which ensures 
that machines are completely full before 
turning them on should be established. When 
replacing machines, water-efficient models 
should be selected. In larger facilities, 
industrial-standard machines will be required, 
and procurement should be based on the most 
efficient model, taking into account whole-life 
costings.
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In the case of smaller estates where domestic 
(as opposed to industrial) washers are used, a 
database of domestic dishwashers and their 
efficiency ratings is available from the 
Waterwise website.

•	 Washing food-preparation areas: In larger 
kitchens, surfaces and equipment are often 
washed down using a hose. If hoses are used, 
there is a need to reduce the risk of aerosol 
formation.

Sanitary appliances
6.17	 Non-process uses of water are commonly referred 

to as “domestic”. Domestic appliances consist of 
WCs, urinals, taps, baths and showers. It is likely 
that domestic uses will be the most cost-effective 
area for water efficiency as they constitute a large 
portion of water consumption in hospitals and 
other healthcare facilities. This section outlines 
options for upgrading technology and changing 
staff behaviour and the resulting water savings. 

6.18	 The use of water-efficient fittings and appliances 
may not be appropriate to the needs of the patient 
and may adversely affect the incidence and 
propagation of infections (see Health Technical 
Memorandum 00 and Health Building Note 00-02 
for further guidance). Managers are also advised to 
refer to the control of infection team before any 
measures are taken (see also Health Technical 
Memorandum 04-01).

WCs

6.19	 Water consumption per flush for WCs will 
depend on the age of the model, as will options for 
upgrading or retrofitting. Often WCs are the first 
choice for water efficiency, as they constitute a large 
portion of domestic use. Older models may use as 
much as 12 L per flush, whereas newer models 
consume around 4–6 L. The Water Supply (Water 
Fittings) Regulations 1999 (Water Byelaws in 
Scotland; Water Regulations in Northern Ireland) 
require any new WC installations to use a 
maximum of 6 L per flush (7.5 L in Northern 
Ireland) (see Health Technical Memorandum 00 
and Health Building Note 00-02 for further 
guidance).

Cistern displacement devices (CDDs)

6.20	 A cistern displacement device (CDD) may be used 
to displace a set volume of water inside the WC 

cistern, saving water on each flush. CDDs typically 
save around 1 L of water per flush.

6.21	 Care should be taken to install a CDD appropriate 
for the WC model and that still provides an 
adequate flush volume. CDDs offer a simple  
low-cost method of reducing WC flush volumes; 
however, consideration should be given as to 
whether it is better to use CDDs or to upgrade 
WCs to low-flush models, which may also be easier 
to maintain and ergonomically better to use.

6.22	 Generally, CDDs may be useful for clinics and 
WCs in GP surgeries, but large-scale use of CDDs 
in a hospital may indicate the need to refurbish  
the WCs.

Retrofitting flush mechanisms 

6.23	 As mentioned in paragraph 6.19, WCs 
manufactured after 2001 are subject to regulations 
enforcing a maximum flush of 6 L. Older WCs  
that consume as much as 12 L per flush can be 
retrofitted with flushing mechanisms that allow the 
user to vary the flush volume. Depending on the 
age of the WC, water savings of up to 5 L per flush 
are possible. Users control the flush either through 
a choice between a full and a half-flush (dual flush) 
or through releasing the flush handle to cut the 
flow of water (variable flush). If such a device is 
installed, clear instructions on its use should be 
displayed near the WC.

Installing new water-efficient WCs

6.24	 When installing a new WC, it should be confirmed 
that the model has been approved by WRAS. 
WRAS-approved WCs consume as little as 4 L per 
flush and 2.6 L per reduced flush. When upgrading 
WCs, a dual-flush water-efficient model should be 
considered (see Health Technical Memorandum 
00). Drainage facilities for new sanitary equipment 
should be designed to cope with the maximum 
expected production of waste.

Urinals

6.25	 Urinals are often controlled through an automatic 
flush system which is triggered at regular intervals. 
A typical system will flush volumes of 
approximately 7.5–12 L of water at 20-minute 
intervals. This can amount to as much as 197 m3 
per year per urinal, resulting in unnecessary water 
and sewerage charges. Installing passive infrared 
detectors in urinals typically reduces water 
consumption by 60%. Costs stand at £120–£150, 
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but payback is rapid. Further options include 
installing more water-efficient models when 
upgrading, or considering waterless urinals for 
certain areas; however, the infection control team 
should be consulted before installing waterless 
urinals (see Health Technical Memorandum 00 and 
Health Building Note 00-02 for further guidance).

Note
With regard to waterless urinals, there may be issues 
over perception and maintenance, as cleaning staff  
may not be familiar with these types of urinal. It is 
recommended that the use of waterless urinals is 
discussed with medical and cleaning staff before a 
decision on installation is made. There are also ultra-
low-flush urinals available that may overcome any 
perceived hygiene issues.

Some waterless urinals use disposable cartridges  
or other devices, which need changing routinely.  
The system also needs to be flushed occasionally to 
remove any debris. Both of these tasks will need to  
be accounted for in an agreed maintenance contract, 
which must then be evaluated in terms of additional 
costs introduced versus the water savings, as well as the 
appropriate levels of maintenance necessary to ensure 
good hygiene.

Taps

Leakage

6.26	 Taps are prone to leakage. It is estimated that a 
dripping tap may consume around 15 L per day. 
Staff should be informed of the importance of 
reporting leakage and a reporting system should be 
put in place.

Design

•	 The uses of taps should be considered before 
reducing flow rates. In some cases, reducing 
flow rates may be inappropriate. For instance, 
where taps are used to fill containers, reducing 
flow rates will only increase the time taken and 
will have little effect on efficiency. In other 
cases, where the risk of spread of infection  
is particularly high (for example surgical 
scrubbing), sensor-, lever- or foot-operated taps 
may be most appropriate. 

•	 Taps typically use about 9 L of water per 
minute, but may use as much as 18 L per 

minute. Staff should be informed of the 
importance of using taps appropriately. 

•	 Sensor (non-touch) taps may in some cases be 
ideal, as they both conserve water and reduce 
the risk of infections spreading. 

•	 The fitting of non-concussive self-closing taps 
can also reduce unnecessary flow. 

•	 Flow regulators may also be fitted to taps, as 
appropriate. 

See Health Technical Memorandum 00 for guidance 
on the appropriate types of tap for use in healthcare 
facilities.

Baths and showers

6.27	 Baths typically use around 80 L per event and 
showers around 9 L per minute. Where possible, 
showers should be favoured over baths; however, 
the care needs of patients must take priority. 
Reducing the water used for showers and baths  
may also potentially reduce energy bills due to a 
reduction in hot water used.

Shower technology

•	 Flow restrictors may be used to reduce the flow 
rate of water in showers.

•	 Shower location and design can significantly 
reduce the amount of water wasted due to 
waiting for showers to reach the desired 
temperature. In addition, in healthcare facilities 
there is a risk of scalding for vulnerable patients, 
the very young, older people and patients with 
mental-health illnesses. Upgrading to 
thermostatic mixing valves will minimise this 
risk (see Health Technical Memorandum 04-01 
and Health Technical Memorandum 00).

•	 Fitting water-efficient showerheads may reduce 
water consumption significantly. 

•	 There should be efficient ventilation to control 
aerosol dispersion.

Medical activities

Surgical scrubbing 

6.28	 The NHS carries out about 7 million operations a 
day; each one will require a minimum of two staff 
to scrub. Scrub taps are generally lever- or sensor-
operated. This is an essential area of water use; 
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reduced flow taps should not be used (see also 
Health Technical Memorandum 00).

Dialysis unit 

6.29	 In a renal unit, water quality should meet the 
recommendations specified by the European Renal 
Association-European Dialysis and Transplant 
Association’s (ERA-EDTA) ‘European best practice 
guidelines for haemodialysis’. To ensure purity, 
water is passed through a reverse osmosis (RO) 
unit. This means that water can be reused (for WC 
flushing, for instance) as the RO unit can remove 
almost any level of contamination (see also 
“Example 4” after paragraph 4.7).

Patient care

6.30	 Patient bathing, WC use, washing and drinking 
can use a large amount of water. However, the  
best way to reduce waste is by ensuring all the 
appliances used by patients are efficient. Indeed, 
patients should be encouraged to use more water 
through good hydration and personal washing. All 
hospitals should provide easy access to drinking 
water for patients, and the promotion of good 
hydration should be stated in any water 
management plan.

Laser cooling

6.31	 Medical lasers are generally water-cooled. Owing 
to the cost and sensitivity of the equipment, water 
efficiency should be a secondary consideration after 
ensuring water purity (to prevent corrosion) and 
cooling efficiency. Depending on the type of laser, 
it may be possible to use thermoelectric cooling or 
air cooling, but water efficiency should not be a 
driving factor in choosing cooling systems.

Hydrotherapy pools and swimming pools

6.32	 Hydrotherapy is a therapeutic whole-body 
treatment that involves moving and exercising in 
water – physiotherapy in a pool. Hydrotherapy 
pools are usually different from ordinary pools – 
the temperature and movement of water is 
controlled and changed according to who is using 
the pool and why. Pool covers can reduce 
evaporation losses. Filtration units can be used to 
recirculate water. This is common on modern 
pools, but is expensive to retrofit; however, the 
Health Protection Agency’s (1999) ‘Hygiene for 
hydrotherapy pools’ states that most pools should 
have a filter.

Birthing pools

6.33	 Birthing pools can use around 500 L of water 
per use. For hygiene reasons, the water cannot be 
reused without extensive treatment. The only way 
to increase water efficiency is through the shape  
of the pools; however, medical and comfort 
considerations should take priority over water 
efficiency. If considering installing birthing pools, 
there are three points to take into account:

1.	 They will use a great deal of water.

2.	 They are very heavy – therefore, the structural 
integrity of the building should be considered if 
a number of pools are situated in the same area 
of a floor.

3.	 They require a great deal of cleaning, which will 
use much water. 

6.34	 Some hospitals may also have mobile birthing 
pools.

Decontamination

Endoscopy

6.35	 This is an area where water efficiency is unlikely to 
be acceptable from a clinical perspective and where 
water reuse may pose an infection threat. For 
further guidance on decontamination in endoscopy, 
see Health Technical Memorandum 01-06 – 
‘Decontamination of flexible endoscopes’.

Sterile services departments

6.36	 It is very difficult to improve water efficiency in 
essential support services such as sterile services. 
While trying to promote water-efficiency measures, 
it is important to remember that the 
decontamination process should not be 
compromised in any way.

6.37	 However, it is recommended that:

•	 all decontamination equipment (washer-
disinfectors and sterilizers) operates with full 
loads;

•	 wash cycles are evaluated for water-use 
efficiency.

Outdoor use
6.38	 Few healthcare facilities have considered the 

amount or type of water used for outside watering, 
or the selection of plants. Given that a single water 
sprinkler may consume as much as 900 L of water 
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an hour, the costs of outdoor use are potentially 
large. Consider the following solutions to reducing 
outdoor use:

•	 Rainwater harvesting: this may be ideal for 
plant watering, as the collected water requires 
little or no treatment (see paragraphs 7.9–7.11).

•	 Plant choice: consideration should be given to 
installing drought-resistant or perennial plants 
in estate grounds; these will need little water 
and will add diversity.

•	 Sprinkler timings: sprinkler timings should be 
adjusted such that they are active in the early 
morning or late afternoon; this will reduce 
water loss due to evaporation. 

•	 Mulching: mulch and bark should be used in 
flower and tree beds: this will reduce the loss of 
water through evaporation by up to 70%.
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7.1	 Achieving good water management in healthcare 
facilities will demand that decisions about issues 
such as security of supply, water quality and flood 
risk are assessed in terms of impacts on the entire 
building (see also Health Technical Memorandum 
00 and Health Technical Memorandum 04-01 for 
further guidance). 

Alternative supply sources

Boreholes/private supplies

7.2	 The use of water abstracted from private sources 
may be feasible in some circumstances.

7.3	 Where water quality is not required to be at 
a potable standard (for instance in cooling 
equipment or flushing urinals and WCs), it may  
be possible to use water directly abstracted from  
a borehole.

7.4	 Where water is to be used for human consumption 
or cleaning, filtration and/or further treatment may 
be necessary to comply with the Private Supplies 
Regulations 1991 and Water Industry Act 1999.

In Northern Ireland, this is covered by the Water and 
Sewerage Services Order 2006, and in Scotland by the 
Water Supply (Water Quality) Regulations 2001.

7.5	 Boreholes are drilled through underground strata 
that contain water (known as aquifers). Water is 
then abstracted through a submersible pump at 
depths varying from 20 to 200 m. The water is 
then stored in a holding tank on the surface. 

7.6	 In each case, feasibility of abstraction will depend 
on the availability and quality of groundwater, 
which can be established through a preliminary 
survey. Once this has been verified, abstraction will 
require a licence.

In England and Wales, licences are managed by the 
Environment Agency and often depend on the density 
of abstractors in the area, managed through local 
CAMS. In the case of Scotland, abstraction licences  
are provided by the Scottish Environment Protection 
Agency, and in Northern Ireland by the Department  
of Environment.

7.7	 There are potentially large financial savings to be 
made through private abstraction; however, the 
long-term costs of water supply from water 
companies must be balanced against the following:

•	 the capital costs of the construction of works, 
mains, plumbing, treatment plant etc;

•	 the operational costs of electricity for pumping, 
water treatment chemicals, direct and indirect 
maintenance, and associated management costs.

7.8	 Once all factors are taken into account, a decision 
to develop a private water supply can be made. 
Figure 9 is an example of a decision tree outlining 
the key factors.

Rainwater harvesting

7.9	 Harvesting rainwater that falls on property roofs 
may be economically feasible for larger buildings. 
Water collected from roofs may be used for low-
quality purposes such as laundries and WC/urinal 
flushing. The payback period will vary depending 
on the size of the roof and annual rainfall values.

7.10	 Systems supplied should have an alternative 
automatic supply (for instance where rainfall is 
insufficient).

7.11	 Depending on where the water is harvested 
from, there may be issues with water quality (bird 
droppings and pesticide deposits are commonly 
present on roofs). It should always be presumed 
that rainwater is non-potable, and it should not be 
used where ingestion is a possibility.

7  Whole building concerns
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Accessible aquifer 
with adequate 

quality? 

Additional costs 
of 

treatment 

Available 
extraction 
licences? 

Type of use 

Cost-effective?

Extraction 
feasible 

Extraction not 
feasible 

Non-potable

No 

No 

Yes 

Potable 

Yes 

Yes 

At the time of writing this guidance, industry 
standards for rainwater and greywater harvesting have 
not yet been developed, but a British Standard is in 
preparation.

Visit the UK Rainwater Harvesting Association’s 
website for further information.

Greywater reuse

7.12	 Greywater and rainwater are often discussed 
together. Greywater is water that has been 
previously used and is almost certainly 
contaminated.

7.13	 Greywater should not be used in healthcare 
premises. However, there may be circumstances 
where its use may be acceptable on a case-by-case 
basis. Where greywater is to be considered, a risk 
assessment should be undertaken that considers all 
the potential microbiological risks that may result 
from such a change of use. This assessment should 
involve a microbiologist and infection-control staff.

7.14	 Technology for greywater reuse is advancing very 
quickly and there may be certain circumstances 
where the type of greywater or the certainty of the 

technology can allow greywater reuse. Each case 
should be judged on its merits, balancing risks and 
benefits, and should be discussed fully with staff 
before implementation. Any implementation 
should also ensure that all pipes and equipment 
carrying or using greywater are clearly labelled.

Water security
7.15	 To guard against an interruption in supply, Health 

Technical Memorandum 04-01 stipulates that at 
least 12 hours’ supply of cold water should be 
stored on site. Guidelines also state that a 
maximum of 24 hours’ supply of water should be 
stored in order to avoid stagnation of water in 
supply tanks and the resulting risk of Legionella 
growth and transmission.

7.16	 Where actions are taken to reduce water 
consumption in existing buildings, the amount of 
water required to supply the building for 12 hours 
will reduce, as will the turnover rate of water in the 
storage tank. Where it is calculated that a building 
has significantly reduced the amount of water used 
per day, the possibility of reducing storage tank 
sizes should be investigated.

7.17	 The required storage volume should be calculated 
for a 12-hour demand scenario, including peak 
periods of demand. Similar calculations should be 
made if there is a reduction in turnover times for 
wall-mounted calorifiers, with a maximum of  
two hours’ storage time available, including peak 
demand. 

7.18	 In addition, the turnover rate of water in all pipes 
within the building should be considered. The risk 
of water remaining stagnant in the distribution 
pipes will rise – particularly in deadlegs.

7.19	 Where fixtures are rarely used, the possibility of 
removing the fixture and any deadlegs supplying it 
should be considered.

7.20	 A water management strategy should consider the 
logistics of ensuring water supply. The following 
questions should be addressed:

•	 In the case of a “boil water” notice from the 
local water company, how will water be boiled 
and distributed around the site?

•	 In the case of interruption to the supply, where 
are the connection points for water supplied by 
a tanker?

7.21	 It may be necessary to have arrangements for 
bringing in drinking water to ensure patients  

Figure 9  �Decision tree for establishing a private 
water supply
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do not dehydrate (see also Health Building Note 
00-07 – ‘Resilience planning for the healthcare 
estate’).

Water quality
7.22	 In all circumstances, water efficiency should not 

compromise water quality and safety requirements. 
Issues relating to these requirements are discussed 
below.

Legionella and internal hot and cold distribution 
networks

7.23	 Related to the issue of security of supply is the 
overall risk of Legionella growth. High-risk 
scenarios of Legionella growth include those where 
water remains stagnant in tanks and distribution 
pipes for extended periods of time, particularly 
under favourable temperatures. For cold water 
supplies, water temperature should not exceed 
20°C and should aim to be no more than 2°C 
warmer than the temperature recorded at the  
main supply pipe. For hot water supplies, flow 
temperatures should be set to 60°C, and a 
minimum of 55°C should be maintained at all 
points in the network (see Health Technical 
Memorandum 04-01 for further guidance).

Water hardness

7.24	 Water hardness is expressed in terms of milligrams 
per litre of calcium carbonate (CaCO3). The 
hardness of water supplies will depend largely on 
the region in which the water is abstracted.

For a map of hardness, see the report ‘Water hardness 
in the British Isles’ on the Waterwise website.

7.25	 Higher hardness levels may adversely affect 
equipment – as water is heated, its capacity to carry 
dissolved salts decreases, leading to calcium deposits 
on pipe walls and heating elements, thus decreasing 
efficiency. It may therefore be appropriate in some 
cases to install water softeners for certain uses. 
Possible uses that may benefit from softening are:

•	 boilers and hot-water supply systems – to 
prevent sludge and limescale build-up;

•	 mixing devices and blending valves – to avoid 
clogging of control ports and showerheads by 
limescale;

•	 laundries – water hardness leads to high 
maintenance costs and the uneconomic use of 
soap detergents. 

7.26	 In the case of drinking water, epidemiological 
studies have shown that the incidence of 
cardiovascular disease tends to be higher in areas of 
soft-water supplies than in areas with hard water. 
The association is clearest in supplies which contain 
less than 150 mg/L. The explanation is not known, 
but it is advised that where water is used for 
drinking supplies, it should not be softened.

Metal contamination

Water softness and monitoring

7.27	 Where water is acidic and particularly soft, its 
capacity to dissolve metals is higher. In such cases, 
regular sampling through the building should be 
conducted to identify possible contamination from 
the original source or the internal distribution 
network.

Lead

7.28	 The Water Supply (Water Quality) Regulations 
2000 stipulate an upper limit of 0.01 mg/L to  
be achieved in all supply by 2013; this value is 
likely to be exceeded if lead pipework or solder 
containing lead has been used in building 
plumbing systems. Should a value higher than 
0.01mg/L be detected, remedial action should be 
taken.

Copper

7.29	 Copper concentrations above 1 mg/L may 
cause staining of laundry and sanitaryware and 
increase the corrosion of galvanised iron and steel 
fittings. While the maximum allowable copper 
concentration in water supply is 2 mg/L, a typical 
supply will be below 1 mg/L.

Specialist units

7.30	 In general, the supply of water to certain specialist 
units such as maternity departments, neo-natal 
units, children’s units and renal dialysis areas should 
be monitored to ensure that water quality is within 
acceptable limits. Epidemiological advice should  
be sought concerning the exact water quality 
requirements for each specialist unit. 
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Wastewater and sewage

Sewage

7.31	 Sewage accounts for over 50% of water and sewage 
costs to the NHS. Unlike water, which is metered, 
sewage bills are normally based on water use.

7.32	 Standing charges for sewage depend on the size of 
the incoming water meters and the volume of water 
consumed.

7.33	 It is possible to negotiate an allowance with 
water or sewerage companies for water that is not 
returned to the sewer. For clinics and GP surgeries, 
where water use is domestic, sewage rates are  
based on 95% return, but hospitals have higher 
evaporation losses, and returns to sewer could be as 
low as 70%.

7.34	 Once an audit has been carried out or the water 
balance has been assessed, a rebate with the water 
or sewerage company should be negotiated. In 
some areas, water and sewerage are provided by  
a single company; in others, there may be two 
separate companies.

7.35	 Water and sewerage companies classify effluent 
discharges as either domestic or trade. Most 
healthcare facilities’ wastewater is classified as 
domestic. However, parts of certain sites, such  
as laundries or laboratories, could possibly be 
classified as trade. The classification varies between 
water companies.

7.36	 Charges for trade effluent depend on the toxicity 
of the wastewater. If a healthcare facility has a trade 
tariff, it should contact its local water or sewerage 
provider about how to reduce toxicity and thus 
reduce charges.

7.37	 The volume flow of effluent is the most important 
factor in determining the bill. However, it is  
very common for trade effluent flows not to be 
measured. In such circumstances, the volume of 
effluent is assumed to be the same as the volume of 
water purchased, as recorded on the site’s incoming 
water meter. This figure may be used as it stands  
or after some modification for losses as steam or  
in product use. 

7.38	 In general, what is going into the drains at 
the facility should be assessed. Increasing water 
efficiency will reduce sewage bills as well as  
water bills, and it will also highlight areas where 
wastewater can be reused. As the level of wastewater 

reuse increases, consideration should be given to 
opportunities to renegotiate the sewage return rate.

7.39	 It is therefore very important to take all steps to 
reduce water consumption and, where practical, to 
measure or make a reliable estimate of the flow of 
effluent that enters the sewer. The flow of water 
and effluent through the premises should be 
mapped and analysed; all opportunities for 
reducing water use should be noted. It should be 
determined whether any cooling water or rainwater 
that flows to sewer would be sufficiently clean  
for direct discharge to a ditch; this may require 
discharge consent from the Environment Agency 
(England and Wales). 

In Northern Ireland, discharge consent is given by the 
Department of Environment, and in Scotland by the 
Scottish Environment Protection Agency.

7.40	 It is also worth monitoring the contents of 
wastewater; this will enable a reduction of the 
contaminants in sewage and will enable optimised 
chemical use in certain processes. A reduction  
in contaminants may also reduce trade effluent 
charges.

Sustainable urban drainage systems (SUDS)

7.41	 Discharge of clean wastewater or drainage water 
to a soakaway, swale or infiltration area is often 
classified as a sustainable urban drainage system 
(SUDS). This method can reduce sewage or 
drainage bills, but may require discharge consent 
from the Environment Agency.

In Northern Ireland, discharge consent is given by the 
Department of Environment, and in Scotland by the 
Scottish Environment Protection Agency.

7.42	 When designing new buildings, re-landscaping 
or adding car parking, a SUDS should always be 
considered. Well-designed drainage systems can 
reduce landscape watering requirements, add 
biodiversity through the creation of wetland areas, 
reduce drainage charges, and – if the water is 
captured in rainwater tanks – provide water for 
irrigation, WC flushing and fire-fighting. However, 
water quality should be assessed before using 
rainwater or greywater inside any healthcare facility 
(see also paragraphs 7.9–7.14).
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Hospital sources of sewage pollution

7.43	 Freshwater quality in healthcare facilities is 
paramount; however, the contamination of 
wastewater should not be overlooked. Reducing 
contaminants released into the sewerage system will 
significantly contribute to improving the natural 
environment, into which the contaminants could 
otherwise be released (see Table 6).

Discharges to sewers: red list chemicals

7.44	 The chemicals shown in Table 7 must not be 
discharged to sewer.

Water pressure

Effects of high pressure

7.45	 Excessive water pressure can contribute to waste in 
the following ways:

•	 It places additional and unnecessary wear and 
tear on the distribution system.

•	 It can cause or exacerbate leakage.

•	 It causes a higher flow-rate of water through 
appliances.

Calculating changes in flow rate due to water 
pressure

7.46	 In general, the following approximation for change 
in flow rates due to a change in pressure can be 
used to determine the effects on taps, showers, 
hoses etc.

New flow rate = Old flow rate ×
   �          New pressure√ ( Old pressure )

 
Equation (1)

	�� See also Figure 10, which shows an example 
calculation for a tap with a base flow of 8 L per 
minute at 1 bar pressure.

Table 6  Possible contaminants to the sewerage system from hospital sources

Source Main contaminants Officer responsible

X-ray Photographic fixer Superintendent/senior radiographer
Nuclear medicine Aqueous radioactive isotopes Medical physicist
Pathology laboratories •  Aqueous radioactive isotopes 

•  Solvents 
•  Heavy-metal compounds 
•  Tissues: human/animal

Laboratory manager

Dental departments Mercury Chief dental technician
Dispensing pharmacy Drugs Chief pharmacist
Manufacturing pharmacy Batch failures of products Chief pharmacist
Medical illustration •  Photographic fixer 

•  Photographic developer
Chief technician

Laundry •  Detergents 
•  Contaminants on laundry

Laundry manager

Sterile services department, endoscopy 
unit

•  Detergents 
•  Disinfectants 
•  Microbial contaminants

Unit manager

Catering •  Cleaning agents 
•  Macerated food

Catering manager

Incinerators Ash Estates manager
Domestic maintenance Cleaning agents Domestic services manager
Vehicle maintenance Spent oil Transport manager
Grounds maintenance •  Pesticides 

•  Nitrate fertilisers
Grounds manager

Blood transfusion centre •  Aqueous radioactive isotopes 
•  Crushed glass

Unit manager
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Sources of high pressure

7.47	 Water is supplied according to minimum flow and 
pressure regulations, typically at around 2–4 bar; 
however, maximum pressure would not typically 
exceed 10 bar. High pressure supplies may occur 
where buildings are located down-gradient from 
storage reservoirs (for example when a reservoir is 
located on top of a hill and the building is in a 
neighbouring valley). 

7.48	 High pressures may also occur due to building 
design. Lower floors of multi-storey buildings in 
which water is supplied under gravity from a break 
tank in the roof may experience high pressures. 
High pressure may also occur when water is 
delivered via booster pumps inside the building.

Managing water pressure

7.49	 Pressure-reducing valves (PRVs) can act as pre-set 
or adjustable pressure controls. Typically a valve can 
accept up to 25 bar pressure, and control this to a 
delivered 1.5–6 bar.

7.50	 Valves can be installed in incoming mains pipes 
and are also commonly used to regulate supply 
pressure on each floor of a building in gravity-fed 
or pumped systems. 

7.51	 When selecting the size and setting of PRV, 
input and output pressures should be taken into 
consideration. The valve should be suited to the 

Table 7  Red list chemicals

All flammable and water-immiscible substances
1,2-Dichloroethane
Aldrin
Atrazine
Azinphos-methyl
Cadmium and its compounds
Dichlorodiphenyltrichloroethane (DDT)
Dichlorvos
Dieldrin
Endosulfan
Endrin
Fenitrothion
Gamma-hexachlorocyclohexane
Hexachlorobenzene
Hexachlorobutadiene
Malathion
Mercury and its compounds
Pentachlorophenol and its compounds
Polychlorinated biphenyls
Simazine
Tributyltin compounds
Trichlorobenzene
Trifluralin
Triphenyltin compounds

Figure 10  �An example calculation for a tap with base flow of 8 L per minute at 1 bar pressure (with 
further flow rates calculated using Equation (1))
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level of incoming pressure and should ensure an 
adequate flow rate for all appliances it supplies. 
This is particularly the case for mixer taps and 
showers (see Health Technical Memorandum  
04-01).

Water temperature

7.52	 Owing to the risk of Legionella growth, hot and 
cold water supply temperatures should be closely 
monitored and maintained (see paragraph 7.23). 
Insulating distribution pipes will help to maintain 

stable temperatures and will reduce waste by 
decreasing the waiting time for water to reach  
the desired temperature in taps and showers.

7.53	 When designing new buildings, efforts should be 
made to reduce the length of hot-water supply 
pipes to fixtures, as this will reduce the time 
allowed for heat to dissipate through pipes. Point-
of-source heating may be appropriate where there is 
a particularly large lag-time in water temperatures 
(see Health Technical Memorandum 04-01).
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8.1	 The water strategy should contain contingencies 
for flooding. Flooding can be coastal flooding, river 
flooding, localised flooding due to high rainfall, or 
groundwater flooding where water seeps up from 
below.

8.2	 In addition to the immediate threat of flood 
waters, flooding may disrupt water supplies 
through contamination of the mains supply or 
damage to pumping stations. Contamination of 
water within the building’s own system is also a 
risk.

8.3	 Guidelines on developing new build and extending 
existing building in the context of flood risk are 
provided in the Department for Communities and 
Local Government’s Planning Policy Statement 25 
– ‘Development and flood risk’.

In Northern Ireland, guidance is provided in Planning 
Policy Statement 15 – ‘Planning and flood risk’.

Mitigating flood risk
8.4	 When designing new buildings or extensions to 

existing buildings, the following should be taken 
into account.

•	 Consult the flood risk maps: flood risk maps 
are available from the Environment Agency 
(England and Wales), Department of 
Environment (Northern Ireland), or the 
Scottish Environment Protection Agency, and 
will provide initial guidance on appropriate 
construction sites for new build. These maps 
can be found at:

	 –	www.environment-agency.gov.uk/
homeandleisure/37837.aspx (England and 
Wales).

•	 Design to reduce risk: both new buildings 
and refurbishments will alter surface shape and 
permeability, affecting the dynamics of flood 
risk in terms of timing, volume and areas of 
accumulation. Designs should adhere to the 
principles of SUDS, in which the principal aim 

is to mimic as closely as possible the natural 
drainage dynamics of an area in order to  
reduce the risk of flooding to buildings nearby. 
Approaches include improving drainage through 
semi-permeable surfaces in areas such as car 
parks and channelling flood paths away from 
high-risk areas into “sacrificial land”, in which 
water is allowed to collect and drain away.

•	 Direct flood defence: bunding walls can be 
installed to redirect flood waters. This is a more 
traditional approach; however, efforts to reduce 
risk should be made before conventional flood 
defences are installed.

8.5	 However, in mitigating flood risk to one site, it 
should not be passed on to create flood risk at 
another vulnerable site (see Health Technical 
Memorandum 07-07 – ‘Sustainable health and 
social care buildings’).

Responding to flooding
8.6	 Contingency plans for flooding should be drawn 

up and should include the following:

•	 options for securing alternative supplies for 
essential water uses;

•	 screening back-up-generator power supplies for 
resilience to flooding;

•	 a full citing of patients, equipment, power lines 
and communications cables that are at risk from 
flooding;

•	 options for evacuation of patients and staff, 
including routes, assembly points and 
responsibilities;

•	 accessibility for services to get to the site.

See also the Department of Health’s “preparedness for 
floods” website.

8  Flood risk
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Consumer councils

Consumer Council for Water (CCWater)

The Consumer Council for Water (CCWater) is the 
industry watchdog, set up to represent customers of water 
and sewerage companies in England and Wales, and 
provides a national voice for consumers. 
www.ccwater.org.uk/

Department for Environment, Food and 
Rural Affairs (Defra)
The Department for Environment, Food and Rural 
Affairs (Defra) is a governmental organisation responsible 
for water supply and resources, regulatory systems for the 
water industry and environmental protection. 
www.defra.gov.uk/

Drinking water regulators

Drinking Water Inspectorate (DWI)

The Drinking Water Inspectorate (DWI) is responsible 
for ensuring that water companies and suppliers in 
England and Wales meet their statutory duties in relation 
to drinking water quality. The Inspectorate does this 
through a programme of technical audit to ensure that 
water companies are taking appropriate actions to 
safeguard drinking water quality. The Inspectorate can 
call on powers of enforcement and (where appropriate) 
prosecution to legally enforce the requirements of the 
legislation. 
www.dwi.gov.uk/

Economic regulators

Water Services Regulation Authority (Ofwat)

The Water Services Regulation Authority (Ofwat) is the 
government-appointed economic regulator of the private 
water industry in England and Wales. Its remit is to 
protect the interests of water-company customers while 
ensuring water companies are able to properly finance 
and carry out their functions. It determines prices 
through periodic reviews of water-company expenditures 
and future plans. 
www.ofwat.gov.uk/

UK environmental regulatory authorities

Environment Agency

The Environment Agency is responsible for the 
protection and preservation of the natural environment 
in England and Wales. Its role in the water industry is to 
ensure that water-company operations do not adversely 
affect the water environment and are sustainable in the 
long term. As well as reviewing water-company plans, it 
regulates abstraction licences and is responsible for flood 
risk management. 
www.environment-agency.gov.uk/default.aspx

Water UK
Water UK represents the private water industry in the 
UK. It actively seeks to develop policy and improve 
understanding in areas that involve the industry, its 
customers and stakeholders. 
www.water.org.uk/��

9  �Responsible bodies in water management
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Bathroom Manufacturers Association
The Bathroom Manufacturers Association (BMA) is the 
lead trade association for manufacturers of bathroom 
products in the UK and has launched a “water-efficient 
product” labelling scheme. The scheme acts as a guide to 
selecting products for use in bathrooms. 
http://water-efficiencylabel.org.uk/default.asp

Enhanced Capital Allowances Scheme: 
the Water Technology List
The Enhanced Capital Allowance (ECA) Scheme enables 
businesses to claim 100% first-year capital allowances on 
investments in technologies and products that encourage 
sustainable water use. Businesses are now able to write off 
the whole cost of their investment against their taxable 
profits for the period during which they make the 
investment. As part of this scheme, a list of water-
efficient technologies that qualify can be found on the 
ECA water technology list website. 
www.eca-water.gov.uk/

Water Regulations Advisory Scheme 
(WRAS)
The Water Regulations Advisory Scheme (WRAS) is the 
UK water industries’ scheme to promote knowledge of 

UK water regulations and byelaws and approve fittings 
and appliances that comply with these. It encourages 
consistent interpretation and enforcement for the 
prevention of waste, undue consumption, misuse, 
erroneous measurement or contamination of water.

All WRAS-approved products or materials (which  
will normally bear the “WRAS-Approved Product” or 
“WRAS-Approved Materials” logos) have been tested  
and have been found to comply with the Water Supply 
(Water Fittings) Regulations 1999 (as amended) and the 
Scottish Water Byelaws 2004. 

WRAS approval should be sought on all procured fixtures 
and fittings. 
www.wras.co.uk/

Waterwise
Waterwise is an independent, not-for-profit organisation 
that receives funding from the UK water industry and 
from sponsorship and consultancy work. In England, it 
sits on the Government’s Water Saving Group alongside 
the water industry and regulators. Waterwise’s website 
provides guidance on water-efficient appliances, 
including a database of water-efficient washing-machines 
and dishwashers. Waterwise also awards the Waterwise 
Marque to products which are deemed to save water. 
www.waterwise.org.uk/

10  How to find water-efficient products
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Advanced Demand Side Management 
(ADSM) 
OGCbuying.solutions (an executive agency of the Office 
of Government Commerce (OGC) in the Treasury) has 
negotiated a framework contract with ADSM.

ADSM can assist with the following:

•	 Compare a facility’s water usage with that of similar 
organisations.

•	 Obtain help and advice to reduce consumption.

•	 Implement water-saving measures.

•	 Have the facility’s entire water system and bills 
monitored and managed.

•	 Fast-track savings and meet government 
environmental targets.

www.adsm.com/

Envirowise
Envirowise delivers a government-funded programme of 
free, confidential advice to UK businesses. This assistance 
enables companies to increase profitability and reduce 
environmental impact. 
www.enviro-wise.co.uk/site/uk/content-folder/homepage

National Water Conservation Group
The mission of the NWCG is to stimulate and inform 
debate about how to achieve the efficient use of water in 
the UK. 
www.waterwise.org.uk/pages/national-water-
conservation-group.html

Water UK
Water UK is the representative body for the UK water 
industry. It can advise on which water and sewerage 
companies provide local services. 
www.water.org.uk/

11  Available support for auditing
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GPs’ surgeries and health clinics
In almost all cases, water use in GPs’ surgeries and health 
clinics will be domestic. Normally there will be WCs, 
basin taps, a kitchen tap and a dishwasher. In some cases, 
there may also be a shower, a urinal and fittings for 
outside use (for example, water for a garden).

The following steps should be considered in a water 
management plan:

Note
These are best practice guidelines only.

•	 Choose a designated water champion. This should 
be someone with an overview of the building’s 
facilities, someone in charge of financial management 
or someone who is keen on the subject.

•	 Communicate with all staff (including contract 
cleaners and washroom maintenance contractors). 
Communication could be written or ideally face-to-
face, and should explain that a water management 
plan is being established and that all staff will be kept 
informed and are also welcome to contribute.

•	 Gather information. This should include plans of the 
building showing plumbing and fixtures, water and 
sewerage bills, how water is used in the building (who 
waters the plants, how often is the dishwasher used, 
does anyone use the shower, where do the cleaners fill 
their buckets etc), and any alternative sources of water 
(bottled water for catering, a water cooler in the 
waiting room, rainwater butt for the garden).

•	 Carry out a water audit.

•	 Assess other water issues such as what the level of 
flood risk is, how to deal with flooding, and what to 
do if the water supply is interrupted.

•	 Draw up a management plan. This should include 
plans of where all water fittings, plumbing and drains 
are. It should list all appliances and fittings with a 
guide to their water consumption (WC flush volume, 
dishwasher usage per wash etc). It should then suggest 
actions such as fitting cistern displacement devices or 

sourcing flood-prevention measures, with an outline 
of potential costs and savings.

•	 Discuss the management plan with all staff and take 
action where appropriate.

•	 Keep the plan up to date.

Hospitals
•	 Choose a designated water champion. This should 

be someone with an overview of the building’s 
facilities, someone in charge of financial management 
or someone who is keen on the subject. This person 
should have the support of the senior management.

•	 Communicate with all staff (including clinicians, 
contract cleaners and washroom maintenance 
contractors). Communication could be written or 
ideally face-to-face, and should explain that a water 
management plan is being established and that all 
staff will be kept informed and are also welcome to 
contribute.

•	 Gather information. This should include plans of 
the site showing water meters, plumbing and fixtures, 
water and sewerage bills, the main areas of water use 
and drainage. It should include any existing water 
reports, input from staff who use water, and copies  
of contracts that specify water use for landscape 
maintenance or cleaning.

•	 Walk the site to check information and plans against 
reality.

•	 Carry out a water and wastewater audit.

•	 Assess other water issues such as what the level of 
flood risk is, how to deal with flooding and what to 
do if water supply is interrupted.

•	 Draw up a management plan. This should include 
plans of where all water fittings, plumbing and drains 
are. It should provide a breakdown of water and 
wastewater issues for each part of the site, allocating a 
reference code to each piece of water-using equipment 
and providing details of its water use, its condition 
and information on what it does. The plan should 

12  Audit structures
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then suggest actions for each area of the site with an 
outline of potential costs and savings.

•	 Discuss the management plan with all staff and take 
action where appropriate.

•	 Keep the plan up to date.
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The energy team at Gwent Healthcare NHS Trust, 
South Wales, manages over 70 properties including 
nine hospitals, among them being the Royal Gwent 
(600 beds) and Nevill Hall (400 beds). The Trust 
spends over £4 million per year on electricity, gas and 
water, which is billed from over 300 meter points.

Managers at County Hospital, Griffithstown, had long 
suspected there might have been a water leak on the  
site, as the water bills appeared excessive compared to 
hospitals of a similar size. As a result, they decided to 
install a water-leakage detection system. This involved  
the use of a meter logger and Internet-based water-meter 
monitoring and analysis, which helped to track water 
usage. 

When the results were analysed using the water-meter-
monitoring website, they discovered that there was a very 
high level of water consumption during the early hours of 
the morning – a period when water demand should have 
been low.

It soon became apparent there was a leak of 4 m3 per 
hour on the site. Trial holes were excavated at positions 
where the leak was thought to be. Because of the high 
number of unrecorded service tees off the site’s water 
main, the leak initially proved difficult to locate. When it 
was eventually found and repaired, water demand on the 
site was reduced by a factor of 10.

This initiative has saved the Gwent Healthcare NHS 
Trust over £66,000 on its annual water bill. It will receive 
an additional £66,000 in sewerage rebates from its water 
supplier for the last two years. These savings will be used 
to invest in additional energy-saving technology.

Internet-based metering services can analyse and identify 
abnormal utility consumption, correct excessive usage  
or leakage and provide daily reporting to facilities 
management. In most cases, the payback period is less 
than two years. In the case of Griffithstown, payback was 
less than one month, with immediate positive cash-flow 
benefit from the second month onwards in reduced water 
charges.

13  �Case Study 1: Gwent Healthcare NHS Trust: 
water-leakage detection initiative
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Introduction
There are seven strategic health authorities within the 
Thames Water area and numerous hospitals of differing 
types and sizes. Thames Water carried out a thorough 
water review at each of the seven largest London hospitals 
to understand where water savings could be achieved, 
estimate how much water these actions could save,  
and identify the best location and type of water savings 
devices to be installed.

The following summarises the findings of Thames Water’s 
water audit of St Thomas’ Hospital.

St Thomas’ Hospital
St Thomas’ Hospital is part of the Guy’s and St Thomas’ 
NHS Trust. The individual buildings range considerably 
in age.

Trending

The hospital has put in place some good water 
management practices (for example the closed-loop 
cooling of MRI scanners), and St Thomas’ water 
consumption appears to be better than average.

The hospital has lower than average consumption  
of around 342,500 m3/year when compared with its 
expected use of between 247,500 m3 and 517,500 m3 of 
water per annum (based on the benchmarking data given 
in Tables 2–4 of Chapter 5, and assuming there will be 
750,000 patient contacts per year).

Periodic checks of actual normalised consumption against 
benchmarking data and the previous year’s performance 
are worthwhile completing. Without monitoring and 
comparing water consumption against historical levels 
and consumption patterns, it is impossible to know 
whether current consumption is typical or excessive,  
or whether the hospital is getting more or less efficient. 
Trending also allows the unusual to be rapidly identified 
– particularly leaks or losses.

Guidance on how to trend a site’s water consumption  
is given in ‘Steps to sustainable water use’.

Cost

St Thomas’ is currently on the Thames Water major-user 
tariff and is charged with a separate volumetric rate for 
water supply and wastewater disposal. 

Water use at the time of the audit cost the hospital 
approximately £206,860 and £116,826 for water and 
wastewater volumetric charges, respectively, and an 
additional £47,444 in standing charges – a total of 
£371,130 per annum.

Given the large losses of steam and water from 
evaporation in the cooling towers (estimated at 
30,000 m3/year and 9000 m3/year, respectively), the 
10% non-return-to-sewer allowance currently assumed 
appeared low. However, no accurate data existed  
on which to base any correction. Thames Water 
recommended that flowmeters be inserted at relevant 
points so that non-return-to-sewer could be more 
accurately evaluated.

Water distribution plan

It was recommended that the site’s water distribution 
plan be maintained and developed to show meters, 
submeters and valve work in order to assist in water 
management and provide a process-mapping tool to 
understand water use on site.

Recommendations to reduce water use

Pressure

There is a variable pressure supply throughout one of  
the buildings – the lower the floor, the greater the water 
pressure. With an estimated 4 m between floors, the 
static head from the 13 floors to the ground floor is some 
50 m or 5 bar. Several taps were tested (mixer tap, full-
bore cold supply) in the building as follows:

•	 upper floor – 15 L/min;

•	 lower floor – 40 L/min;

•	 basement – 60 L/min.

Apart from the flow on the top floor, the flows through 
other taps are excessive. 

14  �Case study 2: St Thomas’ Hospital water 
audit
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Even though taps are not often used fully open, any 
overpressure results in unnecessary water consumption by 
taps (and showers).

It was recommended that pressure-reducing valves be 
fitted to reduce pressure to points of use to the more 
usual 1.5–2.5 bar. However, because of the pipework 
configuration, it was acknowledged that this could prove 
to be difficult. An alternative could be to restrict the 
maximum flow by adjusting the isolation ball-valves to 
taps, where they are fitted.

Leakage

As the site is fed by multiple water mains and has a large 
network of internal and underground pipes, a leakage 
survey was undertaken. The only significant water leak 
identified during the water review was estimated at 
around 120 L per hour (over 1000 m3/year). 

Steam loss

Several significant steam releases were occurring across 
the site. It was thought that traps or steam-release valves 
were not seating correctly. Apart from the obvious water 
loss, the value of this loss is really in the treatment of, and 
energy in, the steam.

An approximate assessment of its value can be made at 
£1 per cubic metre for the raw water (including softening 
and boiler water treatment costs) and approximately £11 
in energy costs (assuming 732 kWh to raise 1 m3 water 
from 15oC to 100oC, and converting it to steam with 
useful energy at 1.5p per kWh). This gives a value of 
approximately £12 per cubic metre of water used for 
steam generation – the cost of a steam loss is therefore 
reasonably high.

Evaporation from the hydrotherapy pool

The hydrotherapy pool is approximately 18 m3. The 
water temperature is held at 35oC and has a pH value of 
7.28 during sessions. It is not equipped with a cover.

Evaporation losses from this pool are typically around 
5–10 mm per day – hence, annual evaporation loss may 
be 22–44 m3/year. While this may not appear much 
water, its value is high because of the energy loss. Each 
litre of water that evaporates wastes 1.3 kWh of energy; 
assuming useful energy costs at 1.5p per kWh, this 
represents a loss of £21 per cubic metre.

Fitting a pool cover will virtually eliminate evaporation 
when the pool is unoccupied, saving water and energy. 
Assuming this is 16 hours per day, savings will be around 
£300–£600 per annum.

Baths/showers

It was recommended that, when showers are provided, 
high-performance low-flow types are used and that,  
to avoid water running to waste while the correct 
temperature is obtained (and for safety), thermostatic 
controls are used. Apart from the savings in water, there 
are also significant energy savings, as most of the water 
saved will be hot or warm.

WCs

The volume of water used for flushing can be minimised 
by adjusting the internal ball-cock to reduce filling 
volume to a minimum, fitment of a cistern volume 
adjuster (cistern devices) or replacement of the toilet 
(new units have a maximum flush of 6 L). 

Urinals

It was recommended that the urinals be fitted with a 
passive infrared (PIR) automatic sensor flush control of 
the “cumulative” type  – that is, it counts the number of 
people using the facility and flushes after, for example, 
25 users. Such a device would eliminate flushing during 
low use, weekends and at night (except a hygiene flush) 
such that the amount of water saved will be 
approximately 1051 m3 per annum.

Savings can be notable, with payback for each unit 
generally obtained within 9–12 months. 

It was also recommended that all urinals fitted during 
refurbishment be specified with PIR-type flush controls.

Taps

By far the greatest problem was the excessive flow due to 
high pressure on lower floors (see above). Tap regulators 
can be fitted to reduce the flow of water. In the case of 
hot water taps, energy savings will also result. Regulators 
can reduce the flow of water by up to 50%.

Break tanks and overflows

Overflows from break tanks and toilet cisterns should be 
visible so that if an overflow occurs it is easy to detect –  
a hidden overflow could be running for years without 
detection. A minor overflow (estimated as a 3 mm 
stream) will lose approximately 350 m3 water per year.

Potential savings
There are still several opportunities to reduce water 
consumption, some of which will also reduce energy 
consumption, allowing significant financial savings to  
be made.

14  Case study 2: St Thomas’ Hospital water audit
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Practical actions to achieve water savings have been 
identified in Table A1.

Table A1 Potential savings

Opportunity Action
Potential 

saving  
(m3/annum)

Cost savinga 
(£/annum)

Estimated 
payback

Im
m

ed
ia

te
 lo

w
-c

os
t a

ct
io

ns

Hydrotherapy 
pool

Minimise evaporation by fitting simple cover when 
not in use 33 450 Moderate

Urinal flush 
control Fit sensor-type flush control to existing urinals 2,180 2,137 9–12 months

Toilet cistern flush Adjust ball-cock to reduce flush by 250 ml (or more) 500 489 Immediate
Leaking taps Repair leaking tap in the sterile services department 1,000 980 Immediate
Steam losses Maintain/repair release valves, traps etc 2,242 26,846 Rapid
Endoscopy RO 
overflow

Replace two small ball-cock units with one larger one 
to avoid jamming of floats 1,576 1,544 Immediate

Condensate losses Fix leaks (appeared to require simple gland 
tightening) 30 75 Immediate

Leaking pipes Investigate and repair leak 1,000 980 Immediate
Reduce 
distribution 
pressure

Install pressure-reducing valves (PRVs) as appropriate 
(or adjust isolation/flow regulation valves to taps) 8,076b 7,915 Not calculated

M
ed

iu
m

-t
er

m
 a

ct
io

ns

Still cooling water
Replace once-through softened water with 
recirculating chiller or cooling-tower feed water. 
Alternatively, buy in distilled water

585 570 Moderate or 
intermediate

Condensate return Investigate current efficiency and improve collection 
and return 5,800 14,500 High

Blowdown cooling Cool blowdown via a heat exchanger – not simple 
dilution cooling with fresh water 182 450 Immediate

Reuse reverse 
osmosis reject

Investigate scope for collecting reject water from 
boiler water RO unit (and others), storing it and 
using for a low-grade use

700 15,386 High but 
long-term

Total 15,828 72,322
Notes:
Savings are combined estimations from separate building audits, summarised as net potential savings for the entire hospital.

a. Annualised cost estimated based on current tariffs. Note these are also year-on-year savings.

b. This figure could well be much higher than this
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1.0 Application of the Policy 
 
1.1 Application 

 
The Water Systems Safety Policy shall apply to all Domestic Hot Water, (DHW) and 
Domestic Cold Water, (DCW) systems, Water-Dispensing Equipment as well as 
defined, ‘At Risk Water-carrying Systems’ across all NHSGGC Premises, (hereafter 
referred to as ‘Water Systems’ in this Policy). 

 
1.2 Objective 
 
The objective of this policy is to ensure safe and effective control of Water Systems 
throughout NHSGGC Premises in order to minimise the risk from water borne 
Pathogens and maintain water quality in all NHSGGC Premises. 
 
 
2.0 Introduction 
 
2.1 Pathogens 
 
Most microorganisms are harmless to healthy individuals and are commonly found on 
people, in the environment and in water supplies or on birds and other animals in the 
vicinity of NHSGGC Premises. As these microorganisms are ‘naturally occurring’; 
they can readily find their way into Water Systems. Some of these microorganisms 
however, if given the appropriate conditions, can cause, or lead to, infections that 
may put some people at risk of serious harm.  
 
2.2 Statutory Instruments and Mandatory Guidance 
 
The variety and extent of water-related Statutory Instruments, mandatory and other 
approved Guidance, Policies, Operational Procedures/Protocols and good industry 
practice (Hereafter referred to as ‘Statutory Instruments & Mandatory Guidance’ in 
this Policy), emphasises the essential nature of safely managing Water Systems.  
The applicable Statutes and Guidance are referenced in Appendix 2. 
 
2.3 Statutory Responsibilities 
 
NHSGGC has a statutory obligation to identify and effectively control risks to protect 
patients, Staff and members of the public arising from Water Systems within 
NHSGGC Premises. 
 
2.4 Competence 
 
NHSGGC will maintain a formal training programme for nominated key staff to ensure 
those appointed to devise strategies and carry out control measures are 
appropriately informed, instructed, trained and assessed to competently undertake 
their Roles & Responsibilities (See Appendix 1). 
 
2.5 Penalties for Compliance Failures 
 
Failures in compliance with ‘Statutory Instruments & Mandatory Guidance’ 
responsibilities may attract prosecution by Enforcing Authorities, (e.g. The Health & 
Safety Executive). Prosecutions may be ‘Corporate’, against the organisation, but 
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could also be ‘Personal’, brought against individual members of Staff. Penalties for 
prosecution may take the form of fines and/or imprisonment. 
 
NHSGCC take their Statutory and Mandatory responsibilities and over-arching duty 
of care to its patients, staff and others seriously and will employ appropriate 
measures and sanctions where required to address failures to meet these duties in 
line with existing policy arrangements. 
 
 
3.0 Duty of Care 
 
3.1 Awareness of Responsibilities 
 
NHSGGC recognises that it has a moral and ethical duty of care for the safety of 
patients and others, particularly those whom may have an elevated susceptibility to 
infection because of their increased vulnerability caused by underlying health factors 
and/or the suppression of their personal immune defences caused by their illness. 
 
3.2 Discharging NHSGGC’s Duty of Care 
 
NHSGGC will discharge its Duty of Care through rigorous compliance with all relative 
‘Statutory Instruments & Mandatory Guidance’. 
 
3.3 Essential Participation in Water Safety 
 
Water safety within NHSGGC can only be achieved by every member of Staff 
actively contributing to a concerted ‘team effort’ and the risk to patients’ safety will be 
compromised by people failing in their statutory responsibilities, by not following, or 
incorrectly applying the ‘Statutory Instruments & Mandatory Guidance’.  
 
It is essential therefore, that each Staff group and every individual in NHSGGC 
actively participates and applies procedures designed to reduce risks arising from 
Pathogens in Water Systems in NHSGGC.  
 
 
4.0 Roles and Responsibilities 
 
4.1 General Responsibilities 
 
The active participation of all NHSGGC Staff members is essential to protect 
patients, Staff and members of the public from risks arising from Water Systems.  
 
4.2 Key Personal Responsibilities 
 
The ‘Statutory Instruments & Mandatory Guidance’ relating to water safety, identifies 
key roles with specific responsibilities to ensure the effective application of 
recommended and mandatory procedures. 
 
Specific individual and group responsibilities of each of these key roles, along with 
nominated posts for each of these key roles, are provided in Appendix 1 of this 
Policy. Named individuals appointed to these roles are detailed in the respective site 
procedures and Written Scheme(s). Each named individual or group must familiarise 
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themselves with the dimensions of their specific and corporate responsibilities 
relating to water safety in NHSGGC. 
 
It should be noted that the responsibilities noted in this policy may not be exhaustive 
and it is recommended that individuals refer to the ‘Statutory Instruments & 
Mandatory Guidance’ at Appendix 2 for a deeper understanding of their 
responsibilities. 
 
 
5.0 Reporting 
 
5.1 Monitoring & Review 
 
Control Measures relating to water safety in NHSGGC shall be systematically 
examined, monitored and reviewed by designated teams and individuals carrying 
specific or delegated managerial responsibilities. 
 
5.2 Formal Periodic Reports 
 
Formal periodic reports on Water Systems will be presented by:  
 

I. Various Sector-located Groups and appointed key individuals, (e.g. RPs(W)) 
to their respective Sector Water Systems Safety Groups (SWSSG); 

 
II. Groups and appointed key individuals within the Sector management structure 

of The Health and Safety Department, the E&F and Infection Prevention & 
Control Service via the SWSSG to the NHSGGC Board Water Systems Safety 
Group (BWSSG); 
 

III. Either or both co-Chairs of the BWSSG, on behalf of the Group, to the Board 
Infection Control Committee (BICC) and the Health & Safety Forum; 
 

IV. The Chair of the BICC on behalf of the BICC to the Corporate Management 
Team (CMT) (including the Chief Executive, (CE)). 

 
5.3 Governance Structure 
 
The Governance Structure is shown in Appendix 4 of this policy. 
 
 
6.0 Risk Reduction 
 
6.1 Assessment 
 
Following any assessment of the risks arising from Water Systems, Control 
Measures will be implemented, when appropriate and reasonably practicable. 
  
6.2 Risk Reduction 
 
Control Measures may include Risk Reduction Strategies to reduce the likelihood 
and/or severity of patient infections. 
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SWSSGs are responsible for ensuring that a multi disciplinary approach is taken to 
risk reduction within the Board at local level. 
 
 
7.0 Operational Arrangements 
 
7.1 Written Scheme & Operational Procedures 
 
Control measures are set out in NHSGGC’s Water Safety Written Scheme and 
Operational Procedures, designed to establish a system of control which shall be 
rigorously applied by specifically trained staff within a recommended, formally 
appointed structure for the safe management and governance oversight of Water 
Systems. The Written Scheme and operational procedure records are held in the 
Board’s smart sheet document management service and are available for review on 
request.  
 
7.2 Planned Maintenance 
 
Water Systems throughout NHSGGC are subject to a routine planned maintenance 
system, managed and controlled via NHSGGC’s proprietary Computer Aided 
Facilities Management (CAFM) System, FMfirst ®, by designated Maintenance 
Supervisors. 
 
 
8.0 Testing 
 
In keeping with the current HSE guidance, testing for Legionella will be carried out 
within NHSGGC as follows:- 
 
8.1 High Risk Clinical Areas 
 
A list of High Risk Clinical Areas, where immuno-compromised patients may be cared 
for, has been determined by the NHSGGC Lead Infection Control Doctor, (ICD), and 
these are designated as ‘high-risk clinical areas’. This list can be found at Appendix 
3, clause A.3.8. 
 
Clinical High Risk Areas will be specifically identified within the various site-specific 
Written Schemes. 
 
8.2 Engineering Risk Areas 
 
Due to the ‘age’ of some of NHSGGC’s current property portfolio, it is recognised that 
there are some installations that may present a high risk of contamination by 
Pathogens due to the Water System’s distribution configuration. Where this is the 
case, the system will be defined as an Engineering High Risk and a testing 
programme will be implemented and rigorously maintained.  
 
The Engineering High Risk areas and Other High Risk Areas can be found at 
Appendix 3 – clauses A3.1.5 & A.3.11 and will be specifically identified within the 
various site-specific ‘Written Schemes’. 
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9.0 Pseudomonas 
 
9.1 Pseudomonas Guidance 
 
NHSGGC will seek to reduce the risk from Pseudomonas in its Water Systems by 
complying with the Water (Scotland) Group’s guidance document titled, ‘Guidance for 
Neonatal Units, (NNUs) (levels 1, 2 & 3), adult and paediatric Intensive Care Units, 
(ICUs), in Scotland to minimise the risk of Pseudomonas Aeruginosa infection from 
water’, (version 2.3 dated May 2018), produced by Health Facilities Scotland, Health 
Protection Scotland. 
 
 
10.0 Action on Identification or Incident 
  
10.1 Action if an environmental organism is identified as a source of an infection 
incident (not Legionella); 
 
Guidance as per the NHS GGC IPC Environmental Organisms Standard Operating 
Procedure (SOP) (https://www.nhsggc.org.uk/media/253288/environmental-
organisms-in-high-risk-areas-sop-final-v1-november-2018.pdf) and the 
Pseudomonas SOP (https://www.nhsggc.org.uk/media/255146/sop-pseudomonas-
aeruginosa-v3-amended-july-2019.pdf) will be followed to assess and action 
incidents involving these water related organisms.  
 
Where an incident team is set up to investigate a trigger, the Outbreak SOP 
(https://www.nhsggc.org.uk/media/245201/outbreak-sop-final-version-oct-2017-
_2_.pdf) will be followed. 
 
10.2 Action if Legionella Bacteria is Identified in Water Systems; 
 
If a water sample, a reading of Legionella bacteria is shown to be present routine 
precautions and control measures designed to eliminate the Legionella bacteria will 
be applied. If there is still Legionella bacteria detected in a follow-up sample still, then 
a record of this incident will be made on NHSGGC’s Datix reporting and recording 
system in line with the NHSGGC’s Incident Management Policy and Procedure.  
 
The RP(W) and AP(W) in the Directorate of E&F must be copied into all Datix 
reported incidents. 
 
10.3 Action if Legionella Bacteria is the Source of an Infection Incident 
 
When it can be demonstrated that an infection incident has originated in a Water 
System, the AP(W) must ensure that a review and investigation is carried out and 
formally recorded and reported to the RP(W) and ICD. 
These incidents should be reviewed as a ‘significant adverse event’ as per the 
Incident Management Policy and Procedure. 
 
10.4 Review of Infection Incident Reports 
 
In order to ensure the implementation and effectiveness of this policy all incident 
reports relating to water management should be reviewed regularly by the Sector 
Estates Manager, RP(W), and the site ICD and periodically reported to, and reviewed 
by, the SWSSG. 
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10.5 Clinical Incident 
 
In the event that two or more clinical cases are potentially linked to water quality, a 
problem assessment group or IMT will be initiated by the nominated ICD. In certain 
circumstances, e.g. Legionella serogroup 1, a single hospital acquired case would 
warrant an IMT. 
 
10.6 Outbreak 
 
Where water quality is confirmed as the source of clinical cases and the IMT assess 
the incident using the Hospital Infection Incident Assessment Tool (HIIAT) as HIIAT 
red or amber, this will be reported to HPS using the Hospital Infection Incident 
Reporting Template, (HIIORT) and recorded on the service risk register by the 
nominated ICD. 
  
11.0 Audit 
 
11.1 Monitoring of Policy Effectiveness 
 
The application and effectiveness of this policy throughout the organisation shall be 
monitored by the Health and Safety Department reporting via the BWSSG and the 
Estates & Facilities Senior Management Team (SMT). 
 
11.2 Policy Review 
 
This Policy will normally be reviewed annually, but certainly within every 3 year 
period. The Policy will be revised at the time of review or as a result of any changes 
in or to the ‘Statutory Instruments & Mandatory Guidance’. 
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Appendix 1 
 
A1   Roles and Responsibilities 
 
A1.1 Chief Executive – Duty Holder (Water) (DH(W)). 
 
The Chief Executive has overall executive responsibility with accountability to 
NHSGGC’s Board for all safety, health and risk matters in NHSGGC. The Chief 
Executive, (CE), is the designated Duty Holder (Water) (DH(W)), for NHSGGC. 
 
The responsibilities of the DH(W) include: 
 

 Assuring NHSGGC’s Board, via the Board’s Corporate Management Team 
(CMT), that the Board’s statutory responsibilities relating to Water Systems are 
being safely and appropriately discharged; 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
DH(W) responsibilities; 

 Ensuring the provision of adequate resources to safely maintain and to 
effectively manage and control identified risks arising from the Water Systems 
in the NHSGGC estate to an appropriate level; 

 Ensuring the implementation of and adherence to the NHSGGC Water 
Systems Safety Policy at all levels within the organisation; 

 Formally appointing the Designated Person (Pseudomonas) and Designated 
Person (Water) (and their deputies) to assist in the execution of these 
responsibilities, who for NHSGGC are respectively, the Infection Control 
Manager and the Director of Estates & Facilities. 

 
A1.2 Board Corporate Management Team (CMT). 
 
The CMT will have managerial oversight of water-related issues and responsibility for 
communication in sufficient detail to NHSGGC Health Board, giving assurance that 
Water Systems are being safely and effectively managed and that the Board’s 
related Statutory obligations are being appropriately discharged. 
 
The CMT membership is:  
 
CEO (CHAIR); 
Medical Director (BICC Chair); 
COO – Acute; 
Corporate Communications; 
Chief Officer– HSCP;  
Director of Public Health; 
Director of eHealth; 
Directors of HSCPs; 
Director of HR; 
Co – Partnerships; 
Employee Director; 
Director of Nursing; 
Co HSCP; 
Director of Estates & Facilities; 
Head of Corporate Governance; 
Director of Finance; 
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Executive Director HSCP Glasgow. 
  
The water-related responsibilities of the CMT include: 
 

 Having managerial oversight of, and assuring NHSGG&C Health Board that 
the Board’s statutory responsibilities relating to Water Systems are being 
safely and appropriately discharged; 

 Individually participate in appropriate periodic training to establish and 
maintain personal knowledge and a level of expertise allowing the efficient 
discharge responsibilities related to this Policy; 

 Ensuring, through the Board’s management structure, the implementation of 
all ‘Statutory Instruments & Mandatory Guidance’ related to Water Systems 
examples ‘Guidance’ at 3 and adherence to the NHSGGC Water Systems 
Safety Policy at all levels within NHSGGC; 

 Liaising with the DP(P) and the DP(W) to ensure the Boards Water Systems 
Policy is understood and applied across all areas of the Board; 

 With support from the DP(P) and the DP(W), formulate a Water Systems 
Safety Compliance Programme, (for both passive and active measures) in 
existing properties and for new capital projects; 

 Performing governance oversight on behalf of the Board by reviewing the 
effectiveness of operational arrangements.  The CMT will be advised on this 
by the BICC with contributions from the DP(P) and the DP(W) via the BWSSG. 

 
A1.3 Director of Estates & Facilities, (DE&F) – Designated Person (Water) (DP(W)). 
 
The DE&F has delegated executive responsibility with accountability to DH(W) for all 
safety, health and risk matters relating to Water Systems in NHSGGC, with the 
exception of the responsibilities delegated to the Designated Person (Pseudomonas), 
at clause A1.4 . The DE&F is the DP(W) for NHSGGC.  
 
The Responsibilities of the DP(W) include: 
 

 Identify and ensure the efficient formal record of Water System risks and 
raising those considered appropriate from the BWSSG to the CMT via the 
BICC; 

 Provide formal reports from the BWSSG to assure the Health Board via the 
CMT that the Board’s statutory responsibilities relating to Water Systems are 
being safely and appropriately discharged; 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
DP(W) responsibilities; 

 Identify to the CMT a risk-based prioritisation of necessary resources required 
to effectively manage and control water system risks arising from the Water 
Systems in the NHSGGC estate, to an acceptable level; 

 Effectively manage the resources provided to safely maintain and to manage 
and control identified risks, to an acceptable level, as far as reasonably 
practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGGC Water Systems Safety Policy at 
all levels within the Directorate of E&F; 

 Ensuring that E&F Staff, through the Directorate management structure, are 
fully aware and appropriately trained in the Statutory and Mandatory 
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requirements and standards for the provision and maintenance of Safe Water 
Systems; 

 Ensuring, with the RP(P), that the Water System Safety Policy is regularly 
reviewed and updated; 

 Co-Chair the NHSGGC BWSSG; 
 Formally appoint a ‘Deputy Designated Person (Water)’, (DDP(W)), who will 

deputise for the DP(W)  as required, undertaking delegated responsibilities; 
 Formally appoint (or delegate the responsibility) the Responsible Person 

(Water) at sector level (Sector Estates Manager), Deputy Responsible 
Person(s) (Water) at site level (Site Maintenance/Estates Manager) and the 
Authorised Person (Water), (AP(W)), at site level within the E&F Directorate 
management structure. 

 
A1.4  Infection Control Manager – Designated Person (Pseudomonas) (DP(P)). 
 
The ICM has delegated executive responsibility with accountability to DH(W) for all 
Pseudomonas related safety, health and risk matters in Water Systems within 
NHSGGC premises. The ICM is the Designated Person (Pseudomonas), (DP(P)), 
and will be supported by the Board’s designated ICD. 
 
The DP(P) shall be responsible for: 
 

 Identifying and ensuring the efficient, formal record of Water System risks 
related to Pseudomonas and raising those considered appropriate from the 
BWSSG to the CMT via the BICC; 

 Provide formal reports to assure the CMT that the Board’s statutory 
responsibilities relating to the control of Pseudomonas, (and other Pathogens), 
in Water Systems are being safely and appropriately discharged; 

 Participate in a training programme to maintain personal knowledge and a 
level of expertise allowing the efficient discharge of the DP(P) responsibilities; 

 Identify to the CMT a risk-based prioritisation of necessary resources required 
to effectively manage and control water system risks arising from the Water 
Systems in the NHSGGC Premises to an acceptable level; 

 Effectively use the resources provided to manage and control identified risks 
arising from the control of Pseudomonas, (and related pathogenic bacteria), in 
Water Systems in the NHSGGC Premises, to an acceptable level, as far as 
reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to the control of Pseudomonas, (and related pathogenic 
bacteria), in Water Systems, examples of, ‘Guidance’ in Appendix 3, in 
particular, the ‘Guidance for Neonatal Units (NNU’s) (levels 1, 2 & 3) adult and 
paediatric Intensive Care Units ICU’s in Scotland’, and adherence to the 
NHSGGC Water Systems Safety Policy at all levels in Infection Control Teams 
in all NHSGGC Premises; 

 Ensuring that Infection Control Teams, (ICTs), are fully aware of, and are 
appropriately trained in statutes and appropriate guidance on Legionella 
control matters and the minimisation of the risk of Pseudomonas Aeruginosa, 
(and other Pathogens), infection arising from Water Systems in NHSGGC 
Premises; 

 Ensuring, with the DP(W) that the Water System Safety Policy is regularly 
reviewed and updated; 

 Co-Chair the BWSSG; 
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 Formally appoint a ‘Deputy Designated Person (Pseudomonas)’, who will 
deputise for the DP(P)  as required, undertaking delegated responsibilities; 

 Appointing in writing the Responsible Person(s) (Pseudomonas) at sector 
level. These shall be the relevant ICDs. 

 
A1.5 Assistant Director of Estates & Capital Planning, (ADE&CP) – Deputy 
Designated Person (Water) (DDP(W)). 
 
The ADE&CP will be appointed by the DE&F and in his absence has delegated 
executive responsibility with accountability to DH(W) for all safety, health and risk 
matters relating to Water Systems in NHSGGC, with the exception of the 
responsibilities delegated to the Designated Person (Pseudomonas), at clause A1.4 .  
 
He will carry out all the duties and responsibilities of the DP(W) as stated in clause 
A1.3 above. 
 
A1.6 Head of Corporate Estates (HCE) – Senior Corporate Responsible Person 
(Water) (SCRP(W)). 
 
The Head of Corporate Estates (HCE) has responsibilities delegated by the DP(W) 
with accountability to the DDP(W) and the DP(W) for all safety, health and risk 
matters relating to Water Systems across NHSGGC Premises involved in minor 
works. The HCE is also the lead in ensuring SCART compliance, audits and training 
is in place with respect to Water Safety. 
 
The SCRP(W) is responsible for: 
 

 Identifying and ensuring the efficient formal record of Sector related Water 
System risks and raising those considered appropriate to the DDP(W) & 
DP(W) and the BWSSG; 

 Provide formal compliance reports to the BWSSG assuring the DDP(W) & 
DP(W) that the Board’s statutory responsibilities relating to Water Systems, in 
respective Sectors, are being safely and appropriately discharged; 

 Supporting the HOE in the production of policies & procedures to ensure the 
quality of water in NHSGGC Premises is safely maintained; 

 Appoint a Water Safety Authorising Engineer (AE) to support NHSGG&C on 
all issues relating to Water; 

 Working with the AE(W) and SORP appoint Responsible Persons Water 
(RP(W)) across all sectors; 

 Appoint Authorised Persons Water (AP(W)) across NHSGG&C on the 
recommendation of the Authorising Engineer Water (AE(W)); 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
RP(W) responsibilities; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems and adherence to the NHSGGC Water 
Systems Safety Policy at all levels within the Sector of the Directorate of E&F; 

 Ensuring that Corporate estates staff are fully aware and appropriately trained 
in the ‘Statutory Instruments & Mandatory Guidance’ and standards for the 
provision and maintenance of safe Water Systems; 

 Ensure that adaption’s and modifications to installations in NHSGGC Premises 
are not implemented without prior review and formal, prior approval by the 
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RP(W), AP(W) and\or AE(W) as required relating to the scale, complexity 
and\or associated risk; 

 Liaise closely with other professionals to ensure consistency in application of 
Control Measures and other procedures designed to allow legislative and 
statutory   compliance, comprehensively in all NHSGGC Premises. 

 
 Compliance Audit Duties; 

o Ensuring a robust annual water audit regime is in place; 
o Ensuring that Written Schemes and Risk Assessments are in place and 

reviewed regularly; 
o Ensure the e-SCART tool is populated and updated regularly with 

action plans in place, where required; 
o Ensuring operational procedures are carried out and appropriately 

recorded; 
o Ensuring formal records are kept of all Water Systems and their 

purpose;  
o Ensure an Annual report on Water Compliance across NHSGG&C is 

delivered to the DP(W). 
 
A1.7 Head of Operational Estates (HOE) – Senior Operational Responsible Person 
(Water) (SORP(W)). 
 
The Head of Operational Estates (HOE) has responsibilities delegated by the DP(W) 
with accountability to the SORP(W) & DP(W) for all safety, health and risk matters 
relating to Water Systems across NHSGGC Premises. 
 
The SORP(W) is responsible for: 
 

 Identifying and ensuring the efficient formal record of Sector related Water 
System risks and raising those considered appropriate to the DDP(W) DP(W) 
and the BWSSG; 

 Provide formal reports to the BWSSG assuring the DDP(W) & DP(W) that the 
Board’s statutory responsibilities relating to Water Systems, in respective 
Sectors, are being safely and appropriately discharged 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
RP(W) responsibilities; 

 Identify to the BWSSG a risk-based prioritisation of necessary resources 
required to effectively manage and control water system risks arising from the 
Water Systems to an acceptable level; 

 Effectively manage and control the resources provided to safely maintain and 
to effectively manage and control identified risks arising from the Water 
Systems in the Sector of the NHSGGC Premises, to an acceptable level, as 
far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems and adherence to the NHSGGC Water 
Systems Safety Policy at all levels within the Sector of the Directorate of E&F; 

 Ensuring that Sector estates staff, through the Directorate management 
structure, are fully aware and appropriately trained in the ‘Statutory 
Instruments & Mandatory Guidance’ and standards for the provision and 
maintenance of safe Water Systems; 

 Ensuring the effective maintenance of engineering controls installed for the 
purposes of controlling water systems; 
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 Ensuring that Written Schemes and risk assessments are in place and 
reviewed regularly; 

 Devising and maintaining procedures to ensure the quality of water in 
NHSGGC Premises is safely maintained; 

 Ensuring operational procedures are carried out and appropriately recorded; 
 Ensuring formal records are kept of all Water Systems and their purpose, 

giving locations recording and maintaining within the Board’s CAFM System; 
 Ensure that adaption’s and modifications to installations in NHSGGC Premises 

are not implemented without prior review and formal, prior approval by the 
RP(W), AP(W) and\or AE(W) as required relating to the scale, complexity 
and\or associated risk; 

 Liaise closely with other professionals to ensure consistency in application of 
Control Measures and other procedures designed to allow legislative and 
statutory   compliance, comprehensively in all NHSGGC Premises. 

 
A1.8 Assistant Head of Operational Estates – Responsible Person (Water) (RP(W)). 
 
The Assistant Head of Operational Estates (AHOE) has responsibilities delegated by 
the DP(W) with accountability to the SORP(W) & DP(W) for all safety, health and risk 
matters relating to Water Systems in their respective Sectors of NHSGGC Premises. 
 
The RP(W) is responsible for: 
 

 Identifying and ensuring the efficient formal record of Sector related Water 
System risks and raising those considered appropriate to the SORP(W) & 
DP(W) and the BWSSG; 

 Provide formal reports to the BWSSG assuring the SORP, DDP(W) & DP(W) 
that the Board’s statutory responsibilities relating to Water Systems, in 
respective Sectors, are being safely and appropriately discharged 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
RP(W) responsibilities; 

 Identify to the BWSSG a risk-based prioritisation of necessary resources 
required to effectively manage and control water system risks arising from the 
Water Systems to an acceptable level; 

 Effectively manage and control the resources provided to safely maintain and 
to effectively manage and control identified risks arising from the Water 
Systems in the Sector of the NHSGGC Premises, to an acceptable level, as 
far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems and adherence to the NHSGGC Water 
Systems Safety Policy at all levels within the Sector of the Directorate of E&F; 

 Ensuring that Sector estates staff, through the Directorate management 
structure, are fully aware and appropriately trained in the ‘Statutory 
Instruments & Mandatory Guidance’ and standards for the provision and 
maintenance of safe Water Systems; 

 Ensuring the effective maintenance of engineering controls installed for the 
purposes of controlling water systems; 

 Ensuring that Written Schemes and risk assessments are in place and 
reviewed regularly; 

 Devising and maintaining procedures to ensure the quality of water in 
NHSGGC Premises is safely maintained; 
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 Ensuring operational procedures are carried out and appropriately recorded; 
 Ensuring formal records are kept of all Water Systems and their purpose, 

giving locations recording and maintaining within the Board’s CAFM System; 
 Ensure that adaptions a modifications to installations in NHSGGC Premises 

are not implemented without prior review and formal, prior approval by the 
RP(W), AP(W) and\or AE(W) as required relating to the scale, complexity 
and\or associated risk; 

 Liaise closely with other professionals to ensure consistency in application of 
Control Measures and other procedures designed to allow legislative and 
statutory   compliance, comprehensively in all NHSGGC Premises. 

 
A1.9 Authorising Engineer (Water), (AE(W)). 
 
The AE(W), is appointed in writing by the SCRP and is employed independently of 
NHS Boards. The AE(W) acts as an independent professional advisor to NHSGGC 
with a brief to provide services in compliance with relative ‘Statutory Instruments & 
Mandatory Guidance’, and particularly with Scottish Health Technical Memoranda 
(SHTM) 04-01, mandatory guidance for the NHS in Scotland. 
 
The AE(W) will have specialist knowledge of large scale domestic and commercial 
hot and cold water services installations including incoming supplies and Other Risk 
Systems as detailed in Appendix 3 and in particular, those installations for which an 
Authorised Person (Water) will assume responsibility for. 
 
The AE(W) is free to comment on the organisational risk base and give guidance on 
the numbers of AP(W) required across all NHSGGC properties. 
 
The AE(W)’s main duties will include: 
 

 To be a formal Assessor, making recommendations to the SCRP(W) for the 
appointment of AP(W) in terms of skills, training and site familiarity; 

 Formally monitoring the performance of NHSGGC against ‘Statutory 
Instruments & Mandatory Guidance’, particularly, ACoP L8, HSG274 (Parts 
1,2 & 3), and SHTM 04-01 guidance; 

 The provision of a formal, annual ‘L8 Audit’ to the SCRP(W). 
 
A1.10 Senior General Manager – Property and Capital Planning – Deputy 
Responsible Person (Water), (DRP(W)). 
 
The Senior General Manager – Property & Capital Planning, (P&CP), will be formally 
appointed as a DRP(W), at Board level by the SCRP(W); 
 
The DRP(W) responsibilities include the following within any Capital Projects: 
 

 Identifying and ensuring the efficient formal record of any related Water 
System risks and raising those considered appropriate to the RP, SCRP(W) & 
SCRP(W); 

 Provide formal reports where required assuring the SORP(W), SCRP(W) & 
DP(W) that the Board’s statutory responsibilities relating to extensions to, and 
refurbishments of Water Systems, are being safely and appropriately 
discharged; 
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 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
DRP(W) responsibilities; 

 Identify to the SORP(W), SCRP(W) & DP(W) a risk-based prioritisation of the 
necessary resources required to effectively manage and control identified risks 
arising from the need to safely design, manufacture, install, alter or develop 
Water Systems in all new works in NHSGGC Premises, to an acceptable level; 

 Effectively manage and control the resources provided to control risk in Water 
Systems in all new works in NHSGGC Premises, to an acceptable level, as far 
as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGG&C Water Systems Safety Policy at 
all levels within the P&CP, section of the Directorate of E&F, particularly those 
related to guidance in SHTM 04-01, HSG274 Parts 1, 2 & 3 and ACoP L8 and 
compliance to this guidance shall be formally certified by the design engineer; 

 Ensuring that P&CP Staff, are fully aware and appropriately trained in the 
statutory and mandatory requirements and standards for the design and 
provision of safe Water Systems; 

 Ensuring that any new works undertaken or refurbishment within existing 
NHSGGC Premises shall comply with the requirements of this Policy and the 
Written Scheme and Operational Procedures for managing water safety 
including particularly, The Control of Legionella, Hygiene, ‘Safe’ Hot Water, 
Cold Water and Drinking Water Systems’; 

 Ensuring that installations, adaptions a modifications carried out under capital 
project developments are approved and signed off by the AE(W), & respective 
senior AP(W); 

 Ensuring all works are formally commissioned and handed over to the 
respective Site Manager Operational Estates (SMOE) in compliance with the 
handover protocol for water as identified in the Written Scheme; 

 Ensuring that all physical and control interfaces with existing Water Systems 
for new and refurbishment works shall be safely designed, installed, 
commissioned in a pre-planned, safe and effective manner and formally 
agreed and signed off by the RP(W) and AP(W), particularly any derogations 
or deviations from applicable Guidance; 

 Ensuring that any works which will affect an operational water service will be 
discussed and formally agreed with the estates AP(W) prior to arranging that 
work. 

 
A1.11 Site Manager Operational Estates (SMOE) – Deputy Responsible Person 
(Water), (DRP(W)). 
 
The Site Manager Operational Estates shall be formally appointed in writing by the 
SCRP(W). 
 
The DRP(W) responsibilities include: 
 

 Identifying and ensuring the efficient formal record of relative Water System 
risks and raising those considered appropriate to the RP(W) and the SWSSG; 

 Provide formal reports to the SWSSG assuring the RP(W) that the Board’s 
statutory responsibilities relating to Water Systems, in relative NHSGGC 
Premises, are being safely and appropriately discharged; 

Page 1803

A48946859



 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
DRP(W) responsibilities; 

 Identify to the SWSSG a risk-based prioritisation of necessary resources 
required to effectively manage and control risks arising from the management 
of Water Systems to an acceptable level; 

 Effectively manage and control identified risks arising from the Water Systems 
in the relative locations of the NHSGG&C Premises, to an acceptable level, as 
far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this policy), and adherence to the NHSGG&C Water Systems Safety Policy at 
all levels within the relative locations of the Directorate of E&F; 

 Ensuring that E&F Staff, managed by the DRP(W), through the Directorate 
management structure, are fully aware of their personal roles and 
responsibilities and appropriately trained in the statutory and mandatory 
requirements and standards for the management of safe Water Systems; 

 Ensuring Water Systems are operated in accordance with the current 
guidance, and with the assessed risk of the individual systems under the 
control of the DRP(W); 

 Ensuring water system maintenance records are maintained and kept up-to-
date; 

 Regularly checking maintenance records; 
 Ensuring all work is completed in accordance with the NHSGGC Operational 

Procedures. 
 
A1.12 Acute Services Directors, HSCP Directors and Corporate Division Directors. 
 
NHSGGC Directors and Senior Managers, play an essential role in the safe 
management of Water Systems, actively ensuring and demonstrating that water 
safety is embedded within the culture of the organisation. 
 
The responsibilities of Directors and Senior Managers include: 
 

 Identifying and ensuring necessary formal records are maintained relating to 
Policies and Operational Procedures for Water Systems and raising any 
potential risks relating to Water Systems to the RP(W) and the SWSSG; 

 Participate in training to maintain personal knowledge and a level of expertise 
allowing the efficient discharge of Director and Senior Manager 
responsibilities; 

 Effectively manage and control identified risks arising from the Water Systems 
in the relative NHSGGC Premises areas of responsibility, to an acceptable 
level, as far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ and Operational Procedures related to Water Systems, (see 
examples in section, ‘Guidance’, in this Policy), and adherence to the 
NHSGG&C Water Systems Safety Policy at all levels within the relative 
NHSGGC Premises areas of responsibility; 

 Ensuring that Staff, managed by the Director and Senior Manager are fully 
aware of their personal roles and responsibilities and appropriately trained in 
the statutory and mandatory requirements and standards for the management 
and operation of safe Water Systems; 
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 Facilitating Staff to allow their timely attendance at Water Safety training at the 
appropriate frequency, as per the NHSGGC Water Safety Policy and 
Operational Procedures which underpin this Policy; 

 Ensuring Water Systems are operated in accordance with the current 
guidance, and NHSGGC Operational Procedures; 

 Ensuring Water Systems records, including Staff training records, are 
monitored and kept up-to-date; 

 Supporting the DP(W) and DP(P) in the development of the Board’s overall 
strategy in relation to the safe management and operation of NHSGGC Water 
Systems and for ensuring and demonstrating implementation within their 
areas of responsibility; 

 Monitor and actively and effectively correct situations where inaction or actions 
by Staff put themselves and/or others at risk from actual or potential water 
safety incidents. 

 
A1.13 Heads of Service (HoS), Departmental Managers (DMs), Clinical Managers 
(CMs) and Senior Charge Nurses (SCNs) 
 
All managers and SCNs have a responsibility in the safe management of Water 
Systems, actively ensuring and demonstrating that water safety is sufficiently 
embedded in their departments, and for the safe, day to day management of 
facilities, Staff or services, and/or premises. 
 
Water safety responsibilities that include: 
 

 Familiarise themselves with the NHSGGC Water Safety Policy and local 
control measures including any water risk assessments for their area(s) of 
responsibility; 

 Ensuring that persons in the department, clinic or ward are fully aware of their 
responsibilities and duties in respect of Water Safety, in particular, the action 
required of them should the area be defined as High Risk, listed in the site-
specific Water Safety Written Scheme and Operational Procedures; 

 Ensure that persons in the department, clinic or ward are fully aware of the 
‘Infrequently Used Outlets’ definitions and Operating Procedure which 
underpins the NHSGGC Water Safety Policy; 

 Actively promoting Water Safety within the department or ward by maintaining 
good housekeeping within the department or ward at all times, ensuring that 
any flushing or documentation as described in the Water Safety Written 
Scheme and Operational Procedures documentation is completed on time ; 

 Responding appropriately to any water safety concerns of persons in the 
department, clinic or ward; 

 Encouraging their staff and themselves to promptly report any breaches in the 
water system, such as water ingress, leaks etc. to estates;  

 Nominating a responsible person to complete the Monthly ‘Infrequently Used 
Outlets’ Audit for each area, forwarding a copy to the Site 
Maintenance/Estates Manager, thereby assisting NHSGGC to consistently 
comply with its statutory and mandatory obligations; 

 Ensuring that action is taken on a daily basis to address any access issues 
identified within the Cleaning Compliance Checklist Sign Off documentation 
retained in the Facilities Folder; 

 Liaising with the Estates Department as required.  
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A1.14 Authorised Person (Water) (AP(W)). 
 
The AP(W), has the key operational role and will be specifically qualified, trained and 
experienced to allow the efficient discharge of their responsibilities. AP(W) will be 
recommended by the AE(W) for appointment by the SCRP(W). 
 
Important elements of an AP(W) role are the comprehensive maintenance of formal 
records and the necessary quality of service and maintenance of systems to ensure 
their safety and integrity. 
 
The AP(W) will also be responsible for establishing and formally appointing a 
sufficient number of Competent Persons (Water), (CP(W)), to carry out maintenance 
and operational Procedures on Water Systems. 
 
The AP(W) will ensure all CPs(W) managed by the AP(W) are suitably trained, 
competent NHSGGC employees or  formally engaged competent contractor(s).  
 
Larger sites may require more than one AP(W).  Where more than one AP(W) is 
operating on a site, the SCRP(W) will appoint one AP(W) to take a lead role, 
ensuring effective, clear, unambiguous communications, with the purpose of safely 
discharging responsibilities and avoiding confusion and duplication. 
 
The responsibilities of the AP(W) include: 
 

 Identifying and ensuring the efficient formal record of relative Water System 
risks and raising those considered appropriate to the RP(W);  

 Provide formal reports to the RP(W) assuring the SORP, SCRP & DP(W) that 
the Board’s statutory responsibilities relating to Water Systems, in relative 
locations, are being safely and appropriately discharged; 

 Participate in a recommended training programme to maintain personal 
knowledge and a level of expertise allowing the efficient discharge of the 
AP(W) responsibilities; 

 Identify to the RP, SORP & SCRP a risk-based prioritisation of necessary 
resources required to effectively manage and control water system risks 
arising from the Water Systems to an acceptable level; 

 Effectively manage and control identified risks arising from the Water Systems 
in the relative locations of the NHSGGC Premises, to an acceptable level, as 
far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGGC Water Systems Safety Policy at 
all levels within the relative locations of the Directorate of E&F; 

 Ensuring that estates staff, managed by the AP(W), through the Directorate 
management structure, are fully aware and appropriately trained in the 
‘Statutory Instruments & Mandatory Guidance’ and standards for the provision 
and maintenance of safe Water Systems; 

 The AP(W) will also be able to demonstrate: 
o Their application through familiarisation with the system(s) they are 

responsible for and the successful completion of an appropriate 
professional course; 

o A sufficient level of professional experience; 
o Evidence of knowledge and skills relating to Water Systems; 
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o Review and formally approve all new minor installations, adoptions and 
modifications prior to implementation, engage with RP (W), and\or 
AE(W) as required with respect to the scale, complexity and\or 
associated risks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page 1807

A48946859



 

Appendix 2 
 
A2.0 Statutes & Guidance 
 
Compliance with Statutory Instruments, (SIs), is Compulsory and will take primacy. 
The SIs and Mandatory Guidance, (listed below), should be consulted for more 
comprehensive information and guidance.  
 

 Health & Safety at Work, etc. Act 1974 
 The Management of Health and Safety at Work Regulations 1999 & 

(Amendment) Regulations 2006 
 The Control of Substances Hazardous to Health Regulations (COSHH) 2002 7 

(Amendment) Regulations 2004 
 Health & Safety Commission’s Approved Code of Practice & Guidance L8, 

(ACOP L8), ‘Legionnaires’ disease: The control of Legionella bacteria in water 
systems’. (Forth Edition 2014) 

 Public Health (Infectious Diseases) Regulations 1998 si1988 No 1550 (s.155) 
 NHS Estates - Scottish Health Technical Memoranda 04-01 (SHTM 04-01) 
 The Chartered Institute of Building Services Engineers (CIBSE) - Technical 

Memorandum (TM13), Minimising the Risk of ‘Legionnaires’ Disease’ 
 Water Regulations Advisory Scheme - Water Supply (Water Fittings) 

Regulations 1999  
 Water Regulations Advisory Scheme (WRAS 2005) - Water Fittings and 

Materials Directory 
 The Water Supply (Water Fittings) (Scotland) Byelaws 2014 
 Water Supplies (Scotland) Regulations 2014 
 Food Safety Act 1990 
 BS 8580: 2019 Water quality. Risk assessments for Legionella control. Code 

of practice 
 BS 6700; 2006, ‘Design, Installation, Testing & Maintenance of services 

supplying water for domestic use within buildings & their cartilages - 
Specification’ 

 BS EN 806-1; (2012) ‘Specification for installations inside buildings conveying 
water for human consumption’ 

 BS 1710; 2014 Specification for Identification of Pipelines and Services 
 BS EN 12671: 2009 Chemicals used for treatment of water intended for 

human consumption. Chlorine dioxide. British Standards Institution, 2009 
 Thermostatic Mixing Valve Manufacturers Association -  Recommended Code 

of Practice for Safe Water Temperatures 
 Guidance for neonatal units (NNU’s) (levels 1, 2 & 3) adult and paediatric 

intensive care units ICU’s in Scotland to minimise the risk of Pseudomonas 
aeruginosa infection from water 

 HSG274 Legionnaires’ Disease Technical Guidance 
 Date of publication: 2014 ISBN: 978 0 7176 6635 5 Series code: HSG274 
 HSG274 is split into three distinct parts as follows: 
 HSG274 Legionnaires’ disease: Technical guidance Part 1:  
 The control of legionella bacteria in evaporative cooling systems 
 HSG274 Legionnaires’ disease: Technical guidance Part 2:  
 The control of legionella bacteria in hot and cold water systems 
 HSG274 Legionnaires’ disease: Technical guidance Part 3:  
 The control of legionella bacteria in Other Risk Systems 
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 CEL 08 (2013) water sources and potential risk to patients in high risk units –
revised guidance 
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Appendix 3 
 
A 3.0 Definitions and Acronyms 
 
A3.1 Definitions 
 
A3.1.1 Cleaning Compliance Checklist 
A formal checklist of cleaning within the ward or department, signed off by the person 
in charge of the area confirming satisfaction of compliance with cleaning standards 
 
A3.1.2 Control Measures 
Considered, deliberate strategies, actions and activities employed, or stopped, which 
are designed to remove, reduce or mitigate risks that may diminish the ability to 
deliver safe and effective healthcare 
 
A3.1.3 Domestic Cold Water 
Cold potable water, either from water mains or storage systems, used by people for 
washing and drinking etc. 
 
A3.1.4 Domestic Hot Water 
Tempered Water for use by people for washing and bathing 
 
A3.1.5 Engineering High Risk areas 
The ‘Engineering High Risk areas’ are: 

 In Water Systems treated with biocides, e.g. CLO2; 
 Where water is stored; 
 In water systems where the control levels of the treatment regime, e.g.  

temperature or disinfectant concentrations are not being consistently achieved 
or frequently vary from recommended levels; 

 In water systems suspected or identified in a case or outbreak of Legionellosis 
where it is probable the Incident Control Team will require samples to be taken 
for analysis; 

 In water systems suspected or identified in a case or outbreak linked to other 
potential water borne Pathogens where it is probable the Incident Control 
Team will require samples to be taken for analysis; 

 In areas which have been identified within the current Water Safety Risk 
Assessment as being of a risk. 

 
 A3.1.6 Facilities Folder 
A folder, held as documentary evidence and a formal record of procedures at ward / 
department level. 
 
A3.1.7 Guidance / Mandatory Guidance 
Guidance, policies, operational procedures/protocols and good industry practice etc. 
Guidance can be varied if the variation can be defended. Where Guidance is 
‘mandated’ within general industry and in the NHS in Scotland, it becomes 
‘Mandatory Guidance’ and may be referred to within Statutory Instruments as an 
‘Approved Code of Practice (ACOPs). 
 
A3.1.8 High Risk Clinical Areas 
The list of High Risk Clinical Areas determined by the NHSGGC Lead ICD, where 
immuno-compromised patients may be cared for, are as follows; 
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 Transplant units 
 ICU\PICU 
 NICU\SCBU 
 Haemato-oncology units  
 Cardiology 
 Coronary Care  

 
A3.1.9 Infrequently Used Outlets 
Water Systems’ appliances that are used infrequently, as defined in ‘Infrequently 
Used Outlets’ definitions and Operating Procedure. 
 
A3.1.10 NHSGGC Premises 
All Hospitals, Health Centres, Clinics and other Properties, General Practice, Dental 
and other Surgeries, owned and or operated by NHSGGC where healthcare is 
delivered/provided to patients. 
 
A3.1.11 Other Risk Systems 
The following locations, systems and items of plant will have specific Control 
Measures applied to reduce the risk of infection. 

 ultrasonic humidifiers/foggers 
 spray humidifiers 
 air washers, wet scrubbers, particle and trivial gas scrubbers 
 water softeners 
 emergency showers, eyebaths and face wash fountains 
 sprinkler and hose reel systems 
 spa pools 
 whirlpool baths 
 hydrotherapy pools 
 birthing pool 
 horticultural misting systems 
 vehicle washers including automatic washers for cars, buses, lorries and 

railway rolling stock 
 powered dental equipment 
 fountains and decorative water features including those on display for sale 
 non-disposable nebulisers used for respiratory therapy 
 industrial effluent treatment plants 
 irrigation systems 
 fire, dust and odour suppression systems 
 clinical wash-handbasins, drain outlets and connections 
 wet drainage sump  
 chilled beams 
 cardiac heaters / coolers 
 ECMO 

 
A3.1.12 Outbreak SOP 
The NHS GGC Outbreak SOP is a document which provides a definition of an 
outbreak /incident and recommended actions. The actions include when to set up an 
incident meeting, who should be invited (including external expertise) and a sample 
agenda. It also provides guidance on communications within the HB and to the 
Scottish Government. 
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A3.1.13 Pathogens 
Microorganisms that are, or may become, harmful to people. 
 
A3.1.14 Risk Reduction Strategies 
Risk Reduction strategies/procedures can include, but are not limited to: 

 Policy awareness and implementation; 
 Risk assessment both generic and specific; 
 Training, e.g. WH001 Legionella Management HTM 04-01 and WH003 

Legionella Control within Hot and Cold Water Systems used in NHSGGC for 
APs(W), DRP(W), RP(W) etc.; 

 The development, approval and implementation of local procedures; 
 Reporting and recording; 
 Evaluating effectiveness of risk reduction strategies/procedures; 
 Reviewing in the light of experience, e.g. looking at incident investigations and 

inspection reports. Do they show improvement?; 
 Re-train Staff if required, reading available policies, strategies and procedures; 
 Review clinical and workplace risk assessments after reports of any adverse 

events; 
 Implementation of risk reduction strategies as defined by the findings of the 

risk assessment for the NHSGGC buildings; 
 Implementation of a formal review and/or audit process of the risk reduction 

procedures; 
 Implementation of contractor audit and review procedures; 
 Review and update Written Scheme and water action plan every 2 years or 

following material system amendments\change of use. 
 
A3.1.15 Sector 
A designated area of NHGGC that is a recognised Sector of NHSGGC Premises. 
 
A3.1.16 Staff 
People employed by NHSGGC on various contracts and will include locum, bank, 
volunteers etc. 
 
A3.1.17 Statutory Instruments 
Laws, regulations etc. that have legal standing and are applied by enforcing 
authorities. 
 
A3.1.18 Water Systems 
All domestic hot and cold water systems, water-dispensing equipment as well as 
defined, ‘at risk’ water-carrying systems across all NHSGGC premises. 
 
A3.1.19 Water Dispensing Equipment 
Equipment or machinery dispensing water, in all forms and states, for consumption 
and or use by people, e.g. Water coolers, Ice-making machines etc. 
 
A3.1.20 Written Scheme & Operational Procedures 
A document written to record and communicate, in detail, how responsibilities relating 
to the safe operation and management of Water Systems will be discharged and will 
describe who will have responsibilities for their safe and effective implementation 
 
A3.2 Acronyms: 
ACoP    Approved Code of Practice  
ADP(W)   Acting Designated Person (Water) 
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AE(W)     Authorising engineer (Water)  
AP(W)     Authorised Person (Water) 
BWSSG   NHSGGC Water Systems Safety Group 
BICC    Board Infection Control Committee 
BS    British Standards 
CAFM    Computer Aided Facilities Management 
CE    Chief Executive 
CIBSE   Chartered Institute of Building Services Engineers 
CHP    Community Health Partnership(s) 
CMT    Corporate Management Team 
COSHH   Control of Substances Hazardous to Health 
CP(W)     Competent Person (Water)     
DCW    Domestic Cold Water 
DDP(W)   Deputy Designated Person (Water) 
DDP(P)   Deputy Designated Person (Pseudomonas) 
DE&F    Director of Estates & Facilities 
DHW    Domestic Hot Water 
DH(W)   Duty Holder (Water) 
DP(P)    Designated Person (Pseudomonas) 
DP(W)     Designated Person (Water) 
DRP(W)   Deputy Responsible Person (Water) 
E&F    Estates & Facilities 
ECMO   Extracorporeal Membrane Oxygenation 
HIIAT    Hospital Infection Incident Assessment Tool 
HIORT   Hospital Infection Incident Reporting Template 
HPS    Health Protection Scotland 
HSE    The Health & Safety Executive 
ICD    Infection Control Doctor 
ICM    Infection Control Manager 
ICT    Infection Control Team 
IMT    Incident Management Team 
NHS    National Health Service     
NHSGGC   NHS Greater Glasgow & Clyde Health Board 
P&CP    Property & Capital Planning 
RP(W)     Responsible Person (Water) 
RP(P)      Responsible Person (Pseudomonas) 
SHTM    Scottish Health Technical Memoranda 
SI    Statutory Instruments 
SMT    Estates & Facilities Senior Management Team 
SWSSG   Sector Water Systems Safety Groups 
TM    Technical Memorandum 
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Appendix 4 
 
A4.0 - Governance Structure (by designation) 
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A4.1 - Governance Structure (by governance groups) 
 
 
 
 

Board Corporate 
Management Team (CMT) 

Board Infection Control 
Committee (BICC) 

Infection Control in the 
Built Environment Group 

(ICBEG) 

Board Water Safety 
Systems Group (BWSSG) 

Sector Water Safety 
Systems Groups (SWSSG) 
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1.0 Application of the Policy 
 

1.1 Application 
 

The Water Systems Safety Policy shall apply to all Domestic Hot Water, (DHW) and 
Domestic Cold Water, (DCW) systems, Water-Dispensing Equipment as well as 
defined, ‘At Risk Water-carrying Systems’ across all NHSGGC Premises, (hereafter 
referred to as ‘Water Systems’ in this Policy). 

 
1.2 Objective 

 
The objective of this policy is to ensure safe and effective control of Water Systems 
throughout NHSGGC Premises in order to minimize the risk from water borne 
Pathogens and maintain water quality in all NHSGGC Premises. 

 
 

2.0 Introduction 
 

2.1 Pathogens 
 

Most microorganisms are harmless to healthy individuals and are commonly found on 
people, in the environment and in water supplies or on birds and other animals in the 
vicinity of NHSGGC Premises. As these microorganisms are ‘naturally occurring’; they 
can readily find their way into Water Systems. Some of these microorganisms however, 
if given the appropriate conditions, can cause, or lead to, infections that may put some 
people at risk of serious harm. 

 
2.2 Statutory Instruments and Mandatory Guidance 

 
The variety and extent of water-related Statutory Instruments, mandatory and other 
approved Guidance, Policies, Operational Procedures/Protocols and good industry 
practice (Hereafter referred to as ‘Statutory Instruments & Mandatory Guidance’ in this 
Policy), emphasise the essential nature of safely managing Water Systems. The 
applicable Statutes and Guidance are referenced in Appendix 1. 

 
2.3 Statutory Responsibilities 

 
NHSGGC has a statutory obligation to identify and effectively control risks to protect 
patients, Staff and members of the public arising from Water Systems within NHSGGC 
Premises. 

 
2.4 Competence 

 
NHSGGC will maintain a formal training programme for nominated key staff to ensure 
those appointed to devise strategies and carry out control measures are appropriately 
informed, instructed, trained and assessed to competently undertake their Roles & 
Responsibilities Appendix 2. 
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2.5 Penalties for Compliance Failures 
 

Failures in compliance with ‘Statutory Instruments & Mandatory Guidance’ 
responsibilities may attract prosecution by Enforcing Authorities, (e.g. The Health & 
Safety Executive). Prosecutions may be ‘Corporate’, against the organisation, but 
could also be ‘Personal’, brought against individual members of Staff. Penalties for 
prosecution may take the form of fines and/or imprisonment. 

 
NHSGCC take their Statutory and Mandatory responsibilities and over-arching duty 
of care to its patients, staff and others seriously and will employ appropriate measures 
and sanctions where required to address failures to meet these duties in line with 
existing policy arrangements. 

 
 

3.0 Duty of Care 
 

3.1 Awareness of Responsibilities 
 

NHSGGC recognises that it has a moral and ethical duty of care for the safety of 
patients and others, particularly those whom may have an elevated susceptibility to 
infection because of their increased vulnerability caused by underlying health factors 
and/or the suppression of their personal immune defences caused by their illness. 

 
3.2 Discharging NHSGGC’s Duty of Care 

 
NHSGGC will discharge its Duty of Care through rigorous compliance with all relative 
‘Statutory Instruments & Mandatory Guidance’. 

 
3.3 Essential Participation in Water Safety 

 
Water safety within NHSGGC can only be achieved by every member of Staff  actively 
contributing to a concerted ‘team effort’ and the risk to patients’ safety will be 
compromised by people failing in their statutory responsibilities, by not following, or 
incorrectly applying the ‘Statutory Instruments & Mandatory Guidance’. 

 
It is essential therefore, that each Staff group and every individual in NHSGGC actively 
participates and applies procedures designed to reduce risks arising from Pathogens 
in Water Systems in NHSGGC. 
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4.0 Roles and Responsibilities 
 

4.1 General Responsibilities 
 

The active participation of all NHSGGC Staff members is essential to protect patients, 
Staff and members of the public from risks arising from Water Systems. 

 
4.2 Key Personal Responsibilities 

 
The ‘Statutory Instruments & Mandatory Guidance’ relating to water safety, identifies 
key roles with specific responsibilities to ensure the effective application of 
recommended and mandatory procedures. 

 
Specific individual and group responsibilities of each of these key roles, along with 
nominated posts for each of these key roles, are provided in Appendix 2 of this Policy. 
Named individuals appointed to these roles are detailed in the respective site 
procedures and Written Scheme(s). Each named individual or group must familiarise 
themselves with the dimensions of their specific and corporate responsibilities relating 
to water safety in NHSGGC. 

 
It should be noted that the responsibilities noted in this policy may not be exhaustive 
and it is recommended that individuals refer to the ‘Statutory Instruments & Mandatory 
Guidance’ in Appendix 1 for a deeper understanding of their responsibilities. 
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5.0 Reporting 
 

5.1 Monitoring & Review 
 

Control Measures relating to water safety in NHSGGC shall be systematically 
examined, monitored and reviewed by designated teams and individuals carrying 
specific or delegated managerial responsibilities. 

 
5.2 Formal Periodic Reports 

 
Formal periodic reports on Water Systems will be presented by: 

 
I. Various Sector-located Groups and appointed key individuals, (e.g. RPs(W) to 

their respective Sector Water Systems Safety Groups (SWSSG); 
 

II. Groups and appointed key individuals within the Sector management structure 
of The Health and Safety Department, Estates, Facilities and Infection 
Prevention & Control Service via the SWSSG to the NHSGGC Board Water 
Systems Safety Group (BWSSG) e.g minutes from SWSSG to BWSSG and 
AICC; 

 
III. Either or both co-Chairs of the BWSSG, on behalf of the Group, to the Board 

Infection Control Committee (BICC) and the Health & Safety Forum; 
 

IV. The Chair of the BICC on behalf of the BICC to the Corporate Management 
Team (CMT) (including the Chief Executive, (CE)). 

 
V. Local monthly minuted  meetings between Estates and Microbiology should be 

arranged to review ‘out of specs’. 
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6.0 Risk Reduction 
 

6.1 Assessment 
 

Following any assessment of the risks arising from Water Systems, Control Measures 
will be implemented, when appropriate and reasonably practicable. The water safety 
risk assessment program will be reviewed at each Board Water Safety Group Meeting. 
All new or refurbished properties will have a full Risk Assessment undertaken. 
NHSGG&C Acute sites (including our large partnership/HSCP) sites where there are 
in/outpatients will be risk assessed every 2 years and all other sites shall be risk 
assessed every 5 years unless there has been modifications carried out to the water 
installation or a significant change in the use of the building. Compliance will maintain 
this list. 

 
6.2 Control Measures 

 
Control Measures may include Risk Reduction Strategies to reduce the likelihood 
and/or severity of patient infections. SWSSGs are responsible for ensuring that a multi 
disciplinary approach is taken to risk reduction within the Board at local level. 
 
As part of the risk of the risk reduction process, Infection Control will consider the 
permanent fitting of point of use filters in specific areas as per SHTM04-01  
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7.0 Operational Arrangements 
 

7.1 Written Scheme & Operational Procedures 
 

The Written Scheme and operational procedure records for each site are designed to 
establish a system of control which shall be rigorously applied by specifically trained 
staff within a recommended, formally appointed structure for the safe management and 
governance oversight of Water Systems. The Written Scheme and operational 
procedure records for each site are held in the Board’s smart sheet document 
management service and are reviewed annually.  

 
7.2 Planned Maintenance 

 
Water Systems throughout NHSGGC are subject to a routine planned maintenance 
system, managed and controlled via NHSGGC’s proprietary Computer Aided Facilities 
Management (CAFM) System, FMfirst ®, by designated Estates Supervisors and 
Managers. 
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8.0 Testing 
 

In keeping with the current HSE guidance, testing for Legionella will be carried out 
within NHSGGC as follows:- 

 
8.1 High Risk Clinical Areas 

 
A list of High Risk Units at risk of legionella or pseudomonas and where immuno-
compromised patients may be cared  for, has been determined by ARHAI Scotland 
Guidance and these are designated as ‘high-risk clinical areas’. This list can be found 
in Appendix  3, clause A.3.1.8. 

 
Clinical High Risk Areas in relation to water will be specifically identified within the 
various site-specific Written Schemes. 

 
8.2  Other sampling 

 
Based on risk assessment and agreed through appropriate water management 
governance for operational, capital or minor works projects there may be a requirement 
for the sampling of other bacteria and a specific thresholds which are acceptable for 
these.  There may be also a requirement agreed for ongoing monitoring.  

 
8.3 Engineering Risk Areas 

 
Due to the ‘age’ of some of NHSGGC’s current property portfolio, it is recognised that 
there are some installations that may present a high risk of contamination by 
Pathogens due to the Water System’s distribution configuration. Where this is the case, 
the system will be defined as an Engineering High Risk and a testing programme will 
be implemented and rigorously maintained. 

 
The Engineering High Risk areas and Other High Risk Areas can be found in 
Appendix 3 – clauses A3.1.5 & A.3.11 and will be specifically identified within the 
various site-specific ‘Written Schemes’. 

 
8.4 Governance Structure 

 
The Governance Structure is shown in Appendix 4 of this policy. 
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9.0 Pseudomonas 
 

9.1 Pseudomonas Guidance 
 

NHSGGC will seek to reduce the risk from Pseudomonas in its Water Systems by 
complying with the Water (Scotland) Group’s guidance document titled, ‘Guidance for 
Neonatal Units, (NNUs) (levels 1, 2 & 3), adult and paediatric Intensive Care Units, 
(ICUs), in Scotland to minimise the risk of Pseudomonas Aeruginosa infection from 
water’, (version 2.3 dated May 2018), produced by Health Facilities Scotland, Health 
Protection Scotland. 
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10.0 Action on Identification of bacteria in a water system or Clinical Incident 
 

10.1 Action above agreed thresholds 
 

Reference of full details can be found in the GG&C Sampling Procedure. If bacteria is 
shown to be present above thresholds routine precautions and control measures 
designed to eliminate the bacteria will be applied. An incident record form (004) will be 
created listing actions taken and by whom. Sampling will be carried out as per agreed 
sampling procedure e.g. minimum of 3 not detected or within parameters for the 
specific bacteria. ICD will consider other precautions e.g. outlet to be placed out of use, 
patient moved etc. 
 
The LAP(W) should provide at minimum monthly summary of current out of specs and 
actions taken to the RP(W), DRP(W), Microbiology and ICD colleagues and supply 
full details within an agreed Teams folder.   

 
10.2 Action if an environmental organism is identified as a source of an 
infection 
  
Guidance as per the NHS GGC IPC Environmental Organisms Standard Operating 
Procedure (SOP) (https://www.nhsggc.org.uk/media/253288/environmental- 
organisms-in-high-risk-areas-sop-final-v1-november-2018.pdf) and the 
Pseudomonas SOP (https://www.nhsggc.org.uk/media/255146/sop-pseudomonas- 
aeruginosa-v3-amended-july-2019.pdf) will be followed to assess and action 
incidents involving these water related organisms. 
 

Where an incident team is set up to investigate a trigger, outbreak SOP Incident 
Management Process Framework V1 - NHSGGC will be followed. Any incidents HIIAT 
assessed will be reported nationally as per chapter 3 NIPCM as well as part of the 
reporting requirements for IPCT. 
 
In the event of  clinical cases are potentially linked to water quality, which is determined 
by ICD’s as per Chapter 3 NIPCM, a problem assessment group or IMT will be initiated 
by the nominated ICD. In certain circumstances, e.g. Legionella serogroup 1, a single 
hospital health care associated case would warrant an IMT (refer to Chapter 3 NIPCM 
and the Incident Management Process Framework). 

 
Where water quality is confirmed as the source of clinical cases and the IMT assess 
the incident using the Hospital Infection Incident Assessment Tool (HIIAT) as HIIAT 
red, amber or green  this will be reported to ARHAI using the Hospital Infection Incident 
Reporting online reporting tool, (HIIORT) and recorded on the service risk register by 
the nominated Clinical Service. Any that score red, amber or green in the HIIAT 
assessment will be reported in the HAIRT which goes to clinical and care governance 
group, in addition a summary HAIRT is presented each time the NHS Board meets.  
 
When it can be demonstrated that an infection incident has originated in a Water 
System, the AP(W) must ensure that a review and investigation is carried out and 
formally recorded and reported to the RP(W) and ICD. These incidents should be 
reviewed as a ‘significant adverse event’ as per the     Incident Management Policy and 
Procedure. 

Page 1827

A48946859

https://www.nhsggc.org.uk/media/253288/environmental-organisms-in-high-risk-areas-sop-final-v1-november-2018.pdf
https://www.nhsggc.org.uk/media/253288/environmental-organisms-in-high-risk-areas-sop-final-v1-november-2018.pdf
https://www.nhsggc.org.uk/media/255146/sop-pseudomonas-aeruginosa-v3-amended-july-2019.pdf
https://www.nhsggc.org.uk/media/255146/sop-pseudomonas-aeruginosa-v3-amended-july-2019.pdf
https://www.nhsggc.scot/downloads/incident-management-process-framework-v1/
https://www.nhsggc.scot/downloads/incident-management-process-framework-v1/


 

13 | P a g e  
 

11.0 Audit 
 

11.1 Monitoring of Policy Effectiveness 
 

The application and effectiveness of this policy throughout the organisation shall be 
monitored by the Health and Safety Department reporting via the BWSSG and the 
Estates & Facilities Senior Management Team (SMT). 

 
11.2 Policy Review 

 
This Policy will normally be reviewed annually, but certainly within every 3 year period. 
The Policy will be revised at the time of review or as a result of any changes in or to 
the ‘Statutory Instruments & Mandatory Guidance’. 
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12.0      Appendices 
 

Appendix 1 –  A1.0 Statutes & Guidance 
 

Compliance with Statutory Instruments, (SIs), is Compulsory and will take primacy. The 
SIs and Mandatory Guidance, (listed below), should be consulted for more 
comprehensive information and guidance including but not limited to :- . 

 
 Health & Safety at Work, etc. Act 1974 
 The Management of Health and Safety at Work Regulations 1999 & (Amendment) 

Regulations 2006 
 The Control of Substances Hazardous to Health Regulations (COSHH) 2002 

7(Amendment) Regulations 2004 
 Health & Safety Commission’s Approved Code of Practice & Guidance L8, (ACOP L8), 

‘Legionnaires’ disease: The control of Legionella bacteria in water systems’.  
 Public Health (Infectious Diseases) Regulations 1998 si1988 No 1550 (s.155) 
 NHS Estates - Scottish Health Technical Memoranda 04-01 (SHTM 04-01) 
 The Chartered Institute of Building Services Engineers (CIBSE) - Technical 

Memorandum (TM13), Minimising the Risk of ‘Legionnaires’ Disease’ 
 Water Regulations Advisory Scheme -   Water Supply (Water Fittings) 

Regulations 1999 
 Water Regulations Advisory Scheme (WRAS 2005) - Water Fittings and Materials 

Directory 
 The Water Supply (Water Fittings) (Scotland) Byelaws 2014 
 Water Supplies (Scotland) Regulations 2014 
 Food Safety Act 1990 
 BS 8580: 2019 Water quality. Risk assessments for Legionella control. Code of 

practice 
 BS 6700; 2006, ‘Design, Installation, Testing & Maintenance of services supplying 

water for domestic use within buildings & their cartilages - Specification’ 
 BS EN 806-1; (2012) ‘Specification for installations inside buildings conveying water for 

human consumption’ 
 BS 1710; 2014 Specification for Identification of Pipelines and Services 
 BS EN 12671: 2009 Chemicals used for treatment of water intended for human 

consumption. Chlorine dioxide. British Standards Institution, 2009 
 Thermostatic Mixing Valve Manufacturers Association - Recommended Code of 

Practice for Safe Water Temperatures 
 Guidance for neonatal units (NNU’s) (levels 1, 2 & 3) adult and paediatric intensive 

care units ICU’s in Scotland to minimise the risk of Pseudomonas aeruginosa infection 
from water 

 HSG274 Legionnaires’ Disease Technical Guidance Date of publication: 2014 ISBN: 978 0 
7176 6635 5 Series code: HSG274 

o Legionnaires’ disease: Technical guidance Part 1: Control of legionella bacteria in 
evaporative cooling systems  

o Legionnaires’ disease: Technical guidance Part 2: The control of legionella bacteria in 
hot and cold water systems 

 Legionnaires’ disease: Technical guidance Part 3: The control of legionella bacteria in 
Other Risk Systems. 

 CEL 08 (2013) water sources and potential risk to patients in high risk units – revised 
guidance.  
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Appendix 2 –  A2.0 Roles and Responsibilities 
 

A2.1 Chief Executive – Duty Holder (Water) DH(W) 
 

The Chief Executive has overall executive responsibility with accountability to 
NHSGGC’s Board for all safety, health and risk matters in NHSGGC. The Chief 
Executive, (CE), is the designated Duty Holder (Water) DH(W), for NHSGGC. 

 
The responsibilities of the DH(W) include: 

 
 Assuring NHSGGC’s Board, via the Board’s Corporate Management Team 

(CMT), that the Board’s statutory responsibilities relating to Water Systems are 
being safely and appropriately discharged; 

 Participate in a Compliance defined training programme for this role to 
maintain personal knowledge and a level of expertise  allowing the efficient 
discharge of the DH(W) responsibilities; 

 Ensuring the provision of adequate resources to safely maintain and to 
effectively manage and control identified risks arising from the Water Systems 
in the NHSGGC estate to an appropriate level; 

 Ensuring the implementation of and adherence to the NHSGGC Water Systems 
Safety Policy at all levels within the organisation; 

 Formally appointing the Designated Person (Pseudomonas) DP(P) and 
Designated Person (Water) DP(W) (and their deputies) to assist in the execution 
of these responsibilities, who for NHSGGC are respectively, the Infection 
Control Manager and the Director of Estates. 
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A2.2 Board Corporate Management Team (CMT) 
 

The CMT will have managerial oversight of water-related issues and responsibility for 
communication in sufficient detail to NHSGGC Health Board, giving assurance that 
Water Systems are being safely and effectively managed and that the Board’s related 
Statutory obligations are being appropriately discharged. 
 
 
Refer to CMT ToR for full membership. 
 
The water-related responsibilities of the CMT include: 

 
 Having managerial oversight of, and assuring NHSGG&C Health Board that the 

Board’s statutory responsibilities relating to Water Systems are being safely and 
appropriately discharged; 

 Individually participate in appropriate periodic training to establish and maintain 
personal knowledge and a level of expertise allowing the efficient discharge 
responsibilities related to this Policy; 

 Ensuring, through the Board’s management structure, the implementation of 
all ‘Statutory Instruments & Mandatory Guidance’ related to Water Systems 
examples ‘Guidance’ at 3 and adherence to the NHSGGC Water Systems 
Safety Policy at all levels within NHSGGC; 

 Liaising with the DP(P) and the DP(W) to ensure the Boards Water Systems 
Policy is understood and applied across all areas of the Board; 

 With support from the DP(P) and the DP(W), formulate a Water Systems Safety 
Compliance Programme, (for both passive and active measures) in existing 
properties and for new projects; 

 Performing governance oversight on behalf of the Board by reviewing the 
effectiveness of operational arrangements.   The CMT will be advised on this by 
the BICC with contributions from the DP(P) and the DP(W) via the BWSSG. 
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A2.3 Director of Estates and Facilities (DE) – Designated Person (Water) DP(W) 
 

The DP(W) has delegated executive responsibility with accountability to DH(W) for all 
safety, health and risk matters relating to Water Systems in NHSGGC, with the 
exception of the responsibilities delegated to the Designated Person (Pseudomonas) 
DP(P). 

 
The Responsibilities of the DP(W) include: 

 
 Identify and ensure the efficient formal record of Water System risks and raising 

those considered appropriate from the BWSSG to the CMT via the BICC; 
 Provide formal reports from the BWSSG to assure the Health Board via the 

CMT that the Board’s statutory responsibilities relating to Water Systems are 
being safely and appropriately discharged; 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the DP(W) responsibilities; 

 Identify to the CMT a risk-based prioritisation of necessary resources required 
to effectively manage and control water system risks arising from the Water 
Systems in the NHSGGC estate, to an acceptable level; 

 Effectively manage the resources provided to safely maintain and to manage 
and control identified risks, to an acceptable level, as far as reasonably 
practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGGC Water Systems Safety Policy at 
all levels within the Directorate of Estates; 
Ensuring that Estates, through the Directorate management structure, are fully 
aware and appropriately trained in the Statutory and Mandatory 
requirements and standards for the provision and maintenance of Safe Water 
Systems; 

 Ensuring, with the RP(P), that the Water System Safety Policy is regularly 
reviewed and updated; 

 Chair the NHSGGC BWSSG (or nominated deputy) as per SHTM requirements ; 
 Formally appoint a DDP(W), who will deputise for the DP(W) as required, 

undertaking delegated responsibilities; 
 Formally appoint (or delegate the responsibility) to RP(W) at sector level, 

DRP(W) and AP(W) at site level and on larger sites also LAP(W). 
 
 

 
  

Page 1832

A48946859



 

18 | P a g e  
 

A2.4   Infection Control  Director (ICD) – Designated Person (Pseudomonas) DP(P) 
 

The Infection Control Director has delegated executive responsibility with 
accountability to DH(W) for all Pseudomonas related safety, health and risk matters in 
Water Systems within NHSGGC premises. The ICD is the Designated Person 
(Pseudomonas), DP(P), and will be supported by the Board’s designated LICD. 

 
The DP(P) responsibilities  are outlined in the pseudomonas guidance and include : 

 
 Include P. aeruginosa from a blood culture as an alert organism via IC net from 

an adult or paediatric patient. Also include P. aeruginosa from any clinical 
specimen in a neonatal unit/Adults ICU as an alert organism via ICnet. IPCTs 
when assessing alert organisms be mindful that P. aeruginosa can be selected 
for by prior antibiotic usage. 

 Ensure they can detect in real time any possible outbreak early through effective 
local surveillance and monitoring of numbers of cases over time. e.g automatic 
trigger alerts as defined by the NHSGGC Surveillance Review Group. 

 Be able to facilitate early identification of possible source in collaboration with 
colleagues in estates and microbiology.  

 Have a contingency plan for NNUs and ICUs to enable safe patient care to 
continue without direct patient/water contact, e.g. use of patient wipes and 
sterile water in neonatal units.  

 Any local outbreak or incident should be assessed using the Hospital Infection 
Incident Assessment Tool (HIIAT) and reported to ARHAI if amber or red. In 
addition, if there is an active ongoing clinical incident, where the source is 
considered to be tap water, then ARHAI should also be informed regardless of 
the HIIAT. 

 An assessment of the clinical practice and ongoing care of invasive devices, 
cleaning of patient equipment and usage of hand wash stations that could 
compromise patients during incidents or outbreaks.  

 Review of cases each year to inform decision making around high risk areas 
and update the pseudomonas risk assessment yearly. 

 Instruct at the discretion of the ICD/IMT water testing during incidents or 
outbreaks. 

 Ensuring the implementation of all Guidance’ related to the control of 
Pseudomonas, in particular, the ‘ARHAI(2018) Guidance for Neonatal Units 
(NNU’s) (levels 1, 2 & 3) adult and  Paediatric Intensive Care Units ICU’s in 
Scotland’, and adherence to the  NHSGGC Water Systems Safety Policy at all 
levels in Infection Control Teams in all NHSGGC Premises; 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the DP(P) responsibilities; 
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A2.5 Assistant Director of Operational Estates, (ADOE) – Deputy Designated 
Person (Water) DDP(W) 

 
The DDP(W) will be appointed by the DP(W) and in their absence have delegated 
executive responsibility with accountability to DP(W) for all safety, health and risk 
matters relating to Water Systems in NHSGGC, with the exception of the 
responsibilities delegated to the DP(P)., at A2.4 . 

 
The DDP(W) will carry out all the duties and responsibilities of the DP(W) as stated in 
A2.3 above. 
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A2.6 Head of Corporate Estates (HCE) – Corporate Responsible Person (Water) 
CRP(W)  

 
The Head of Corporate Estates (HCE) has responsibilities delegated by the DP(W) 
with accountability to the DDP(W) for all safety, health and risk matters relating to 
Water Systems across NHSGGC Premises involved in minor works. The HCE is also 
the lead in ensuring SCART compliance, audits and training is in place with respect to 
Water Safety. 

 
The CRP(W) is responsible for: 

 
 Identifying and ensuring the efficient formal record of Sector related Water 

System risks and raising those considered appropriate to the DDP(W) &    DP(W) 
and the BWSSG; 

 Identifying and ensuring the efficient formal record of any related Water System 
risks due to minor works projects and raising those considered appropriate to 
the RP(W), AE(W) and DDP(W).  

 Unknown risks not apparent to design teams `during Minor Works Projects 
should also be highlighted during project scoping involving AP(W)’s and AE(W). 

 Provide formal compliance reports to the BWSSG assuring the DDP(W) & 
DP(W) that the Board’s statutory responsibilities relating to Water Systems, in 
respective Sectors, are being safely and appropriately discharged; 

 Supporting the DP(W) and DDP(W) in the production of policies & procedures 
to ensure the quality of water in NHSGGC Premises is safely maintained; 

 Appoint a Water Safety Authorising Engineer AE(W) to support NHSGG&C 
on all issues relating to Water; 

 Working with the AE(W) and DDP(W) appoint Responsible Persons Water 
RP(W) across all sectors; 

 Appoint Authorised Persons Water AP(W) across NHSGG&C on the 
recommendation of the Authorising Engineer Water AE(W); 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the DRP(W) responsibilities; 

 Ensuring that Corporate staff, are fully trained as AP(W)P to ensure that 
delegated projects comply with all NHSGG&C policy and procedures. This is to 
ensure that those  working on water systems, AP(W)P are appropriately trained 
in the statutory and mandatory requirements and standards for the design and 
provision of safe Water Systems including :- 

 Ensuring that any new works undertaken or refurbishment within existing 
NHSGGC Premises shall comply with the requirements of this Policy and the 
Written Scheme and Operational Procedures for managing water safety 
including particularly, The Control of Legionella, Hygiene, ‘Safe’ Hot Water, Cold 
Water and Drinking Water Systems’;  

 Ensuring all works are formally commissioned and handed over to the 
respective LAP(W) in compliance with the handover protocol for water as 
identified in the Written Scheme including but not limited to drawings, changes 
to schematics, WRAS approval documentation and modified or new risk 
assessment; 

 Ensuring that all physical and control interfaces with existing Water Systems for 
new and refurbishment works shall be safely designed, installed, commissioned 
in a pre-planned, safe and effective manner particularly any derogations or 
deviations from applicable guidelines;  
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 Ensure, as DRP(W) that Corporate Estates modifications to installations in 
NHSGGC Premises can only be implemented following completion of Form 
(025). This form should be completed by the Designer and then signed by 
Designer, AP(W)P, DRP(W)P and LAP(W); 

 Formal handover to LAP(W) should be implemented via Form (029) Record 
form for acceptance of work to be conducted and confirmation of work 
completed on a water system; This form should be completed by AP(W)P and 
signed as accepted by DH(W) for AP(W)P and LAP(W).  

 Included in Form (029) is the requirement to complete the Confirmation of work 
completed and acceptance section.  This section should be signed by the 
Designer, AP(W)P and LAP(W).  

 Liaise closely with other professionals to ensure consistency in application of 
Control Measures and other procedures designed to allow legislative and 
statutory compliance, comprehensively in all NHSGGC Premises;  

 
 

 Compliance Audit Duties; 
 
 

o Ensuring a robust annual water audit regime is in place; 
o Ensuring that Written Schemes and Risk Assessments are in place and 

reviewed regularly; 
o Ensure the e-SCART tool is populated and updated regularly with 

action plans in place, where required; 
o Ensuring operational procedures are carried out and appropriately 

recorded; 
o Ensuring formal records are kept of all Water Systems and their 

purpose; 
o Ensure an Annual report on Water Compliance across NHSGG&C is 

delivered to the DDP(W) and DP(W). 
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A2.7 Assistant Head of Operational Estates – Responsible Person (Water) RP(W) 
 

The Assistant Head of Operational Estates (AHOE) has responsibilities delegated by 
the DP(W) and DDP(W) with accountability to the DDP(W) & DP(W) for all safety, 
health and risk matters relating to Water Systems in their respective Sectors of 
NHSGGC Premises. They will be nominated in writing by the CRP(W) and signed by 
the DP(W) and/or DDP(W) ; 
 

 
The RP(W) is responsible for: 

 
 Identifying and ensuring the efficient formal record of Sector related Water 

System risks and raising those considered appropriate to the DDP(W) & DP(W) 
and the BWSSG; 

 Identifying and ensuring the efficient formal record of any related Water system 
risk due to Operational Estates projects and raising those considered 
appropriate to the RP(W), AE(W) and DDP(W). 

 Unknown risks not apparent to design teams `during Minor Works Projects 
should also be highlighted during project scoping involving AP(W)’s and AE(W). 

 Provide formal reports to the BWSSG assuring the CRP(W), DDP(W) & DP(W) 
that the Board’s statutory responsibilities relating to Water Systems, in 
respective Sectors, are being safely and appropriately discharged 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the RP(W) responsibilities; 

 Identify to the BWSSG a risk-based prioritisation of necessary resources 
required to effectively manage and control water system risks arising from the 
Water Systems to an acceptable level; 

 Effectively manage and control the resources provided to safely maintain and 
to effectively manage and control identified risks arising from the Water Systems 
in the Sector of the NHSGGC Premises, to an acceptable level, as  far as 
reasonably practicable; 

 Ensure risk assessments, schematics and drawing are supplied to LRP(W) to 
effectively manage and control the resources provided to control risk in Water 
Systems in all new works in NHSGGC Premises, to an acceptable level, as far  
as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGG&C Water Systems Safety Policy at 
all levels within Corporate Estates, particularly those related to guidance in 
SHTM 04-01, HSG274 Parts 1, 2 & 3 and ACoP L8 and compliance to this 
guidance shall be formally certified by the Designer; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems and adherence to the NHSGGC Water 
Systems Safety Policy at all levels within the Sector of the Directorate of Estates 
& Facilities; 

 Ensuring that Sector estates staff, through the Directorate management 
structure, are fully aware and appropriately trained in the ‘Statutory Instruments 
& Mandatory Guidance’ and standards for the provision and maintenance of 
safe Water Systems; 

 Ensuring the effective maintenance of engineering controls installed for the 
purposes of controlling water systems; 

Page 1837

A48946859



 

23 | P a g e  
 

 Ensuring that Written Schemes and risk assessments are in place and reviewed 
regularly; 

 Devising and maintaining procedures to ensure the quality of water in NHSGGC 
Premises is safely maintained; 

 Ensuring operational procedures are carried out and appropriately recorded; 
 Ensuring formal records are kept of all Water Systems and their purpose, giving 

locations recording and maintaining within the Board’s CAFM System; 
 Ensuring that all physical and control interfaces with existing Water Systems for 

new and refurbishment works shall be safely designed, installed, commissioned 
in a pre-planned, safe and effective manner particularly any derogations or 
deviations from applicable  

 Liaise closely with other professionals to ensure consistency in application of 
Control Measures and other procedures designed to allow legislative and 
statutory compliance, comprehensively in all NHSGGC Premises; 
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A2.8 Authorising Engineer (Water), AE(W) 
 

The AE(W), is appointed in writing by the CRP(W) and is employed independently of 
NHS GG&C. The AE(W) acts as an independent professional advisor to NHSGGC with 
a brief to provide services in compliance with relative ‘Statutory Instruments & 
Mandatory Guidance’, and particularly with Scottish Health Technical Memoranda 
(SHTM) 04-01, mandatory guidance for the NHS in Scotland. 

 
The AE(W) will have specialist knowledge of large scale domestic and commercial hot 
and cold water services installations including incoming supplies and Other Risk 
Systems as detailed in Appendix 3 and in particular, those installations for which an 
Authorised Person (Water) will assume responsibility for. 

 
The AE(W) is free to comment on the performance of the organization against the 
operational risk base. 

 
The AE(W)’s main duties will include: 

 
 To be a formal Assessor, making recommendations to the CRP(W) for the 

appointment of AP(W) in terms of skills, training and site familiarity; 
 Formally monitoring the performance of NHSGGC against ‘Statutory 

Instruments & Mandatory Guidance’, particularly, ACoP L8, HSG274 (Parts 1,2 
& 3), and SHTM 04-01 guidance; 

 The provision of a formal, annual L8 Audit at all NHSGGC Acute sites including  
our large hospitals where there are in/outpatients and an audit every 3 years  
for all remaining sites. 
Reporting of potential risks (operational and through potential improvements). 
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A2.9 Head of Capital Projects or nominated person/persons in Capital  – Deputy 
Responsible Person (Water), DRP(W)P  

 
The Head of Capital Projects or Deputy be formally appointed as a DRP(W), by the 
DP(W) or DDP(W).  They will be nominated in writing by the CRP(W) and signed by 
the DP(W) and/or DDP(W); 

 
The DRP(W)P responsibilities include the following within any Infrastructure, Planning  
and Delivery (IPD) projects: 

 
 Identifying and ensuring the efficient formal record of any related Water System 

risks due to projects and raising those considered appropriate to the RP(W), 
DP(W) & CRP(W);   

 Unknown risks not apparent to design teams during Projects should also be 
highlighted during scoping involving AP(W)’s and AE(W). 

 Provide formal reports where required assuring the RP(W), DDP(W) & CRP(W) 
that the Board’s statutory responsibilities relating to extensions to, and 
refurbishments of Water Systems, are being safely and appropriately 
discharged; 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the DRP(W) responsibilities; 

 Ensuring that Property and Capital Planning Staff, are fully trained as AP(W)P 
to ensure that delegated projects comply with all NHSGG&C policy and 
procedures. This is to ensure that those  working on water systems, AP(W)P 
are appropriately trained in the statutory and mandatory requirements and 
standards for the design and provision of safe Water Systems including :- 

 Ensure risk assessments, schematics and drawing are supplied to LRP(W) to 
effectively manage and control the resources provided to control risk in Water 
Systems in all new works in NHSGGC Premises, to an acceptable level, as far  
as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGG&C Water Systems Safety Policy at 
all levels within Capital, particularly those related to guidance in SHTM 04-01, 
HSG274 Parts 1, 2 & 3 and ACoP L8 and compliance to this guidance shall be 
formally certified by the Designer; 

 Ensuring that any new works undertaken or refurbishment within existing 
NHSGGC Premises shall comply with the requirements of this Policy and the 
Written Scheme and Operational Procedures for managing water safety 
including particularly, The Control of Legionella, Hygiene, ‘Safe’ Hot Water, Cold 
Water and Drinking Water Systems’;  

 Ensuring all works are formally commissioned and handed over to the 
respective LAP(W) in compliance with the handover protocol for water as 
identified in the Written Scheme including but not limited to drawings, changes 
to schematics, WRAS approval documentation and modified or new risk 
assessment; 

 Ensuring that all physical and control interfaces with existing Water Systems for 
new and refurbishment works shall be safely designed, installed, commissioned 
in a pre-planned, safe and effective manner particularly any derogations or 
deviations from applicable guidelines;  

 Ensure, as DRP(W)P that Capital works modifications to installations in 
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NHSGGC Premises can only be implemented following completion of Form 
(025). This form should be completed by the Designer and then signed by 
Designer, AP(W)P, DRP(W)P and LAP(W).  

 Formal handover to LAP(W) should be implemented via Form (029) Record 
form for acceptance of work to be conducted and confirmation of work 
completed on a water system; This form should be completed by AP(W)P and 
signed as accepted by DH(W) for AP(W)P and LAP(W).  

 Included in Form (029) is the requirement to complete the Confirmation of work 
completed and acceptance section.  This section should be signed by the 
Designer, AP(W)P and LAP(W).  

 Liaise closely with other professionals to ensure consistency in application of 
Control Measures and other procedures designed to allow legislative and 
statutory compliance, comprehensively in all NHSGGC Premises;  
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A2.10 Site Manager Operational Estates (SMOE) – Deputy Responsible 
Person (Water), DRP(W) 

 
The Site Manager Operational Estates RP ro le  shall be formally appointed in 
writing by the      CRP(W). They will be nominated in writing by the CRP(W) and signed 
by the DP(W) and/or DDP(W); 

 
The DRP(W) responsibilities include: 

 
 Identifying and ensuring the efficient formal record of relative Water System 

risks and raising those considered appropriate to the RP(W) and the SWSSG; 
 Provide formal reports to the SWSSG assuring the RP(W) that the Board’s 

statutory responsibilities relating to Water Systems, in relative NHSGGC 
Premises, are being safely and appropriately discharged; 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the DRP(W) responsibilities; 

 Identify to the SWSSG a risk-based prioritisation of necessary resources 
required to effectively manage and control risks arising from the management 
of Water Systems to an acceptable level; 

 Effectively manage and control identified risks arising from the Water Systems 
in the relative locations of the NHSGG&C Premises, to an acceptable level, as 
far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this policy), and adherence to the NHSGG&C Water Systems Safety Policy at 
all levels within the relative locations of the Directorate of E&F; 

 Ensuring that Estates & Facilities Staff, managed by the DRP(W), through the 
Directorate management structure, are fully aware of their personal roles and 
responsibilities and appropriately trained in the statutory and mandatory 
requirements and standards for the management of safe Water Systems; 

 Ensuring Water Systems are operated in accordance with the current guidance, 
and with the assessed risk of the individual systems under the control of the 
DRP(W); 

 Ensuring water system maintenance records are maintained and kept up-to- 
date; 

 Regularly checking maintenance records; 
 Ensuring all work is completed in accordance with the NHSGGC Operational 

Procedures. 
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A2.11 Acute Services Directors, HSCP Directors and Corporate Division Directors 
 

NHSGGC Directors and Senior Managers, play an essential role in the safe 
management of Water Systems, actively ensuring and demonstrating that water safety 
is embedded within the culture of the organisation. CRP(W) will arrange awareness 
and responsibility training. 

 
The responsibilities of Directors and Senior Managers include: 

 
 Identifying and ensuring necessary formal records are maintained relating to 

Policies and Operational Procedures for Water Systems and raising any 
potential risks relating to Water Systems to the RP(W) and the SWSSG; 

 Participate in training to maintain personal knowledge and a level of expertise 
allowing the efficient discharge of Director and Senior Manager responsibilities; 

 Effectively manage and control identified risks arising from the Water Systems 
in the relative NHSGGC Premises areas of responsibility, to an acceptable level, 
as far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ and Operational Procedures related to Water Systems, (see 
examples in section, ‘Guidance’, in this Policy), and adherence to the 
NHSGG&C Water Systems Safety Policy at all levels within the relative 
NHSGGC Premises areas of responsibility; 

 Ensuring that Staff, managed by the Director and Senior Manager are fully 
aware of their personal roles and responsibilities and appropriately trained in 
the statutory and mandatory requirements and standards for the management 
and operation of safe Water Systems; 

 Facilitating Staff to allow their timely attendance at Water Safety training at the 
appropriate frequency, as per the NHSGGC Water Safety Policy and 
Operational Procedures which underpin this Policy; 

 Ensuring Water Systems are operated in accordance with the current guidance, 
and NHSGGC Operational Procedures; 

 Ensuring Water Systems records, including Staff training records, are monitored 
and kept up-to-date; 

 Supporting the DP(W) and DDP(W) in the development of the Board’s overall 
strategy in relation to the safe management and operation of NHSGGC Water 
Systems and for ensuring and demonstrating implementation within their areas 
of responsibility; 

 Monitor and actively and effectively correct situations where inaction or actions 
by Staff put themselves and/or others at risk from actual or potential water safety 
incidents. 
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A2.12 Heads of Service (HoS), Departmental Managers (DMs), Clinical Managers 
(CMs) and Senior Charge Nurses (SCNs) 

 
All managers and SCNs have a responsibility in the safe management of Water 
Systems, actively ensuring and demonstrating that water safety is sufficiently 
embedded in their departments, and for the safe, day to day management of facilities, 
Staff or services, and/or premises. CRP(W) will arrange awareness and responsibility 
training. 
 

 
Water safety responsibilities that include: 

 
 Familiarise themselves with the NHSGGC Water Safety Policy and local control 

measures including any water risk assessments for their area(s) of 
responsibility; 

 Ensuring that persons in the department, clinic or ward are fully aware of their 
responsibilities and duties in respect of Water Safety, in particular, the action 
required of them should the area be defined as High Risk, listed in the site- 
specific Water Safety Written Scheme and Operational Procedures; 

 Ensure that persons in the department, clinic or ward are fully aware of the 
‘Infrequently Used Outlets’ definitions and Operating Procedure which   
underpins the NHSGGC Water Safety Policy; 

 Actively promoting Water Safety within the department or ward by maintaining 
good housekeeping within the department or ward at all times, ensuring that any 
flushing or documentation as described in the Water Safety Written Scheme 
and Operational Procedures documentation is completed on time ; 

 Responding appropriately to any water safety concerns of persons in the 
department, clinic or ward; 

 Encouraging their staff and themselves to promptly report any breaches in the 
water system, such as water ingress, leaks etc. to estates; 

 Nominating a responsible person to complete the Monthly ‘Infrequently Used 
Outlets’ Audit for each area, forwarding a copy to the Site Maintenance/Estates 
Manager, thereby assisting NHSGGC to consistently comply with its statutory 
and mandatory obligations; 

 Ensuring that action is taken on a daily basis to address any access issues 
identified within the Cleaning Compliance Checklist Sign Off documentation 
retained in the Facilities Folder; 

 Liaising with the Estates Department as required and in particular when  
outlets cannot be flushed e.g. broken so actions can be taken promptly. 

 Ensure a flushing regime is place in accordance with specific duties under  
SHTM Guidelines (e.g. Clinical, Non-Clinical, Facilities, Domestics etc.) 
Ensure part empty wards or areas, have an appropriate flushing  
regime in place in accordance with SHTM guidelines (e.g. Clinical,  
Non-Clinical, Facilities, Domestics etc.) 
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A2.13 Authorised Person’s (Water) AP(W)P (Capital or Minor Works) 
  
The AP(W)P, has the key role and will be specifically qualified, trained and experienced 
to allow the efficient discharge of their responsibilities. AP(W)P will be recommended 
by the AE(W) for appointment by the CRP(W). This role can be outsourced for projects 
if resource internally is unavailable, however must still be signed of to work on projects. 

 
The AP(W)P will also be responsible for establishing and formally appointing a 
sufficient number of Competent Persons (Water), CP(W), to carry out various 
modifications to the Water Systems. 

 
The AP(W)P will ensure all CP(W) managed by the AP(W)P are suitably trained, and 
formally engaged competent contractor(s). 

 
The responsibilities of the AP(W)P include: 

 
 Ensuring that delegated projects comply with all NHS GG&C policy and 

procedures. 
 Identifying and ensuring the efficient formal record of relative Water System 

risks and raising those considered appropriate to the DRP(W)P for projects or 
CRP(W) for Minor Works; 

 Provide formal reports to the DRP(W)P  for Capital or CRP(W) for Minor works 
assuring the DP(W) and DDP(W) that the Board’s statutory responsibilities 
relating to Water Systems, in relative locations, are being safely and 
appropriately discharged for projects; 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the AP(W)P responsibilities; 

 Identify to the DRP(W)P for Capital or CRP(W) for Minor works a risk-based 
prioritisation of necessary resources required to effectively manage and control 
water system risks arising from the Water Systems within the scope of the 
project, to an acceptable level; 

 Ensure during projects that risks are effective for the Water Systems in the 
relative locations of the NHSGGC Premises, to an acceptable level, as far as 
reasonably practicable during the project duration e.g. construction water safety 
plan; 

 Ensuring during projects the implementation of all ‘Statutory Instruments & 
Mandatory Guidance’ related to Water Systems, (see examples in section, 
‘Guidance’, in this Policy), and adherence to the NHSGGC Water Systems 
Safety Policy at all levels within the relative locations of the Directorate of 
Estates & Facilities; 

 The AP(W)P will also be able to demonstrate: 
o Successful completion of an appropriate professional course; 
o A sufficient level of professional experience; 
o Evidence of knowledge and skills relating to Water Systems; 

 Participate in completion of :- 
o Form (025) Design checklist for alterations to water systems ; 
o Form (029) Record form for acceptance of work to be conducted and 

confirmation of work completed on a water system; 
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A2.14 Authorised Person’s (Water) AP(W)  
 
Including :-   
 
Operational Estates – Estates Managers, Estates Supervisors etc. 
 
The AP(W), has the key operational role and will be specifically qualified, trained and 
experienced to allow the efficient discharge of their responsibilities. AP(W) will be 
recommended by the AE(W) for appointment by the CRP(W). 

 
Important elements of an AP(W) role are the comprehensive maintenance of formal 
records and the necessary quality of service and maintenance of systems to ensure 
their safety and integrity as detailed within the Written Scheme. 

 
The AP(W) will also be responsible for establishing and formally appointing a sufficient 
number of Competent Persons (Water), CP(W), to carry out maintenance and 
operational Procedures on Water Systems. 

 
The AP(W) will ensure all CP(W) managed by the AP(W) are suitably trained, 
competent NHSGGC employees or formally engaged competent contractor(s). 

 
Larger sites may require more than one AP(W). Where more than one AP(W) is 
operating on a site, the CRP(W) will appoint one AP(W) to take a lead role LAP(W) 
ensuring effective, clear, unambiguous communications, with the purpose of safely 
discharging responsibilities and avoiding confusion and duplication. 

 
The responsibilities of the AP(W) include: 

 
 Identifying and ensuring the efficient formal record of relative Water System 

risks and raising those considered appropriate to the RP(W); 
 Provide formal reports to the RP(W) and DRP(W) assuring the CRP(W), DP(W) 

and DDP(W) that the Board’s statutory responsibilities relating to Water 
Systems, in relative locations, are being safely and appropriately discharged; 

 Participate in a Compliance defined training programme for this role to maintain 
personal knowledge and a level of expertise allowing the efficient discharge of 
the AP(W) responsibilities; 

 Identify to the RP(W) , DRP(W), CRP(W), DP(W) and DDP(W) a risk-based 
prioritisation of necessary resources required to effectively manage and control 
water system risks arising from the Water Systems to an acceptable level; 

 Effectively manage and control identified risks arising from the Water Systems 
in the relative locations of the NHSGGC Premises, to an acceptable level, as 
far as reasonably practicable; 

 Ensuring the implementation of all ‘Statutory Instruments & Mandatory 
Guidance’ related to Water Systems, (see examples in section, ‘Guidance’, in 
this Policy), and adherence to the NHSGGC Water Systems Safety Policy at 
all levels within the relative locations of the Directorate of Estates & Facilities; 
 Ensuring that estates staff, managed by the AP(W), through the Directorate 
management structure, are fully aware and appropriately trained in the 
‘Statutory Instruments & Mandatory Guidance’ and standards for the provision 
and maintenance of safe Water Systems; 

 The AP(W) will also be able to demonstrate: 
o Their application through familiarisation with the system(s) they are 
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responsible for and the successful completion of an appropriate 
professional course; 

o A sufficient level of professional experience; 
o Evidence of knowledge and skills relating to Water Systems; 

 Review and formally acceptance all installations, adoptions and modifications 
prior to implementation, engage with RP(W), RP(W)P DRP(W)P, DRP(W)  
and\or AE(W) as required with respect to the scale, complexity and\or 
associated risks guidance. 

 Participate in completion of :- 
o Form (025) Design checklist for alterations to water systems ; 
o Form (029) Record form for acceptance of work to be conducted and 

confirmation of work completed on a water system; 
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Appendix 3 – A3.0 Definitions and Acronyms 
 

A3.1 Definitions 
 

A3.1.1 Cleaning Compliance Checklist 
A formal checklist of cleaning within the ward or department, signed off by the person 
in charge of the area confirming satisfaction of compliance with cleaning standards 

 
A3.1.2 Control Measures 
Considered, deliberate strategies, actions and activities employed, or stopped, which 
are designed to remove, reduce or mitigate risks that may diminish the ability to deliver 
safe and effective healthcare 

 
A3.1.3 Domestic Cold Water 
Cold potable water, either from water mains or storage systems, used by people for 
washing and drinking etc. 

 
A3.1.4 Domestic Hot Water 
Tempered Water for use by people for washing and bathing 

 
A3.1.5 Engineering High Risk areas 
The ‘Engineering High Risk areas’ are: 

 In Water Systems treated with biocides, e.g. CLO2; 
 Where water is stored; 
 In water systems where the control levels of the treatment regime, e.g. 

temperature or disinfectant concentrations are not being consistently achieved 
or frequently vary from recommended levels; 

 In water systems suspected or identified in a case or outbreak of Legionellosis 
where it is probable the Incident Control Team will require samples to be taken 
for analysis; 

 In water systems suspected or identified in a case or outbreak linked to other 
potential water borne Pathogens where it is probable the Incident Control Team 
will require samples to be taken for analysis; 

 In areas which have been identified within the current Water Safety Risk 
Assessment as being of a risk. 

 
A3.1.6 Facilities Folder 

A folder, held as documentary evidence and a formal record of procedures at ward / 
department level. 

 
A3.1.7 Guidance / Mandatory Guidance 
Guidance, policies, operational procedures/protocols and good industry practice etc. 
Guidance can be varied if the variation can be defended. Where Guidance is 
‘mandated’ within general industry and in the NHS in Scotland, it becomes ‘Mandatory 
Guidance’ and may be referred to within Statutory Instruments as an ‘Approved Code 
of Practice (ACOPs). 

 
A3.1.8 High Risk Clinical Areas 

• The ARHAI definition of High Risk (of infection) units are: 
• Haematology 
• Oncology 
• BMT  
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• Stem cell transplant units 
• Neonatal Units 
• Paediatric ICUs 
• Adults ICUs 
• Any other care areas where patients are severely immunocompromised 

through disease or treatments*(Renal, CF Units, ID). 
 

A3.1.9 Infrequently Used Outlets 
Water Systems’ appliances that are used infrequently, as defined in ‘Infrequently Used 
Outlets’ definitions and Operating Procedure. 

 
A3.1.10 NHSGGC Premises 
All Hospitals, Health Centres, Clinics and other Properties, General Practice, Dental 
and other Surgeries, owned and or operated by NHSGGC where healthcare is 
delivered/provided to patients. 

 
A3.1.11 Other Risk Systems 
The following locations, systems and items of plant will have specific Control 
Measures applied to reduce the risk of infection. 

 ultrasonic humidifiers/foggers 
 spray humidifiers 
 air washers, wet scrubbers, particle and trivial gas scrubbers 
 water softeners 
 emergency showers, eyebaths and face wash fountains 
 sprinkler and hose reel systems 
 spa pools 
 whirlpool baths 
 hydrotherapy pools 
 birthing pool 
 horticultural misting systems 
 vehicle washers including automatic washers for cars, buses, lorries and 

railway rolling stock 
 powered dental equipment 
 fountains and decorative water features including those on display for sale 
 non-disposable nebulisers used for respiratory therapy 
 industrial effluent treatment plants 
 irrigation systems 
 fire, dust and odour suppression systems 
 clinical wash-handbasins, drain outlets and connections 
 wet drainage sump 
 chilled beams 
 cardiac heaters / coolers 
 ECMO 

 
A3.1.12 Incident Management Process SOP 

    The document Incident Management Process Framework V1 - NHSGGC 
 provides a definition of an outbreak /incident and recommended actions. The actions 
include when to set up an incident meeting, who should be invited (including external 
expertise) and a sample agenda. It also provides guidance on communications within 
the HB, ARHAI and to the Scottish Government. 

Page 1849

A48946859

https://www.nhsggc.scot/downloads/incident-management-process-framework-v1/


 

35 | P a g e  
 

A3.1.13 Pathogens 
Microorganisms that are, or may become, harmful to people. 

 
A3.1.14 Risk Reduction Strategies 
Risk Reduction strategies/procedures can include, but are not limited to: 

 Policy awareness and implementation; 
 Risk assessment both generic and specific; 
 Training, e.g. WH001 Legionella Management HTM 04-01 and WH003 

Legionella Control within Hot and Cold Water Systems used in NHSGGC for 
APs(W), DRP(W), RP(W) etc.; 

 The development, approval and implementation of local procedures; 
 Reporting and recording; 
 Evaluating effectiveness of risk reduction strategies/procedures; 
 Reviewing in the light of experience, e.g. looking at incident investigations and 

inspection reports. Do they show improvement?; 
 Re-train Staff if required, reading available policies, strategies and procedures; 
 Review clinical and workplace risk assessments after reports of any adverse 

events; 
 Implementation of risk reduction strategies as defined by the findings of the 

risk assessment for the NHSGGC buildings; 
 Implementation of a formal review and/or audit process of the risk reduction 

procedures; 
 Implementation of contractor audit and review procedures; 
 Review and update Written Scheme and water action plan every 2 years or 

following material system amendments\change of use. 
 

A3.1.15 Sector 
A designated area of NHGGC that is a recognised Sector of NHSGGC Premises. 

 
A3.1.16 Staff 
People employed by NHSGGC on various contracts and will include locum, bank, 
volunteers etc. 

 
A3.1.17 Statutory Instruments 
Laws, regulations etc. that have legal standing and are applied by enforcing 
authorities. 

 
A3.1.18 Water Systems 
All domestic hot and cold water systems, water-dispensing equipment as well as 
defined, ‘at risk’ water-carrying systems across all NHSGGC premises. 

 
A3.1.19 Water Dispensing Equipment 
Equipment or machinery dispensing water, in all forms and states, for consumption 
and or use by people, e.g. Water coolers, Ice-making machines etc. 

 
A3.1.20 Written Scheme & Operational Procedures 
A document written to record and communicate, in detail, how responsibilities relating 
to the safe operation and management of Water Systems will be discharged and will 
describe who will have responsibilities for their safe and effective implementation 
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A3.2 Acronyms 
ACoP Approved Code of Practice 
AE(W) Authorising engineer (Water) 
AP(W) Authorised Person (Water) 
AP(W)P Authorised Person (Water) Projects or Minor Works 
ARHAI Antimicrobial Resistance and Healthcare Associated Infection 
BWSSG NHSGGC Water Systems Safety Group 
BICC Board Infection Control Committee 
BS British Standards 
CAFM Computer Aided Facilities Management 
CE Chief Executive 
CIBSE Chartered Institute of Building Services Engineers 
CHP Community Health Partnership(s) 
CMT Corporate Management Team 
COSHH Control of Substances Hazardous to Health 
CP(W) Competent Person (Water) 
CRP(W) Corporate Responsible Person (Water) 
DCW Domestic Cold Water 
DDP(W) Deputy Designated Person (Water) 
DE&F Director of Estates & Facilities 
DHW Domestic Hot Water 
DH(W) Duty Holder (Water) 
DIPC Director Infection Prevention and Control 
DP(P) Designated Person (Pseudomonas) 
DP(W) Designated Person (Water) 
DPP(W) Designated Deputy Person (Water) 
DRP(W) Deputy Responsible Person (Water) 
DRP(W)P Deputy Responsible Person (Water) for Projects or Minor Works 
E&F Estates & Facilities 
ECMO Extracorporeal Membrane Oxygenation 
FORM 025 SHTM Design checklist form 
FORM 029 SHTM Acceptance form 
HIIAT Hospital Infection Incident Assessment Tool 
HIORT Hospital Infection Incident Reporting Template 
ARHAI Health Protection Scotland 
HSE The Health & Safety Executive 
ICD Infection Control Doctor 
ICT Infection Control Team 
IMT Incident Management Team 
LAP(W) Lead Authorised Person (Water) 
LICD Lead Infection Control Doctor  
NIPCM National Infection Prevention and Control Manual 
NHS National Health Service 
NHSGGC NHS Greater Glasgow & Clyde Health Board 
P&CP Property & Capital Planning 
RP(W) Responsible Person (Water) 
RP(P) Responsible Person (Pseudomonas) 
SHTM Scottish Health Technical Memoranda 
SI Statutory Instruments 
SMT Estates & Facilities Senior Management Team 
SMOE Site Manager Operational Estates 
SWSSG Sector Water Systems Safety Groups 
TM Technical Memorandum 

Page 1851

A48946859



 

37 | P a g e  
 

Appendix 4 A4.0 – Governance Structure (by designation) 
 

 

Governance Water Management - GG&C 

Service Providers -
CP(W) 

Authonsmg 
Engmeer-AE{W) 

Estates Staff/ 
Service Providers -

CP{W) 

NHS 
'--.,~ 

Greater Glasgow 
and Clyde 

Head of Infection 
Designated person 
Pseudomonas -

DJ>P 
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Appendix 5 A5.0 – Governance Structure (by governance groups)  

 
 

Sector Water Safety 
Systems Grou ps (SWSSG) 

NHS "-',....., 
Greaterr Glasgow 

and Clyde 
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1.0 GENERAL OVERVIEW 
 

Note 1: No work will be carried out on the water system without the knowledge and written consent of 

the Authorised Person (Water).  

Note 2: This Written Scheme document is to be read in conjunction with the Operational Procedures for 

the Written Schemes document and should also be read in conjunction with the Control of Water Records 

document. For any alterations to the Water System this Written Scheme Document is to be read in 

conjunction with the Guidance for alterations to water systems document. 

1.1 Introduction 

This document contains six sections which have been derived from the Risk Assessment to aid the 

design, installation, maintenance and operational mode of all domestic and process water systems within 

the premises with respect to the likelihood of the proliferation of waterborne micro-organisms. The 

assessment also considered the risk of infection presented to building users and the general populous at 

large, and derived a series of risk ratings and appropriate Remedial Actions and Control Measures, which 

should be implemented to minimise the presented risks.  This Risk Assessment was carried out in a 

manner consistent with the requirements of BS8580:2010 Water Quality – Risk Assessments for 

Legionella Control – Code of Practice, and is reviewed whenever system alterations or operational 

considerations may effect a change in the risk.   

Section 1 contains an Executive Summary of the recommended control measures and corrective actions 

together with an overview of the QUEH Site layout and accommodation. 

Section 2 contains a record of the logbook inspection, details on the location of records, defects, non-

compliance issues, correspondence and archived information. 

Section 3 provides information on the management structure associated with the control scheme for the 

water system and clear definitions of responsibilities held by those named, details of training undertaken 

and a summary of the designated tasks as detailed in section 4.  

This section also provides information on the details of the risk assessment values associated with 

representative outlets, systems and plant items undertaken since 2013. A generic risk assessment for any 

positive legionella test results within designated Low Risk locations and a description of the installed 

plant and equipment with associated schematic layout plans for each of the installed water systems 

within the site is also contained within this section. 

~~ 
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Section 4 of the document details the safe operation of the system and all appropriate Maintenance 

Procedures (Control Measures) which were derived from the Risk Assessment and recommendations 

within NHS Greater Glasgow and Clyde Water Systems Safety Policy.   

This section of the document contains a task description with associated record (Log) sheet relating to 

these activities.  It should be noted however, that in certain circumstances, specialist contractors are 

required to implement some Control Measures, and records pertaining to these activities may be held 

under separate cover.  Such activities would typically include those associated with chemical water 

treatment regimes and drinks vending machines sanitising maintenance.   

Refer to Section 2 for the location of records and archived information associated with the maintenance 

procedures and other control measures. 

Section 5 contains supporting information relating to the Control Scheme, and should typically include 

the recording of system alterations or remedial actions together with utilised materials.  Ad hoc 

maintenance activities should also be recorded in this section, such as system sterilisations which may 

be required from time to time.  This section of the document also contains a glossary of supporting 

publications, where additional information relating to the risks associated with waterborne micro-

organisms, and water quality generally, may be found. 
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1.2 Executive Summary 

The purpose of this Written Scheme document is to assist in the correct and safe operation of the water 

systems within the QEUH Campus. The document outlines the specific roles, responsibilities, training 

requirements and regular maintenance procedures to be followed in order to ensure compliance with 

statutory and mandatory guidance. 

 

Risk Assessments for the water services have been carried out on the instruction of the Board Water 

Safety Group. DMA Canyon Ltd are presently the appointed Water Systems Risk Assessor and have 

carried out Risk Assessments within all individual buildings on the campus. 

Additionally there are two Hydrotherapy Pools in operation on the campus. These are situated within 

the New Childrens Hospital, and Spinal Injuries Unit. Separate Risk Assessments have been carried out 

for both of these facilities by a specialist Swimming Pool Risk Assessment provider. 

 

Risk Assessments require to be reviewed and updated to reflect any changes in-use and / or functions 

that have taken place since the date of the original Risk Assessment or in the event of control measures 

becoming ineffective, changes in key personnel or in the event of a case of legionnaires disease / 

legionellosis associated with the water system. Guidance on the Risk Assessment review procedure is 

given in Appendix 3. 

 

All documentation and log sheets used to record maintenance activities follow the format contained 

within guidance document SHTM 04-01 Part G: Operational Procedures and Exemplar Written Scheme. 
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1.3 Overview of Site Accommodation and Premises 

The main new-build Adult Hospital building comprises of 12 stories, with the basement housing FM 

areas and the new-build Childrens Hospital comprising of 4 stories. 

On the retained estate there are individual buildings comprising of Neurology, Neurosurgery, Spinal 

Injuries Unit, PDRU, Maternity, Neo-Natal, Podiatry and Westmarc stand alone with the Teaching and 

learning and office block new additions. 

Full descriptions and information on the individual written schemes are available in the Log book/Risk 

Assessment folders for each building. 

The building codes are as follows: 

 

AC – Minor Injuries Unit 
AQ – Acute Medical Block (AMB) 
AS – Central Medical Block (CMB) 
BC – Neurosurgical Block (INS) 
BL – Maternity 
BW – Neurology 
DA – Spinal Injuries 
DB – Maternity Day Surgery 
DD – Podiatry 
DE – Physically Disabled Rehabilitation Unit (PDRU) 
DI – WestMARC 
EA – Neo Natal 
FA – Multi Storey Car Park 2 
FB – Multi Storey Car Park 1 
GA – Laboratory Medicine 
GB – Energy Centre 
HA – Adults Hospital 
HB – Childrens Hospital 
IA – Teaching & Learning Centre 
IB – Office Building 
IC – Imaging Centre of Excellence (ICE) 
 
NOTE: ICE building is owned by University of Glasgow (UoG). Facilities management and 
maintenance is carried out under contract by NHS GG&C on behalf of UoG.  
 
Langland Building is managed via PFI by Serco and MDU is managed via Vanguard. 
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See Site Map in Appendix 1 

2.0 RECORDING 

2.1 Written Scheme Inspection Records 

Anyone inspecting this written scheme (either as part of the Management Control System or otherwise) 
is invited to make an entry in this inspection record. Under no circumstances may this Written 
Scheme or any part of it be removed from site. 
 

Date/Time Comments Signature Position 
 
 
June 2018 
 
 

Written scheme has been reviewed 
and re-formatted into this current 
form (Revision D) by Colin Purdon 
as part of the water systems review.  

 Site Manager Operational 
Estates 

 
Feb 2019 
 
 
 

Written scheme has been reviewed 
and re-formatted into this current 
form (Revision E) by Colin Purdon 
as part of the water systems review. 

 Interim Sector Estates 
Manager (Deputy 
Responsible Person) 

 
May 2019 Rev B 
 
 
 

Written scheme has been reviewed 
and re-formatted into this current 
form (2019 Rev A) by Colin Purdon 
as part of the water systems review. 

 Interim Sector Estates 
Manager (Deputy 
Responsible Person) 

 
October 2020 Rev C 
 
 
 

Written scheme has been reviewed 
to reflect changes to staff personnel 
and a review of procedures. 

 Site Manager Operational 
Estates 

 
May 2021 Rev D 
 
 
 

Written scheme has been reviewed 
to reflect changes to staff personnel 
and a review of procedures. 

 Site Manager Operational 
Estates 

 
 
Aug 2022 Rev E 
 
 

Written scheme has been reviewed 
to reflect changes to staff personnel 
and job titles. Additionally 
modified procedures for WS01 
(Page 103) 

 Site Manager Operational 
Estates 

 
 
Jan 2023 Rev F 
 
 

Minor changes to words regarding 
daily flushing 

 Site Manager Operational 
Estates 

 
 
May 2023 Rev G 
 
 

Index section 2 missing now added 
back in 

 Site Manager Operational 
Estates 

 
 
Oct 2023 Rev H 
 
 

Inclusion of Vanguard who carry 
out maintenance of the MIU Unit 
and minor changes to wording. Also 
added fixed shower head 
disinfections. Changed Appendix 2 
to reference WQS014 

 Site Manager Operational 
Estates 

 
 
 
 
 

   

Additional entries should be completed on a separate sheet and inserted in Section 2.1 with this sheet. 
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2.2 Location of Records and Correspondence 

Details of any correspondence, including Risk Assessments/Reviews and Ongoing Monitoring Reports, 
relating to water services should be entered on the sheet below, recording where held and by whom. 
 

Date Procedure or Record ref Description Held by/location 
 
 
16/07/18 
 
 

Flushing Outlets 026 

Email correspondence in relation to 
Flushing DCFP kitchen dishwasher 
and outlets with John Heron and 
Adam Wright 

Colin Purdon email archive. Hard 
copy in correspondence logbook 

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

Additional entries should be completed on a separate sheet and inserted in Section 2.2 with this sheet. 
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2.3 Non-Compliance Issues and Fault Detail Log 

Record Form 004 

All non-compliance and fault details in relation to the individual systems in each building must be 

recorded on Record Form 004 and brought to the attention of the Water Systems Lead AP as soon as 

possible. This process ensures that all non-compliance issues are documented, managed effectively and 

tracked through to completion and close –out of the issue. Copies of Record Form 004 are to be stored 

within the shared drive. SCART Compliance/22 Water/. 

The process for sampling out of specification is documented in WQS – 017 Procedures in the event of 

out of specification sample for Legionella and other monitored bacteria, moulds etc. 
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2.4 Archived Information Record Sheet 

All records associated with the management or maintenance procedures within this Written Scheme 
should be kept for a period of five years after they are no longer current. Records should be kept locally 
within the main Estates Office. The details of any archived information held separately in secure storage 
should be recorded in the table below. 
 

Date 
Procedure or Record 

Reference 
 

Description Held By/Location 

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

Additional entries should be completed on a separate sheet and inserted in Section 2.4 
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2.5 Equipment Calibration Records 

All equipment used for the measurement of temperatures should be calibrated at least annually to ensure 

the accuracy and consistency of the recording procedures. 

 

Calibration certificates for handheld thermometers are held in hard copy within the QEUH Campus Log 

Book suite in the main estates office. Electronic copies are also held on the QEUH Shared Drive>Water 

Quality folder. 
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3.0 MANAGEMENT ARRANGEMENTS 

3.1 Roles & Responsibilities 

NHS Greater 
Glasgow & 
Clyde Chief 
Executive – 
(Duty Holder) 

The Chief Executive has ultimate responsibility / accountability for water 
system safety within NHSGG&C. 
 
The responsibilities of the Chief Executive include: 
 
 Responsibility for implementation of the relevant mandatory and 

statutory elements contained within the Health & Safety Commissions 
Approved Code of Practice and Guidance “Legionnaires Disease.  The 
control of Legionella bacteria in water systems” L8 (ACOP L8), 
SHTM04-01: The control of Legionella, hygiene safe” hot water, cold 
water and drinking water systems and CEL 08(2013) water sources and 
potential risk to patients in high risk units – revised guidance. The 
implementation of Guidance for neonatal units (NNU’s) (levels 1, 2 & 
3) adult and paediatric intensive care units ICU’s in Scotland to 
minimise the risk of Pseudomonas aeruginosa infection from water. 

 Ensuring that adequate resources are provided to meet the Water 
Systems Safety requirements of NHSGG&C estate. Ensuring that the 
Water Systems Safety Policy is being implemented at all levels. 

 Reviewing and monitoring the operation of the Water Systems Safety 
Policy through the Board Corporate Management Team and ensuring 
that clear guidelines are provided for this tasked with compliance of 
legislative and statutory standards. 

 Appointing the Designated person (Pseudomonas) and Designated 
Person (Water) to assist in the execution of these responsibilities, who 
for NHSGG&C are the Infection Control Manager (Pseudomonas) and 
the Director of Facilities (Water). 

 
NHS Greater 
Glasgow & 
Clyde Director 
of Estates and 
Facilities – (Duty 
Holder)   
 

The Director of Estates and Facilities is the Designated Person (Water).  
They shall be responsible for: 

 
 Ensuring that Estates and Facilities staff, through the general 

management structure is fully aware of the current statutory and 
mandatory requirements and standards for the provision and 
maintenance of safe water systems. 

 Ensuring with the Responsible Person (Pseudomonas) that the Water 
System Safety Policy is regularly reviewed and updated. 

 Co-Chair the NHSGG&C Water Systems Safety Group. 
 Appointing in writing the Responsible Person (Water) at sector level 

and Deputy Responsible Person(s) (Water) at site level.  This shall be 
the Sector Estates Manager (SEM) and the relevant Site Manager 
Operational Estates (SMOE)/Site Estates Manager within the Facilities 
Directorate management structure. 
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3.1 Roles and Responsibilities (cont) 
 

NHS Greater 
Glasgow & 
Clyde Director 
of Estates and 
Facilities – 
(Assistant Duty 
Holder)   
 

The Assistant Director of Estates and Facilities is the Assistant 
Designated Person (Water).  They shall be responsible for assisting in : 
 
 Ensuring that Estates and Facilities staff, through the general 

management structure is fully aware of the current statutory and 
mandatory requirements and standards for the provision and 
maintenance of safe water systems. 

 Ensuring with the Responsible Person (Pseudomonas) that the Water 
System Safety Policy is regularly reviewed and updated. 

 Co-Chair the NHSGG&C Water Systems Safety Group. 
 Appointing in writing the Responsible Person (Water) at sector level 

and Deputy Responsible Person(s) (Water) at site level.  This shall be 
the Sector Estates Manager (SEM) and the relevant Site Manager 
Operational Estates (SMOE)/Site Estates Manager within the Facilities 
Directorate management structure. 

 
NHS Greater 
Glasgow and 
Clyde Infection 
Control 
Manager -
Designated 
Person 
(Pseudomonas) 
 

The Infection Control Manager supported by the Board Infection Control 
Doctor is the Responsible Person (Pseudomonas).  They shall be 
responsible for: 

 
  Ensuring that Infection Control Teams are fully aware of current 

guidance on Legionella control matters and the minimisation of the risk 
of Pseudomonas aeruginosa infection from water. 

  The implementation of Guidance for neonatal units (NNU’s) (levels 1, 
2 & 3) adult and paediatric intensive care units ICU’s in Scotland to 
minimise the risk of Pseudomonas aeruginosa infection from water.  

  Ensuring with the Designated Person (Water) that the Water System 
Safety Policy is regularly reviewed and updated. 

  Co-Chair the NHSGG&C Water Systems Safety Group. 
  Appointing in writing the Responsible Person(s) (Pseudomonas) at 

sector level.  This shall be the relevant Infection Control Doctor. 
Assistant Head 
of Estates -  
Responsible 
Person (Water) 
 

The Assistant Head of Estates will be appointed as the Responsible Person 
(Water) at Sector level by the Director of Estates and Facilities in writing.  
The Sector Estates Manager is responsible for: 

 
 Ensuring the effective maintenance of engineering controls installed 

for the purposes of controlling water systems. 
 Ensuring that written schemes and risk assessments are in place and 

reviewed regularly. 
 Devising and maintaining procedures to ensure the quality of water on 

premises is maintained. 
 Ensuring operational procedures are carried out and documented. 
 Ensuring records are kept of all water systems and their purpose, giving 

locations recording and maintaining within the Boards estates 
management system. 

 Liaise closely with other professionals to ensure legislative and 
statutory   compliance is maintained by the Board. 
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3.1 Roles and Responsibilities (cont) 
 

3.1 Roles and 
Responsibilities 
(cont) 
Authorising 
Engineer (AE) 
 

An Authorising Engineer acts as an independent professional advisor to 
the healthcare organisation, appointed by the organisation with a brief to 
provide services in accordance with Scottish Health Technical 
Memorandum (SHTM) guidance. 
 
He will be appointed in writing by the Director of Facilities/General 
manager (Estates). 
 
The Authorising Engineer acts as an assessor, making recommendations 
for the appointment of Authorised Persons, monitoring the performance 
of the service and providing an annual audit to the organisation’s 
Designated Person.   
 

Authorised 
Person (Water) 
 

The Authorised Person (water) has the key operational responsibility for 
the service, qualified, sufficiently experienced and skilled for the purpose. 
They will be nominated by the Authorising Engineer and be able to 
demonstrate  

  
 They application through familiarization with the system and 

attendance at an appropriate professional course;  
 A level of experience;  
 Evidence of knowledge and skills.  

 
An important element of the Authorised Person (Water) role is the 
maintenance of records, quality of service and maintenance of system 
safety (integrity).  
 
The Authorised Person (Water) will also be responsible for establishing 
and maintaining the roles and validation of Competent Persons (Water) 
who shall be suitable trained employees of the organisation or appointed 
contractors.  
 
Larger sites may require more than one Authorised Person (Water) for a 
particular service.  
 
The Authorised Person (Water) will be appointed by the General Manager 
– Capital Planning. 
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3.1 Roles and Responsibilities (cont) 
 

Head of Capital 
Planning 
(Water) 
 

The Head of Capital Planning will be appointed as the Deputy 
Responsible Person (Water) at Board level by the Director of Estates and 
Facilities in writing.  The General Manager for Capital Planning is 
responsible for: 

 
 Ensuring that any new works undertaken or refurbishment within 

existing premises shall comply with the requirements of this Policy and 
the Written Scheme and Operational Procedure for managing Water 
Safety including The control of Legionella, hygiene, ‘safe’ hot water, 
cold water and drinking Water systems and The implementation of 
Guidance for neonatal units (NNU’s) (levels 1, 2 & 3) adult and 
paediatric intensive care units ICU’s in Scotland to minimise the risk 
of Pseudomonas aeruginosa infection from water.  

 Ensuring that all potential interfaces between an operating system and 
new and refurbishment works shall meet the approval of the 
Responsible Person (Water) and Authorised Person (water) as to 
methodology for making that interface. 

 Ensuring that any work involving the installation of water services or 
equipment requiring a water supply shall follow the guidance in SHTM 
04-01 and HSE document L8 and shall be certified by the design 
Engineer as to that compliance. 

 Ensuring that any works which will affect an operational water service 
will be discussed with the Estates Authorised Person (Water) prior to 
arranging that work. 

Site Estates  
Manager 
Deputy  
Responsible 
 Person  
(Water) 

The Site Manager Operational Estates (SOME) shall be appointed in 
writing by the Director of Facilities/General Manager (Estates) in writing 
as the Deputy Responsible Person (Water) and will also act as the 
Designated Person Water in the absence of the Designated Person 
(Water). The Site Maintenance Manager/Site Estates Manager is 
responsible for: 

 
 Ensuring all staff conducting water system maintenance are 

competent to do so. 
 Ensuring water system maintenance records are maintained and kept 

up-to-date. 
 Regularly checking maintenance records. 
 Ensuring all work is completed in accordance with the NHS GG&C 

Estates Procedures. 
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3.1 Roles and Responsibilities (cont) 
 

Acute Services  
Directors 
CH(C)P  
Directors and  
Corporate  
Division  
Directors 
 

As Senior Managers, NHSGG&C Directors play an intrinsic role in 
ensuring that water safety is embedded within the culture of the 
organisation.  

 
The responsibilities of Directors include: 

 
 Supporting the designated person (Water) and (Pseudomonas) in the 

development of the Board’s overall strategy in relation to water safety 
and for ensuring implementation within their areas of responsibility;  

 Ensuring that all staff are made aware of their requirement to attend 
Water Safety training at the appropriate frequency, as per the 
NHSGG&C Water  Safety Policy and Operational Procedures which 
underpin this by facilitating staff release from duties to attend 
training; 

 Supporting action to address staff who put themselves and/or others 
at risk from a real or potential water safety incident. 

 
Heads of Service, 
Departmental 
Managers, 
Clinical 
Managers, 
Senior Charge 
Nurse’s 
 

All managers who have a responsibility for the day to day management of 
facilities, staff or services, and/or premises, have water safety 
responsibilities that include: 
 Familiarise themselves with the NHSGG&C Water Safety Policy and 

local control measures including any water risk assessments for their 
area(s) of responsibility; 

 Ensuring that persons in the department, clinic or ward are fully aware 
of their responsibilities and duties in respect of Water Safety, in 
particular, the action required of them should the area be defined as 
High Risk by the local Water Safety Group  

 Ensure that persons in the department, clinic or ward are fully aware of 
the Infrequently Used Outlets definitions and Operating Procedure 
which underpins the NHSGG&C Water Safety Policy  

 
Heads of Service, 
Departmental 
Managers, 
Clinical 
Managers, 
Senior Charge 
Nurse’s (cont) 
 

 Actively promoting Water  Safety within the department or ward by 
maintaining good housekeeping within the department or ward at all 
times, ensuring that any flushing or documentation as described in the 
Water Safety Written Scheme and Operational Procedures 
documentation is completed on time  

 Responding appropriately to any water  safety concerns that persons in 
the department, clinic or ward have; 

 Nominating a responsible person to complete the Monthly Infrequently 
Used Outlets Audit for each area, forwarding a copy to the Site 
Maintenance Manager, thereby assisting NHSGG&C to meet its 
statutory and mandatory requirements;  

 Ensuring that action is taken on a daily basis to address any access 
issues identified within the Cleaning Compliance Checklist Sign Off 
documentation retained in the Facilities Folder. 

 Liaising with the estates department as required  
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3.1 Roles and Responsibilities (cont) 
 

Legionella Risk 
Assessor 
 

The NHS Board appoints in writing a Legionella Risk Assessor with terms 
of reference to provide services in accordance with BS 8580, SHTM 04-
01 and HSE guidance under this Policy. 

He/she will be appointed in writing by the Director of Facilities/General 
Manager (Estates) 

 
Competent 
Person (Water) 
 

The Competent Person (Water) provides skilled installation and/or 
maintenance of the specialist service. He/she will be appointed, or 
authorised to work (if a contractor) by the Authorised Person Water). 
He/she will demonstrate a sound trade background and specific skill in the 
specialist service, working under the direction of the Authorised Person 
(Water) in accordance with operating procedures, policies and standards 
of the service.  
 

Maintenance 
Tradesperson 

 

A Maintenance Tradesperson is someone who has sufficient technical 
knowledge and the experience necessary to carry out maintenance and 
routine testing of the water supply, storage and distribution system.  
 

Installer 
 

The Installer is the person or organisation responsible for the provision of 
the water storage and distribution system.  

Contractor 
 

A Contractor is the person or organisation designated by management to 
be responsible for the supply, installation, validation and verification of 
hot and cold water services, and for the conduct of the installation checks 
and tests in relation to the control of Legionella.  The NHS Board will 
expect potential contractors to have suitable qualifications (for example 
companies/individuals who are members of the Legionella Control 
Association).  
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3.1 Roles and Responsibilities (cont) 
 
NHS GG&C South Sector (QEUH) Hierarchy Appointment Table 
 

Designation Position Name 
Tel Number 

The Duty Holder Chief Executive Jane Grant 

Designated Person (Water) 
 

Director of Facilities/General 
Manager (Estates) 
 
Assistant Director (Estates) 

Tom Steele 
 
 
Mark Riddell. 

Authorising Engineer (Water) AE Dennis Kelly 
 

Legionella Risk Assessor DMA Water Services Ltd 
David Watson 
Mike Kinghorn 

 

Responsible Person (Water) Sector Estates Manger (South) Euan Smith  

Deputy Responsible Person 
(Water) 

Site Manager Operational 
Estates (Building) Kerr Clarkson  

Deputy Responsible Person 
(Water) Head of Capital Planning James Huddleston 

Lead Authorised Person Estates Manager Mel MacMillan 

Authorised Persons 

Estates Manager  
Co-ordinating Supervisor 
Co-ordinating Supervisor 
Co-ordinating Supervisor 

Darren Hopkins 
Grant Bennet 
William Fenn 
Daniel Martin 

Competent Persons CAD Technician Mark McGowan 

Competent Persons Plumbers/Engineers See training records in Section 
3.4 

Others Involved 

Microbiology Consultant Microbiologist 
Alistair Leonard 
Linda Bagrade 
Aleksandra Marek 

Infection Control 
Director  
Lead Nurse  
Lead Nurse 

Sandra Devine 
Gillian Bowskill 
Lynn Pritchard 

Public Health  Dr Iain Kennedy 

Laboratory Services  Sandra Higgins 
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3.2 QEUH Estates Staffing 

Management organogram for QEUH Estates Dept as of Oct 2019 
 
 
 
 
 
 
 
 
 
 
 
  

Euan Smith 
Assistant Head of Estates 

(South & Clyde) 
Responsible Person 

WATER 

Kerr Clarkson 
 Site Manager Operational 

Estates 
(Deputy Responsible Person 

WATER) 

Colin McKechnie 
 Site Manager 

Operational Estates 
(Electrical)

Paul Allan 
Estates 

Manager  
(Electrical 

Systems AP) 

Mark McGowan 
CAD Technician 
(Water CP TBA)  

Estates Competent Persons 
(Water Systems) 

See Training Records in Section 
3.4 for trained staff list 

Connor 
Stepney 
Estates 

Manager  
(Mechanical) 

 
VACANT 

Estates 
Manager  

 

Mel MacMillan 
Estates Manager 

(Lead Water 
Systems AP)  

William Fenn 
Daniel Martin 
(Water Systems 

AP)  
 

Darren Hopkins 
Co-Ordinating 

Supervisor (Water 
Systems AP)  

 

Matthew Feeney 
Compliance Manager 

Water Systems 
(Boardwide)  

Tom Steele 
Director of Estates & 

Facilities 

Hugh Brown 
 Site Manager 

Operational Estates 
(Mechanical)

Daniel Martin 
Trainee Estates 

Manager  
(Electrical 

Systems AP) 

William Fenn 
Trainee Estates 

Manager  
(Electrical) 

Systems AP) 

Alan Gallacher 
Head of Corporate 
Estates (South and 

Clyde) 

Mark Riddell 
Assistant Director (South 

& Clyde) 
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3.3 Required Maintenance Tasks 

The maintenance and management of the water systems throughout the QEUH Campus is undertaken 
by a combination of both NHS Staff and external Contractors at the frequencies identified in the 
following tables. 
 
QEUH Management staff manage and oversee the following tasks: 
 

Procedure 
Reference 

Operation(s) Record Form 
Ref 

Frequency 

P1C1 BMS Temperature Monitoring (Carried out by NHS 
Estates) 

Requires new 
number Daily 

P1CC1A Manual Temperature Monitoring for calorifiers (different 
form used ONLY REQUIRED if no BMS Monitoring (005a) Daily 

N/A Filtration Plant Checks (Carried out by NHS Estates) 028c Twice Daily 

    

WS01 Daily flushing of all outlets (Carried out by NHS 
Facilities) - Daily 

WS01 Deluge shower/Eye wash flushing (1 off carried out by 
NHS Estates and 1 off by DMA) (026) Twice Weekly 

WS01 Flushing of little used outlets * frequency based on risk 
(Carried out by NHS Clinical ) see page 103 - Daily or 

Twice weekly 

P1C3 Pump operation/duty rotation (Carried out by NHS 
Estates) (028a) Weekly 

    

P1C4 Temperature Recording of Sentinel Hot and Cold Water 
Outlets. (Carried out by NHS Estates) (005c) Monthly 

P1C4 DHW Calorifier and Buffer Vessel Checks (Carried out 
by NHS Estates) (005) Monthly 

P1C6 DWS Calorifier, Expansion Vessel Flushing (Carried out 
by NHS Estates) (006) (023) Monthly 

    

P1C12 Showerhead/hose replacement/disinfection (No longer 
carried out as shower head and hoses replaced quarterly) (005b) Quarterly 

WS01 Review of Rarely Used Water Outlets and Changes In-Use 
(As required by NHS Estates)  Quarterly 

    

P1C9 DWS Calorifier / Expansion Vessel Inspection (Carried 
out by NHS Estates) (006) Annually 

N/A 

Water Services Pipework and Distribution System Checks 
(Carried out by NHS Estates during calorfier checks, 
Plant Room checks and by DMA during Tank Room 
checks ) 

 Annually 

N/A Vibration coupling inspection (Carried out as part of 
checks on booster pumps) (Carried out by NHS Estates)  Annually 

N/A Carry out review of log books and Written Scheme  Annually 
(Sep) 

N/A Carry out review of drawings and schematics  Annually 
(Sep) 
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3.3 Required Maintenance Tasks (cont) 
 
In addition to the tasks undertaken by NHS directly employed Competent Persons, there are also tasks 
undertaken by Contractors on a selection of buildings within the campus. 
 
Appointed Service Providers presently undertake the following tasks: 
 

Procedure 
Reference 

Operation(s) Record Form 
Ref 

Frequency 

WS01 Deluge shower/Eye wash flushing (Carried out by 
DMA) 

DMA 
Records Twice Weekly 

WS01 Flushing Deadlegs and drain valves (Carried out by 
DMA) 

DMA 
Records Twice Weekly 

WS01 Flushing Intermittently used outlets  (Carried out by 
DMA) 

DMA 
Records Twice Weekly 

    

 
External Water Mains Valve Operation and Flushing 
Routines  Monthly 

PIC4 Temperature and CL02 monitoring of outlets (Carried 
out by DMA) 

DMA 
Records Monthly 

- 

PPM Schedule Monthly Visually inspect chemical 
delivery system, Check chemical suction and delivery 
lines for correct operation Chemical level check and refill 
, Cross check measured ClO2 / Chlorite residual test 
against analyser & Palintest Kit, Check and Adjust 
controller settings as required (Carried out by ScotMas) 

ScotMas 
Records  Monthly 

    

 PAL Filters on taps outlets (Carried out by DMA) DMA 
Records  

    

 
‘TMV’ and Mixing Valve Sanitation and Maintenance 
Checks (Carried out by DMA) 

Carried out 6 
monthly  Quarterly 

N/A TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (HIGH RISK) Carried out 6 monthly  Quarterly 

 
Shower Head and Flexible Hose Exchange (Carried out 
by DMA) 

DMA 
Records Quarterly 

 
Shower Head and Flexible Hose maintenance e.g. fixed 
shower heads, bath, eye wash heads etc (Carried out by 
WATER SERVICE PROVIDER) 

DMA 
Records Quarterly 

WQS 001 
HORNE Tap Flow Restrictor Exchange (Carried out by 
DMA) 

DMA 
Records Quarterly 

     

 
‘TMV/TMT’ Tap Outlet Sanitisation and Operational 
Checks (Carried out by DMA) 

DMA 
Records Six-Monthly 

N/A TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (Non-HIGH RISK) (Carried out by DMA) 

DMA 
Records Six-Monthly 

- Maintenance of filtration units (Carried out by Veolia) Veolia 
Records Six-Monthly 

- 

6 Monthly Visit– All above, plus,  Check ClO2 gas 
detector functionality and recording levels, Simulate fault 
circuitry and alarm on Sentinel Monitor, Change probe 
electrolyte and cross calibration test, Carry out manual 
Chlorate & Chlorite validation tests (12 representative 
outlets), Check water meter operation and report o 
Electrolyte top up, Probe calibrations (Carried out by 
Scotmas) 

ScotMas 
Records Six-Monthly 

P1C7 CWST Inspection and Temperature Monitoring (Carried 
out by DMA) 

DMA 
Records Six-Monthly 
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3.3 Required Maintenance Tasks (cont) 
 
 

    

 ‘TMV’ Tap Outlet Sanitisation and Operational Checks 
(Carried out by Vanguard - MIU) 

Vanguard 
Records Annual 

    

 CWST Inspection (Carried out by DMA) DMA 
Records Annually 

 
Hot and Cold Tap Outlet Sanitisation and Operational 
Checks (NOT CARRIED OUT UNLESS ISSUE 
IDENTIFIED THROUGH SAMPLING) 

DMA 
Records Annually 

- 
As per  6 monthly and ClO2 & Chlorite Probe membrane 
cap replacement, Dosing Pump diaphragm valve 
replacements, Replace ClO2 gas detector cartridge if 
required (Carried out by Scotmas) 

ScotMas 
Records Annually 

P1C10 
Representative Tap Temperature Monitoring 
Note all tap temperatures are checked through TMT/TMV 
maintenance (Carried out by DMA) 

DMA 
Records Annually 

 
BMS Sensors (Carried out by Schneider and MCE 
BMS Providers for respective BMS) 

Schneider & 

MCE records 
Annually 
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3.4 Training Records 

The following NHS personnel are certified to have the required ability, experience, instruction, 

information and training to carry out the work associated with legionella precautions at QEUH Campus.  
 

 
NAME  

 
POSITION 

NATURE OF TRAINING 
(QUALIFICATION, TRAINING COURSES 

ATTENDED) 

 
DATE 

Euan Smith 
 
 
 
 
 
Kerr Clarkson 
 
 
Mel MacMillan 
 
 
 
Daniel Martin 
William Fenn 
 
 
 
Grant Bennet 
Darren Hopkins 
 
 
 
 
 
 
 
 
 

Sector Estates 
Manager 
RP 
 
 
 
Site Manager 
Operational  
 
Estates Manager 
Lead AP 
 
 
Trainee Estates 
Managers AP 
 
 
 
Co-Ordinating 
Supervisor AP 
 
 
 
 
 
 

Responsible Person Course 
ENAP City & Guilds Authorised Person 
ENWS City & Guilds Managing Water Systems 
 
 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and Cold 
Water Systems 
 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and Cold 
Water Systems 
 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and Cold 
Water Systems 
 
 
 

 

 
 

Copies of all relevant training records and appointment letters are held electronically on the QEUH 

Shared Drive within the folder path “Water Quality>Training and Appointments”. 

 

The results achieved by each member of staff during their competency training are held on the central 

database managed by the Water Systems Compliance Manager.  
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NAME  

 
POSITION 

NATURE OF TRAINING 
(QUALIFICATION, TRAINING COURSES 

ATTENDED) 

 
DATE 

 
Martin Inglis 
 
Andrew Hamilton 
 
David Fickling 
 
Mark McInally 
 
Shawn O’Neill 
 
Jason Weir 
 
Adam Gardner 
 
Robert Grant  
 
Ryan Ogilvie  
 
Gavin Goodall  
 
Paul Kelly 
 
Mark McGowan 
 

 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Apprentice 
 
Apprentice 
 
CAD Technician 

 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
TBC 
 
TBC 
 
TBC 
 
TBC 
 
TBC 
 
TBC 
 

 

 
 
Copies of all relevant training records and appointment letters are held electronically on the QEUH 

Shared Drive within the folder path “Water Quality>Training and Appointments”. 

 

The results achieved by each member of staff during their competency training are held on the central 

database managed by the Water Systems Compliance Manager.  
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3.5 Training Requirements 

A programme of training and procedures to assist in assessing and ensuring the competence of ALL 

persons responsible for the operation, maintenance, repair and alteration to the water distribution system 

and associated plant and equipment requires to be progressed, developed and implemented.  

 

QEUH Estates Staff - Interim Training Requirements: 
 

Item 
 

Training Requirement Applicable to Target Date  
for  

Completion 
 

Date  
Completed 

1 Toolbox talks on Written Scheme 
Section 4 for staff. All plumbers   

2 
    

3 
    

4 
    

5 
    

6 
    

7 
    

8 
    

9 
    

10 
    

11 
    

12 
    

 
NOTE:- This table should be updated on a regular basis as part of the review process described in 

Section 3.10. 
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3.6 Water Systems Risk Assessment 

The duly appointed Legionella Risk Assessor for Legionella and Water Systems Safety will update the 

Legionella risk assessment database as directed by the board.  

Risk assessments for each building have been conducted by DMA Water Ltd and are filed in the main 

Estates Office at QEUH. Each contains details of individual systems and a summary of the associated 

risks. The risk assessments each contain unique information in regard to the water distribution systems 

in the buildings and also guidance on the recommended maintenance procedures for mitigating risk. 

Risk Assessment Review-Escalations 

During the Risk Assessment, whenever an anomaly is discovered on either the hot or cold water systems, 

the Risk Assessors e-mail the AP (water) with their findings. These anomalies are actioned by creating 

a FM job for the onsite CP Plumbing Technician. The findings are held in the Estates office in the folder 

named (Pre Risk Assessment Jobs completed). 

Risk Assessment Process for Removal of Identified Items 

Points are actioned that have been identified in the Risk Assessment, all drawings are updated to reflect 

the changes and the Risk Assessment action point is closed. 

Risk Assessment Review Schedule 

A review of the Risk Assessments MUST be carried out after or during the following: 

A change to the water system or its use 

A change to the use of the building/ward/clinic/dept etc. 

Changes in legislation or updates in control measures 

Changes in immediate management or key personnel 

Control measures becoming ineffective 

Increased micro-bacterial levels found in the water system or a case of legionnaires disease/legionellosis 
associated with the water system. 

 

Action plan details for each risk assessment are summarised on the Smartsheet tool. 

Electronic copies of the Risk Assessments are also held on the QEUH Shared Drive at the folder path  

“Water Quality>Risk Assessments” 

Further information on reviewing Risk Assessments is detailed in Appendix 3. 
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3.7 Plant Description and Schematics 

Details of the plant in each building and schematic layouts are contained within the individual log 

books/risk assessments for each building. The log books/risk assessments are stored in the main Estates 

Office at QEUH. 

These details are also held on the Shared Drive  

All plant details and system schematics and as-fitted drawings for the Adult & Childrens Hospitals are 

contained in the ZUTEC cloud based document management system. All Estates Managers and 

Supervisors have access to these systems. 

Additional access accounts can be set up at the request of the QEUH Site Manager Operational Estates. 

 

 Brendan.egan  
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3.8 Water Systems Audits/Review Procedures 

A duly appointed Authorising Engineer (Water) will audit the entire Water Safety procedures within 

NHS Board annually.  

The appointed Authorising Engineer for Water Safety will produce an annual report for management 

review. See Section 3.1 pg 18 for current appointments. 

 

AE Audit 

The Lead Authorised Person (Water) must regularly gather and maintain all the relevant information and 

records, including relevant Water Safety Risk Assessments and Written Schemes.  

Working with the Authorising Engineer (Water) and Responsible Person (Water), the relevant 

Authorised Person (Water) will review and analyse all records for compliance with Legionella and other 

water safety parameters.  

The relevant Authorised Person (Water) will detail on these records any deviations from the Legionella 

and other water safety parameters giving a brief description as to the reason for this deviation.  

The Audit Programme will consist of planned audits on the following elements, for example: 

Risk Assessments;  

All documentation associated with this Written Scheme 

training review and records;  

schematic drawings;  

Water Safety Log Books/Maintenance records; 

BMS trend log comparison.  

 

A report will be produced summarising the audit for submission to the Sector Water Safety Group. 

The Lead Authorised Person (Water) will file locally, all relevant information and maintain hard copy 

records in the Water Safety Log Books stored within the main Estates Office. All actions identified 

should be tracked to ensure completion and closure. 
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Summary of Internal/External Audit Procedures 

Frequency Task By Whom 

Annually Carry out Authorising Engineers Audit and produce report for 
submission to Sector Water Safety Group (Section 3.8 WS) Lead AP, AE, 

Annually/May Carry out annual review of written scheme and produce report for 
submission to Sector Water Safety Group (Section 3.9 WS) 

RP/DRP, Lead AP, 
Compliance Mgr 

6 monthly Carry out management review (Section 3.10 WS) RP/DRP, Lead AP, 
Compliance Mgr 

Monthly Carry out regular audit of SCART topic and update database 
(Section 3.11 WS) Lead AP 

Monthly Conduct contractor meetings/audits to ensure compliance with 
legislation and training requirements.(Section 3.12 WS) Lead AP 

 

3.9 Written Scheme Audit Procedure 

The Written Scheme will be audited at agreed intervals but should be at least annually.  

An audit schedule will be prepared to ensure the entire procedure is audited. This should be done in 

conjunction with the Lead AP (Water Systems), Compliance manager, and Responsible Person (Water 

Systems). A report should be produced and submitted to the Sector Water Safety Group. 
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3.10 Management Review  

The Responsible Person (Water) will hold regular review meetings to confirm current compliance with 

Water Safety System requirements, identification of any deficiencies and actions required to resolve 

staff training needs.  

 

The management review will be based on following:  

 Results of internal audits;  

 Results of external audits;  

 Staff suggestions;  

 Training records;  

 Operation of the system and procedures over a reasonable historic period (6 to 12 months) 
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3.11 Water Systems SCART Report 

The Lead Authorised Person (Water) must regularly gather and maintain all the relevant information for 

import into the Campus SCART system. 

All evidence confirming the SCART position and justification for risk rating adjustments should be 

uploaded to the SCART database in electronic format. 
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3.12 Contractor Management & Audit Report 

Contractor Management Process 

Regular review meetings should be set up with any contractors working on the water distribution system. 

Minutes of the meetings are held on the QEUH Estates Shared Drive at the path: SGH Estates>Water 

Quality>Contractor Meetings. 

Discussions should include: 

Ongoing works; 
Future task programme; 
Recording procedures; 
RAMS; 
 

Contractor Competency 

Regular checks should be performed to ensure that any contractors working on the water distribution 

system are deemed competent and all operatives are suitably trained to conduct the delegated tasks. 

Copies of all Risk Assessments and Method Statements should be refreshed and all training records 

reviewed by the Water Systems AP. Copies are stored on the QEUH Campus Shared Drive in Water 

Quality. 

 

Contractor Audit Report 

A report should be produced at least annually to record the findings of the audit. 
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3.13 Permit to Work, Water Systems. 

The Permit to Work Water Systems as per this written scheme is solely intended to be used when works 

on the hot and cold water systems and its ancillary equipment are to be completed within the QEUH and 

RHC campus. This includes break-ins to existing pipe work, removal of dead legs and any new 

installation works. 

The Permit to Work may only be issued to Competent Persons (L8 approved) by the Authorised Person 

(AP) for water. This includes in house maintenance staff and approved contractors. 

The Permit to Work form will include the following; 

 Name of the organisation issuing the permit. 

 Permit number. 

 Name of Authorising Person (AP), including emergency contact details. 

 Reasons for the works on the water system, (Plant Preventive Maintenance, Planned repairs or 

Emergency works). 

 Exact location of the works 

 Reference to any as built drawing numbers, (for update purposes). 

 Name of Competent Person (CP) undertaking the works. 

 Hazards and Risks, (copy of Risk assessment and Method Statements (RAMS) to be submitted 

for approval before start of works) 

 Commissioning and Testing. 
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The above points on the Permit Work are broken into five categories, namely; 

Part 1 Description of work and authorisation/permission to proceed. 

Part 2 CP acceptance of work and conditions. 

Part 3 Confirmation of work completion and engineering test results. 

Part 4 Authorisation to use a system. 

Part 5 Acceptance of system status by Nurse Manager. 

Procedure to be followed for Permit to Work on water systems within the QEUH and RHC; 

Sign into Estates office within the Laboratory building on the QEUH and RHC campus. 

Receive induction from Authorised Person water. 

Provide L8 Competent Person certification to Authorised Person water. 

Provide applicable RAMS for the works to be completed. 

 

3.14 Tool Box Talk, Hot and Cold Water Systems. 

Estates Tool Box Talk on Hot and Cold water Systems is located on the shared drive / water quality / 

Estates Tool Talk. This is carried out in the form of a power point presentation. 
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4.0 MAINTENANCE PROCEDURES 
 

Procedure 
Reference 

 
 

Operation 

4.1 SYSTEM INFORMATION 

4.2 MAINTENANCE PROCEDURES SUMMARY 

4.3 WEEKLY MAINTENANCE TASKS 

4.4 MONTHLY MAINTENANCE TASKS 

4.5 QUARTERLY MAINTENANCE TASKS 

4.6 SIX MONTHLY MAINTENANCE TASKS 

4.7 ANNUAL MAINTENANCE TASKS 

4.9 BI-ANNUAL MAINTENANCE TASKS 

 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.1 System Information 

4.1.1 Correct and Safe Operation of the System 
Measures should be in place to ensure that the water system is operated within the specific parameters 
as detailed in the following paragraphs: 
 

4.1.2 Hot Water System 
The storage of domestic hot water should be arranged to ensure that a water outflow temperature of at 
least 60ºC is achieved. No two water systems are the same and through periodic monitoring operational 
system performance, the system outflow temperature should be set to over 60ºC to ensure an outflow of 
60ºC is achieved under normal draw-off demand and achieve 55°C at the supply to the furthermost draw-
off point in the circulating system. It is important to maintain temperatures at above this figure 
(Legionellae organisms will survive for only a short period of time above this temperature - 
approximately two minutes).  
 
Periodic performance monitoring and a system of continuous monitoring and recording of water 
temperatures via a building management system (BEMS) or data logger is essential to ensure compliant 
system performance.  
 
The outflow water temperature, under prolonged maximum continuous demand (at least 20 minutes) 
from calorifiers should not be less than 60ºC.  
 
While it is accepted that occasionally under peak instantaneous or prolonged demand the water outflow 
temperature will fall, it is not acceptable if this occurs frequently (more than twice in any 24 hour period) 
and/or for long periods (exceeding 20 minutes).  
 
Under no circumstances should the domestic hot water flow temperature fall below 55ºC.  
 
It is recommended that disinfection by pasteurisation is undertaken if the water temperature of the 
calorifier falls below 45ºC. A minimum domestic hot water circulation (return) temperature of 55ºC shall 
be maintained during the hours of occupancy. 
 

4.1.3 Cold Water System 
All domestic cold water storage cisterns and tanks shall comply with the requirements of the Scottish 
Water Byelaws.  
Duplicate tanks often create a risk of water becoming stagnant in one of them, leading to risk of 
Legionella, Pseudomonas Spp or similar contamination. Consideration should be given to taking one of 
the tanks out of service. See guidance in “Guidance for Alterations to Water Systems”. 
  
All cold water storage tanks are to be examined and the temperature tested on a regular summer / winter 
six monthly cycles and cleaned on an annual basis as required. 
 
Temperatures in cold water storage tanks and the mains inlet to them should be checked during periods 
of high ambient temperatures (e.g. summer afternoons between June and August). Water temperatures 
should be less than 20ºC.  
At the same time, the furthest and nearest draw off points in the system should be checked to ensure that 
the water distribution temperatures are less than 20ºC within 1 minute of running the water (at full flow). 
A similar temperature check regime should be undertaken during the winter months to identify the 
performance of cold water distribution systems and the impact of heat gain from heating systems. 
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4.1.4 Cold Water System Dump Valves 
 
The cold water system installed in the Adult & Childrens Hospitals has a dump valve arrangement 
incorporated into the ground floor, 1st floor and 2nd floor layouts. The positions of the dump valves are 
shown on the Schneider BMS STRUXUREWARE system and connected via the KNX network. 
Operating parameters for the dump valves are as follows: 
Open at 23⁰C 
Close at 20⁰C 
 

4.1.5 End of Line Sensors (EOLs) 
 
The hot and cold water system also incorporates End of Line (EOL) sensors which monitor the 
temperatures at specific sentinel points across all 11 floors of the Adult & Childrens installation. These 
can also be viewed via the Schneider BMS system. 
 

4.1.6 Sampling 
 
General microbiological and Legionella sampling in hot & cold water systems  
 
Circumstances under which samples are taken:  

 prior alterations to an existing water system;  
 as part of commissioning process, prior to handover of a new building or introduction of a 

(altered, refurbished or new) water system into use;  
 one week following handover of a new building or new water system;  
 as part of the tank cleaning and disinfection process;  
 as part of an assessment programme;  
 in response to taste, odour or sustained discoloured water complaints.  

 
When such samples are taken, a mains supply sample should be taken as a control to verify whether the 
supply could be the source of the identified problems. Scottish Water should also be contacted for 
distribution zone water quality data.  
 

4.1.7 WS01 – Little Used Outlets 
 
Control of Legionella in Water Systems, Intermittently used Water Outlets and Showers, 
Standard Operating Procedure WS01. 
 
The Estates department is required to ensure that on a quarterly basis the list of ‘intermittent’ or 
‘infrequently’ used water outlets or showers is reviewed to ensure it is accurate and up to date. Records 
of these reviews will be held within the system logbooks held locally. 
 
If after investigation the taps or appliances identified within the reviewed list are deemed not necessary 
wherever possible the supply should be cut and the appliance removed from the water system. Where 
this is not possible then pipe work shall be cut back as close to the main circulating line as practicable 
to ensure that any dead-leg formed is minimised. 
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Nursing and other staff must be made aware of the issues surrounding legionella contamination and the 
link to low and underused water outlets and their assistance in formally identifying these possible outlets 
are sought.  
 
Upon acknowledgement from the clinical staff of any intermittent or infrequently used outlets, the 
records are held on the Estates shared drive under Water Quality / WS01.  
 
Any request from clinical staff regarding the removal of any intermittent or infrequently used outlets is 
assessed and surveyed by the AP (Water). If deemed appropriate a job is raised on FM for the Plumbing 
Technicians to remove, this is documented in the WS01 Records file in the Water Quality file on the 
shared drive. Subsequent hot and cold water pipe drawings are updated by the CAD Technician CP 
(water) where and when appropriate.  
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FILLING IN LOG SHEETS 
Good water hygiene depends on maintaining high standards of cleanliness and freshness, together with 
careful temperature control.  This section contains details of checks and recording sheets (marked “Log 
Sheets”) to be filled in when checks and measurements are made to show that the necessary standards 
are being kept up.  Alternatively, where an electronic PPM system is used, Procedure references should 
be entered. 
Follow the instructions within the boxes and make entries as each task is completed.  The tasks are all 
listed at the front of each section e.g. weekly tasks at the front of the weekly section, monthly section, 
quarterly 6 monthly etc.  The summary list of tasks in this section is to remind you of what is required. 
The Task and Log Sheets can be copied as required, completed Log Sheets will be filed where indicated 
in Section 2. FM First ticket number MUST be included in all logsheets. 
 
PLANNING 
The tasks and forms are organised into weekly, monthly, quarterly and annual sections. Always aim to 
carry out tasks early in the period when they are due to leave an opportunity to do them later if an 
emergency delays your plans. 
 
ASK 
If you have difficulties with the forms or do not understand the tasks, ask your Supervisor or line manager 
for clarification or guidance. 
 
CHECKING 
Incomplete or incorrect records are unacceptable in that they are misleading and do not do justice to the 
effort put in to achieve standards.  Each log sheet includes a space for comment and tells you to check 
that all the boxes are complete: do make use of the comment space and double check the form, otherwise 
the record will have gaps and whoever is responsible for auditing will concentrate on what is missing 
and may not give you credit for the work that has been done. 
 
LOG INSPECTION 
Anyone inspecting this log (either as part of the Management Control System or not) is invited to make 
an entry in the inspection of Log Book record in front of Section One. 
 
SURVEY 
For survey purposes all surveys will be carried out starting left to right, where 2 off access doors are 
available the left access shall be taken first.  Surveys shall be undertaken from top to bottom. 
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EQUIPMENT FITTINGS AND MATERIALS 
 
Prior to carrying out alterations/ additions to distribution systems, the Water Fittings and Materials 
Directory published by the Water Regulations Advisory Scheme, should be consulted.  This directory 
lists all materials and fittings approved for use to satisfy the requirements of current Water Byelaws. 
 
Details of all new materials and fittings used in installations should be noted and recorded on the specific 
work document or project file for future reference.  
 
SYSTEM ADDITIONS AND ALTERATIONS  
 
Any additions, modifications or improvements to the water distribution system are to be noted and 
recorded and system record’s amended to reflect such changes.  
 
HYGIENE PRACTICES 
 
Care should be taken to ensure high levels of personal hygiene, clean hands, clean clothing and PPE or 
gloves is maintained at all times when working on wholesome water operations. Tools, equipment, 
instrumentation and material’s shall be free from contamination and appropriately disinfected before 
use. 
Items such as pumps and hoses used in contact with water used for domestic purposes must be stored 
separately, clearly identified (ie colour coded or labelled) and MUST NOT BE USED FOR ANY 
OTHER PURPOSE. 
 
Refer to Section 2.2 for location of maintenance records for the above. 
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4.2 Maintenance Procedures Summary 

This section contains information in relation to the operational and maintenance checks managed by 
QEUH NHS Staff and appointed contractors to minimise the risk of exposure to Legionella and other 
waterborne micro-organisms within the domestic water systems, and to improve water quality. 
Procedures are as per the recommendations and exemplar models given in SHTM 04-01 Part G. 
 

Procedure 
Reference 

Operation(s) Record Form 
Ref 

Frequency 

P1C1 BMS Temperature Monitoring (Carried out by NHS 
Estates) 

Requires new 
number Daily 

P1CC1A Manual Temperature Monitoring for calorifiers (different 
form used ONLY REQUIRED if no BMS Monitoring) (005a) Daily 

N/A Filtration Plant Checks (Carried out by NHS Estates) 028c Twice Daily 

    

WS01 Daily flushing of all outlets (Carried out by NHS 
Facilities) - Daily 

WS01 Flushing of little used outlets * frequency based on risk 
(Carried out by NHS Clinical ) see page 103 - Daily or 

Twice weekly  

WS01 Deluge shower/Eye wash flushing (1 off carried out by 
NHS Estates and 1 off by DMA) (026) Twice Weekly 

P1C3 Pump operation/duty rotation (Carried out by NHS 
Estates) (028a) Weekly 

    

P1C4 Temperature Recording of Sentinel Hot and Cold Water 
Outlets. (Carried out by NHS Estates) (005c) Monthly 

P1C4 DHW Calorifier and Buffer Vessel Checks (Carried out 
by NHS Estates) (005) Monthly 

P1C6 DWS Calorifier, Expansion Vessel Flushing (Carried out 
by NHS Estates) (006) (023) Monthly 

    

P1C12 Showerhead/hose replacement/disinfection (No longer 
carried out as shower head and hoses replaced quarterly) (005b) Quarterly 

WS01 Review of Rarely Used Water Outlets and Changes In-Use  
(Carried out by NHS Estates)  Quarterly 

     

P1C9 DWS Calorifier / Expansion Vessel Inspection (Carried 
out by NHS Estates) (006) Annually 

N/A Water Services Pipework and Distribution System Checks 
(Carried out by NHS Estates)  Annually 

N/A Vibration coupling inspection (Carried out as part of 
checks on booster pumps) (Carried out by NHS Estates)  Annually 

N/A Carry out review of log books and Written Scheme  Annually 
(Sep) 

N/A Carry out review of drawings and schematics  Annually 
(Sep) 

 
 
  

NHS 
'---.,,-I 

Greater Glasgow 
~nd Clyde 

Page 1897

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2023  Rev H 45 

4.3 Required Maintenance Tasks (cont) 
 
In addition to the tasks undertaken by NHS directly employed Competent Persons, there are also tasks 
undertaken by Contractors on a selection of buildings within the campus. 
 

Procedure 
Reference Operation(s) Record Form 

Ref Frequency 

 CWST Inspection (Carried out by DMA) DMA 
Records Annually 

 
Hot and Cold Tap Outlet Sanitisation and Operational 
Checks (NOT CARRIED OUT UNLESS ISSUE 
IDENTIFIED THROUGH SAMPLING) 

DMA 
Records Annually 

- 
As per  6 monthly and ClO2 & Chlorite Probe membrane 
cap replacement, Dosing Pump diaphragm valve 
replacements, Replace ClO2 gas detector cartridge if 
required (Carried out by Scotmas) 

ScotMas 
Records Annually 

P1C10 
Representative Tap Temperature Monitoring 
Note: All tap temperatures are checked through 
TMT/TMV maintenance (Carried out by DMA) 

DMA 
Records Annually 

    
P1C1 
4.3.1 

Daily BMS Temperature Monitoring (Carried out by 
Estates) (021) Daily 

P1CC1A 
4.3.2 

Manual Temperature Monitoring (only required in 
absence of BMS) (Carried out by NHS Estates) (005a) Daily 

4.3.3 Filtration Plant Checks (Carried out by NHS Estates) (028c) Twice Daily 

- Flushing all outlets (Carried out by NHS Facilities) - Daily 

    

WS01 Flushing Intermittently used outlets (Carried out by 
DMA) - Twice Weekly 

WS01 Flushing Deadlegs and drain valves (Carried out by 
DMA) - Twice Weekly 

WS01 Deluge shower/Eye wash flushing (Carried out by DMA 
and NHS Estates) (026) Twice Weekly 

P1C3 Pump operation/duty rotation (Carried out by NHS 
Estates) (028a) Weekly 

    

P1C4 Temperature Recording of Sentinel Hot and Cold Water 
Outlets. (Carried out by NHS Estates) (005c) Monthly 

- Temperature Recording of Sentinel Hot and Cold Water 
Outlets for CL02 (Carried out by DMA) - Monthly 

P1C4 DHW Calorifier and Plate Heat Exchanger Checks 
(Carried out by NHS Estates) (005) Monthly 

- 

PPM Schedule Monthly Visually inspect chemical 
delivery system, Check chemical suction and delivery 
lines for correct operation Chemical level check and refill 
, Cross check measured ClO2 / Chlorite residual test 
against analyser & Palintest Kit, Check and Adjust 
controller settings as required (Carried out by ScotMas) 

-  Monthly 

P1C6 
DWS Calorifier, Expansion Vessel Flushing. (Carried 
out by NHS Estates) 
 

(006) (023) Monthly 

    

 Replacement of PAL filters  (Carried out by DMA)  31 Days or 62 
Days 
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Procedure 
Reference Operation(s) Record Form 

Ref Frequency 

WQS 001 HORNE Tap Flow Restrictor Exchange (Carried out by 
DMA)  Quarterly 

 TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (HIGH RISK)  Quarterly 

 
‘TMV’ and Mixing Valve Sanitation and Maintenance 
Checks (Carried out by DMA)  Six-Monthly 

     

 TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (Non-HIGH RISK) (Carried out by DMA)  Six-Monthly 

P1C7 CWST Inspection and Temperature Monitoring (Carried 
out by DMA) (Carried out by DMA) (003) Six-Monthly 

 
TMV’ and Mixing Valve Sanitation and Maintenance 
Checks (Carried out by DMA) 

DMA 
Records Six-Monthly 

N/A TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (Non-HIGH RISK) (Carried out by DMA) 

DMA 
Records Six-Monthly 

- Maintenance of filtration units (Carried out by Veolia) Veolia 
Records Six-Monthly 

- 

6 Monthly Visit– As per monthly, plus,  Check ClO2 gas 
detector functionality and recording levels, Simulate fault 
circuitry and alarm on Sentinel Monitor, Change probe 
electrolyte and cross calibration test, Carry out manual 
Chlorate & Chlorite validation tests (12 representative 
outlets), Check water meter operation and report o 
Electrolyte top up, Probe calibrations (Carried out by 
Scotmas) 

ScotMas 
Records Six-Monthly 

P1C7 CWST Inspection and Temperature Monitoring (Carried 
out by DMA) 

DMA 
Records Six-Monthly 

    

N/A 
TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (Non-HIGH RISK) (Carried out by 
Vanguard for MIU only) 

Vanguard 
Records Annually 

 CWST Inspection (Carried out by DMA) - Annually 

 
Hot and Cold Tap Outlet Sanitisation and Operational 
Checks (NOT CARRIED OUT UNLESS ISSUE 
IDENTIFIED THROUGH SAMPLING) 

- Annually 

- 

As per  6 monthly and ClO2 & Chlorite Probe membrane 
cap replacement, Dosing Pump diaphragm valve 
replacements, Replace ClO2 gas detector cartridge if 
required (Carried out by Scotmas) 

- Annually 

P1C10 
Representative Tap Temperature Monitoring 
Note all tap temperatures are checked through TMT/TMV 
maintenance (Carried out by DMA) 

- Annually 

P1C9 DWS Calorifier / Expansion Vessel Inspection (Carried 
out by NHS Estates) (006) Annually 

 Water Services Pipework and Distribution System Checks 
(Carried out by NHS Estates)  Annually 

P1C10 Representative Tap Temperature Monitoring (Carried 
out by DMA as part of TMV checks) (005) Annually 

 Vibration coupling inspection Carried out monthly as part 
of checks of Booster sets (Carried out by NHS Estates)  Annually 

 BMS Sensors (Carried out by Schneider and MCE 
BMS Providers for respective BMS)  Annually 

 
  

NHS 
'---.,,-I 

Greater Glasgow 
~nd Clyde 

Page 1899

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2023  Rev H 47 

4.3 Daily Maintenance Tasks 

 
Reference 

 
Operation 

4.31 BMS Temperature Monitoring 

4.32 Manual Temperature Monitoring 

4.33 Filtration Plant Checks 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.31 – BMS TEMPERATURE MONITORING  
 
FM First Template No 826 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 26 para 3.11 
 
RECORD FORM - (021) 
 
PROCEDURE REF - P1C1 
 
SCHEDULE REF – BMS 01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken DAILY as a minimum: 
 
 Description of Works 
 

 Refer to the BMS Temperature Monitoring Schedule BMS 01. 

 Log onto both STRUXUREWARE BMS and DISTECH BMS front ends and check all 
temperatures from listed locations. 

 Complete Schedule BMS 01 to confirm all temperatures have been checked. 

 Any temperatures found outside the defined parameters stated on the BMS Temperature 
Monitoring Schedule should be investigated and resolved immediately. Details must be 
entered on Record Form (021) and escalated to the Water Systems AP. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Schedule BMS 01 and Incident form 04 if required, ensuring that you date, sign it 
and enter FM First ticket number.   

3. Return forms to the Water Systems AP. 

 
NOTE: Both Struxureware and Distech BMS systems are capable of generating temperature 
trend logs. These logs will be checked on a regular basis by the Water Systems AP to confirm 
accuracy of information.  
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4.32 – MANUAL TEMPERATURE MONITORING  
(in absence of BMS) 
 
FM First Template No 830 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 26 para 3.15 
 
RECORD FORM – (005a) (021a) 
 
PROCEDURE REF - P1CC1A 
 
SCHEDULE REF – MTM 01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken DAILY as a minimum: 
 
 Description of Works 
 

 Refer to the Manual Temperature Monitoring Schedule MTM 01. 

 MANUALLY visit each location and obtain and record temperatures from all plant as 
listed on Schedule MTM 01. 

 Any temperatures found outside the defined parameters stated on the MTM 01 
Temperature Monitoring Schedule should be investigated and resolved immediately. 
Details must be entered on Incident Form (004a) and escalated to the Water Systems AP. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident Form 
(04) and report to Manager. 

2. Complete Record Forms (005a) and (004) if required, ensuring that you date, sign it and enter 
FM First ticket number.   

3. Return form to the Water Systems AP. 
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4.33 – FILTRATION PLANT CHECKS 
 
FM First Template No 836 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM – (028c) 
 
PROCEDURE REF – N/A 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken TWICE DAILY as a minimum AM and PM: 
 
 Description of Works 
 

 Refer to the Filtration Plant Daily Checks Log sheet (028c). 

 Complete all listed checks and ensure plant is running if selected as DUTY, or available to 
run if selected as STAND-BY. 

 Details must be entered on Record Form (028c) and any issues escalated to the Water 
Systems AP immediately. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms (028c) if required, ensuring that you date, sign it and enter FM First 
ticket number.   

3. Return form to the Water Systems AP. 

 
  

TWICE DAILY 

NHS 
'---.,,-I 

Greater Glasgow 
~nd Clyde 

Page 1903

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2023  Rev H 51 

4.4 Weekly Maintenance Checks 

 
Reference 

 
Operation 

4.41 Flushing of Rarely Used Water Outlets (Twice Weekly) 

4.42 Flushing of Deadlegs & Drain Valves (Twice Weekly) 

4.43 Rotation of Water Services Duty/Stand-By Pumps  

4.44 Operation and Checks to Emergency Deluge Shower/Eye Wash (Twice 

Weekly) 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.41 – FLUSHING OF INTERMITTENTLY USED WATER OUTLETS 
 
FM First Template No 824 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 101 para 6.36 
 
RECORD FORM - (DMA) 
 
PROCEDURE REF - WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken TWICE WEEKLY as a minimum: 
 
 Description of Works 
 

 Refer to the locations listed by DMA.  

 Estates to arrange for the Schedule to be updated to record on a regular basis. 

 Flush water from ALL outlets identified at a minimum frequency of Twice Weekly for a 
minimum period of 3 minutes per tap outlet taking care not to cause splashing or exposure 
to water aerosols / droplets.  

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident Form 
(04) and report to Manager. 

2. Complete Record Form ensuring that you date, sign it.   

3. DMA to send flushing records to Water Systems AP. 

NOTES:  
In circumstances where there has been a lapse in the flushing regime, the stagnant and potentially 
contaminated water from within the shower or tap and associated dead leg should be purged to drain 
without discharge of aerosols before the appliance is used. 
 

NHSGG&C consider the cleaning of wash hand basins, toilets and showers etc by Domestic 
Services staff to fulfil the criteria of having been used /flushed. 
As part of the ward/departments standard cleaning schedule Domestic Services staff will clean 
all wash hand basins, showers, baths, WC’s and bidets. For the purposes of Legionella and 
Pseudomonas control the Board deems this to be considered adequate to fulfil guidance on the 
use of water outlets. 
Facilities Management send on flushing records of all taps to Water Systems AP monthly. 
Refer to Facilities Procedure  - Wash Hand Basin Cleaning (including point of use filter). 
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4.42 – FLUSHING OF DEADLEGS & DRAIN VALVES 
 
FM First Template No 827 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 101 para 6.36 
 
RECORD FORM - DMA 
 
PROCEDURE REF – WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken TWICE WEEKLY as a minimum: 
 
 Description of Works 
 

 Refer to the locations listed on Record Form (DMA).  

 Estates to arrange for the Schedule to be updated to record on a regular basis. 

 Flush water from ALL outlets identified on Record Form on a Weekly basis for a 
minimum period of 3 minutes per tap outlet taking care not to cause splashing or exposure 
to water aerosols / droplets. Drain Valves to be purged to ensure the removal of any built 
up residue in the line. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record ensuring that you date, sign it and Complete FM work request. 

3. Return form to the Water Systems AP. 

 

  

TWICE WEEKLY 
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4.43 – ROTATION OF WATER SERVICES DUTY/STAND-BY PUMPS 
 
FM First Template No 820 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 27 para. 3.24 
 
RECORD FORM - (028a) 
 
PROCEDURE REF - P1C3 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken WEEKLY: 
 
 Description of Works 
 

 Inspect and confirm operation of all listed duty/stand-by pumps by interrogating the 
programmer to check hours run for each pump motor. 

 Check pump rig and associated valves for correct operation, signs of damage, leakage or 
corrosion.  

 Record all details on Record Form (028a) 

 

CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Form (028a) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

 
  

WEEKLY 
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4.44 – OPERATION AND CHECKS TO EMERGENCY DELUGE SHOWERS/EYE WASH 
 
FM First Template No 825 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 57 
 
RECORD FORM - (026c) and DMA record for separate shower. 
 
PRECEDURE REF – WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
RISK CONTROL NOTICE - RCN 11/04 
 
The following actions must be undertaken TWICE WEEKLY: 
 
 Description of Works 
 

 Refer to the locations listed on Record Form (026c) NHS only (DMA complete flushing 
records). 

 
 Operate shower for a minimum period of 3 minutes taking care not to cause splashing or 

exposure to water aerosols / droplets. Measure and record temperatures until discharge water 
drops to the same temperature as the incoming mains water.  

 
NOTE: For thermostatic showers and taps, the outlet should be flushed on the full cold 
setting for 2 minutes, then again on the full hot setting for a further 2 minutes, using override 
setting where available. Cold water should be less than 20oC, Hot water should be between 
55oC and 60oC, and Mixed water in the range 41-43°C. 
 

CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Form (026c) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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4.5 Monthly Maintenance Checks 

 
Reference 

 
 

Operation 

4.51 Sentinel Outlet Temperature Recording 

4.52 DWS Calorifier – Temperature Checks & Blowdown 

4.53 CL02 checks 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to Site Estates Manager / Authorised Person (Water) for 
authorisation and copies filed as indicated in Section 2.20. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.51 – SENTINEL OUTLET TEMPERATURE RECORDING 
 
FM First Template No 828 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 28 para 3.27 
 
RECORD FORM - (005c) 
 
PROCEDURE REF - P1C4 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken MONTHLY: 
 
 Description of Work 
 

 Check the temperatures at the sentinel taps as defined in the local plan of the system being 
checked. NOTE: Where the sentinel is a TMV or TMT the temperature readings should be 
taken from the pipework or directly from the hot and cold supply. 

 Using a calibrated temperature probe, check the temperature of water from the cold water 
tap does not rise above 20ºC after running the tap for 2 minutes. 

 Using a calibrated temperature probe, check the temperature of water from the hot water 
tap does not drop below 55ºC whilst running the tap for 1 minute.  

 Record all temperatures on Record Form (005c). 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Form (005c) ensuring that you date, sign it and enter FM First ticket 
number.  Complete FM Work Request. 

3. Return form to the Water Systems AP. 

 
  

MONTHLY 
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4.52 - DWS CALORIFIER – TEMPERATURE CHECKS & BLOWDOWN 
 
FM First Template No 821 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 28 para 3.30 
 
RECORD FORM - (005) 
 
PROCEDURE REF - P1C4 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken MONTHLY: 
 
 Description of Work 


 MANUALLY CHECK and record the flow and return temperatures on the domestic hot 
water system as defined on Record Form (005), using the temperature gauges fitted or a 
suitable surface temperature probe. 

 MANUALLY CHECK and record the calorifier storage temperature at top and bottom 
gauges if fitted. 

 The flow temperature to be at least 60ºC and the return temperature shall be no less than 
55ºC 

 MANUALLY CHECK and record the cold water feed temperature using the temperature 
gauges fitted or a suitable surface temperature probe. 

 Blowdown drain valves (if fitted) on all calorifiers and expansion vessels by opening the 
drain valve 3 times, each time for a 3 minute period. Where required, the hose from the 
drain valve connection should be discharged to the nearest drain/gulley. If there is no drain 
valve make note on Record Form 005. 

 Check all local pipework to and from calorifier is in good order and all insulation is intact. 

 Operate all isolation valves through their full range of motion. 

 Check, confirm and record operation of de-stratification pump. 

 Record all information on the Record Form (005).  

  

MONTHLY 
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CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Form (005) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP.  
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4.53 – CL02 PLANT CHECKS 
 
FM First Template N/A 
 
IN ACCORDANCE WITH SHTM 04-01  
 
RECORD FORM – N/A 
 
PROCEDURE REF – N/A 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken MONTHLY: 
 
 Description of Work 
 

 PPM Schedule Monthly Visually inspect chemical delivery system. 
 
 Check chemical suction and delivery lines for correct operation Chemical level check and refill. 

 
 Cross check measured ClO2 / Chlorite residual test against analyser & Palintest kit. 

 
 Check and Adjust controller settings as required. 

 
 
CHECK 
 

1. Record all details of any fault or discrepancies and report to Water Lead AP who will complete 
Incident Form (04). 

  

MONTHLY 
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4.6 Quarterly & Other Maintenance Checks 

 
Reference 

 
 

Operation 

4.61 Shower Head and Flexible Hoses Disinfection/Replacement 

4.62 DHWS Calorifier and Expansion Vessel - Flush 

4.63 HORNE Tap Flow Restrictor Exchange 

4.64 Review of Rarely Used Water Outlets and Changes In-Use 

4.65 TMV/TMT & Thermostatic Shower Disinfection and Function Test (HIGH 

RISK) 

4.66 PAL filter replacement 
 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.61 SHOWER HEAD AND HOSE REPLACEMENT/DISINFECTION 
 
FM First Template No 869 
Schedules: 1997 to 2724 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 32 para 3.51 
 
RECORD FORM -See DMA records 
PROCEDURE REF - P1C12 CURRENTLY CONTRACTED TO DMA CANYON WATER 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
The following actions must be undertaken every THREE MONTHS: 
 
NOTE: If PALL filter is fitted it must be left in place and recorded as such on DMA records) 
 
 Description of Work 
 

 Exchange shower head and hose assembly inc sealing washers with new disposable unit. 
Place old shower head and hose assembly into re-sealable plastic bag. 

 Check that the new head and hose package is intact;  

 Open replacement new shower head and hose assembly sealed packaging, remove and fit 
following the manufacturer’s instructions;  

 Run water and flush for 3 minutes in accordance with Legionella Risk Assessment in such a 
way as to avoid the creation of aerosols;  

 Check final temperature for compliance and working order and return shower appliance to 
use. 

 Return redundant sealed bag with shower head and hose assembly to collection point for 
recycling in accordance with Waste Procedures;  

 Record all actions on the Record Form (005b).  

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Form (005b) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

NOTE: This procedure replaces the previous Clean & Disinfect method from 1st April 2019 for 
majority of showers. Where fixed showers exist, eye wash stations, baths etc DMA will carry out 
clean disinfection of these. 

QUARTERLY 
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Fixed Shower Head / Bath shower, eye wash shower heads 
 
Description of Work 
 

 Exchange shower head and hose assembly inc sealing washers with previously cleaned and 
sanitised unit. Place old shower head and hose assembly into re-sealable plastic bag. 

 Check that the new clean disinfected head and hose package is intact;  

 Open replacement new clean disinfected shower head and hose assembly sealed packaging, 
remove and fit following the manufacturer’s instructions;  

 Run water and flush for 3 minutes in accordance with Legionella Risk Assessment in such a 
way as to avoid the creation of aerosols;  

 Check final temperature for compliance and working order and return shower appliance to 
use;  

 Return redundant sealed bag with shower head and hose assembly to workshop for disposal 
in accordance with Waste Procedures;  

 Record all actions on the Record Form (005b).  

 
CHECK 
 

4. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

5. Complete Record Form (005b) ensuring that you date, sign it and enter FM First ticket 
number.   

6. Return form to the Water Systems AP. 
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4.62 - DWS CALORIFIER AND EXPANSION VESSEL - FLUSH 
 

FM First Template No 821 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 29 para 3.34 
 
RECORD FORM - (006) and (023) 
 
PROCEDURE REF - P1C6 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
Description of Work 
 

 Flush each Domestic Hot Water Calorifier and Buffer Vessel through its drain valve by 
opening the drain valve 3 times, each time for a 3 minute period. Where required, the hose 
from the drain valve connection should be discharged to the nearest drain/gulley.  

 Record all actions on the top section of Record Form (006). 

 Where the domestic hot water system has a stratification pump(s) fitted to circulate the hot 
water from the top to the base of the calorifier or the storage/buffer vessel, and the history 
data shows no sludge deposits during flushing, then this procedure should be risk assessed 
to determine if the maintenance frequency can be changed. This assessment should be 
recorded on Record Form (023). 

 
NOTE: this flushing process can air lock the hot water system, so only carry it out when there is no 
hot water demand and the calorifier is valved off from the system. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms (006) and/or (023) ensuring that you date, sign them and enter FM 
First ticket number.   

3. Return form to the Water Systems AP. 
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4.63 – HORNE TAP FLOW RESTRICTOR EXCHANGE 
 

FM First Template No N/A 
 
IN ACCORDANCE WITH IC GUIDANCE 
 
RECORD FORM – (See DMA Records) 
 
PROCEDURE REF – WQS 001 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
Description of Work 
 
PPE:- Surgical gloves should be worn when carrying out this task. Cross contamination of the 
replacement flow restrictor should be considered and avoided at all times. 
 
Restrictor should only be replaced at outlets without PALL filters. If PALL filter is fitted it should be 
left in place and noted on Record Form. 
 
  

 Assemble all tools and materials required to complete task. 

 Check with ward staff to ensure access can be granted to each area without Infection Control 

restriction. 

 Remove existing restrictor using the appropriate tool and dispose of the restrictor in general 

waste. 

 Use disinfectant wipes to sanitise tap outlet and tools used before re-fitting new restrictor. 

 Change gloves to avoid cross contamination of new components and tools. 

 Unpack new restrictor components and insert into tap as per the manufacturer’s instructions. 

 Test on completion and fill out log sheet to record all relevant information. 

 
 
CHECK 
 

1.       Record all details of any fault or discrepancy on the FAULT LOG and complete Incident  
      Form (04) and report to Manager. 

2. Complete Record Form (DMA WATER) ensuring that you date, sign them and enter FM 
First ticket number.   

3. Return form to the Water Systems AP. 
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4.64 - REVIEW OF INTERMITTENTLY USED WATER OUTLETS/CHANGE IN-USE 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM – (001) (026) 
 
PROCEDURE REF – WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
 Description of Work 
 

 Liaise with Site Facilities Manager and Heads of Department to review existing 
accommodation occupancy and usage on a 3 monthly basis. 

 Issue Quarterly circular email to all HoDs requesting to identify little used outlets and to 
confirm that they have a flushing regime implemented. 

 Identify any water services outlets that are not used OR changes to the occupancy. 

 Schedule to be updated to record all areas which change in-use, become unoccupied or 
otherwise out of use. 

 
CHECK 
 

1. Record all details of any dept closures or little used outlets on Record Form (001) and add 
outlets to flushing register. 

2. Ensure outlets are brought to the attention of the maintenance person carrying out the 
flushing activity and details added to Record Form (026) or arrange with DMA to add to 
flushing requirements if required. Wards should be carrying out flushing as per requirements 
and provide evidence on WS01 form. 

3. All completed Record Forms to be stored in the building specific Log Book. 
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4.65 – TMV/TMT & THERMOSTATIC SHOWER DISINFECTION AND FUNCTION TEST 
(HIGH RISK) 
 
FM First Template No  
 
IN ACCORDANCE BOARD POLICY 
 
RECORD FORM -  REQUIRES CONFIRMATION IF THIS SHOULD BE CARRIED OUT 
THREE MONTHLY 
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
 Description of Work 
 

 Examine all thermostatic taps for scale build-up or other deposits. De-scale any which are 
not clean. 

 Check and remove any installed plastic flow straighteners from tap outlet 

 Inspect and Clean and Disinfect filters / strainers by removing and immersing in a solution 
of 1000ppm free residual chlorine (50cc CLO2 in 5 litres of water) in water for 5 minutes. 

 All HORNE Optitherm taps MUST have the flow straightener replaced during three monthly 
service tasks. 

 Pasteurise outlets by over-riding thermostatic controls drawing water through each 
thermostatic tap until a temperature of 60°C is achieved.  Run the tap at this temperature for 
five minutes. If this is not possible disassemble tap assembly and spray all accessible 
components with ‘Shower Head plus’ mixed to a 1:3 solution, (one part chemical, 3 parts 
water) or equal and approved and let stand for 5 minutes. 

 Reassemble and verify fail safe operation by isolating hot and cold water supplies separately.  

 Ensure thermostatic controls are re-adjusted to permit blending. 

 Should controls not be able to be over-ridden, verify the temperatures at the inlet connections 
to the thermostatic valve utilising a contact type probe and electronic thermometer. 

 Run and test tap and record hot and cold water inlet temperatures and mixed water outlet 
temperature. 

 Log all actions. 

  

QUARTERLY 

NHS 
'---.,,-I 

Greater Glasgow 
~nd Clyde 

Page 1920

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2023  Rev H 68 

4.66 – PAL FILTER REPLACEMENT 
 
FM First Template No  
 
IN ACCORDANCE WITH AGREED FILTER LOCATIONS 
 
RECORD FORM -  DMA RECORDS 
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every 31 Days or 62 Days based on filter types and 
locations: 
 
 Description of Work 
 

 Replace filters prior to end date on tap and shower filters as per programme. 

 Process for replacement as per DMA Procedures. 

 Log all replacements as per DMA Procedures and record in DMA Records. 

 Any issues should be reported to Water Lead AP. 

 

  

31& 62 Day 
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4.7 Six Monthly Checks 

 
Reference 

 
 

Operation 

4.71 
TMV/TMT & Thermostatic Shower Disinfection and Function Test 
(Non-HIGH RISK) 

4.72 CWST Inspection and Temperature Monitoring 

4.73 Maintenance of filtration units 

4.74 CL02 checks 

 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.71 – TMV/TMT & THERMOSTATIC SHOWER DISINFECTION AND FUNCTION TEST 
(NON HIGH RISK) 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM -  
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every SIX MONTHS: 
 
 Description of Work 
 

 Examine all thermostatic taps for scale build-up or other deposits. De-scale any which are 
not clean. 

 Check and remove any installed plastic flow straighteners from tap outlet 

 Inspect and Clean and Disinfect filters / strainers by removing and immersing in a solution 
of 1000ppm free residual chlorine (50cc CLO2 in 5 litres of water) in water for 5 minutes. 

 All HORNE Optitherm taps MUST have the flow straightener replaced during three monthly 
service tasks. 

 Pasteurise outlets by over-riding thermostatic controls drawing water through each 
thermostatic tap until a temperature of 60°C is achieved.  Run the tap at this temperature for 
five minutes. If this is not possible disassemble tap assembly and spray all accessible 
components with ‘Shower Head plus’ mixed to a 1:3 solution, (one part chemical, 3 parts 
water) or equal and approved and let stand for 5 minutes. 

 Reassemble and verify fail safe operation by isolating hot and cold water supplies separately.  

 Ensure thermostatic controls are re-adjusted to permit blending. 

 Should controls not be able to be over-ridden, verify the temperatures at the inlet connections 
to the thermostatic valve utilising a contact type probe and electronic thermometer. 

 Run and test tap and record hot and cold water inlet temperatures and mixed water outlet 
temperature. 

 Log all actions. 
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4.72 – CWST INSPECTION AND TEMPERATURE MONITORING: 
 
FM First Template No 819  
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 29 para 3.37 
 
RECORD FORM – Carried out by DMA – refer to records 
 
PROCEDURE REF – P1C7 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every SIX MONTHS seasonally during Summer and Winter: 
 
 Description of Work 
 

 Inspect the tank and associated pipework including insulation, valves etc for damage or 
corrosion and sediment. 

 Operate all isolation valves through their full range of motion. 

 Check the operation of the ball-valve by pressing down on it and lifting the float to confirm 
that water flows and stops. 

 Inspect the tank overflows if visible.  Confirm that there is no blockage or other foreign 
material and that the mesh screen is not damaged. 

 Measure and record the temperature of the water in the tanks, by dipping the thermometer 
into the top as far from the ball-valve as possible. 

 Check and record ambient outside air temp and tank room temp. 

 Check the flow and record the temperature of water feeding the tanks.  There should be a 
steady rapid flow when the ball float is down. 

CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Records and send information to Water Systems AP. 

 

 
  

SIX MONTHLY 
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4.73 – MAINTENANCE OF WATER FILTRATION UNITS: 
 
FM First Template N/A 
 
N/A 
 
RECORD FORM – Carried out by Veolia– refer to records 
 
PROCEDURE REF – N/A 
 
HAISCRIBE/Risk Assessment Ref – N/A  
 
 
The following actions must be undertaken every SIX MONTHS: 
 
 Description of Work 
 

 Check on feedwater quality 
 Check on treated water quality & flows 
 The condition of valves & diaphragms 
 Operational cycle simulation 
 General plant condition & safety 
 The condition of system pumps 
 The condition of the pre-filters 
 Level control function 

 
CHECK 
 

1. Record all details of any fault or discrepancy and pass to Water Lead AP to record on the FAULT 
LOG and complete Incident Form (04). 

SIX MONTHLY 
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4.74 – MAINTENANCE OF CL02 PLANT: 
 
FM First Template N/A 
 
N/A 
 
RECORD FORM – Carried out by Scotmas– refer to records 
 
PROCEDURE REF – N/A 
 
HAISCRIBE/Risk Assessment Ref – N/A  
 
 
The following actions must be undertaken every SIX MONTHS: 
 
 Description of Work 
 

 As per monthly plus :- 
 

 Check ClO2 gas detector functionality and recording levels. 
 

 Simulate fault circuitry and alarm on Sentinel Monitor. 
 

 Change probe electrolyte and cross calibration test. 
 

 Carry out manual Chlorate & Chlorite validation tests (12 representative outlets). 
 

 Check water meter operation and report on Electrolyte top up, Probe calibrations  
 

 
CHECK 
 

1. Record all details of any fault or discrepancy and pass to Water Lead AP to record on the FAULT 
LOG and complete Incident Form (04). 

 

 
 
  

SIX MONTHLY 
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4.8 Annual Maintenance Checks 

 
Reference 

 
 

Operation 

4.81 DWS Calorifier / Expansion Vessel Inspection 

4.82 Water Services Pipework and Distribution System Checks 

4.83 Representative Tap Temperature Monitoring 

4.84 Vibration coupling inspection 

4.85 BMS Temperature Sensor Test and Calibration 

4.86 TMT Maintenance of MIU 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.81 - DWS CALORIFIER/EXPANSION VESSEL INSPECTION 
 

FM First Template No 821 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 31 para 3.44 
 
RECORD FORM - (006) 
 
PROCEDURE REF - P1C9 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY 
 
Description of Work 
 
Follow the manufacturers’ maintenance instructions from O&M manuals. Record all actions where 
applicable on Record Form (006) for each system.  

 Isolate domestic hot water calorifier or hot, cold or chilled water storage/buffer vessel 
service valves;  

 Heat any domestic hot water calorifier or hot water storage/buffer vessel up until the contents 
has reached 60ºC and hold at this temperature for a period of at least 1 hour;  

 Drain domestic hot water calorifier and expansion vessel and remove inspection hatch;   

 Hose out the domestic hot water calorifier or hot and expansion vessel to remove any debris, 
scale or other deposit. Care should be taken to keep aerosols to a minimum. 

 If the domestic hot water calorifier or expansion vessel does not have an inspection hatch, 
the pipework at the top of the vessel should be disconnected to allow the insertion of a water 
hose to allow debris to be washed down off internal surfaces;  

 Examine the internal and external condition of the domestic hot water calorifier and 
expansion vessel and pipework, any defects should be reported in writing to the relevant 
Authorised Person (Water). The safety valve should be checked, overhauled and reset as 
necessary. The temperature and pressure gauges to be checked for operation. 

 On completion of examination and any repairs, the domestic hot water calorifier and 
expansion vessel should be re-assembled and the following sequence must be undertaken: 

 Refill with cold water;  

 Drain the domestic hot water calorifier and expansion vessel;  

 Refill with cold water, leave cold feed valve open;  

 Run domestic hot water calorifier or hot water storage/buffer vessel at a temperature of 60ºC 
for at least 1 hour. Test the operation of high limit cut-out system if fitted. Check the 
temperature of the calorifier/vessel top and bottom with a surface thermometer;  
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 Adjust any controls as necessary.  

 Take bacteriological samples from the base of the calorifier and submit to GRI Water Lab 
for analysis. (THIS TASK TO BE CARRIED OUT BY DMA CANYON WATER) 

 
NOTE: this flushing process can air lock the hot water system, so only carry it out when there is no 
hot water demand and the calorifier is valved off from the system. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms (006) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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4.82 - PIPEWORK AND DISTRIBUTION SYSTEM CHECKS 
 
FM First Template No 829 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 31 para 3. 
 
RECORD FORM - (0) 
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
Estates Manager or Water Systems AP will define areas to be checked in each building. 
 
 
Description of Work 
 

 Check all accessible pipework for damage, or corrosion. 

 Check for missing or damaged pipework insulation 

 This is carried within the Tank Room by DMA during sampling and tank inspections 
monthly. 

 This is carried out by NHS Estates within Plantrooms during plantroom inspections monthly 

 This is carried out as per above procedures and noted on FM First PPM’s.. 

 
  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms as per above procedures ensuring that you date, sign them and enter 
FM First ticket number.   

3. Return form to the Water Systems AP. 
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4.83 – REPRESENTATIVE TAP TEMPERATURE MONITORING 
 
FM First Template No 917 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 32 para 3.39 
 
RECORD FORM - (005d) 
 
PROCEDURE REF – P1C10 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken at regular intervals throughout the year to ensure 20% of the 
requirement is completed ANNUALLY: 
 
 Description of Work 
 

 OBJECTIVE: Carry out water temperature monitoring to ensure consistency and 
performance of the system as per design. 20% of all outlets to be assessed annually to ensure 
entire system is completed within a 5 year period (ref: SCART2 Question 54) 

 Check the temperatures at a representative number of hot and cold outlets on a rotational 
basis as defined in the local plan of the system being checked. Lead AP (Water) to define 
areas to be checked each month. 

 Using a temperature probe check the temperature of the cold water tap does not go above 
20ºC after running the tap for 2 minutes;  

 Using a temperature probe check the temperature of the hot water tap does not go below 
55ºC within running the tap for 1 minute;  

 If the outlet being tested is protected by a TMV/TMT then temperatures should be taken 
directly from the supply pipework or by bypassing the thermostatic device by use of an 
appropriate purging kit. 

 Record all temperatures and locations tested on the Record Form (005d) or if carried out by 
DMA to reflect in records. 

 
  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms (005d) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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4.84 - VIBRATION COUPLING INSPECTION 
 
FM First Template No 831 
 
IN ACCORDANCE WITH HSG 274 Part 2 (2014) Page 19 para 2.35 
 
RECORD FORM - (008) 
 
PROCEDURE REF – WQMS 001 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 Refer to list of vibration coupling locations to be assessed.  

 Visually check the condition of the coupling for any signs of leakage, deterioration or 
corrosion.  

 Ensure flexible portion of coupling is intact and free from damage or deterioration. 

 Carried out on Cold Water Booster sets as part of the inspection. 

  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms ensuring that you date, sign them and enter FM First ticket number.   

3. Return form to the Water Systems AP. 
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4.85 – BMS TEMPERATURE SENSOR CALIBRATION 
 
FM First Template No  
 
IN ACCORDANCE WITH  
 
RECORD FORM -  
 
PROCEDURE REF –  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 This task should be included in the BMS Service Contract Specification. 

 All temperature sensors related to domestic hot and cold water services to be checked and 
calibrated annually. 

 All calorifiers, storage tanks, flow and return monitoring devices. 

 Include all End of Line (EOL) sensors and cold water flushing devices. 

 Records should be kept and made available to the estates dept on request. 
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4.86 – MAINTENANCE OF WATER FILTRATION UNITS: 
 
FM First Template N/A 
 
N/A 
 
RECORD FORM – Carried out by Veolia– refer to records 
 
PROCEDURE REF – N/A 
 
HAISCRIBE/Risk Assessment Ref – N/A  
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 As per  6 monthly and ClO2 & Chlorite Probe membrane cap replacement. 
 

 Dosing Pump diaphragm valve replacements. 
 

 Replace ClO2 gas detector cartridge if required  
 
 

CHECK 
 

1. Record all details of any fault or discrepancy and pass to Water Lead AP to record on the FAULT 
LOG and complete Incident Form (04). 
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4.87 – TMV/TMT & THERMOSTATIC SHOWER DISINFECTION AND FUNCTION TEST 
(NON HIGH RISK) 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM -  
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY : 
 
 Description of Work 
 

 Examine all thermostatic taps for scale build-up or other deposits. De-scale any which are 
not clean. 

 Check and remove any installed plastic flow straighteners from tap outlet 

 Inspect and Clean and Disinfect filters / strainers by removing and immersing in a solution 
of 1000ppm free residual chlorine (50cc CLO2 in 5 litres of water) in water for 5 minutes. 

 Pasteurise outlets by over-riding thermostatic controls drawing water through each 
thermostatic tap until a temperature of 60°C is achieved.  Run the tap at this temperature for 
five minutes. If this is not possible disassemble tap assembly and spray all accessible 
components with ‘Shower Head plus’ mixed to a 1:3 solution, (one part chemical, 3 parts 
water) or equal and approved and let stand for 5 minutes. 

 Reassemble and verify fail safe operation by isolating hot and cold water supplies separately.  

 Ensure thermostatic controls are re-adjusted to permit blending. 

 Should controls not be able to be over-ridden, verify the temperatures at the inlet connections 
to the thermostatic valve utilising a contact type probe and electronic thermometer. 

 Run and test tap and record hot and cold water inlet temperatures and mixed water outlet 
temperature. 

 Log all actions. 
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4.9 Bi-Annual Maintenance Checks 

 
Reference 

 
 

Operation 

4.91 Flexible Hose/Connection Inspection and Exchange 

4.92 CWST Drop Test 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.91 – FLEXIBLE HOSE/CONNECTION INSPECTION AND EXCHANGE 
 
FM First Template No  
 
IN ACCORDANCE WITH QEUH RISK ASSESSMENT RECOMMENDATIONS 2017 
 
RECORD FORM - (009) 
 
PROCEDURE REF – WQMS 002 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 Refer to list of flexible connection locations to be assessed as per WQMS 002.  

 Visually check the condition of the coupling for any signs of leakage, deterioration or 
corrosion.  

 Safely isolate the water services and exchange the flexible connection with a BRAND NEW 
UNUSED replacement. 

 Apply tag/label to indicate the intended date of future replacement (todays date + 24 months) 

 Record all details on the Record Form (009). 

  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms (009) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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4.92 – CWST DROP TESTS 
 
FM First Template No 819 
 
IN ACCORDANCE WITH  
 
RECORD FORM -  
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 Shut off mains cold water supply to tank. 

 Record the start time and allow tank to drain naturally through usage. DO NOT OPEN THE 
DRAIN. 

 Periodically monitor the tank until usage has reduced tank to exactly half of its starting 
capacity. 

 Record the stop time and estimate the number of hours of storage of water in the tank. 

 Record all inspection details on the Record Form (010). 

  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and complete Incident 
Form (04) and report to Manager. 

2. Complete Record Forms (010) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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5.0 INCIDENT AND EMERGENCY PROCEDURES 
  
 
 

Procedure 
Reference 

 
 

Operation 

5.10 FAILURE OF CONTROL MEASURES 

 

5.20 HIGH COLD WATER SUPPLY TEMPERATURE TO OUTLET 

 

5.30 LOW HOT WATER SUPPLY TEMPERATURE TO OUTLET 

 

5.40 CALORIFIER OR HEAT EXCHANGER TEMPERATURE FAULT 

 

5.50 POSITIVE LEGIONELLA TEST RESULT 

 

5.60 IDENTIFICATION OF LITTLE USED WATER OUTLET 

 

5.70 EMERGENCY REPAIRS 

 

5.80 DISINFECTION OF WATER SYSTEM 

 

5.90 PSEUDOMONAS  

 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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THE FOLLOWING PAGES DESCRIBE REMEDIAL ACTIONS TO BE TAKEN IN THE EVENT 

OF AN INCIDENT, EMERGENCY, OUT-OF-SPECIFICATION TEST RESULT AND / OR WHERE 

LEGIONELLA HAS BEEN IDENTIFIED AND/OR BACTERIA COUNTS BEING INEXCESS OF 

THE RECOMMENDED LIMITS IN THE WATER SYSTEM ARE IDENTIFIED.   
 

The Health and Safety at Work Act places a duty on employers to ensure, so far as is reasonably 

practicable, the maintenance of safe working conditions without risks to health, not only to employees, 

but also to the general public. 
 

The risk to personnel associated with the presence of Legionella depends on a number of variables and 

may be quite low.  However, since the actions to eradicate it are straightforward and reasonably 

practicable, it would be wise to put them in hand without delay if Legionella has been identified. 
 

When analysis confirms that the levels of bacteriological contamination are in excess of acceptable 

limits, and/or the presence of Coliforms or E.coli is identified, the procedures recommended in this 

section should be applied. 
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5.1 Failure of Control Measures: 

 
Where any reported test result, non-compliance issue or defect is made known which affects the integrity 

of the water system and indicates the failure of Control Measures and / or increased risk of Legionella 

the following procedures shall be followed and duly recorded within Section 2.3 of this document and 

brought to the attention of the relevant Infection Control Team and Water Management Group. 

 

IN ALL CASES THE INCIDENT RECORD FORM (004) SHOULD BE COMPLETED AND 

INSERTED IN THE BUILDING SPECIFIC WATER SAFETY LOG BOOK. 
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5.2 High Cold Water Supply Temperature 

 
Incident Plan 

In the event of plant failure suppliers and installers guidance should be consulted.  The location of all 
relevant literature should be recorded in the site logbook (e.g. Mercury fault finding guidance). 
 
Mains and Stored Water  

Currently there is no legal maximum water supply temperature from the Licensed Provider. In practice 
the water supply temperature to boundary point will be subject to seasonal variation. In winter this would 
normally be expected to be in the 5°C – 10°C range and in summer up to 20°C.  

 
The following staged risk assessment escalation procedure should be employed where the water 
temperature in Cold Water Storage Tanks is 20°C or higher.   
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Stage 1 - Verification  
 

 Where tepid cold water occurrence (i.e. ≥20°C) is reported from any numbers of cold water 
outlets, from maintenance/ppm, flushing procedures, from BEMS monitoring, or from the 
manual monitoring of storage tanks, the person identifying, or making a report must notify 
the relevant Authorised Person (Water) as soon as the problem is identified and confirm this 
in writing within 24 hours;  

 
 The Authorised Person (Water) should liaise with the person identifying the problem and 

verify the problem by independently re-checking by means of taking the water temperature 
of the appropriate cold water storage tank, the temperature of each incoming mains supplies 
at the site boundary point (and building entry points of other buildings within the QEUH 
campus served by the same mains lines) and the outflow distribution temperature;  

 
 If the cold water storage temperature is confirmed as being 20°C or higher at any of the above 

noted points, then the Authorised Person (Water) should record this in writing as well as 
conducting continuous monitoring of the incoming cold water mains, the cold water storage 
and the outflow temperatures to establish the temperature profiles and in more detail over at 
least a one week period to determine the level of risk;  

 
 If only one of the incoming mains lines is ≥20°C the consideration should be given to 

switching to the other mains supply until such times as “out-of-specification” mains line has 
returned to compliant parameters. Ensure if either mains line is non-operational it is included 
in a daily flushing regime and treated as per escalation procedures to follow.  

 
 The Authorised Person (Water) should also review the Water Safety Log Book and take into 

account the recent water system history specifically to include:  
 

o the primary water treatment levels (for mains cold water supplied with Chlorine or 
Chloramination treatment);  

o any water sampling results;  
o system monitoring data including temperature monitoring and water quality chlorine 

or chloramination checks;  
o recent maintenance history; recent alterations, changes or additions to the water 

system;  
o any other changes made by Duty Holders or users of the water system; On reviewing 

continuous monitoring temperature profiles action as Stage 2, 3 or 4 as appropriate 
of this escalation procedure should be undertaken. The Authorised Person (Water) 
will ensure that the Responsible Person (Water) is notified immediately in writing at 
each stage and also recorded in the Water Safety log book. 
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Stage 2 - Initial Action – High Incoming Mains Cold Water Temperature  
 

 Where the incoming mains cold water is 18°C or higher for more than a 48 hour period the 
Responsible Person (Water) should contact Business Stream (the Licensed Provider) who 
will work with Scottish Water to establish the reasons and determine a resolution. Continuous 
monitoring should continue and recorded in the risk assessment 

 
 
Stage 3 - Water temperatures fluctuating above and below 20°C (but not higher than 25°C)  
 

 Where water temperatures are fluctuating above and below 20°C in a regular cyclical manner 
over 72 hour periods in response to regular user water demand (but not higher than 25°C) 
and are more than 2°C higher than the incoming cold water mains supply temperature at the 
building entry point, then continuous monitoring should be continued by the Authorised 
Person (Water). The reason(s) for failure(s) should be identified and rectified as soon as 
possible. This should be recorded by updated risk assessment (specifically in relation to the 
patient risk rating – where there may be increased risk and appropriate actions may be 
required to mitigate exposure. An up to date register of all areas and their subsequent patient 
risk ratings should be maintained).  

 
 considerations for failures include:  

o accuracy of temperature sensors (requiring recalibration);  
o temperature sensors being located in water (requiring reposition where tank storage 

levels been reduced and sensor no longer sensing stored water);  
o inappropriate standby tank configuration;  
o temperature sensor in standby system;  
o temperature sensor measuring stagnation (requires reposition);  
o inappropriate siting (not in a cool location);  
o heat gain to the tank and pipework (due to lack of appropriate insulation or located 

close to heat gain from other heat sources);  
o storage capacity not minimised to match daily use (12 hours storage is recommended);  
o ingress of hot water through cross connection or mixing valve failure (i.e. from DHW 

system or MTHW systems);  
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Stage 4 - water temperatures fluctuating above and below 25°C (and rarely below 20°C)  

 In this situation continuous monitoring should be continued by the Authorised Person 
(Water), the reason(s) for failure(s) (as Stage 3) identified and rectified on an urgent basis. 
This should be recorded by updated risk assessment (specifically in relation to the patient 
risk rating – where there will be an increased risk and appropriate actions will be required to 
mitigate exposure. An up to date register of all areas and their subsequent patient risk ratings 
should be maintained);  

 
 In this situation a permanent solution, such as ventilation for the plant room, or changing the 

water storage arrangements, or forming a circulating distribution system (with or without 
chilling depending on the circumstances) would require to be implemented;  

 
 The Authorised Person (Water) should, unless instructed in writing to the contrary by 

Responsible Person (Water) implement the following:  
o arrange to drain the tank contents and clean if necessary (and/or carry out local 

disinfections where appropriate);  
o inform the users of the failed system that they must not draw off any water from the 

affected system until further notice;  
o suitable disinfection of the tank and/or distribution system shall be carried out.  

 
 
Please Note: Due to the system design and installation complete disinfection of all downservices fed 
from the Raw and Bulk water storage tanks may not be practical as “high risk” system such as renal 
dialysis is fed from these tanks. Alternative protocols/method statements for local disinfections should 
be prepared and maintained;  

o thereafter the tank/local area being disinfected shall be brought back into service;  
o finally the users shall be informed that the system is back in operation.  

 
The Authorised Person (Water) shall complete an Incident Report Record Form. An entry should also 
be made in the Water Safety Log Book and the Responsible Person (Water) should be notified in writing 
as soon as possible. 
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5.3 Low Hot Water Supply Temperature 

Incident Plan  

In the event of plant failure suppliers and installers guidance should be consulted. The location of all 
relevant literature should be recorded in the site logbook (e.g. Mercury fault finding guidance).  

 
Mains and Stored Water  

Currently there is no legal maximum water supply temperature from the Licensed Provider. In practice 
the water supply temperature to boundary point will be subject to seasonal variation. In winter this would 
normally be expected to be in the 5°C – 10°C range and in summer up to 20°C.  

The following staged risk assessment escalation procedure should be employed where the water 
temperature in Cold Water Storage Tanks is 20°C or higher. 
 
 
Stage 1 - Verification  

 Where tepid cold water occurrence (i.e. ≥20°C) is reported from any numbers of cold water 
outlets, from maintenance/ppm, flushing procedures, from BEMS monitoring, or from the 
manual monitoring of storage tanks, the person identifying, or making a report must notify 
the relevant Authorised Person (Water) as soon as the problem is identified and confirm this 
in writing within 24 hours;  

 
 The Authorised Person (Water) should liaise with the person identifying the problem and 

verify the problem by independently re-checking by means of taking the water temperature 
of the appropriate cold water storage tank, the temperature of each incoming mains supplies 
at the site boundary point (and building entry points of other buildings within the Southern 
General Hospital served by the same mains lines8) and the outflow distribution temperature;  

 
 If the cold water storage temperature is confirmed as being 20°C or higher at any of the above 

noted points, then the Authorised Person (Water) should record this in writing as well as 
conducting continuous monitoring of the incoming cold water mains, the cold water storage 
and the outflow temperatures to establish the temperature profiles and in more detail over at 
least a one week period to determine the level of risk;  

 
 If only one of the incoming mains lines is ≥20°C the consideration should be given to 

switching to the other mains supply until such times as “out-of-specification” mains line has 
returned to compliant parameters. Ensure if either mains line is non-operational it is included 
in a daily flushing regime and treated as per escalation procedures to follow.  

 
 The Authorised Person (Water) should also review the Water Safety Log Book and take into 

account the recent water system history specifically to include: 
  

o the primary water treatment levels (for mains cold water supplied with Chlorine or 
Chloramination treatment);  
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o any water sampling results;  
o system monitoring data including temperature monitoring and water quality chlorine 

or chloramination checks;  
o recent maintenance history; recent alterations, changes or additions to the water 

system;  
o any other changes made by Duty Holders or users of the water system;  

 
On reviewing continuous monitoring temperature profiles action as Stage 2, 3 or 4 as appropriate of 
this escalation procedure should be undertaken. The Authorised Person (Water) will ensure that the 
Responsible Person (Water) is notified immediately in writing at each stage and also recorded in the 
Logbook via Incident form (04). 
 
 
Stage 2 - Initial Action – High Incoming Mains Cold Water Temperature  

 Where the incoming mains cold water is 18°C or higher for more than a 48 hour period the 
Responsible Person (Water) should contact Business Stream (the Licensed Provider) who 
will work with Scottish Water to establish the reasons and determine a resolution. 
Continuous monitoring should continue and recorded in the risk assessment.  

  

Stage 3 - water temperatures fluctuating above and below 20°C (but not higher than 25°C)  

 Where water temperatures are fluctuating above and below 20°C in a regular cyclical 
manner over 72 hour periods in response to regular user water demand (but not higher than 
25°C) and are more than 2°C higher than the incoming cold water mains supply 
temperature at the building entry point, then continuous monitoring should be continued by 
the Authorised Person (Water). The reason(s) for failure(s) should be identified and 
rectified as soon as possible. This should be recorded by updated risk assessment 
(specifically in relation to the patient risk rating – where there may be increased risk and 
appropriate actions may be required to mitigate exposure. An up to date register of all areas 
and their subsequent patient risk ratings should be maintained).  

 
 considerations for failures include:  

o accuracy of temperature sensors (requiring recalibration);  
o temperature sensors being located in water (requiring reposition where tank storage 

levels been reduced and sensor no longer sensing stored water);  
o inappropriate standby tank configuration;  
o temperature sensor in standby system;  
o temperature sensor measuring stagnation (requires reposition);  
o inappropriate siting (not in a cool location);  
o heat gain to the tank and pipework (due to lack of appropriate insulation or located close 

to heat gain from other heat sources);  
o storage capacity not minimised to match daily use (12 hours storage is recommended);  
o ingress of hot water through cross connection or mixing valve failure (i.e. from DHW 

system or MTHW systems);  
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Stage 4 - water temperatures fluctuating above and below 25°C (and rarely below 20°C)  
 In this situation continuous monitoring should be continued by the Authorised Person 

(Water), the reason(s) for failure(s) (as Stage 3) identified and rectified on an urgent basis. 
This should be recorded by updated risk assessment (specifically in relation to the patient 
risk rating – where there will be an increased risk and appropriate actions will be required 
to mitigate exposure. An up to date register of all areas and their subsequent patient risk 
ratings should be maintained);  

 
 In this situation a permanent solution, such as ventilation for the plant room, or changing 

the water storage arrangements, or forming a circulating distribution system (with or 
without chilling depending on the circumstances) would require to be implemented;  

 
 The Authorised Person (Water) should, unless instructed in writing to the contrary by 

Responsible Person (Water) implement the following:  
o arrange to drain the tank contents and clean if necessary (and/or carry out local 

disinfections where appropriate);  
o inform the users of the failed system that they must not draw off any water from the 

affected system until further notice;  
o suitable disinfection of the tank and/or distribution system shall be carried out.  

 
 
Please Note: Due to the system design and installation complete disinfection of all downservices fed 
from the Raw and Bulk water storage tanks may not be practical as “high risk” system such as renal 
dialysis is fed from these tanks. Alternative protocols/method statements for local disinfections should 
be prepared and maintained;  

 thereafter the tank/local area being disinfected shall be brought back into service;  
 finally the users shall be informed that the system is back in operation.  

 
The Authorised Person (Water) shall complete an Incident Report Record Form. An entry should also 
be made in the Water Safety Log Book and the Responsible Person (Water) should be notified in 
writing as soon as possible. Record on Incident form (04). 
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Hot Water Services  

When hot water storage or distribution temperatures fall below those required (60°C storage, 55°C at 
outlets and returning to calorifier) these will almost inevitably be caused a mechanical fault. Appropriate 
maintenance procedures, including the Mercury Fault Finding guidance documents, should be created 
and referenced to assist in timely rectification.  

This escalation procedure (taken from SHTM 04-01 Part G (Draft)) should be employed if the 
Calorifier/Plate Heat Exchangers outflow temperature falls below 45ºC.  
 
The table below should be used to decide on the actions necessary in the event of a plant breakdown 
such as power failure or gas supply failure. 
 

 
 
In the event of a reduction in domestic hot water temperature the Authorised Person (Water) should 
be notified in writing as soon as possible. The reason for failure must be identified and rectified as soon 
as possible.  
The Authorised Person (Water) shall notify the Duty Holder and users on the failed system that they 
must not draw off any hot water from the affected services until further notice.  
The relevant Duty Holder shall ensure that their staff are aware of the situation, and that they in turn 
shall prevent patients from using affected services.  
 
Where thermal pasteurisation is to be carried out, the temperature of the calorifier or plate heat exchanger 
shall be raised to 70ºC, and the water shall be circulated throughout the affected distribution system for 
at least one 1 hour. Each tap or appliance should be run in sequence until full temperature is achieved 
(this should be measured). To be effective the temperature in the calorifier or plate heat exchanger should 
be high enough to ensure that all distribution outlets receive water at a temperature of greater than 60ºC. 
Ensure the return flow to the calorifier or plate heat exchanger is no less than 55ºC.  
 
The Authorised Person (Water) shall inform users that the system is back in operation.  
Bacteriological samples should be taken in consultation with the Infection Prevention and Control team.  
The Authorised Person (Water) shall complete an Incident Report Record and ensure the Responsible 
Person (Water) is notified in writing as soon as possible. Maintain hard copy records in the Water 
Safety Log. 

Breakdown leading to temperature < 45°C, lasting for: Risk Category 

High 

< 12 hrs Signifi cant 

Moderate 

High 

> 12 hrs Significant 

Moderate 

High 

> 24 hrs Significant 

Moderate 

High 

> 72 hrs Significant 

Moderate 

NHS 
'-1-...~ 

Greater Glasgow 
~nd Clyde 

Action 

Veri fy 

Veri fy 

Veri fy 

Thermally pasteuri se 

Veri fy 

Veri fy 

Thermally pasteurise 

Thermally pasteurise 

Veri fy 

Thermally pasteuri se 

Thermally pasteuri se 

Thermally pasteuri se 

Page 1949

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2023  Rev H 97 

 

5.4 Positive Legionella Test Result 

Microbiological Sampling (Legionella) 
Sampling requirements and frequency are to be formulated by NHS GG&C and written scheme should 
be updated as appropriate.  
 
Legionella testing may be required:  

 In systems where the temperature control regimes are not consistently achieved, frequent 
testing e.g. weekly should be carried out to provide early warning of loss of control. Once 
the system is brought back under control as demonstrated by monitoring, the frequency of 
testing should be reviewed  

 Weekly checks are recommended until the system is brought under control;  
 When an outbreak is suspected or has been identified;  
 In wards with at-risk patients – for example those who are immuno-compromised (“high 

risk patient” areas still to be confirmed to DMA).  
 
As a minimum, samples should be taken as follows:  

 From the cold water storage and the furthermost outlet from the tank, on every loop;  
 From the calorifier flow, or the closest tap to the calorifier, and the furthermost tap on the 

hot water service circulating system (these should be identified on sentinel outlet register);  
 Additional samples should be taken from the base of the calorifier via drain valves;  
 From areas where the target control parameters are not met (i.e. where temperatures are 

below 55°c for hot water systems or ≥20°c for cold water systems);  
 From areas subject to low usage, stagnation, excess storage capacity, dead legs, excessive 

heat loss, crossflow from the water system or other anomaly.  
 High Risk Patient Areas  
 Additional random samples may also be considered appropriate where systems are known 

to be susceptible to colonisation.  
 
The temperature control regime is the preferred strategy for reducing the risk from Legionella and 
other waterborne organisms in water systems. This will require monitoring on a regular basis. The 
recommended test frequencies for various outlets are set out in Table 2 in Section 7. 
  
HSG 274 Part 2 Table 2.3 Actions to be taken following legionella sampling in hot and cold water 
systems in healthcare premises with susceptible patients 
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Legionella bacteria 
(cfu/Litre) 

Action required 

More than 100 but less than 
1,000 

Low risk area Estates action only 

If only one or two samples are positive, system should be re-
sampled. If a similar count is found again, a review should be 
carried out to identify any remedial actions 

a) If the majority of samples are positive, the system may be 
colonised, albeit at low level, with Legionella. Disinfection 
of the system should be considered but an immediate review 
of control measures and risk assessment should be carried 
out to identify any other remedial actions required. If 
remedial action is ineffective further measures will be 
discussed and approved by the Board Water Safety Group 

More than 100 but less than 
1,000 

High Risk areas Impact on patient care 

Discuss results with ICD and agree actions and any closure of 
area. 

More than 1,000 Low Risk Estates action only 

The system should be re-sampled and an immediate review of the 
control measures and risk assessment carried out to identify any 
remedial actions, including possible disinfection of the system. If 
remedial action is ineffective further measures will be discussed 
and approved by the Board Water Safety Group 

More than 1,000 High Risk areas  

Discuss results with ICD and agree actions and any closure of 
area. 
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Communication pathway for Legionella results from water samples: 
 
Water samples are sent to; UKASS-accredited laboratories which provide this service for NHS and 
other organisations that manage buildings. Reports will come back initially to the estates department. 
 

Negative water samples are recorded as part of the documentation of Legionella control. If they are 
related to investigation of an “incident” such as a clinical case or a previous positive sample then these 
results are communicated to those managing that incident. 
 

The information on the report which needs to be communicated is: 

 Date of sampling 
 Location and type of water outlet 
 Identification of the organism, (Legionella pneumophila with serogroup, or Legionella species 

other than L pneumophila.) 
 Count of organisms per Litre. 

 
Estates will  

 Inspect the system and take further action in accordance with HSE guidance and locally agreed 
procedures 

 Inform Charge Nurse and or Clinical Nurse Manager of the Clinical Area concerned if 
appropriate of any control measures being taken/required  

 Inform GM for the Sector if appropriate. 
 

The results of this initial risk assessment must be communicated to all those noted above and also to 
the Facilities General Manager for the site involved. 
 

The Infection Control Manager for Infection Prevention and Control will inform NHS GG&C 
 

If there is impact on patient care then an Incident Management Team (IMT) may be convened to 
assess the risk and further actions. 
Refer to WQS – 017 for out of spec procedure 
 
See table in Appendix 2 
  

NHS 
'---.,,-I 

Greater Glasgow 
~nd Clyde 

Page 1952

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2023  Rev H 100 

5.5 Intermittent or Infrequently Used Water Outlets 

If after investigation the taps or appliances identified within the reviewed list, to be updated on a 

quarterly basis, is deemed not necessary wherever possible the supply pipe work shall be cut back as 

close to the main circulating line as practicable to ensure that any dead leg formed is minimised and the 

appliance is removed from the water system.  

In circumstances where there has been a lapse in the flushing regime, the stagnant and potentially 

contaminated water from within the shower or tap and associated dead leg should be purged to drain 

without discharge of aerosols before the appliance is used. 

 

Where a ward or department is closed or taken out-of-use for an extended period of time e.g.:  pending 

refurbishment, change in-use or other reason, arrangements shall be put in place to ensure the regular 

flushing and recording of water outlets within such areas. If such closures are considered to be long term 

or permanent consideration should be given to the disconnection of all water services to the affected 

areas. 
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5.6 Emergency Repairs 

Emergency repairs may be required at any time and should be undertaken by trained and competent 

personnel. Such repairs can vary from a simple repair to a section of pipework, replacement of a 

component or major burst or loss of service.  In all such cases the integrity and safety of the water 

distribution system must be maintained at all times. 
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5.7 Disinfection of Water System and Components 

There are a number of different chemical and thermal disinfection methods available ALL of which shall 

be undertaken by trained and competent personnel in strict accordance with all Statutory Requirements, 

Safety Precautions and Manufacturers Instructions.  
 

Disinfection  – is the process of destroying or inactivating Pathogenic organisms and is generally applied 

to the water supply. 
 

Sterilisation – is the process of destroying or inactivating all Organic Life Forms and is generally 

applied to all systems of transmission and storage materials. 
 
In ALL instances no matter what disinfection method is employed, due regard shall be taken of patient 

groups, specialist equipment and processes which may be sensitive to the disinfection process being 

used – eg Renal Dialysis patients must not be exposed to Silver Hydrogen Peroxide chemicals as such 

the RO Water Treatment Plant and Dialysis Machines must be disconnected from the water system until 

the disinfection process is completed. 

 

Silver Hydrogen Peroxide should NOT be used for a period of 90 days or longer, as required by the 

Drinking Water Inspectorate. 
 

The disinfection process may be required for the following situations:  
 

REPAIRS - Repair fittings and exposed pipe ends should be clean and disinfected before use. 
Such items should be sprayed with a suitable disinfection solution such as a 
Sodium Hypochlorite @ a strength of 1000 mg/l (1000ppm) with a minimum 
contact time of 5 minutes or equal and approved. 

MINOR 
ALTERATIONS - 

Pipework should be cleaned internally by spraying with a suitable disinfection 
solution such as a Sodium Hypochlorite @ a strength of 1000 mg/l (1000ppm) or 
where pipes are long and internal surfaces cannot be reached with sprays then a 
swab soaked in a solution of 50mg/l (50ppm) with a contact time of one hour or 
equal and approved. 

NEW SUPPLY 
PIPEWORK - 

Pipes are filled with a solution such as a Sodium Hypochlorite @ a strength of 20 
mg/l (20ppm) with a contact time of 24 hours. 
Or 
Sodium Hypochlorite and water at a strength of 50mg/l (50ppm) for a contact 
period of one hour. Minimum free chlorine after one hour – 30mg/l (30ppm) or 
equal and approved  

SYSTEM 
DISINFECTION - 

This will include water storage tanks and possibly the water distribution system. 
The advice and use of Legionella Control Association (LCA) approved 
contractors will be used for this purpose 
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NOTE: 
 

Appropriate Method Statements and Risk Assessments will be compiled and obtained prior to any 

disinfection process commencing. Water Disinfection Risk Based Assessment Form (024) should 

be completed prior to any disinfection process being carried out. (SHTM 04-01 Part G (V1 July 

2015) Page 38 para 5.9) 
 

An alternative to chemical disinfection is to pasteurise the system.  This involves increasing the 

temperature to greater than 60°C by increasing the thermostat setting at the calorifier or boiler and 

recirculation as necessary to maintain this temperature throughout for at least one hour.  This should 

effectively sterilise the calorifier, and kill any Legionella organisms present. 

 

The water should be flushed through the system more than once.  It is important that all taps are run for 

at least 5 minutes (preferably longer) at full temperature to ensure that the complete system is pasteurised 

and that the hot water has reached all parts of the system. 
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5.8 Pseudomonas SOP 

Standard Operating Procedure for minimising the risk of Pseudomonas 
 

This SOP provides direction and guidance for ward based staff to meet their responsibilities as stated in 

HPS(2013) Guidance for neonatal units (NNUs) (levels 1,2&3), adult and paediatric intensive care units 

(ICUs) in Scotland to minimise the risk of Pseudomonas aeruginosa infection from water.  This 

document refers to critical control points 2 – 4 (inclusive) only.  (Critical points 1, 5 and 6 are considered 

in the NHSGGC Water Safety Policy 2013. 

 

*High Dependency Units (HDUs) which are adjoining/ integrated with an ICU should be included in 

this guidance.  

 

Responsibilities:  
 
Senior Charge Nurses (SCNs) must: 
 

 Follow this SOP. 

 Ensure that they are aware of access issues to wash hand basins. Where access is an issue 

they must arrange for flushing to occur and document this. 

 Keep records of daily flushing for at least one month within the Facilities Folder. 

 Inform a member of the local Estates Team if this SOP cannot be followed in relation to 

flushing water outlets. 

 Inform a member of the local Estates Team of infrequently used outlets which could be 

removed.  

 Allow members of the local Estates Team access to complete maintenance as appropriate.  
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Estates must: 
 

 Undertake actions deemed the responsibility of the local Estates Department as per the 

Water Safety Policy. 

 Keep a record of outlets reported that are deemed to be infrequently used and actions taken 

by them to remove this risk. 

 Provide a report of maintenance actions and issues/ anomalies to the Sector Water Safety 

Group.  

 Support staff locally to undertake their responsibilities in terms of reducing risk associated 

with pseudomonas.  
 

Domestic Services must: 
 

 Ensure that water outlets are flushed at full flow for 1 minute (not causing splashing) as 

part of the cleaning process and to ensure for Mixer taps that this ensures and equal mix 

of cold and hot. If full flow cannot be achieved taps should be flushed for a longer period 

following assessment. 

 Ensure this is the first task completed of the day.  

 Record this in the Domestic services Compliance Checklist  “Water Outlets” 

 Ensure the Checklist is retained within the facilities Folder at ward level for one month. 

 Send a copy of flushing records to Water AP and to ensure any rooms/areas which were 

not flushed are identified. 

 Domestic Services Supervisors and Managers must also notify Estates LAP,  if they 

identify any unused areas or outlets as per SHTM04-01 Part G Section 8.3. 

 

Managers must: 
 

 Make this SOP available to their staff.  

 Support SCNs in following this SOP. 

 

Water Systems Group must: 
 

 Keep this SOP up-to-date. 

 Audit compliance with this SOP. 

 Provide guidance via the Water Systems Policy.  
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5.9 Flushing Water Outlets  

 
Flushing of water outlets is necessary to control the build-up of biofilm in water systems to reduce 

the risk of transmission of pathogens via the environment and equipment to patients.  

 

The Senior Charge Nurse (SCN) in each unit has responsibility (under current guidance) to ensure 

that the following recommendations are complied with in their area.  The SCN should ensure 

that: 

 

All little used outlets outlets that are not used at least twice weekly in general areas and daily on 

high risk area identified on WS01a form. These must be flushed at full flow (but not so that 

splashing goes beyond the basin. However if taps cannot be flushed on full flow they should be 

flushed for longer based on specific assessment. The manager responsible for the ward or 

department must put systems in place for the outlet to be flushed to waste for 3 minutes as per 

SHTM04-01 Part G Page 111. 

 

Where the outlet may be used by high-risk patients, more frequent flushing may be needed and 

the frequency should be determined following a risk assessment. 

 

Additionally high high-risk environments (adult, paediatric and Neonatal  ICUs and associated 

HDU’s), flushed daily, first thing in am for 1 minute at full flow (but not so that splashing goes 

beyond the basin). However if taps cannot be flushed on full flow they should be flushed for 

longer based on specific assessment. 

 

Additionally Facilities (Domestic Services) to ensure that all water outlets are flushed daily 

where access is available and all outlets flushed for 1 minute at full flow (but not so that splashing 

goes beyond the basin). However if taps cannot be flushed on full flow they should be flushed 

for longer based on specific assessment. Records must reflect where access is not available or 

outlets not able to flush e.g. rooms/areas under Estates, Minor Works, Capital or no access at the 

weekend. 

 

Domestic Services Supervisors and Managers will also notify Estates if they identify any unused 

areas or outlets or outlets not able to flush as per requirements of SHTM04-01 Part G Section 

8.3.   
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These should be reflected on the department flushing records. 

 

These must be reviewed on a daily basis by the SCN and appropriate action taken when this is 

identified as not having been completed.  

 

Any problems or concerns relating to the safety, maintenance, reduced usage, any changes in use 

and cleanliness of all water outlets are identified and reported to the ICT, Facilities and Estates 

Department as relevant. 

 

For more information refer to NHS Greater Glasgow and Clyde  

      ‘Water Systems Safety Policy Written Scheme and Operational Procedures’ 
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Appendix 1 
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Appendix 2 
 

Procedures in the event of out of specification sample for Legionella, Pseudomonas and other 
monitored bacteria, fungi, moulds, yeasts etc. 

Document WQS014 details. 

 Sampling frequencies and details what is sampled and where. 

 Out of specification process 

o Resampling. 

o Out of specification on point of use filter. 

 Sampling standards. 

 Waste sampling out of specification definition. 

 Designated High Risk Areas. 
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Appendix 3 

Risk Assessment Review Guidance 

Summary of L8 Management Tasks Required for L8 and 
SHTM 04-01 Compliance  

Guidance 
Documents Allocated to 

Regular check to ensure that legislation and guidance has not changed  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of all policies relating to legionella control (e.g. Maintenance, Water 
Treatment, Water Management, Energy) to ensure still valid and correct  

L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of L8 Management Structure to ensure up-to-date and accurate  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of communication lines to ensure still accurate and correct  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of escalation & emergency procedures to ensure still valid and correct  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of duties allocated to site staff and ensure accurate and recorded  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of duties of sub-contractors and ensure accurate and recorded and 
contractors are suitably qualified/competent for tasks assigned to them (e.g. Water 
Hygiene contractors should be LCA Approved, Plumbing contractors should be SNIPEF 
and Water Safe Registered)  

L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of staff training requirements and update training matrix  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of method statements and risk assessments to ensure still valid and 
correct  

L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of site documentation to ensure all records up to date and present  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular update of “Patient Risk Rating” register for all areas of hospital.  SHTM 04-01 
Part B   

Regular review of sentinel outlet locations register.  SHTM 04-01 
Part B   

Regular review of primary, sub-ordinate and tertiary hot flow and return loops to 
reflect any system alterations.  HSG 274 Pt 2   

Regular review of plant and equipment maintenance schedules.  Manufacturer’s 
Instructions   

Regular review of BEMS temperature sensor locations to reflect any system 
alterations  HSG 274 Pt 2   

Regular review of schematic/as-fitted drawings to ensure up-to-date and accurate  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of L8 risk assessment with a maximum period of two years between 
updates.  
(e.g. if change of use or changes in legislation or any other factor which could affect 
validity of current assessment)  

L8  
STHM 04-01  
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Appendix 4 

HAISCRIBE Risk Assessments 

All relevant HAISCRIBE risk assessments produced and approved for Water Systems related tasks are 

stored on the QEUH Shared Drive within the folder path “ 

HAI SCRIBE 
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1.0 Introduction 
 
NHS GG&C has a duty to protect all patients, employees, contractors, voluntary 
workers, visitors as well as members of the public from the risk of being infected by 
bacteria or pathogens which occur naturally in water supply systems and water 
dispensing equipment 
  
Those that should be considered at risk and vulnerable include: 
 

 Vulnerable patients with suppressed immune systems as defined and 
agreed by Sector Water Safety Groups and the Board Water Safety Group 
in all locations. 

 
2.0  Scope 
 
NHSGG&C has established a system of control for the management of water 
systems that shall ensure the safety of those within its premises by putting in place, 
both physical and procedural controls. 
 
These controls shall be systematically examined and monitored by the Facilities 
Directorate, Infection Control, Health and Safety Department and the Board Water 
Safety Group which is a sub group of the Board Infection Control Committee. 
 
This policy shall apply to all NHSGG&C managed and controlled premises.  
 
3.0   Roles and Responsibilities 
 
3.1  Chief Executive – Duty Holder 
 
The Chief Executive (CE) has ultimate responsibility / accountability for water system 
safety within NHSGG&C. 
 
The responsibilities of the Chief Executive (CE) include: 
 

 Responsibility for implementation of the relevant mandatory and statutory 
elements contained in the following documents; 

o Health & Safety Commissions Approved Code of Practice and 
Guidance L8 (ACOP L8) - “Legionnaires Disease,  The control of 
legionella bacteria in water systems”; 

o HSG 274 Part 2 – “Legionnaires Disease, The control of legionella 
bacteria in hot and cold water systems; 

o HSG 274 Part 3 – “Legionnaires Disease, Technical guidance, The 
control of legionella bacteria in other risk systems; 

o SHTM 04-01: The control of Legionella, hygiene, safe, hot water, 
cold water and drinking water systems; 

o CEL 08(2013) water sources and potential risk to patients in high 
risk units – revised guidance. 

o The implementation of Guidance for neonatal units (NNU’s) (levels 
1, 2 & 3) adult and paediatric intensive units ICU’s in Scotland to 
minimise the risk of Pseudomonas aeruginosa infection from water. 
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 Ensuring that adequate resources are provided to meet the Water Systems 
Safety requirements of NHSGG&C estate; 

 Ensuring that the Water Systems Safety Policy is being implemented at all 
levels; 

 Reviewing and monitoring the operation of the Water Systems Safety 
Policy through the Board Corporate Management Team and ensuring that 
clear guidelines are provided for this tasked with compliance of legislative 
and statutory standards; 

 Appointing the Designated person (Pseudomonas) and Designated person 
(Water) to assist in the execution of these responsibilities, who for 
NHSGG&C are the Infection Control Manager (Pseudomonas) and the 
Director of Facilities (Water). 

 
3.2   Director of Property, Procurement & Facilities Management – Designated 

Person (Water) 
 

The Director of Property, Procurement & Facilities Management is the Designated 
Person (Water).  He shall be responsible for the following and if required delegate 
appropriately: 

 
 Ensuring that Facilities staff, through the general management structure, 

are fully aware of the current statutory and mandatory requirements and 
standards for the provision and maintenance of safe water systems; 

 Ensuring with the Responsible Person (Pseudomonas) that the Water 
System Safety Policy is regularly reviewed and updated; 

 Co-Chair the NHSGG&C Water Systems Safety Group; 
 Appointing in writing the Responsible Person (Water) at sector level 

(Sector Estates Manager), Deputy Responsible Person(s) (Water) at site 
level (Site Maintenance/Estates Manager) and the Authorised Person (AP) 
(Water) at site level within the Facilities Directorate Management structure. 

 
3.3  Infection Control Manager – Designated Person (Pseudomonas) 

 
The Infection Control Manager (ICM) supported by the Board Infection Control Doctor 
is the Responsible Person (Pseudomonas).  They shall be responsible for: 

 
 Ensuring that Infection Control Teams are fully aware of current guidance 

on Legionella control matters and the minimisation of the risk of 
Pseudomonas aeruginosa infection from water; 

 The implementation of Guidance for neonatal units (NNU’s) (levels 1, 2 & 
3) adult and paediatric intensive care units ICU’s in Scotland to minimise 
the risk of Pseudomonas aeruginosa infection from water; 

 Ensuring with the Designated Person (Water) that the Water System 
Safety Policy is regularly reviewed and updated; 

 Co-Chair the NHSGG&C Water Systems Safety Group; 
 Appointing in writing the Responsible Person(s) (Pseudomonas) at sector 

level.  This shall be the relevant Infection Control Doctor. 
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3.4 Sector Estates Manager – Responsible Person (Water) 
 
The Sector Estates Manager (SEM) will be appointed as the Responsible Person 
(Water) at Sector level by the Director of Property, Procurement & Facilities 
Management in writing.  The Sector Estates Manager is responsible for: 
 

 Ensuring the effective maintenance of engineering controls installed for the 
purposes of controlling water systems; 

 Ensuring that written schemes and risk assessments are in place and 
reviewed regularly; 

 Devising and maintaining procedures to ensure the quality of water on 
premises is maintained; 

 Ensuring operational procedures are carried out and documented; 
 Ensuring records are kept of all water systems and their purpose, giving 

locations recording and maintaining within the Boards estates management 
system; 

 Liaise closely with other professionals to ensure legislative and statutory   
compliance is maintained by the Board. 

 
3.5 Authorising Engineer (AE) 

 
The Authorising Engineer (AE) is appointed in writing (or as delegated by) the 
Director of Property, Procurement & Facilities Management and is employed 
independently of NHS Boards and acts as an independent professional advisor to the 
healthcare organisation, appointed by the organisation with a brief to provide 
services in accordance with Scottish Health Technical Memorandum (SHTM) 04-01 
guidance. 
 
The AE will have specialist knowledge of large scale domestic and commercial hot 
and cold water services installations including incoming supplies, fire fighting 
services, wet risers, etc., and in particular, these installations for which an Authorised 
person (AP) (Water) will assume responsibility for an appointment. 
 
The AE (Water) is free to comment on the organisational risk basis and give 
guidance on the numbers of AP (Water) being proposed by NHSGG&C across sites. 
  
The Authorising Engineer will carry out the following main duties: 
 

 act as an assessor, making recommendations for the appointment of 
Authorised Persons (AP) (Water) in terms of skills, training and site familiarity; 

 monitor the performance of the service against ACoP L8, HSG274 and SHTM 
04-01 guidance; 

 provide an annual audit to the organisation’s Designated Person.   
 
 
 
 
. 
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3.6 Authorised Person (Water) 
 

The Authorised Person (Water) has the key operational responsibility for the service, 
qualified, sufficiently experienced and skilled for the purpose. He/she will be 
nominated by the Authorising Engineer (AE) and be able to demonstrate  

  
 His/her application through familiarisation with the system and attendance 

at an appropriate professional course;  
 A sufficient level of experience; 
 Evidence of knowledge and skills.  

 
An important element of the Authorised Person (Water) role is the maintenance of 
records, quality of service and maintenance of system safety (integrity).  

 
The Authorised Person (Water) will also be responsible for establishing and 
maintaining the roles and validation of Competent Persons (Water) who shall be 
suitable trained employees of the organisation or appointed contractors.  
 
Larger sites may require more than one Authorised Person (Water) for a particular 
service.  
 
3.7 Senior General Manager – Property & Capital Planning – Deputy 

Responsible Person (Water)  
 

The Senior General Manager – Property & Capital Planning will be appointed as a 
Deputy Responsible Person (Water) at Board level by the Director of Property, 
Procurement & Facilities Management or his delegated Manager in writing.  The 
Head of Capital Planning is responsible for: 
 

 Ensuring that any new works undertaken or refurbishment within existing 
premises shall comply with the requirements of this Policy and the Written 
Scheme and Operational Procedure for managing Water Safety including 
The control of legionella, hygiene, ‘safe’ hot water, cold water and drinking 
Water systems; 

 Ensuring all works are handed over to estates in compliance with the 
handover protocol for water as identified in the written scheme; 

 Ensuring that all potential interfaces between an operating system are new 
and refurbishment works shall meet the approval of the Responsible 
Person (Water) and Authorised Person (Water) as to methodology for 
making that interface; 

 Ensuring that any work involving the installation of water services or 
equipment requiring a water supply shall follow the guidance in SHTM 04-
01, HSG274 Parts 2 & 3 and HSE document L8 and shall be certified by 
the design engineer at to that compliance; 

 Ensuring that any works which will affect an operational water service will 
be discussed with the estates Authorised Person (Water) prior to arranging 
that work. 

  
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3.8 Site Maintenance Manager/Site Estates Manager – Deputy Responsible 
Person (Water) 

 
The Site Maintenance Manager/Site Estates Manager shall be appointed in writing by 
the Director of Property, Procurement & Facilities Management in writing as the 
Deputy Responsible Person (Water) and will also act as the Designated Person 
Water in the absence of the Designated Person (Water). The Site Maintenance 
Manager/Site Estates Manager is responsible for: 
 

 Ensuring building water systems are operated in accordance with the 
current guidance, and with the assessed risk of the individual systems 
under their control; 

 Ensuring all staff conducting water system maintenance are competent to 
do so; 

 Ensuring water system maintenance records are maintained and kept up-
to-date; 

 Regularly checking maintenance records; 
 Ensuring all work is completed in accordance with the NHS GG&C Estates 

Procedures. 

3.9 Acute Services Directors, CH(C)P Directors and Corporate Division 
Directors 

As Senior Managers, NHSGG&C Directors play an intrinsic role in ensuring that 
water safety is embedded within the culture of the organisation.  
 

The responsibilities of Directors include: 
 
 Supporting the Designated Persons (Water) and (Pseudemonas) in the 

development of the Board’s overall strategy in relation to water safety and 
for ensuring implementation within their areas of responsibility;  

 Ensuring that all staff are made aware of their requirement to attend Water 
Safety training at the appropriate frequency, as per the NHSGG&C Water 
Safety Policy and Operational Procedures which underpin this by facilitating 
staff release from duties to attend training; 

 Support action to address  staff who put themselves and/or others at risk 
from a real or potential water safety  incident; 

 
3.10 Heads of Service, Departmental Managers, Clinical Managers, Senior 

Charge Nurse’s  
 
All managers who have a responsibility for the day to day management of facilities, 
staff or services, and/or premises, have water safety responsibilities that include: 

 
 Familiarise themselves with the NHSGG&C Water Safety Policy and local 

control measures including any water risk assessments for their area(s) of 
responsibility; 

 Ensuring that persons in the department, clinic or ward are fully aware of 
their responsibilities and duties in respect of Water Safety, in particular, the 
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action required of them should the area be defined as High Risk by the local 
Water Safety Group  

 Ensure that persons in the department, clinic or ward are fully aware of the 
‘Infrequently Used Outlets’ definitions and Operating Procedure which 
underpins the NHSGG&C Water Safety Policy  

 Actively promoting Water  Safety within the department or ward by 
maintaining good housekeeping within the department or ward at all times, 
ensuring that any flushing or documentation as described in the Water 
Safety Written Scheme and Operational Procedures documentation is 
completed on time  

 Responding appropriately to any water  safety concerns that persons in the 
department, clinic or ward have; 

 Nominating a responsible person to complete the Monthly ‘Infrequently Used 
Outlets’ Audit for each area, forwarding a copy to the Site 
Maintenance/Estates Manager, thereby assisting NHSGG&C to meet its 
statutory and mandatory requirements;  

 Ensuring that action is taken on a daily basis to address any access issues 
identified within the Cleaning Compliance Checklist Sign Off documentation 
retained in the Facilities Folder. 

 Liaising with the estates department as required  
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4.0 Governance 
Structure

 
 
 
The governance arrangements described above shall be put in place within 
NHSGG&C.  
The responsibilities of the Corporate Management Team include: 
 

 Implementing the Boards overall Water Systems Safety Policy including 
legislative compliance. 

 Liaising with the Infection Control Manager (Designated Person 
(Pseudomonas)) and the Director of Property, Procurement and Facilities 
Management (Designated Person (Water)) to ensure the Boards Water 
Systems Policy is understood and applied across all areas of the Board. 

 Formulating with the Infection Control Manager and Director of Property, 
Procurement and Facilities Management a Water Systems safety compliance 
programme for both passive and active measures in both existing building and 
new projects. 

Board Clinical 
Governance Forum 

Board Infection 
Control Committee 

(BICC) 

Responsible Person 
(Water) 

Sector Estates 
Manager 

 

Responsible Person 
(Pseudomonas) 

Infection Control 
Doctor 

Sector Water Systems Safety Groups 

Chaired by Sector General Managers 
Facilities 

NHSGG&C Water Systems Safety 

Group 

Co-chaired by Director of Facilities and 
NHSGG&C Infection Control Manager  

 

I 
I I 
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 Performing governance responsibility for reviewing operational arrangements 
effectiveness.  The Corporate Management Team will be advised on this by 
the Boards Infection Control Committee (BICC) with contributions from the 
Infection Control Manager (Designated Person (Pseudomonas)) and the 
Director of Property, Procurement and Facilities Management (Designated 
Person (Water)) via the Board Water Systems Safety Group 

 
5.0  Risk Reduction Strategy / Procedures 
 
Following any assessment of the risk, risk reduction strategies and procedures must 
be implemented where possible to reduce the likelihood and/or severity of incidents 
from infection 
 
Risk Reduction strategies/procedures include: 
 

 Policy awareness and implementation; 
 Risk assessment both generic and specific; 
 Training; 
 Local procedure development; 
 Reporting and recording; 
 Evaluating effectiveness of risk reduction strategies/procedures; 
 Reviewing in the light of experience; look at incident  investigation and 

inspection reports. Do they show improvement? 
 Re-train staff if required, reading available policies, strategies and procedures; 
 Review clinical and workplace risk assessments after reports of any adverse 

events; 
 Implementation of risk reduction strategies as defined by the findings of the 

risk assessment for the NHSGGC buildings; 
 Implementation of a formal review/audit process of the risk reduction 

procedures; 
 Implementation of contractor audit and review procedures. 

 
Sector Water Safety Groups are responsible for ensuring that a multi disciplinary 
approach is taken to Risk Reduction within the Board at local level.  
 
 
6.0 Operational Arrangements 
 
Water systems throughout NHSGG&C are subject to a routine planned maintenance 
system. NHSGG&C shall have in place a site specific Written Scheme and 
Operational Procedure for Water System Safety   
 
The written scheme and Operational procedure for Water System safety shall be 
followed for the management of water systems for the prevention of infection  
 
7.0 Testing for Legionella 
 
In keeping with the current HSE guidance, testing for legionella will be carried out 
within NHSGG&C as follows:- 
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Clinical Risk Areas; 

 
 It has been agreed with the NHSGG&C Lead Infection Control Doctor that the 

following area is a ‘high-risk clinical area’ where immune-compromised 
patients are present; 

 
o Transplant units. 

 
The ‘clinical high risk areas’ will be specifically identified within the site specific 
‘written scheme’; 
 
Engineering Risk Areas; 
 
Due to the ‘age’ of the current building stock within NHSGG&C it is recognised 
that there are areas where a ‘high-risk’ is present due to current water distribution 
configuration and as such testing will be required. The ‘engineering risk areas’ are 
as follows: 
 
 In water systems treated with biocides where water is stored or distribution 

temperatures are reduced; 
 In water systems where the control levels of the treatment regime, eg  

temperature or disinfectant concentrations, are not being consistently 
achieved; 

 In water systems suspected or identified in a case or outbreak of legionellosis 
where it is probable the Incident Control Team will require samples to be taken 
for analysis; 

 In areas which have been identified within the current Water Safety Risk 
Assessment as being of a risk. 

 
The ‘engineering high risk areas’ will be specifically identified within the site 
specific ‘written scheme’. 

 
 
8.0 Pseudomonas 
 
NHSGG&C complies with the HFS, HPS and Pseudomonas aeruginosa and Water 
(Scotland) Group guidance document titled ‘Guidance for neonatal units (NNUs) 
(levels 1, 2 & 3), adult and paediatric intensive care units (ICUs) in Scotland to 
minimise the risk of Pseudomonas aeruginosa infection from water’ version 2 dated 
July 2014. 
 
9.0 Reporting and Monitoring 
 
If, following a legionella water sample, a reading of legionella bacteria is shown to be 
present and, following the criteria that the usual control measures to eliminate this 
legionella bacteria have been undertaken, that should the follow-up reading still 
record that legionella bacteria is present, then a record of this incident will be made 
on NHSGG&C’s Datix reporting and recording system in line with the NHSGG&C’s 
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Incident Management Policy and Procedure. The Facilities Directorate must be 
copied into all Datix reported incidents. 
 
Line managers must ensure that a review and investigation of an infection incident 
which can be demonstrated as originating in a water system is carried out and 
recorded. 
 
They should be reviewed as a significant adverse event as per the Incident 
Management Policy and Procedure. 
 
In order to ensure the implementation and effectiveness of this policy all incident 
reports relating to water management should be reviewed regularly by the 
responsible manager via the Sector Water Safety Group. 
 
10.0 Audit 
 
The application and effectiveness of this policy throughout the organisation shall be 
monitored by the Health and Safety Department reporting via the Board Water Safety 
Group and the Estates Senior Management Team (SMT). 
 
The policy will be reviewed and revised on a regular basis or as a result of changes 
in legislation and national guidance. 
 
11.0 Guidance 
 
The following references form a compendium of literature available at the present 
time to which reference should be made –  
 

 Health & Safety at Work, etc. Act 1974 
 

 The Management of Health and Safety at Work Regulations 1999 & 
(Amendment) Regulations 2006 

 
 The Control of Substances Hazardous to Health Regulations (COSHH) 2002 7 

(Amendment) Regulations 2004 
 

 Approved Code of Practice & Guidance, ‘Legionnaires’ disease: The control of 
Legionella bacteria in water systems’, L8 
 

 Public Health (Infectious Diseases) Regulations 1988 
 

 NHS Estates - Scottish Health Technical Memorandum 04-01 (SHTM 04-01) 
 

 The Chartered Institute of Building Services Engineers (CIBSE) - Technical 
Memorandum (TM13), Minimising the Risk of ‘Legionnaires’ Disease’ 

 
 Water Regulations Advisory Scheme - Water Supply (Water Fittings) 

Regulations 1999  
 

 Water Regulations Advisory Scheme - Water Fittings and Materials Directory 
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 The Water Byelaws 2004 (Scotland). 

 
 Water Supply (Water Quality) (Scotland) Regulations 2001 

 
 Food Safety Act 1990 

 
 BS 8580:2010 Water quality. Risk assessments for Legionella control. Code of 

practice 
 

 BS 6700; 2006, ‘Design, Installation, Testing & Maintenance of services 
supplying water for domestic use within buildings & their cartilages - 
Specification’,  

 
 BS EN 806; (2010) ‘Specification for installations inside buildings conveying 

water for human consumption’.  
 

 BS 1710; 1984 Specification for Identification of Pipelines and Services 
 

 Thermostatic Mixing Valve Manufacturers Association -  Recommended Code 
of Practice for Safe Water Temperatures 

 
 Guidance for neonatal units (NNU’s) (levels 1, 2 & 3) adult and paediatric 

intensive care units ICU’s in Scotland to minimise the risk of Pseudomonas 
aeruginosa infection from water. 
 

 HSG 274 Part 2 – “Legionnaires Disease, The control of legionella bacteria in 
hot and cold water systems; 
 

 HSG 274 Part 3 – “Legionnaires Disease, Technical guidance, The control of 
legionella bacteria in other risk systems; 

 
 
This policy is not intended to replace or usurp the above documents, which should be 
consulted for more comprehensive information and guidance. 
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1.0 GENERAL OVERVIEW 
 

Note 1: No work will be carried out on the water system without the knowledge and written consent of 

the Authorised Person (Water).  

Note 2: This Written Scheme document is to be read in conjunction with the Operational Procedures 

for the Written Schemes document and should also be read in conjunction with the Control of Water 

Records document. For any alterations to the Water System this Written Scheme Document is to be 

read in conjunction with the Guidance for alterations to water systems document. 

1.1 Introduction 

This document contains six sections which have been derived from the Risk Assessment to aid the 

design, installation, maintenance and operational mode of all domestic and process water systems 

within the premises with respect to the likelihood of the proliferation of waterborne micro-organisms. 

The assessment also considered the risk of infection presented to building users and the general 

populous at large, and derived a series of risk ratings and appropriate Remedial Actions and Control 

Measures, which should be implemented to minimise the presented risks.  This Risk Assessment was 

carried out in a manner consistent with the requirements of BS8580:2010 Water Quality – Risk 

Assessments for Legionella Control – Code of Practice, and is reviewed whenever system alterations 

or operational considerations may effect a change in the risk.   

Section 1 contains an Executive Summary of the recommended control measures and corrective 

actions together with an overview of the QUEH Site layout and accommodation. 

Section 2 contains a record of the logbook inspection, details on the location of records, defects, non-

compliance issues, correspondence and archived information. 

Section 3 provides information on the management structure associated with the control scheme for 

the water system and clear definitions of responsibilities held by those named, details of training 

undertaken and a summary of the designated tasks as detailed in section 4.  

This section also provides information on the details of the risk assessment values associated with 

representative outlets, systems and plant items undertaken since 2013. A generic risk assessment for 

any positive legionella test results within designated Low Risk locations and a description of the 

installed plant and equipment with associated schematic layout plans for each of the installed water 

systems within the site is also contained within this section. 
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Section 4 of the document details the safe operation of the system and all appropriate Maintenance 

Procedures (Control Measures) which were derived from the Risk Assessment and recommendations 

within NHS Greater Glasgow and Clyde Water Systems Safety Policy.   

This section of the document contains a task description with associated record (Log) sheet relating to 

these activities.  It should be noted however, that in certain circumstances, specialist contractors are 

required to implement some Control Measures, and records pertaining to these activities may be held 

under separate cover.  Such activities would typically include those associated with chemical water 

treatment regimes and drinks vending machines sanitising maintenance.   

Refer to Section 2 for the location of records and archived information associated with the 

maintenance procedures and other control measures. 

Section 5 contains supporting information relating to the Control Scheme, and should typically include 

the recording of system alterations or remedial actions together with utilised materials.  Ad hoc 

maintenance activities should also be recorded in this section, such as system sterilisations which may 

be required from time to time.  This section of the document also contains a glossary of supporting 

publications, where additional information relating to the risks associated with waterborne micro-

organisms, and water quality generally, may be found. 
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1.2 Executive Summary 

The purpose of this Written Scheme document is to assist in the correct and safe operation of the water 

systems within the QEUH Campus. The document outlines the specific roles, responsibilities, training 

requirements and regular maintenance procedures to be followed in order to ensure compliance with 

statutory and mandatory guidance. 

 

Risk Assessments for the water services have been carried out on the instruction of the Board Water 

Safety Group. DMA Canyon Ltd are presently the appointed Water Systems Risk Assessor and have 

carried out Risk Assessments within all individual buildings on the campus. 

Additionally there are two Hydrotherapy Pools in operation on the campus. These are situated within 

the New Childrens Hospital, and Spinal Injuries Unit. Separate Risk Assessments have been carried 

out for both of these facilities by a specialist Swimming Pool Risk Assessment provider. 

 

Risk Assessments require to be reviewed and updated to reflect any changes in-use and / or functions 

that have taken place since the date of the original Risk Assessment or in the event of control measures 

becoming ineffective, changes in key personnel or in the event of a case of legionnaires disease / 

legionellosis associated with the water system. Guidance on the Risk Assessment review procedure is 

given in Appendix 3. 

 

All documentation and log sheets used to record maintenance activities follow the format contained 

within guidance document SHTM 04-01 Part G: Operational Procedures and Exemplar Written 

Scheme. 
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1.3 Overview of Site Accommodation and Premises 

The main new-build Adult Hospital building comprises of 12 stories, with the basement housing FM 

areas and the new-build Childrens Hospital comprising of 4 stories. 

On the retained estate there are individual buildings comprising of Neurology, Neurosurgery, Spinal 

Injuries Unit, PDRU, Maternity, Neo-Natal, Podiatry and Westmarc stand alone with the Teaching and 

learning and office block new additions. 

Full descriptions and information on the individual written schemes are available in the Log book/Risk 

Assessment folders for each building. 

The building codes are as follows: 

 

AQ – Acute Medical Block (AMB) 
AS – Central Medical Block (CMB) 
BC – Neurosurgical Block (INS) 
BL – Maternity 
BW – Neurology 
DA – Spinal Injuries 
DB – Maternity Day Surgery 
DD – Podiatry 
DE – Physically Disabled Rehabilitation Unit (PDRU) 
DI – WestMARC 
EA – Neo Natal 
FA – Multi Storey Car Park 2 
FB – Multi Storey Car Park 1 
GA – Laboratory Medicine 
GB – Energy Centre 
HA – Adults Hospital 
HB – Childrens Hospital 
IA – Teaching & Learning Centre 
IB – Office Building 
IC – Imaging Centre of Excellence (ICE) 
 
NOTE: ICE building is owned by University of Glasgow. Facilities management and 
maintenance is carried out under contract by NHS GG&C on behalf of UoG.  

 

 

See Site Map in Appendix 1 
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2.0 RECORDING 

2.1 Written Scheme Inspection Records 

Anyone inspecting this written scheme (either as part of the Management Control System or 
otherwise) is invited to make an entry in this inspection record. Under no circumstances may this 
Written Scheme or any part of it be removed from site. 
 

Date/Time Comments Signature Position 
 
 
June 2018 
 
 

Written scheme has been reviewed 
and re-formatted into this current 
form (Revision D) by Colin 
Purdon as part of the water systems 
review.  

 Site Manager Operational 
Estates 

 
Feb 2019 
 
 
 

Written scheme has been reviewed 
and re-formatted into this current 
form (Revision E) by Colin Purdon 
as part of the water systems 
review. 

 Interim Sector Estates 
Manager (Deputy 
Responsible Person) 

 
May 2019 
 
 
 

Written scheme has been reviewed 
and re-formatted into this current 
form (2019 Rev A) by Colin 
Purdon as part of the water systems 
review. 

 Interim Sector Estates 
Manager (Deputy 
Responsible Person) 

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

Additional entries should be completed on a separate sheet and inserted in Section 2.1 with this sheet. 
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2.2 Location of Records and Correspondence 

Details of any correspondence, including Risk Assessments/Reviews and Ongoing Monitoring 
Reports, relating to water services should be entered on the sheet below, recording where held and by 
whom. 
 

Date Procedure or Record ref Description Held by/location 
 
 
16/07/18 
 
 

Flushing Outlets 026 

Email correspondence in relation to 
Flushing DCFP kitchen dishwasher 
and outlets with John Heron and 
Adam Wright 

Colin Purdon email archive. Hard 
copy in correspondence logbook 

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

Additional entries should be completed on a separate sheet and inserted in Section 2.2 with this sheet. 
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2.3 Non-Compliance Issues and Fault Detail Log 

Record Form 004 

All non-compliance and fault details in relation to the individual systems in each building must be 

recorded on Record Form 004 and brought to the attention of the Water Systems Lead AP as soon as 

possible. This process ensures that all non-compliance issues are documented, managed effectively and 

tracked through to completion and close –out of the issue. Copies of the all Record Form 004 are to be 

stored locally within the Estates Management office. 
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2.4 Archived Information Record Sheet 

All records associated with the management or maintenance procedures within this Written Scheme 
should be kept for a period of five years after they are no longer current. Records should be kept 
locally within the main Estates Office. The details of any archived information held separately in 
secure storage should be recorded in the table below. 
 

Date 
Procedure or Record 

Reference 
 

Description Held By/Location 

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

 
 
 
 
 

   

Additional entries should be completed on a separate sheet and inserted in Section 2.4 
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2.5 Equipment Calibration Records 

All equipment used for the measurement of temperatures should be calibrated at least annually to 

ensure the accuracy and consistency of the recording procedures. 

 

Calibration certificates for handheld thermometers are held in hard copy within the QEUH Campus 

Log Book suite in the main estates office. Electronic copies are also held on the QEUH Shared 

Drive>Water Quality folder. 
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3.0 MANAGEMENT ARRANGEMENTS 

3.1 Roles & Responsibilities 

NHS Greater 
Glasgow & 
Clyde Chief 
Executive – 
(Duty Holder)  

The Chief Executive has ultimate responsibility / accountability for 
water system safety within NHSGG&C. 
 
The responsibilities of the Chief Executive include: 
 
 Responsibility for implementation of the relevant mandatory and 

statutory elements contained within the Health & Safety 
Commissions Approved Code of Practice and Guidance 
“Legionnaires Disease.  The control of Legionella bacteria in water 
systems” L8 (ACOP L8), SHTM04-01: The control of Legionella, 
hygiene safe” hot water, cold water and drinking water systems and 
CEL 08(2013) water sources and potential risk to patients in high risk 
units – revised guidance. The implementation of Guidance for 
neonatal units (NNU’s) (levels 1, 2 & 3) adult and paediatric intensive 
care units ICU’s in Scotland to minimise the risk of Pseudomonas 
aeruginosa infection from water. 

 Ensuring that adequate resources are provided to meet the Water 
Systems Safety requirements of NHSGG&C estate. Ensuring that the 
Water Systems Safety Policy is being implemented at all levels. 

 Reviewing and monitoring the operation of the Water Systems Safety 
Policy through the Board Corporate Management Team and ensuring 
that clear guidelines are provided for this tasked with compliance of 
legislative and statutory standards. 

 Appointing the Designated person (Pseudomonas) and Designated 
Person (Water) to assist in the execution of these responsibilities, who 
for NHSGG&C are the Infection Control Manager (Pseudomonas) 
and the Director of Facilities (Water). 

 
NHS Greater 
Glasgow and 
Clyde Director 
of Facilities-  
 
(Designated Person) 
 

The Director of Facilities/General Manager (Estates) is the Designated 
Person (Water).  They shall be responsible for: 

 
 Ensuring that Facilities staff, through the general management 

structure is fully aware of the current statutory and mandatory 
requirements and standards for the provision and maintenance of safe 
water systems. 

 Ensuring with the Responsible Person (Pseudomonas) that the Water 
System Safety Policy is regularly reviewed and updated. 

 Co-Chair the NHSGG&C Water Systems Safety Group. 
 Appointing in writing the Responsible Person (Water) at sector level 

and Deputy Responsible Person(s) (Water) at site level.  This shall be 
the Sector Estates Manager (SEM) and the relevant Site Manager 
Operational Estates (SMOE)/Site Estates Manager within the 
Facilities Directorate management structure. 
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3.1 Roles and Responsibilities (cont) 
 

NHS Greater 
Glasgow and 
Clyde Infection 
Control 
Manager -
Designated 
Person 
(Pseudomonas) 
 

The Infection Control Manager supported by the Board Infection Control 
Doctor is the Responsible Person (Pseudomonas).  They shall be 
responsible for: 

 
  Ensuring that Infection Control Teams are fully aware of current 

guidance on Legionella control matters and the minimisation of the 
risk of Pseudomonas aeruginosa infection from water. 

  The implementation of Guidance for neonatal units (NNU’s) (levels 
1, 2 & 3) adult and paediatric intensive care units ICU’s in Scotland 
to minimise the risk of Pseudomonas aeruginosa infection from water.  

  Ensuring with the Designated Person (Water) that the Water System 
Safety Policy is regularly reviewed and updated. 

  Co-Chair the NHSGG&C Water Systems Safety Group. 
  Appointing in writing the Responsible Person(s) (Pseudomonas) at 

sector level.  This shall be the relevant Infection Control Doctor. 
Sector Estates 
Manager – 
Responsible 
Person (Water) 
 

The Sector Estates Manager will be appointed as the Responsible Person 
(Water) at Sector level by the Director of Facilities/General manager 
(Estates) in writing.  The Sector Estates Manager is responsible for: 

 
 Ensuring the effective maintenance of engineering controls installed 

for the purposes of controlling water systems. 
 Ensuring that written schemes and risk assessments are in place and 

reviewed regularly. 
 Devising and maintaining procedures to ensure the quality of water on 

premises is maintained. 
 Ensuring operational procedures are carried out and documented. 
 Ensuring records are kept of all water systems and their purpose, 

giving locations recording and maintaining within the Boards estates 
management system. 

 Liaise closely with other professionals to ensure legislative and 
statutory   compliance is maintained by the Board. 

Authorising 
Engineer (AE) 
 

An Authorising Engineer acts as an independent professional advisor to 
the healthcare organisation, appointed by the organisation with a brief to 
provide services in accordance with Scottish Health Technical 
Memorandum (SHTM) guidance. 
 
He will be appointed in writing by the Director of Facilities/General 
manager (Estates). 
 
The Authorising Engineer acts as an assessor, making recommendations 
for the appointment of Authorised Persons, monitoring the performance 
of the service and providing an annual audit to the organisation’s 
Designated Person.   
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3.1 Roles and Responsibilities (cont) 
 

Authorised 
Person (Water) 
 

The Authorised Person (water) has the key operational responsibility for 
the service, qualified, sufficiently experienced and skilled for the 
purpose. He/she will be nominated by the Authorising Engineer and be 
able to demonstrate  

  
 His/her application through familiarization with the system and 

attendance at an appropriate professional course;  
 A level of experience;  
 Evidence of knowledge and skills.  

 
An important element of the Authorised Person (Water) role is the 
maintenance of records, quality of service and maintenance of system 
safety (integrity).  
 
The Authorised Person (Water) will also be responsible for establishing 
and maintaining the roles and validation of Competent Persons (Water) 
who shall be suitable trained employees of the organisation or appointed 
contractors.  
 
Larger sites may require more than one Authorised Person (Water) for a 
particular service.  
 
The Authorised Person (Water) will be appointed by the Director of 
facilities/General Manager (Estates). 
 

Head of Capital 
Planning –
Deputy 
Responsible 
Person (Water) 
 

The Head of Capital Planning will be appointed as the Deputy 
Responsible Person (Water) at Board level by the Director of 
Facilities/General Manager (Estates) in writing.  The Head of Capital 
Planning is responsible for: 

 
 Ensuring that any new works undertaken or refurbishment within 

existing premises shall comply with the requirements of this Policy 
and the Written Scheme and Operational Procedure for managing 
Water Safety including The control of Legionella, hygiene, ‘safe’ hot 
water, cold water and drinking Water systems and The 
implementation of Guidance for neonatal units (NNU’s) (levels 1, 2 
& 3) adult and paediatric intensive care units ICU’s in Scotland to 
minimise the risk of Pseudomonas aeruginosa infection from water.  

 Ensuring that all potential interfaces between an operating system and 
new and refurbishment works shall meet the approval of the 
Responsible Person (Water) and Authorised Person (water) as to 
methodology for making that interface. 

 Ensuring that any work involving the installation of water services or 
equipment requiring a water supply shall follow the guidance in 
SHTM 04-01 and HSE document L8 and shall be certified by the 
design Engineer as to that compliance. 

 Ensuring that any works which will affect an operational water 
service will be discussed with the Estates Authorised Person (Water) 
prior to arranging that work. 
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3.1 Roles and Responsibilities (cont) 
 

Site Estates  
Manager 
Deputy  
Responsible 
 Person  
(Water) 

The Site Manager Operational Estates (SMOE)/Site Estates Manager 
shall be appointed in writing by the Director of Facilities/General 
Manager (Estates) in writing as the Deputy Responsible Person (Water) 
and will also act as the Designated Person Water in the absence of the 
Designated Person (Water). The Site Maintenance Manager/Site Estates 
Manager is responsible for: 

 
  Ensuring all staff conducting water system maintenance are 

competent to do so. 
  Ensuring water system maintenance records are maintained and 

kept up-to-date. 
     Regularly checking maintenance records. 
     Ensuring all work is completed in accordance with the NHS 

GG&C Estates Procedures. 
 

Acute Services  
Directors 
CH(C)P  
Directors and  
Corporate  
Division  
Directors 
 

As Senior Managers, NHSGG&C Directors play an intrinsic role in 
ensuring that water safety is embedded within the culture of the 
organisation.  

 
The responsibilities of Directors include: 

 
 Supporting the designated person (Water) and (Pseudomonas) in the 

development of the Board’s overall strategy in relation to water 
safety and for ensuring implementation within their areas of 
responsibility;  

 Ensuring that all staff are made aware of their requirement to attend 
Water Safety training at the appropriate frequency, as per the 
NHSGG&C Water  Safety Policy and Operational Procedures which 
underpin this by facilitating staff release from duties to attend 
training; 

 Supporting action to address staff who put themselves and/or others 
at risk from a real or potential water safety incident. 

 
Heads of Service, 
Departmental 
Managers, 
Clinical 
Managers, 
Senior Charge 
Nurse’s 
 

All managers who have a responsibility for the day to day management 
of facilities, staff or services, and/or premises, have water safety 
responsibilities that include: 
 Familiarise themselves with the NHSGG&C Water Safety Policy and 

local control measures including any water risk assessments for their 
area(s) of responsibility; 

 Ensuring that persons in the department, clinic or ward are fully 
aware of their responsibilities and duties in respect of Water Safety, in 
particular, the action required of them should the area be defined as 
High Risk by the local Water Safety Group  

 Ensure that persons in the department, clinic or ward are fully aware 
of the Infrequently Used Outlets definitions and Operating Procedure 
which underpins the NHSGG&C Water Safety Policy  
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3.1 Roles and Responsibilities (cont) 
 

Heads of Service, 
Departmental 
Managers, 
Clinical 
Managers, 
Senior Charge 
Nurse’s (cont) 
 

 Actively promoting Water  Safety within the department or ward by 
maintaining good housekeeping within the department or ward at all 
times, ensuring that any flushing or documentation as described in the 
Water Safety Written Scheme and Operational Procedures 
documentation is completed on time  

 Responding appropriately to any water  safety concerns that persons 
in the department, clinic or ward have; 

 Nominating a responsible person to complete the Monthly 
Infrequently Used Outlets Audit for each area, forwarding a copy to 
the Site Maintenance Manager, thereby assisting NHSGG&C to meet 
its statutory and mandatory requirements;  

 Ensuring that action is taken on a daily basis to address any access 
issues identified within the Cleaning Compliance Checklist Sign Off 
documentation retained in the Facilities Folder. 

 Liaising with the estates department as required  
 

Legionella Risk 
Assessor 
 

The NHS Board appoints in writing a Legionella Risk Assessor with 
terms of reference to provide services in accordance with BS 8580, 
SHTM 04-01 and HSE guidance under this Policy. 

He/she will be appointed in writing by the Director of Facilities/General 
Manager (Estates) 

 
Competent 
Person (Water) 
 

The Competent Person (Water) provides skilled installation and/or 
maintenance of the specialist service. He/she will be appointed, or 
authorised to work (if a contractor) by the Authorised Person Water). 
He/she will demonstrate a sound trade background and specific skill in 
the specialist service, working under the direction of the Authorised 
Person (Water) in accordance with operating procedures, policies and 
standards of the service.  
 

Maintenance 
Tradesperson 

 

A Maintenance Tradesperson is someone who has sufficient technical 
knowledge and the experience necessary to carry out maintenance and 
routine testing of the water supply, storage and distribution system.  
 

Installer 
 

The Installer is the person or organisation responsible for the provision 
of the water storage and distribution system.  

Contractor 
 

A Contractor is the person or organisation designated by management to 
be responsible for the supply, installation, validation and verification of 
hot and cold water services, and for the conduct of the installation 
checks and tests in relation to the control of Legionella.  The NHS Board 
will expect potential contractors to have suitable qualifications (for 
example companies/individuals who are members of the Legionella 
Control Association).  
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3.1 Roles and Responsibilities (cont) 
 
NHS GG&C South Sector (QEUH) Hierarchy Appointment Table 
 

Designation Position Name 
Tel Number 

The Duty Holder Chief Executive Jane Grant 

Designated Person (Water) Director of Facilities/General 
Manager (Estates) 

Alan Gallacher 
Mary-Anne Kane 

Authorising Engineer (Water) Legionella Control International 
Ltd 

Dennis Kelly 
 

Legionella Risk Assessor DMA Water Services Ltd 

David Watson 
Mike Kinghorn 
Allan McRobbie 

 

Responsible Person (Water) Sector Estates Manger (South) Colin Purdon (Interim) TBC in 
writing 

Deputy Responsible Person 
(Water) 

Site Manager Operational 
Estates (Building) VACANT 

Deputy Responsible Person 
(Water) 

General Manager Capital 
Planning 

Hazel McIntyre 
 

Lead Authorised Person Estates Manager Mel MacMillan 

Authorised Persons 

Estates Manager  
Co-ordinating Supervisor 
Co-ordinating Supervisor 
Co-ordinating Supervisor 

Kerr Clarkson 
Scott Macer 
Darren Hopkins 
Frank Green 

Competent Persons CAD Technician Bernard McCulloch 

Competent Persons Plumbers/Engineers See training records in Section 
3.4 

Others Involved 

Infection Control Lead Microbiologist Dr Teresa Inkster 

Public Health  Dr Iain Kennedy 

Laboratory Services  Janet Young 
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3.2 QEUH Estates Staffing 

Management organogram for QEUH Estates Dept as of Oct 2019 
 
 
 
 
 
 
 
 
 
 
 
  

Mark Riddell 
Head of Estates (South & 

Clyde) 

Colin Purdon 
Interim Sector Estates 

Manager (South) 
Deputy Responsible 

Person WATER 

Vacant Post 
 Site Manager 

Operational Estates 
(Deputy Responsible 

Person WATER) 

Darryl Conner 
 Site Manager 

Operational Estates 
(Engineering) 

Paul Allan 
Estates 

Manager  
(Electrical 

Systems AP) 

Gerry Cox 
Asst. Director of Estates 

& Facilities 

Bernard McCulloch 
CAD Technician 

(Water CP)  

Estates Competent Persons 
(Water Systems) 

See Training Records in Section 
3.4 for trained staff list 

Jim Guthrie 
Estates 

Manager  
(Ventilation 
Systems AP) 

Jennifer 
Materne 
Estates 

Manager  
 

Willie 
Madden 
Estates 

Manager  
 

Kerr Clarkson 
Estates 

Manager (Water 
Systems AP)  

 

Mel MacMillan 
Estates 

Manager (Lead 
Water Systems 

AP)  
 

Scott Macer 
Co-Ordinating 

Supervisor 
(Water Systems 

AP)  
 

Darren Hopkins 
Co-Ordinating 

Supervisor 
(Water Systems 

AP)  
 

Frank Green 
Co-Ordinating 

Supervisor 
(Water Systems 

AP)  
 

Phyllis Urquhart 
Compliance Manager 

Water Systems 
(Boardwide)  

Tom Steele 
Director of Estates & 

Facilities 

Page 1996

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2019 Rev B 20 

3.3 Required Maintenance Tasks 

The maintenance and management of the water systems throughout the QEUH Campus is undertaken 
by a combination of both NHS Staff and external Contractors at the frequencies identified in the 
following tables. 
 
QEUH Management staff manage and oversee the following tasks: 
 

Procedure 
Reference 

Operation(s) Record Form 
Ref 

Frequency 

P1C1 BMS Temperature Monitoring (004) Daily 

P1CC1A Manual Temperature Monitoring (005a) Daily 

N/A Filtration Plant Checks  Twice Daily 
    

WS01 Flushing Intermittently used outlets  (026) Twice Weekly 

WS01 Flushing Deadlegs and drain cocks (026) Twice Weekly 

WS01 Deluge shower/Eye wash flushing (026) Twice Weekly 

P1C3 Pump operation/duty rotation (028) Weekly 

    

P1C4 Temperature Recording of Sentinel Hot and Cold Water 
Outlets. (005) Monthly 

P1C4 DHW Calorifier and Buffer Vessel Checks (005) Monthly 
    

P1C12 Showerhead/hose replacement/disinfection (005b) Quarterly 

P1C6 DWS Calorifier, Expansion Vessel Flushing (006) (023) Quarterly 

WQS 001 HORNE Tap Flow Restrictor Exchange  Quarterly 

WS01 Review of Rarely Used Water Outlets and Changes In-Use  Quarterly 

N/A TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (HIGH RISK)  Quarterly 

     

N/A TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (Non-HIGH RISK)  Six-Monthly 

P1C7 CWST Inspection and Temperature Monitoring (003) Six-Monthly 
    

P1C9 DWS Calorifier / Expansion Vessel Inspection (006) Annually 

N/A Water Services Pipework and Distribution System Checks  Annually 

P1C10 Representative Tap Temperature Monitoring (005) Annually 

N/A Vibration coupling inspection  Annually 

N/A Carry out review of log books and Written Scheme  Annually 
(Sep) 

N/A Carry out review of drawings and schematics  Annually 
(Sep) 
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3.3 Required Maintenance Tasks (cont) 
 
In addition to the tasks undertaken by NHS directly employed Competent Persons, there are also tasks 
undertaken by Contractors on a selection of buildings within the campus. 
 
Appointed Contractors presently undertake the following tasks: 
 

Procedure 
Reference 

Operation(s) Record Form 
Ref 

Frequency 

 
External Water Mains Valve Operation and Flushing 
Routines  Monthly 

    

 
‘TMV’ and Mixing Valve Sanitation and Maintenance 
Checks  Three-

Monthly 

 Shower Head and Flexible Hose Exchange  Three-
Monthly 

     

 ‘TMV’ Tap Outlet Sanitisation and Operational Checks  Six-Monthly 

    

 CWST Inspection (003a) Annually 

 
Hot and Cold Tap Outlet Sanitisation and Operational 
Checks  Annually 
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3.4 Training Records 

The following NHS personnel are certified to have the required ability, experience, instruction, 

information and training to carry out the work associated with legionella precautions at QEUH 

Campus.  
 

 
NAME  

 
POSITION 

NATURE OF TRAINING 
(QUALIFICATION, TRAINING COURSES 

ATTENDED) 

 
DATE 

Colin Purdon 
 
 
 
 
Mel MacMillan 
 
 
 
 
Kerr Clarkson 
 
 
 
 
Scott Macer  
 
 
 
 
Darren Hopkins 
 
 
 
 
Frank Green 
 
 
 
 
 

Interim Sector Estates 
Manager 
Deputy RP 
 
 
Estates Manager 
Lead AP 
 
 
 
Estates Manager 
AP 
 
 
 
Co-Ordinating 
Supervisor (Shifts) 
 
 
 
Co-Ordinating 
Supervisor 
AP 
 
 
Estates Manager 
 
 
 
 
 

Responsible Person Course 
ENAP City & Guilds Authorised Person 
ENWS City & Guilds Managing Water Systems 
 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and 
Cold Water Systems 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and 
Cold Water Systems 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and 
Cold Water Systems 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and 
Cold Water Systems 
 
WHH01 – Legionella Management for Water 
Systems SHTM-04 01  
WH003 - Legionella Control Within Hot and 
Cold Water Systems 
 
 

 

 
 

Copies of all relevant training records and appointment letters are held electronically on the QEUH 

Shared Drive within the folder path “Water Quality>Training and Appointments”. 

 

The results achieved by each member of staff during their competency training are held on the central 

database managed by the Water Systems Compliance Manager.  
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NAME  

 
POSITION 

NATURE OF TRAINING 
(QUALIFICATION, TRAINING COURSES 

ATTENDED) 

 
DATE 

 
Martin Inglis 
 
Andrew Hamilton 
 
David Fickling 
 
Peter McCabe 
 
Mark McInally 
 
Shawn O’Neill 
 
Jason Weir 
 
Paul Shorts 
 
Bernie McCulloch 
 

 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
Tech Plumber 
 
CAD Technician 

 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 
 
Competent Persons 

 

 
 
 
 
Copies of all relevant training records and appointment letters are held electronically on the QEUH 

Shared Drive within the folder path “Water Quality>Training and Appointments”. 

 

The results achieved by each member of staff during their competency training are held on the central 

database managed by the Water Systems Compliance Manager.  

  

Page 2000

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2019 Rev B 24 

3.5 Training Requirements 

A programme of training and procedures to assist in assessing and ensuring the competence of ALL 

persons responsible for the operation, maintenance, repair and alteration to the water distribution 

system and associated plant and equipment requires to be progressed, developed and implemented.  

 

QEUH Estates Staff - Interim Training Requirements: 
 

Item 
 

Training Requirement Applicable to Target Date  
for  

Completion 
 

Date  
Completed 

1 Toolbox talks on Written Scheme 
Section 4 for staff. All plumbers   

2 
    

3 
    

4 
    

5 
    

6 
    

7 
    

8 
    

9 
    

10 
    

11 
    

12 
    

 
NOTE:- This table should be updated on a regular basis as part of the review process described in 

Section 3.10. 
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3.6 Water Systems Risk Assessment 

The duly appointed Legionella Risk Assessor for Legionella and Water Systems Safety will update the 

Legionella risk assessment database as directed by the board.  

Risk assessments for each building have been conducted by DMA Water Ltd and are filed in the main 

Estates Office at QEUH. Each contains details of individual systems and a summary of the associated 

risks. The risk assessments each contain unique information in regard to the water distribution systems 

in the buildings and also guidance on the recommended maintenance procedures for mitigating risk. 

Risk Assessment Review-Escalations 

During the Risk Assessment, whenever an anomaly is discovered on either the hot or cold water 

systems, the Risk Assessors e-mail the AP (water) with their findings. These anomalies are actioned by 

creating a FM job for the onsite CP Plumbing Technician. The findings are held in the Estates office in 

the folder named (Pre Risk Assessment Jobs completed). 

Risk Assessment Process for Removal of Identified Items 

Points are actioned that have been identified in the Risk Assessment, all drawings are updated to 

reflect the changes and the Risk Assessment action point is closed. 

Risk Assessment Review Schedule 

A review of the Risk Assessments MUST be carried out after or during the following: 

A change to the water system or its use 

A change to the use of the building/ward/clinic/dept etc. 

Changes in legislation or updates in control measures 

Changes in immediate management or key personnel 

Control measures becoming ineffective 

Increased micro-bacterial levels found in the water system or a case of legionnaires 
disease/legionellosis associated with the water system. 

 

Action plan details for each risk assessment are summarised on the Smartsheet tool. 

Electronic copies of the Risk Assessments are also held on the QEUH Shared Drive at the folder path  

“Water Quality>Risk Assessments” 

Further information on reviewing Risk Assessments is detailed in Appendix 3. 
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3.7 Plant Description and Schematics 

Details of the plant in each building and schematic layouts are contained within the individual log 

books/risk assessments for each building. The log books/risk assessments are stored in the main 

Estates Office at QEUH. 

These details are also held on the Shared Drive  

All plant details and system schematics and as-fitted drawings for the Adult & Childrens Hospitals are 

contained in the ZUTEC cloud based document management system. All Estates Managers and 

Supervisors have access to these systems. 

Additional access accounts can be set up at the request of the QEUH Site Manager Operational 

Estates. 

 

 Brendan.egan  

 

  

Page 2003

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2019 Rev B 27 

3.8 Water Systems Audits/Review Procedures 

A duly appointed Authorising Engineer (Water) will audit the entire Water Safety procedures within 

NHS Board annually.  

The appointed Authorising Engineer for Water Safety will produce an annual report for management 

review. See Section 3.1 pg 18 for current appointments. 

 

AE Audit 

The Lead Authorised Person (Water) must regularly gather and maintain all the relevant information 

and records, including relevant Water Safety Risk Assessments and Written Schemes.  

Working with the Authorising Engineer (Water) and Responsible Person (Water), the relevant 

Authorised Person (Water) will review and analyse all records for compliance with Legionella and 

other water safety parameters.  

The relevant Authorised Person (Water) will detail on these records any deviations from the Legionella 

and other water safety parameters giving a brief description as to the reason for this deviation.  

The Audit Programme will consist of planned audits on the following elements, for example: 

Risk Assessments;  

All documentation associated with this Written Scheme 

training review and records;  

schematic drawings;  

Water Safety Log Books/Maintenance records; 

BMS trend log comparison.  

 

A report will be produced summarising the audit for submission to the Sector Water Safety Group. 

The Lead Authorised Person (Water) will file locally, all relevant information and maintain hard copy 

records in the Water Safety Log Books stored within the main Estates Office. All actions identified 

should be tracked to ensure completion and closure. 
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Summary of Internal/External Audit Procedures 

Frequency Task By Whom 

Annually Carry out Authorising Engineers Audit and produce report for 
submission to Sector Water Safety Group (Section 3.8 WS) Lead AP, AE, 

Annually/May Carry out annual review of written scheme and produce report for 
submission to Sector Water Safety Group (Section 3.9 WS) 

RP/DRP, Lead AP, 
Compliance Mgr 

6 monthly Carry out management review (Section 3.10 WS) RP/DRP, Lead AP, 
Compliance Mgr 

Monthly Carry out regular audit of SCART topic and update database 
(Section 3.11 WS) Lead AP 

Monthly Conduct contractor meetings/audits to ensure compliance with 
legislation and training requirements.(Section 3.12 WS) Lead AP 

 

3.9 Written Scheme Audit Procedure 

The Written Scheme will be audited at agreed intervals but should be at least annually.  

An audit schedule will be prepared to ensure the entire procedure is audited. This should be done in 

conjunction with the Lead AP (Water Systems), Compliance manager, and Responsible Person (Water 

Systems). A report should be produced and submitted to the Sector Water Safety Group. 
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3.10 Management Review  

The Responsible Person (Water) will hold regular review meetings to confirm current compliance with 

Water Safety System requirements, identification of any deficiencies and actions required to resolve 

staff training needs.  

 

The management review will be based on following:  

results of internal audits;  

results of external audits;  

staff suggestions;  

training records;  

operation of the system and procedures over a reasonable historic period (6 to 12 months) 
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3.11 Water Systems SCART Report 

The Lead Authorised Person (Water) must regularly gather and maintain all the relevant information 

for import into the Campus SCART system. 

All evidence confirming the SCART position and justification for risk rating adjustments should be 

uploaded to the SCART database in electronic format. 
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3.12 Contractor Management & Audit Report 

Contractor Management Process 

Regular review meetings should be set up with any contractors working on the water distribution 

system. Minutes of the meetings are held on the QEUH Estates Shared Drive at the path: SGH 

Estates>Water Quality>Contractor Meetings. 

Discussions should include: 

Ongoing works; 
Future task programme; 
Recording procedures; 
RAMS; 

 

Contractor Competency 

Regular checks should be performed to ensure that any contractors working on the water distribution 

system are deemed competent and all operatives are suitably trained to conduct the delegated tasks. 

Copies of all Risk Assessments and Method Statements should be refreshed and all training records 

reviewed by the Water Systems AP. Copies are stored on the QEUH Campus Shared Drive in Water 

Quality. 

 

Contractor Audit Report 

A report should be produced at least annually to record the findings of the audit. 
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3.13 Permit to Work, Water Systems. 

The Permit to Work Water Systems as per this written scheme is solely intended to be used when 

works on the hot and cold water systems and its ancillary equipment are to be completed within the 

QEUH and RHC campus. This includes break-ins to existing pipe work, removal of dead legs and any 

new installation works. 

The Permit to Work may only be issued to Competent Persons (L8 approved) by the Authorised 

Person (AP) for water. This includes in house maintenance staff and approved contractors. 

The Permit to Work form will include the following; 

 Name of the organisation issuing the permit. 

 Permit number. 

 Name of Authorising Person (AP), including emergency contact details. 

 Reasons for the works on the water system, (Plant Preventive Maintenance, Planned repairs or 

Emergency works). 

 Exact location of the works 

 Reference to any as built drawing numbers, (for update purposes). 

 Name of Competent Person (CP) undertaking the works. 

 Hazards and Risks, (copy of Risk assessment and Method Statements (RAMS) to be submitted 

for approval before start of works) 

 Commissioning and Testing. 

  

Page 2009

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2019 Rev B 33 

The above points on the Permit Work are broken into five categories, namely; 

Part 1 Description of work and authorisation/permission to proceed. 

Part 2 CP acceptance of work and conditions. 

Part 3 Confirmation of work completion and engineering test results. 

Part 4 Authorisation to use a system. 

Part 5 Acceptance of system status by Nurse Manager. 

Procedure to be followed for Permit to Work on water systems within the QEUH and RHC; 

Sign into Estates office within the Laboratory building on the QEUH and RHC campus. 

Receive induction from Authorised Person water. 

Provide L8 Competent Person certification to Authorised Person water. 

Provide applicable RAMS for the works to be completed. 

 

3.14 Tool Box Talk, Hot and Cold Water Systems. 

Estates Tool Box Talk on Hot and Cold water Systems is located on the shared drive / water quality / 

Estates Tool Talk. This is carried out in the form of a power point presentation. 
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4.0 MAINTENANCE PROCEDURES 
 

Procedure 
Reference 

 
 

Operation 

4.1 SYSTEM INFORMATION 

4.2 MAINTENANCE PROCEDURES SUMMARY 

4.3 WEEKLY MAINTENANCE TASKS 

4.4 MONTHLY MAINTENANCE TASKS 

4.5 QUARTERLY MAINTENANCE TASKS 

4.6 SIX MONTHLY MAINTENANCE TASKS 

4.7 ANNUAL MAINTENANCE TASKS 

4.9 BI-ANNUAL MAINTENANCE TASKS 

 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.1 System Information 

4.1.1 Correct and Safe Operation of the System 
Measures should be in place to ensure that the water system is operated within the specific parameters 
as detailed in the following paragraphs: 
 

4.1.2 Hot Water System 
The storage of domestic hot water should be arranged to ensure that a water outflow temperature of at 
least 60ºC is achieved. No two water systems are the same and through periodic monitoring 
operational system performance, the system outflow temperature should be set to over 60ºC to ensure 
an outflow of 60ºC is achieved under normal draw-off demand and achieve 55°C at the supply to the 
furthermost draw-off point in the circulating system. It is important to maintain temperatures at above 
this figure (Legionellae organisms will survive for only a short period of time above this temperature - 
approximately two minutes).  
 
Periodic performance monitoring and a system of continuous monitoring and recording of water 
temperatures via a building management system (BEMS) or data logger is essential to ensure 
compliant system performance.  
 
The outflow water temperature, under prolonged maximum continuous demand (at least 20 minutes) 
from calorifiers should not be less than 60ºC.  
 
While it is accepted that occasionally under peak instantaneous or prolonged demand the water 
outflow temperature will fall, it is not acceptable if this occurs frequently (more than twice in any 24 
hour period) and/or for long periods (exceeding 20 minutes).  
 
Under no circumstances should the domestic hot water flow temperature fall below 50ºC.  
 
It is recommended that disinfection by pasteurisation is undertaken if the water temperature of the 
calorifier falls below 45ºC. A minimum domestic hot water circulation (return) temperature of 50ºC 
shall be maintained during the hours of occupancy. 
 

4.1.3 Cold Water System 
All domestic cold water storage cisterns and tanks shall comply with the requirements of the Scottish 
Water Byelaws.  
Duplicate tanks often create a risk of water becoming stagnant in one of them, leading to risk of 
Legionella, Pseudomonas Spp or similar contamination. Consideration should be given to taking one 
of the tanks out of service. See guidance in “Guidance for Alterations to Water Systems”. 
  
All cold water storage tanks are to be examined and the temperature tested on a regular summer / 
winter six monthly cycles and cleaned on an annual basis as required. 
 
Temperatures in cold water storage tanks and the mains inlet to them should be checked during periods 
of high ambient temperatures (e.g. summer afternoons between June and August). Water temperatures 
should be less than 20ºC.  
At the same time, the furthest and nearest draw off points in the system should be checked to ensure 
that the water distribution temperatures are less than 20ºC within 1 minute of running the water (at full 
flow). A similar temperature check regime should be undertaken during the winter months to identify 
the performance of cold water distribution systems and the impact of heat gain from heating systems. 
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4.1.4 Cold Water System Dump Valves 
 
The cold water system installed in the Adult & Childrens Hospitals has a dump valve arrangement 
incorporated into the ground floor, 1st floor and 2nd floor layouts. The positions of the dump valves are 
shown on the Schneider BMS STRUXUREWARE system and connected via the KNX network. 
Operating parameters for the dump valves are as follows: 
Open at 23⁰C 
Close at 20⁰C 
 

4.1.5 End of Line Sensors (EOLs) 
 
The hot and cold water system also incorporates End of Line (EOL) sensors which monitor the 
temperatures at specific sentinel points across all 11 floors of the Adult & Childrens installation. These 
can also be viewed via the Schneider BMS system. 
 

4.1.6 Sampling 
 
General microbiological and Legionella sampling in hot & cold water systems  
 
Circumstances under which samples are taken:  

 prior alterations to an existing water system;  
 as part of commissioning process, prior to handover of a new building or introduction of a 

(altered, refurbished or new) water system into use;  
 one week following handover of a new building or new water system;  
 as part of the tank cleaning and disinfection process;  
 as part of an assessment programme;  
 in response to taste, odour or sustained discoloured water complaints.  

 
When such samples are taken, a mains supply sample should be taken as a control to verify whether 
the supply could be the source of the identified problems. Scottish Water should also be contacted for 
distribution zone water quality data.  
 

4.1.7 WS01 – Little Used Outlets 
 
Control of Legionella in Water Systems, Intermittently used Water Outlets and Showers, 
Standard Operating Procedure WS01. 
 
The Estates department is required to ensure that on a quarterly basis the list of ‘intermittent’ or 
‘infrequently’ used water outlets or showers is reviewed to ensure it is accurate and up to date. Records 
of these reviews will be held within the system logbooks held locally. 
 
If after investigation the taps or appliances identified within the reviewed list are deemed not necessary 
wherever possible the supply should be cut and the appliance removed from the water system. Where 
this is not possible then pipe work shall be cut back as close to the main circulating line as practicable 
to ensure that any dead-leg formed is minimised. 
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Nursing and other staff must be made aware of the issues surrounding legionella contamination and the 
link to low and underused water outlets and their assistance in formally identifying these possible 
outlets are sought.  
 
Upon acknowledgement from the clinical staff of any intermittent or infrequently used outlets, the 
records are held on the Estates shared drive under Water Quality / WS01.  
 
Any request from clinical staff regarding the removal of any intermittent or infrequently used outlets is 
assessed and surveyed by the AP (Water). If deemed appropriate a job is raised on FM for the 
Plumbing Technicians to remove, this is documented in the WS01 Records file in the Water Quality 
file on the shared drive. Subsequent hot and cold water pipe drawings are updated by the CAD 
Technician CP (water) where and when appropriate.  
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FILLING IN LOG SHEETS 
Good water hygiene depends on maintaining high standards of cleanliness and freshness, together with 
careful temperature control.  This section contains details of checks and recording sheets (marked 
“Log Sheets”) to be filled in when checks and measurements are made to show that the necessary 
standards are being kept up.  Alternatively, where an electronic PPM system is used, Procedure 
references should be entered. 
Follow the instructions within the boxes and make entries as each task is completed.  The tasks are all 
listed at the front of each section, weekly tasks at the front of the weekly section, monthly on the 
monthly and so on.  The summary list of tasks in this section is to remind you of what is required. 
The Task and Log Sheets can be copied as required, completed Log Sheets will be filed where 
indicated in Section 2. FM First ticket number MUST be included in all logsheets. 
 
PLANNING 
The tasks and forms are organised into weekly, monthly, quarterly and annual sections. Always aim to 
carry out tasks early in the period when they are due to leave an opportunity to do them later if an 
emergency delays your plans. 
 
ASK 
If you have difficulties with the forms or do not understand the tasks, ask your Supervisor or line 
manager for clarification or guidance. 
 
CHECKING 
Incomplete or incorrect records are unacceptable in that they are misleading and do not do justice to 
the effort put in to achieve standards.  Each log sheet includes a space for comment and tells you to 
check that all the boxes are complete: do make use of the comment space and double check the form, 
otherwise the record will have gaps and whoever is responsible for auditing will concentrate on what is 
missing and may not give you credit for the work that has been done. 
 
LOG INSPECTION 
Anyone inspecting this log (either as part of the Management Control System or not) is invited to 
make an entry in the inspection of Log Book record in front of Section One. 
 
SURVEY 
For survey purposes all surveys will be carried out starting left to right, where 2 off access doors are 
available the left access shall be taken first.  Surveys shall be undertaken from top to bottom. 
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EQUIPMENT FITTINGS AND MATERIALS 
 
Prior to carrying out alterations/ additions to distribution systems, the Water Fittings and Materials 
Directory published by the Water Regulations Advisory Scheme, should be consulted.  This directory 
lists all materials and fittings approved for use to satisfy the requirements of current Water Byelaws. 
 
Details of all new materials and fittings used in installations should be noted and recorded on the 
specific work document or project file for future reference.  
 
SYSTEM ADDITIONS AND ALTERATIONS  
 
Any additions, modifications or improvements to the water distribution system are to be noted and 
recorded and system record’s amended to reflect such changes.  
 
HYGIENE PRACTICES 
 
Care should be taken to ensure high levels of personal hygiene, clean hands, clean clothing and PPE or 
gloves is maintained at all times when working on wholesome water operations. Tools, equipment, 
instrumentation and material’s shall be free from contamination and appropriately disinfected before 
use. 
Items such as pumps and hoses used in contact with water used for domestic purposes must be stored 
separately, clearly identified (ie colour coded or labelled) and MUST NOT BE USED FOR ANY 
OTHER PURPOSE. 
 
Refer to Section 2.2 for location of maintenance records for the above. 
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4.2 Maintenance Procedures Summary 

This section contains information in relation to the operational and maintenance checks managed by 
QEUH NHS Staff and appointed contractors to minimise the risk of exposure to Legionella and other 
waterborne micro-organisms within the domestic water systems, and to improve water quality. 
Procedures are as per the recommendations and exemplar models given in SHTM 04-01 Part G. 

 
Procedure 
Reference 

Operation(s) Record Form 
Ref 

Frequency 

P1C1 BMS Temperature Monitoring (021) Daily 

P1CC1A Manual Temperature Monitoring (005a) Daily 

 Filtration Plant Checks (028c) Twice Daily 
    

WS01 Flushing Intermittently used outlets  (026) Twice Weekly 

WS01 Flushing Deadlegs and drain cocks (026) Twice Weekly 

WS01 Deluge shower/Eye wash flushing (026) Twice Weekly 

P1C3 Pump operation/duty rotation (028) Weekly 

    

P1C4 Temperature Recording of Sentinel Hot and Cold Water 
Outlets. (005) Monthly 

P1C4 DHW Calorifier and Plate Heat Exchanger Checks (005) Monthly 
    

P1C12 Showerhead/hose replacement/disinfection (005b) Quarterly 

P1C6 DWS Calorifier, Expansion Vessel Flushing (006) (023) Quarterly 

WQS 001 HORNE Tap Flow Restrictor Exchange  Quarterly 

WS01 Review of Rarely Used Water Outlets and Changes In-Use WS01a Quarterly 

 TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (HIGH RISK)  Quarterly 

     

 TMV/TMT & Thermostatic Shower Disinfection and 
Function Test (Non-HIGH RISK)  Six-Monthly 

P1C7 CWST Inspection and Temperature Monitoring (003) Six-Monthly 
    

P1C9 DWS Calorifier / Expansion Vessel Inspection (006) Annually 

 Water Services Pipework and Distribution System Checks  Annually 

P1C10 Representative Tap Temperature Monitoring (005) Annually 

 Vibration coupling inspection  Annually 

 Carry out review of log book and control manual  Annually 
(Sep) 

 Carry out review of drawings and schematics  Annually 
(Sep) 
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4.3 Daily Maintenance Tasks 

 
Reference 

 
Operation 

4.31 BMS Temperature Monitoring 

4.32 Manual Temperature Monitoring 

4.33 Filtration Plant Checks 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.31 – BMS TEMPERATURE MONITORING  
 
FM First Template No 826 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 26 para 3.11 
 
RECORD FORM - (021) 
 
PROCEDURE REF - P1C1 
 
SCHEDULE REF – BMS 01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken DAILY as a minimum: 
 
 Description of Works 
 

 Refer to the BMS Temperature Monitoring Schedule BMS 01. 

 Log onto both STRUXUREWARE BMS and DISTECH BMS front ends and check all 
temperatures from listed locations. 

 Complete Schedule BMS 01 to confirm all temperatures have been checked. 

 Any temperatures found outside the defined parameters stated on the BMS Temperature 
Monitoring Schedule should be investigated and resolved immediately. Details must be 
entered on Record Form (021) and escalated to the Water Systems AP. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Schedule BMS 01 and Record Form (021) if required, ensuring that you date, 
sign it and enter FM First ticket number.   

3. Return forms to the Water Systems AP. 

 
NOTE: Both Struxureware and Distech BMS systems are capable of generating temperature 
trend logs. These logs will be checked on a regular basis by the Water Systems AP to confirm 
accuracy of information.  
  

DAILY 
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4.32 – MANUAL TEMPERATURE MONITORING 
 
FM First Template No 830 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 26 para 3.15 
 
RECORD FORM – (005a) (021a) 
 
PROCEDURE REF - P1CC1A 
 
SCHEDULE REF – MTM 01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken DAILY as a minimum: 
 
 Description of Works 
 

 Refer to the Manual Temperature Monitoring Schedule MTM 01. 

 MANUALLY visit each location and obtain and record temperatures from all plant as 
listed on Schedule MTM 01. 

 Any temperatures found outside the defined parameters stated on the MTM 01 
Temperature Monitoring Schedule should be investigated and resolved immediately. 
Details must be entered on Record Form (021a) and escalated to the Water Systems AP. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (005a) and (021a) if required, ensuring that you date, sign it and enter 
FM First ticket number.   

3. Return form to the Water Systems AP. 

 
  

DAILY 
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4.33 – FILTRATION PLANT CHECKS 
 
FM First Template No 836 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM – (028c) 
 
PROCEDURE REF – N/A 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken TWICE DAILY as a minimum AM and PM: 
 
 Description of Works 
 

 Refer to the Filtration Plant Daily Checks Log sheet (028c). 

 Complete all listed checks and ensure plant is running if selected as DUTY, or available to 
run if selected as STAND-BY. 

 Details must be entered on Record Form (028c) and any issues escalated to the Water 
Systems AP immediately. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (028c) if required, ensuring that you date, sign it and enter FM 
First ticket number.   

3. Return form to the Water Systems AP. 

 
  

TWICE DAILY 
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4.4 Weekly Maintenance Checks 

 
Reference 

 
Operation 

4.41 Flushing of Rarely Used Water Outlets (Twice Weekly) 

4.42 Flushing of Deadlegs & Drain Cocks (Twice Weekly) 

4.43 Rotation of Water Services Duty/Stand-By Pumps  

4.44 Operation and Checks to Emergency Deluge Shower/Eye Wash (Twice 

Weekly) 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.41 – FLUSHING OF INTERMITTENTLY USED WATER OUTLETS 
 
FM First Template No 824 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 101 para 6.36 
 
RECORD FORM - (026a) 
 
PROCEDURE REF - WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken TWICE WEEKLY as a minimum: 
 
 Description of Works 
 

 Refer to the locations listed on Record Form (026a).  

 Estates to arrange for the Schedule to be updated to record on a regular basis. 

 Flush water from ALL outlets identified on Record Form (026a) at a minimum frequency 
of Twice Weekly for a minimum period of 3 minutes per tap outlet taking care not to cause 
splashing or exposure to water aerosols / droplets.  

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (026a) ensuring that you date, sign it and enter FM First ticket number.   

3. Return form to the Water Systems AP. 

NOTES:  
In circumstances where there has been a lapse in the flushing regime, the stagnant and potentially 
contaminated water from within the shower or tap and associated dead leg should be purged to drain 
without discharge of aerosols before the appliance is used. 
 

NHSGG&C consider the cleaning of wash hand basins, toilets and showers etc by Domestic 
Services staff to fulfil the criteria of having been used /flushed  
As part of the ward/departments standard cleaning schedule Domestic Services staff will clean 
all wash hand basins, showers, baths, WC’s and bidets. For the purposes of Legionella and 
Pseudomonas control the Board deems this to be considered adequate to fulfil guidance on the 
use of water outlets. 

  

TWICE WEEKLY 
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4.42 – FLUSHING OF DEADLEGS & DRAIN COCKS 
 
FM First Template No 827 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 101 para 6.36 
 
RECORD FORM - (026b) 
 
PROCEDURE REF – WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken TWICE WEEKLY as a minimum: 
 
 Description of Works 
 

 Refer to the locations listed on Record Form (026b).  

 Estates to arrange for the Schedule to be updated to record on a regular basis. 

 Flush water from ALL outlets identified on Record Form (026b) on a Weekly basis for a 
minimum period of 3 minutes per tap outlet taking care not to cause splashing or exposure 
to water aerosols / droplets. Drain Cocks to be purged to ensure the removal of any built up 
residue in the line. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (026b) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

 

  

TWICE WEEKLY 
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4.43 – ROTATION OF WATER SERVICES DUTY/STAND-BY PUMPS 
 
FM First Template No 820 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 27 para. 3.24 
 
RECORD FORM - (028a) 
 
PROCEDURE REF - P1C3 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken WEEKLY: 
 
 Description of Works 
 

 Inspect and confirm operation of all listed duty/stand-by pumps by interrogating the 
programmer to check hours run for each pump motor. 

 Check pump rig and associated valves for correct operation, signs of damage, leakage or 
corrosion.  

 Record all details on Record Form (028a) 

 

CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (028a) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

 
  

WEEKLY 
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4.44 – OPERATION AND CHECKS TO EMERGENCY DELUGE SHOWERS/EYE WASH 
 
FM First Template No 825 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 57 
 
RECORD FORM - (026c) 
 
PRECEDURE REF – WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
RISK CONTROL NOTICE - RCN 11/04 
 
The following actions must be undertaken TWICE WEEKLY: 
 
 Description of Works 
 

 Refer to the locations listed on Record Form (026c). 
 

 Operate shower for a minimum period of 3 minutes taking care not to cause splashing or 
exposure to water aerosols / droplets. Measure and record temperatures until discharge 
water drops to the same temperature as the incoming mains water.  

 
NOTE: For thermostatic showers and taps, the outlet should be flushed on the full cold 
setting for 2 minutes, then again on the full hot setting for a further 2 minutes, using 
override setting where available. Cold water should be less than 20oC, Hot water should 
be between 55oC and 60oC, and Mixed water in the range 41-43°C. 
 

CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (026c) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

 
  

TWICE WEEKLY 
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4.5 Monthly Maintenance Checks 

 
Reference 

 
 

Operation 

4.51 Sentinel Outlet Temperature Recording 

4.52 DWS Calorifier – Temperature Checks & Blowdown 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to Site Estates Manager / Authorised Person (Water) for 
authorisation and copies filed as indicated in Section 2.20. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.51 – SENTINEL OUTLET TEMPERATURE RECORDING 
 
FM First Template No 828 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 28 para 3.27 
 
RECORD FORM - (005c) 
 
PROCEDURE REF - P1C4 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken MONTHLY: 
 
 Description of Work 
 

 Check the temperatures at the sentinel taps as defined in the local plan of the system being 
checked. NOTE: Where the sentinel is a TMV or TMT the temperature readings should be 
taken from the pipework or directly from the hot and cold supply. 

 Using a calibrated temperature probe, check the temperature of water from the cold water 
tap does not rise above 20ºC after running the tap for 2 minutes. 

 Using a calibrated temperature probe, check the temperature of water from the hot water 
tap does not drop below 50ºC whilst running the tap for 1 minute.  

 Record all temperatures on Record Form (005c). 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (005c) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

 
  

MONTHLY 
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4.52 - DWS CALORIFIER – TEMPERATURE CHECKS & BLOWDOWN 
 
FM First Template No 821 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 28 para 3.30 
 
RECORD FORM - (005) 
 
PROCEDURE REF - P1C4 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken MONTHLY: 
 
 Description of Work 


 MANUALLY CHECK and record the flow and return temperatures on the domestic hot 
water system as defined on Record Form (005), using the temperature gauges fitted or a 
suitable surface temperature probe. 

 MANUALLY CHECK and record the calorifier storage temperature at top and bottom 
gauges if fitted. 

 The flow temperature to be at least 60ºC and the return temperature shall be no less than 
50ºC 

 MANUALLY CHECK and record the cold water feed temperature using the temperature 
gauges fitted or a suitable surface temperature probe. 

 Blowdown drain valves (if fitted) on all calorifiers and expansion vessels by opening the 
drain valve 3 times, each time for a 3 minute period. Where required, the hose from the 
drain valve connection should be discharged to the nearest drain/gulley. If there is no drain 
valve make note on Record Form 005. 

 Check all local pipework to and from calorifier is in good order and all insulation is intact. 

 Operate all isolation valves through their full range of motion. 

 Check, confirm and record operation of de-stratification pump. 

 Record all information on the Record Form (005).  

 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

MONTHLY 
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2. Complete Record Form (005) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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4.6 Quarterly Maintenance Checks 

 
Reference 

 
 

Operation 

4.61 Shower Head and Flexible Hoses Disinfection/Replacement 

4.62 DHWS Calorifier and Expansion Vessel - Flush 

4.63 HORNE Tap Flow Restrictor Exchange 

4.64 Review of Rarely Used Water Outlets and Changes In-Use 

4.65 TMV/TMT & Thermostatic Shower Disinfection and Function Test 

(HIGH RISK) 
 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.61 SHOWER HEAD AND HOSE REPLACEMENT 
 
FM First Template No 869 
Schedules: 1997 to 2724 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 32 para 3.51 
 
RECORD FORM - (005b) 
 
PROCEDURE REF - P1C12 CURRENTLY CONTRACTED TO DMA CANYON WATER 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
The following actions must be undertaken every THREE MONTHS: 
 
NOTE: If PALL filter is fitted it must be left in place and recorded as such on Record Form 
(005b) 
 
 Description of Work 
 

 Exchange shower head and hose assembly inc sealing washers with new disposable unit. 
Place old shower head and hose assembly into re-sealable plastic bag. 

 Check that the new head and hose package is intact;  

 Open replacement new shower head and hose assembly sealed packaging, remove and fit 
following the manufacturer’s instructions;  

 Run water and flush for 3 minutes in accordance with Legionella Risk Assessment in such 
a way as to avoid the creation of aerosols;  

 Check final temperature for compliance and working order and return shower appliance to 
use. 

 Return redundant sealed bag with shower head and hose assembly to collection point for 
recycling in accordance with Waste Procedures;  

 Record all actions on the Record Form (005b).  

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (005b) ensuring that you date, sign it and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

NOTE: This procedure replaces the previous Clean & Disinfect method from 1st April 2019 

  

QUARTERLY 
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4.62 - DWS CALORIFIER AND EXPANSION VESSEL - FLUSH 
 

FM First Template No 821 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 29 para 3.34 
 
RECORD FORM - (006) and (023) 
 
PROCEDURE REF - P1C6 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
Description of Work 
 

 Flush each Domestic Hot Water Calorifier and Buffer Vessel through its drain valve by 
opening the drain valve 3 times, each time for a 3 minute period. Where required, the hose 
from the drain valve connection should be discharged to the nearest drain/gulley.  

 Record all actions on the top section of Record Form (006). 

 Where the domestic hot water system has a stratification pump(s) fitted to circulate the hot 
water from the top to the base of the calorifier or the storage/buffer vessel, and the history 
data shows no sludge deposits during flushing, then this procedure should be risk assessed 
to determine if the maintenance frequency can be changed. This assessment should be 
recorded on Record Form (023). 

 
NOTE: this flushing process can air lock the hot water system, so only carry it out when there is no 
hot water demand and the calorifier is valved off from the system. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (006) and/or (023) ensuring that you date, sign them and enter 
FM First ticket number.   

3. Return form to the Water Systems AP. 

  

QUARTERLY 
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4.63 – HORNE TAP FLOW RESTRICTOR EXCHANGE 
 

FM First Template No N/A 
 
IN ACCORDANCE WITH IC GUIDANCE 
 
RECORD FORM – (See DMA Records) 
 
PROCEDURE REF – WQS 001 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
Description of Work 
 
PPE:- Surgical gloves should be worn when carrying out this task. Cross contamination of the 
replacement flow restrictor should be considered and avoided at all times. 
 
Restrictor should only be replaced at outlets without PALL filters. If PALL filter is fitted it should be 
left in place and noted on Record Form. 
 
  

 Assemble all tools and materials required to complete task. 

 Check with ward staff to ensure access can be granted to each area without Infection Control 

restriction. 

 Remove existing restrictor using the appropriate tool and dispose of the restrictor in general 

waste. 

 Use disinfectant wipes to sanitise tap outlet and tools used before re-fitting new restrictor. 

 Change gloves to avoid cross contamination of new components and tools. 

 Unpack new restrictor components and insert into tap as per the manufacturer’s instructions. 

 Test on completion and fill out log sheet to record all relevant information. 

 
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Form (DMA WATER) ensuring that you date, sign them and enter FM 
First ticket number.   

3. Return form to the Water Systems AP. 

  

QUARTERLY 
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4.64 - REVIEW OF INTERMITTENTLY USED WATER OUTLETS/CHANGE IN-USE 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM – (001) (026) 
 
PROCEDURE REF – WS01 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
 Description of Work 
 

 Liaise with Site Facilities Manager and Heads of Department to review existing 
accommodation occupancy and usage on a 3 monthly basis. 

 Issue Quarterly circular email to all HoDs 

 Identify any water services outlets that are not used OR changes to the occupancy. 

 Schedule to be updated to record all areas which change in-use, become unoccupied or 
otherwise out of use. 

 
CHECK 
 

1. Record all details of any dept closures or little used outlets on Record Form (001) and add 
outlets to flushing register. 

2. Ensure outlets are brought to the attention of the maintenance person carrying out the 
flushing activity and details added to Record Form (026) 

3. All completed Record Forms to be stored in the building specific Log Book. 

 
  

QUARTERLY 
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4.65 – TMV/TMT & THERMOSTATIC SHOWER DISINFECTION AND FUNCTION TEST 
(HIGH RISK) 
 
FM First Template No  
 
IN ACCORDANCE BOARD POLICY 
 
RECORD FORM -  
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every THREE MONTHS: 
 
 Description of Work 
 

 Examine all thermostatic taps for scale build-up or other deposits. De-scale any which are 
not clean. 

 Check and remove any installed plastic flow straighteners from tap outlet 

 Inspect and Clean and Disinfect filters / strainers by removing and immersing in a solution 
of 1000ppm free residual chlorine (50cc CLO2 in 5 litres of water) in water for 5 minutes. 

 All HORNE Optitherm taps MUST have the flow straightener replaced during three 
monthly service tasks. 

 Pasteurise outlets by over-riding thermostatic controls drawing water through each 
thermostatic tap until a temperature of 60°C is achieved.  Run the tap at this temperature 
for five minutes. If this is not possible disassemble tap assembly and spray all accessible 
components with ‘Shower Head plus’ mixed to a 1:3 solution, (one part chemical, 3 parts 
water) or equal and approved and let stand for 5 minutes. 

 Reassemble and verify fail safe operation by isolating hot and cold water supplies 
separately.  

 Ensure thermostatic controls are re-adjusted to permit blending. 

 Should controls not be able to be over-ridden, verify the temperatures at the inlet 
connections to the thermostatic valve utilising a contact type probe and electronic 
thermometer. 

 Run and test tap and record hot and cold water inlet temperatures and mixed water outlet 
temperature. 

 Log all actions. 

  

QUARTERLY 
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4.7 Six Monthly Checks 

 
Reference 

 
 

Operation 

4.71 
TMV/TMT & Thermostatic Shower Disinfection and Function Test 
(Non-HIGH RISK) 

4.72 CWST Inspection and Temperature Monitoring 

 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.71 – TMV/TMT & THERMOSTATIC SHOWER DISINFECTION AND FUNCTION TEST 
(NON HIGH RISK) 
 
IN ACCORDANCE WITH BOARD POLICY 
 
RECORD FORM -  
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every SIX MONTHS: 
 
 Description of Work 
 

 Examine all thermostatic taps for scale build-up or other deposits. De-scale any which are 
not clean. 

 Check and remove any installed plastic flow straighteners from tap outlet 

 Inspect and Clean and Disinfect filters / strainers by removing and immersing in a solution 
of 1000ppm free residual chlorine (50cc CLO2 in 5 litres of water) in water for 5 minutes. 

 All HORNE Optitherm taps MUST have the flow straightener replaced during three 
monthly service tasks. 

 Pasteurise outlets by over-riding thermostatic controls drawing water through each 
thermostatic tap until a temperature of 60°C is achieved.  Run the tap at this temperature 
for five minutes. If this is not possible disassemble tap assembly and spray all accessible 
components with ‘Shower Head plus’ mixed to a 1:3 solution, (one part chemical, 3 parts 
water) or equal and approved and let stand for 5 minutes. 

 Reassemble and verify fail safe operation by isolating hot and cold water supplies 
separately.  

 Ensure thermostatic controls are re-adjusted to permit blending. 

 Should controls not be able to be over-ridden, verify the temperatures at the inlet 
connections to the thermostatic valve utilising a contact type probe and electronic 
thermometer. 

 Run and test tap and record hot and cold water inlet temperatures and mixed water outlet 
temperature. 

 Log all actions. 

 
  

SIX MONTHLY 
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4.72 – CWST INSPECTION AND TEMPERATURE MONITORING: 
 
FM First Template No 819  
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 29 para 3.37 
 
RECORD FORM – (003a) (003b) 
 
PROCEDURE REF – P1C7 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken every SIX MONTHS seasonally during Summer and 
Winter: 
 
 Description of Work 
 

 Inspect the tank and associated pipework including insulation, valves etc for damage or 
corrosion and sediment. 

 Operate all isolation valves through their full range of motion. 

 Check the operation of the ball-valve by pressing down on it and lifting the float to confirm 
that water flows and stops. 

 Inspect the tank overflows if visible.  Confirm that there is no blockage or other foreign 
material and that the mesh screen is not damaged. 

 Measure and record the temperature of the water in the tanks, by dipping the thermometer 
into the top as far from the ball-valve as possible. 

 Check and record ambient outside air temp and tank room temp. 

 Check the flow and record the temperature of water feeding the tanks.  There should be a 
steady rapid flow when the ball float is down. 

CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (003a) and (003b) ensuring that you date, sign them and enter FM 
First ticket number.   

3. Return forms to the Water Systems AP. 

 

 
  

SIX MONTHLY 
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4.8 Annual Maintenance Checks 

 
Reference 

 
 

Operation 

4.81 DWS Calorifier / Expansion Vessel Inspection 

4.82 Water Services Pipework and Distribution System Checks 

4.83 Representative Tap Temperature Monitoring 

4.84 Vibration coupling inspection 

4.85 BMS Temperature Sensor Test and Calibration 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.81 - DWS CALORIFIER/EXPANSION VESSEL INSPECTION 
 

FM First Template No 821 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 31 para 3.44 
 
RECORD FORM - (006) 
 
PROCEDURE REF - P1C9 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY 
 
Description of Work 
 
Follow the manufacturers’ maintenance instructions from O&M manuals. Record all actions where 
applicable on Record Form (006) for each system.  

 Isolate domestic hot water calorifier or hot, cold or chilled water storage/buffer vessel 
service valves;  

 Heat any domestic hot water calorifier or hot water storage/buffer vessel up until the 
contents has reached 60ºC and hold at this temperature for a period of at least 1 hour;  

 Drain domestic hot water calorifier and expansion vessel and remove inspection hatch;  

 Hose out the domestic hot water calorifier or hot and expansion vessel to remove any 
debris, scale or other deposit. Care should be taken to keep aerosols to a minimum;  

 If the domestic hot water calorifier or expansion vessel does not have an inspection hatch, 
the pipework at the top of the vessel should be disconnected to allow the insertion of a 
water hose to allow debris to be washed down off internal surfaces;  

 Examine the internal and external condition of the domestic hot water calorifier and 
expansion vessel and pipework, any defects should be reported in writing to the relevant 
Authorised Person (Water). The safety valve should be checked, overhauled and reset as 
necessary. The temperature and pressure gauges to be checked for operation.  

 On completion of examination and any repairs, the domestic hot water calorifier and 
expansion vessel should be re-assembled and the following sequence must be undertaken: 

 Refill with cold water;  

 Drain the domestic hot water calorifier and expansion vessel;  

 Refill with cold water, leave cold feed valve open;  

 Run domestic hot water calorifier or hot water storage/buffer vessel at a temperature of 
60ºC for at least 1 hour. Test the operation of high limit cut-out system if fitted. Check the 
temperature of the calorifier/vessel top and bottom with a surface thermometer;  

ANNUALLY 
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 Adjust any controls as necessary.  

 Take bacteriological samples from the base of the calorifier and submit to GRI Water Lab 
for analysis. (THIS TASK TO BE CARRIED OUT BY DMA CANYON WATER) 

 
NOTE: this flushing process can air lock the hot water system, so only carry it out when there is no 
hot water demand and the calorifier is valved off from the system. 

 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (006) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 
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4.82 - PIPEWORK AND DISTRIBUTION SYSTEM CHECKS 
 
FM First Template No 829 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 31 para 3. 
 
RECORD FORM - (0) 
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
Estates Manager or Water Systems AP will define areas to be checked in each building. 
 
 
Description of Work 
 

 Check all accessible pipework for damage, or corrosion. 

 Check for missing or damaged pipework insulation 

 
  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (0) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

  

ANNUALLY 
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4.83 – REPRESENTATIVE TAP TEMPERATURE MONITORING 
 
FM First Template No 917 
 
IN ACCORDANCE WITH SHTM 04-01 Part G (V1 July 2015) Page 32 para 3.39 
 
RECORD FORM - (005d) 
 
PROCEDURE REF – P1C10 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken at regular intervals throughout the year to ensure 20% of the 
requirement is completed ANNUALLY: 
 
 Description of Work 
 

 OBJECTIVE: Carry out water temperature monitoring to ensure consistency and 
performance of the system as per design. 20% of all outlets to be assessed annually to 
ensure entire system is completed within a 5 year period (ref: SCART2 Question 54) 

 Check the temperatures at a representative number of hot and cold outlets on a rotational 
basis as defined in the local plan of the system being checked. Lead AP (Water) to define 
areas to be checked each month. 

 Using a temperature probe check the temperature of the cold water tap does not go above 
20ºC after running the tap for 2 minutes;  

 Using a temperature probe check the temperature of the hot water tap does not go below 
50ºC within running the tap for 1 minute;  

 If the outlet being tested is protected by a TMV/TMT then temperatures should be taken 
directly from the supply pipework or by bypassing the thermostatic device by use of an 
appropriate purging kit. 

 Record all temperatures and locations tested on the Record Form (005d).  

 
  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (005d) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

  

ANNUALLY 
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4.84 - VIBRATION COUPLING INSPECTION 
 
FM First Template No 831 
 
IN ACCORDANCE WITH HSG 274 Part 2 (2014) Page 19 para 2.35 
 
RECORD FORM - (008) 
 
PROCEDURE REF – WQMS 001 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 Refer to list of vibration coupling locations to be assessed.  

 Visually check the condition of the coupling for any signs of leakage, deterioration or 
corrosion.  

 Ensure flexible portion of coupling is intact and free from damage or deterioration. 

 Record all inspection details on the Record Form (008). 

  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (008) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

  

ANNUALLY 
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4.85 – BMS TEMPERATURE SENSOR CALIBRATION 
 
FM First Template No  
 
IN ACCORDANCE WITH  
 
RECORD FORM -  
 
PROCEDURE REF –  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 This task should be included in the BMS Service Contract Specification. 

 All temperature sensors related to domestic hot and cold water services to be checked and 
calibrated annually. 

 All calorifiers, storage tanks, flow and return monitoring devices. 

 Include all End of Line (EOL) sensors and cold water flushing devices. 

 Records should be kept and made available to the estates dept on request. 

  
 
  

ANNUALLY 

Page 2046

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2019 Rev B 70 

4.9 Bi-Annual Maintenance Checks 

 
Reference 

 
 

Operation 

4.91 Flexible Hose/Connection Inspection and Exchange 

4.92 CWST Drop Test 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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4.91 – FLEXIBLE HOSE/CONNECTION INSPECTION AND EXCHANGE 
 
FM First Template No  
 
IN ACCORDANCE WITH QEUH RISK ASSESSMENT RECOMMENDATIONS 2017 
 
RECORD FORM - (009) 
 
PROCEDURE REF – WQMS 002 
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 Refer to list of flexible connection locations to be assessed as per WQMS 002.  

 Visually check the condition of the coupling for any signs of leakage, deterioration or 
corrosion.  

 Safely isolate the water services and exchange the flexible connection with a BRAND 
NEW UNUSED replacement. 

 Apply tag/label to indicate the intended date of future replacement (todays date + 24 
months) 

 Record all details on the Record Form (009). 

  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (009) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

  

BI-ANNUALLY 
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4.92 – CWST DROP TESTS 
 
FM First Template No 819 
 
IN ACCORDANCE WITH  
 
RECORD FORM -  
 
PROCEDURE REF -  
 
HAISCRIBE/Risk Assessment Ref – N/A See Appendix 4 
 
 
The following actions must be undertaken ANNUALLY: 
 
 Description of Work 
 

 Shut off mains cold water supply to tank. 

 Record the start time and allow tank to drain naturally through usage. DO NOT OPEN 
THE DRAIN. 

 Periodically monitor the tank until usage has reduced tank to exactly half of its starting 
capacity. 

 Record the stop time and estimate the number of hours of storage of water in the tank. 

 Record all inspection details on the Record Form (010). 

  
 
CHECK 
 

1. Record all details of any fault or discrepancy on the FAULT LOG and report to Manager. 

2. Complete Record Forms (010) ensuring that you date, sign them and enter FM First ticket 
number.   

3. Return form to the Water Systems AP. 

  

BI-ANNUALLY 
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5.0 INCIDENT AND EMERGENCY PROCEDURES 
  
 
 

Procedure 
Reference 

 
 

Operation 

5.10 FAILURE OF CONTROL MEASURES 

 

5.20 HIGH COLD WATER SUPPLY TEMPERATURE TO OUTLET 

 

5.30 LOW HOT WATER SUPPLY TEMPERATURE TO OUTLET 

 

5.40 CALORIFIER OR HEAT EXCHANGER TEMPERATURE FAULT 

 

5.50 POSITIVE LEGIONELLA TEST RESULT 

 

5.60 IDENTIFICATION OF LITTLE USED WATER OUTLET 

 

5.70 EMERGENCY REPAIRS 

 

5.80 DISINFECTION OF WATER SYSTEM 

 

5.90 PSEUDOMONAS  

 
 
 
NOTE:  
 
Completed Log Sheet to be submitted to either the Authorised Person (Water Systems) or Site 
Manager Operational Estates for authorisation and copies filed as indicated in Section 2.2. 
 
Due to the volume of information required for the recording of test results for each of the assets 
being maintained, the Log Sheets provided within this document are for indicative purposes 
only. 
 
Detailed information on the assets and test records for same will be retained within the specific 
‘Log Book’ for the location being maintained.  
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THE FOLLOWING PAGES DESCRIBE REMEDIAL ACTIONS TO BE TAKEN IN THE EVENT 

OF AN INCIDENT, EMERGENCY, OUT-OF-SPECIFICATION TEST RESULT AND / OR 

WHERE LEGIONELLA HAS BEEN IDENTIFIED AND/OR BACTERIA COUNTS BEING 

INEXCESS OF THE RECOMMENDED LIMITS IN THE WATER SYSTEM ARE IDENTIFIED.   
 

The Health and Safety at Work Act places a duty on employers to ensure, so far as is reasonably 

practicable, the maintenance of safe working conditions without risks to health, not only to employees, 

but also to the general public. 
 

The risk to personnel associated with the presence of Legionella depends on a number of variables and 

may be quite low.  However, since the actions to eradicate it are straightforward and reasonably 

practicable, it would be wise to put them in hand without delay if Legionella has been identified. 
 

When analysis confirms that the levels of bacteriological contamination are in excess of acceptable 

limits, and/or the presence of Coliforms or E.coli is identified, the procedures recommended in this 

section should be applied. 
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5.1 Failure of Control Measures: 

 
Where any reported test result, non-compliance issue or defect is made known which affects the 

integrity of the water system and indicates the failure of Control Measures and / or increased risk of 

Legionella the following procedures shall be followed and duly recorded within Section 2.3 of this 

document and brought to the attention of the relevant Infection Control Team and Water Management 

Group. 

 

IN ALL CASES THE INCIDENT RECORD FORM (004) SHOULD BE COMPLETED AND 

INSERTED IN THE BUILDING SPECIFIC WATER SAFETY LOG BOOK. 

 
  

Page 2052

A48946859



Water Quality QEUH WRITTEN SCHEME 

Version 2019 Rev B 76 

5.2 High Cold Water Supply Temperature 

 
Incident Plan 

In the event of plant failure suppliers and installers guidance should be consulted.  The location of all 
relevant literature should be recorded in the site logbook (e.g. Mercury fault finding guidance). 
 
Mains and Stored Water  

Currently there is no legal maximum water supply temperature from the Licensed Provider. In practice 
the water supply temperature to boundary point will be subject to seasonal variation. In winter this 
would normally be expected to be in the 5°C – 10°C range and in summer up to 20°C.  

 
The following staged risk assessment escalation procedure should be employed where the water 
temperature in Cold Water Storage Tanks is 20°C or higher.   
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Stage 1 - Verification  
 

 Where tepid cold water occurrence (i.e. ≥20°C) is reported from any numbers of cold water 
outlets, from maintenance/ppm, flushing procedures, from BEMS monitoring, or from the 
manual monitoring of storage tanks, the person identifying, or making a report must notify 
the relevant Authorised Person (Water) as soon as the problem is identified and confirm 
this in writing within 24 hours;  

 
 The Authorised Person (Water) should liaise with the person identifying the problem and 

verify the problem by independently re-checking by means of taking the water temperature 
of the appropriate cold water storage tank, the temperature of each incoming mains supplies 
at the site boundary point (and building entry points of other buildings within the QEUH 
campus served by the same mains lines) and the outflow distribution temperature;  

 
 If the cold water storage temperature is confirmed as being 20°C or higher at any of the 

above noted points, then the Authorised Person (Water) should record this in writing as 
well as conducting continuous monitoring of the incoming cold water mains, the cold water 
storage and the outflow temperatures to establish the temperature profiles and in more 
detail over at least a one week period to determine the level of risk;  

 
 If only one of the incoming mains lines is ≥20°C the consideration should be given to 

switching to the other mains supply until such times as “out-of-specification” mains line 
has returned to compliant parameters. Ensure if either mains line is non-operational it is 
included in a daily flushing regime and treated as per escalation procedures to follow.  

 
 The Authorised Person (Water) should also review the Water Safety Log Book and take 

into account the recent water system history specifically to include:  
 

o the primary water treatment levels (for mains cold water supplied with Chlorine or 
Chloramination treatment);  

o any water sampling results;  
o system monitoring data including temperature monitoring and water quality 

chlorine or chloramination checks;  
o recent maintenance history; recent alterations, changes or additions to the water 

system;  
o any other changes made by Duty Holders or users of the water system; On 

reviewing continuous monitoring temperature profiles action as Stage 2, 3 or 4 as 
appropriate of this escalation procedure should be undertaken. The Authorised 
Person (Water) will ensure that the Responsible Person (Water) is notified 
immediately in writing at each stage and also recorded in the Water Safety log 
book. 
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Stage 2 - Initial Action – High Incoming Mains Cold Water Temperature  
 

 Where the incoming mains cold water is 18°C or higher for more than a 48 hour period the 
Responsible Person (Water) should contact Business Stream (the Licensed Provider) who 
will work with Scottish Water to establish the reasons and determine a resolution. 
Continuous monitoring should continue and recorded in the risk assessment 
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Stage 3 - Water temperatures fluctuating above and below 20°C (but not higher than 25°C)  
 

 Where water temperatures are fluctuating above and below 20°C in a regular cyclical 
manner over 72 hour periods in response to regular user water demand (but not higher than 
25°C) and are more than 2°C higher than the incoming cold water mains supply 
temperature at the building entry point, then continuous monitoring should be continued by 
the Authorised Person (Water). The reason(s) for failure(s) should be identified and 
rectified as soon as possible. This should be recorded by updated risk assessment 
(specifically in relation to the patient risk rating – where there may be increased risk and 
appropriate actions may be required to mitigate exposure. An up to date register of all areas 
and their subsequent patient risk ratings should be maintained).  

 
 considerations for failures include:  

o accuracy of temperature sensors (requiring recalibration);  
o temperature sensors being located in water (requiring reposition where tank storage 

levels been reduced and sensor no longer sensing stored water);  
o inappropriate standby tank configuration;  
o temperature sensor in standby system;  
o temperature sensor measuring stagnation (requires reposition);  
o inappropriate siting (not in a cool location);  
o heat gain to the tank and pipework (due to lack of appropriate insulation or located 

close to heat gain from other heat sources);  
o storage capacity not minimised to match daily use (12 hours storage is 

recommended);  
o ingress of hot water through cross connection or mixing valve failure (i.e. from 

DHW system or MTHW systems);  
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Stage 4 - water temperatures fluctuating above and below 25°C (and rarely below 20°C)  

 In this situation continuous monitoring should be continued by the Authorised Person 
(Water), the reason(s) for failure(s) (as Stage 3) identified and rectified on an urgent basis. 
This should be recorded by updated risk assessment (specifically in relation to the patient 
risk rating – where there will be an increased risk and appropriate actions will be required 
to mitigate exposure. An up to date register of all areas and their subsequent patient risk 
ratings should be maintained);  

 
 In this situation a permanent solution, such as ventilation for the plant room, or changing 

the water storage arrangements, or forming a circulating distribution system (with or 
without chilling depending on the circumstances) would require to be implemented;  

 
 The Authorised Person (Water) should, unless instructed in writing to the contrary by 

Responsible Person (Water) implement the following:  
o arrange to drain the tank contents and clean if necessary (and/or carry out local 

disinfections where appropriate);  
o inform the users of the failed system that they must not draw off any water from the 

affected system until further notice;  
o suitable disinfection of the tank and/or distribution system shall be carried out.  

 
Please Note: Due to the system design and installation complete disinfection of all downservices fed 
from the Raw and Bulk water storage tanks may not be practical as “high risk” system such as renal 
dialysis is fed from these tanks. Alternative protocols/method statements for local disinfections should 
be prepared and maintained;  

o thereafter the tank/local area being disinfected shall be brought back into service;  
o finally the users shall be informed that the system is back in operation.  

 
The Authorised Person (Water) shall complete an Incident Report Record Form. An entry should also 
be made in the Water Safety Log Book and the Responsible Person (Water) should be notified in 
writing as soon as possible. 
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5.3 Low Hot Water Supply Temperature 

Incident Plan  

In the event of plant failure suppliers and installers guidance should be consulted. The location of all 
relevant literature should be recorded in the site logbook (e.g. Mercury fault finding guidance).  

 
Mains and Stored Water  

Currently there is no legal maximum water supply temperature from the Licensed Provider. In practice 
the water supply temperature to boundary point will be subject to seasonal variation. In winter this 
would normally be expected to be in the 5°C – 10°C range and in summer up to 20°C.  

The following staged risk assessment escalation procedure should be employed where the water 
temperature in Cold Water Storage Tanks is 20°C or higher. 
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Stage 1 - Verification  

 Where tepid cold water occurrence (i.e. ≥20°C) is reported from any numbers of cold water 
outlets, from maintenance/ppm, flushing procedures, from BEMS monitoring, or from the 
manual monitoring of storage tanks, the person identifying, or making a report must notify 
the relevant Authorised Person (Water) as soon as the problem is identified and confirm 
this in writing within 24 hours;  

 
 The Authorised Person (Water) should liaise with the person identifying the problem and 

verify the problem by independently re-checking by means of taking the water temperature 
of the appropriate cold water storage tank, the temperature of each incoming mains supplies 
at the site boundary point (and building entry points of other buildings within the Southern 
General Hospital served by the same mains lines8) and the outflow distribution 
temperature;  

 
 If the cold water storage temperature is confirmed as being 20°C or higher at any of the 

above noted points, then the Authorised Person (Water) should record this in writing as 
well as conducting continuous monitoring of the incoming cold water mains, the cold water 
storage and the outflow temperatures to establish the temperature profiles and in more 
detail over at least a one week period to determine the level of risk;  

 
 If only one of the incoming mains lines is ≥20°C the consideration should be given to 

switching to the other mains supply until such times as “out-of-specification” mains line 
has returned to compliant parameters. Ensure if either mains line is non-operational it is 
included in a daily flushing regime and treated as per escalation procedures to follow.  

 
 The Authorised Person (Water) should also review the Water Safety Log Book and take 

into account the recent water system history specifically to include: 
  

o the primary water treatment levels (for mains cold water supplied with Chlorine or 
Chloramination treatment);  

o any water sampling results;  
o system monitoring data including temperature monitoring and water quality 

chlorine or chloramination checks;  
o recent maintenance history; recent alterations, changes or additions to the water 

system;  
o any other changes made by Duty Holders or users of the water system;  
o On reviewing continuous monitoring temperature profiles action as Stage 2, 3 or 4 

as appropriate of this escalation procedure should be undertaken. The Authorised 
Person (Water) will ensure that the Responsible Person (Water) is notified 
immediately in writing at each stage and also recorded in the Water Safety 
Logbook.  
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Stage 2 - Initial Action – High Incoming Mains Cold Water Temperature  

 Where the incoming mains cold water is 18°C or higher for more than a 48 hour period the 
Responsible Person (Water) should contact Business Stream (the Licensed Provider) who 
will work with Scottish Water to establish the reasons and determine a resolution. 
Continuous monitoring should continue and recorded in the risk assessment.  
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Stage 3 - water temperatures fluctuating above and below 20°C (but not higher than 25°C)  

 Where water temperatures are fluctuating above and below 20°C in a regular cyclical 
manner over 72 hour periods in response to regular user water demand (but not higher than 
25°C) and are more than 2°C higher than the incoming cold water mains supply 
temperature at the building entry point, then continuous monitoring should be continued by 
the Authorised Person (Water). The reason(s) for failure(s) should be identified and 
rectified as soon as possible. This should be recorded by updated risk assessment 
(specifically in relation to the patient risk rating – where there may be increased risk and 
appropriate actions may be required to mitigate exposure. An up to date register of all areas 
and their subsequent patient risk ratings should be maintained).  

 
 considerations for failures include:  

o accuracy of temperature sensors (requiring recalibration);  
o temperature sensors being located in water (requiring reposition where tank storage 

levels been reduced and sensor no longer sensing stored water);  
o inappropriate standby tank configuration;  
o temperature sensor in standby system;  
o temperature sensor measuring stagnation (requires reposition);  
o inappropriate siting (not in a cool location);  
o heat gain to the tank and pipework (due to lack of appropriate insulation or located close 

to heat gain from other heat sources);  
o storage capacity not minimised to match daily use (12 hours storage is recommended);  
o ingress of hot water through cross connection or mixing valve failure (i.e. from DHW 

system or MTHW systems);  
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Stage 4 - water temperatures fluctuating above and below 25°C (and rarely below 20°C)  
 In this situation continuous monitoring should be continued by the Authorised Person 

(Water), the reason(s) for failure(s) (as Stage 3) identified and rectified on an urgent basis. 
This should be recorded by updated risk assessment (specifically in relation to the patient 
risk rating – where there will be an increased risk and appropriate actions will be required 
to mitigate exposure. An up to date register of all areas and their subsequent patient risk 
ratings should be maintained);  

 
 In this situation a permanent solution, such as ventilation for the plant room, or changing 

the water storage arrangements, or forming a circulating distribution system (with or 
without chilling depending on the circumstances) would require to be implemented;  

 
 The Authorised Person (Water) should, unless instructed in writing to the contrary by 

Responsible Person (Water) implement the following:  
o arrange to drain the tank contents and clean if necessary (and/or carry out local 

disinfections where appropriate);  
o inform the users of the failed system that they must not draw off any water from the 

affected system until further notice;  
o suitable disinfection of the tank and/or distribution system shall be carried out.  

 
Please Note: Due to the system design and installation complete disinfection of all downservices fed 
from the Raw and Bulk water storage tanks may not be practical as “high risk” system such as renal 
dialysis is fed from these tanks. Alternative protocols/method statements for local disinfections should 
be prepared and maintained;  

 thereafter the tank/local area being disinfected shall be brought back into service;  
 finally the users shall be informed that the system is back in operation.  

 
The Authorised Person (Water) shall complete an Incident Report Record Form. An entry should also 
be made in the Water Safety Log Book and the Responsible Person (Water) should be notified in 
writing as soon as possible. 
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Hot Water Services  

When hot water storage or distribution temperatures fall below those required (60°C storage, 55°C at 
outlets and returning to calorifier) these will almost inevitably be caused a mechanical fault. 
Appropriate maintenance procedures, including the Mercury Fault Finding guidance documents, 
should be created and referenced to assist in timely rectification.  

This escalation procedure (taken from SHTM 04-01 Part G (Draft)) should be employed if the 
Calorifier/Plate Heat Exchangers outflow temperature falls below 45ºC.  
 
The table below should be used to decide on the actions necessary in the event of a plant breakdown 
such as power failure or gas supply failure. 
 

 
 
In the event of a reduction in domestic hot water temperature the Authorised Person (Water) should 
be notified in writing as soon as possible. The reason for failure must be identified and rectified as 
soon as possible.  
The Authorised Person (Water) shall notify the Duty Holder and users on the failed system that they 
must not draw off any hot water from the affected services until further notice.  
The relevant Duty Holder shall ensure that their staff are aware of the situation, and that they in turn 
shall prevent patients from using affected services.  
Where thermal pasteurisation is to be carried out, the temperature of the calorifier or plate heat 
exchanger shall be raised to 70ºC, and the water shall be circulated throughout the affected distribution 
system for at least one 1 hour. Each tap or appliance should be run in sequence until full temperature is 
achieved (this should be measured). To be effective the temperature in the calorifier or plate heat 
exchanger should be high enough to ensure that all distribution outlets receive water at a temperature 
of greater than 60ºC. Ensure the return flow to the calorifier or plate heat exchanger is no less than 
55ºC.  
The Authorised Person (Water) shall inform users that the system is back in operation.  
Bacteriological samples should be taken in consultation with the Infection Prevention and Control 
team.  
The Authorised Person (Water) shall complete an Incident Report Record and ensure the 
Responsible Person (Water) is notified in writing as soon as possible. Maintain hard copy records in 
the Water Safety Log 
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5.4 Positive Legionella Test Result 

Microbiological Sampling (Legionella) 
Sampling requirements and frequency are to be formulated by NHS GG&C and written scheme should 
be updated as appropriate.  
 
Legionella testing may be required:  

 In systems where the temperature control regimes are not consistently achieved, frequent 
testing e.g. weekly should be carried out to provide early warning of loss of control. Once 
the system is brought back under control as demonstrated by monitoring, the frequency of 
testing should be reviewed  

 Weekly checks are recommended until the system is brought under control;  
 When an outbreak is suspected or has been identified;  
 In wards with at-risk patients – for example those who are immuno-compromised (“high 

risk patient” areas still to be confirmed to DMA).  
 
As a minimum, samples should be taken as follows:  

 From the cold water storage and the furthermost outlet from the tank, on every loop;  
 From the calorifier flow, or the closest tap to the calorifier, and the furthermost tap on the 

hot water service circulating system (these should be identified on sentinel outlet register);  
 Additional samples should be taken from the base of the calorifier via drain valves;  
 From areas where the target control parameters are not met (i.e. where temperatures are 

below 55°c for hot water systems or ≥20°c for cold water systems);  
 From areas subject to low usage, stagnation, excess storage capacity, dead legs, excessive 

heat loss, crossflow from the water system or other anomaly.  
 High Risk Patient Areas  
 Additional random samples may also be considered appropriate where systems are known 

to be susceptible to colonisation.  
 
The temperature control regime is the preferred strategy for reducing the risk from Legionella and 
other waterborne organisms in water systems. This will require monitoring on a regular basis. The 
recommended test frequencies for various outlets are set out in Table 2 in Section 7. 
  
HSG 274 Part 2 Table 2.3 Actions to be taken following legionella sampling in hot and cold water 
systems in healthcare premises with susceptible patients 
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Legionella bacteria 
(cfu/Litre) 

Action required 

More than 100 but less than 
1,000 

Low risk area Estates action only 

If only one or two samples are positive, system should be re-
sampled. If a similar count is found again, a review should be 
carried out to identify any remedial actions 

a) If the majority of samples are positive, the system may be 
colonised, albeit at low level, with Legionella. Disinfection 
of the system should be considered but an immediate review 
of control measures and risk assessment should be carried 
out to identify any other remedial actions required. If 
remedial action is ineffective further measures will be 
discussed and approved by the Board Water Safety Group 

More than 100 but less than 
1,000 

High Risk areas Impact on patient care 

Discuss results with ICD and agree actions and any closure of 
area. 

More than 1,000 Low Risk Estates action only 

The system should be re-sampled and an immediate review of 
the control measures and risk assessment carried out to identify 
any remedial actions, including possible disinfection of the 
system. If remedial action is ineffective further measures will be 
discussed and approved by the Board Water Safety Group 

More than 1,000 High Risk areas  

Discuss results with ICD and agree actions and any closure of 
area. 
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Communication pathway for Legionella results from water samples: 
 
Water samples are sent to; UKASS-accredited laboratories which provide this service for NHS and 
other organisations that manage buildings. Reports will come back initially to the estates department. 
 

Negative water samples are recorded as part of the documentation of Legionella control. If they are 
related to investigation of an “incident” such as a clinical case or a previous positive sample then these 
results are communicated to those managing that incident. 
 

The information on the report which needs to be communicated is: 

 Date of sampling 
 Location and type of water outlet 
 Identification of the organism, (Legionella pneumophila with serogroup, or Legionella species 

other than L pneumophila.) 
 Count of organisms per Litre. 

 
Estates will  

 Inspect the system and take further action in accordance with HSE guidance and locally agreed 
procedures 

 Inform Charge Nurse and or Clinical Nurse Manager of the Clinical Area concerned if 
appropriate of any control measures being taken/required  

 Inform GM for the Sector if appropriate. 
 

The results of this initial risk assessment must be communicated to all those noted above and also to 
the Facilities General Manager for the site involved. 
 

The Infection Control Manager for Infection Prevention and Control will inform NHS GG&C 
 

If there is impact on patient care then an Incident Management Team (IMT) may be convened to 
assess the risk and further actions. 
 

See table in Appendix 2 
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5.5 Intermittent or Infrequently Used Water Outlets 

If after investigation the taps or appliances identified within the reviewed list, to be updated on a 

quarterly basis, is deemed not necessary wherever possible the supply pipe work shall be cut back as 

close to the main circulating line as practicable to ensure that any dead leg formed is minimised and 

the appliance is removed from the water system.  

In circumstances where there has been a lapse in the flushing regime, the stagnant and potentially 

contaminated water from within the shower or tap and associated dead leg should be purged to drain 

without discharge of aerosols before the appliance is used. 

 

Where a ward or department is closed or taken out-of-use for an extended period of time e.g.:  pending 

refurbishment, change in-use or other reason, arrangements shall be put in place to ensure the regular 

flushing and recording of water outlets within such areas. If such closures are considered to be long 

term or permanent consideration should be given to the disconnection of all water services to the 

affected areas. 
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5.6 Emergency Repairs 

Emergency repairs may be required at any time and should be undertaken by trained and competent 

personnel. Such repairs can vary from a simple repair to a section of pipework, replacement of a 

component or major burst or loss of service.  In all such cases the integrity and safety of the water 

distribution system must be maintained at all times. 
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5.7 Disinfection of Water System and Components 

There are a number of different chemical and thermal disinfection methods available ALL of which 

shall be undertaken by trained and competent personnel in strict accordance with all Statutory 

Requirements, Safety Precautions and Manufacturers Instructions.  
 

Disinfection - is the process of destroying or inactivating Pathogenic organisms and is generally 

applied to the water supply. 
 

Sterilisation – is the process of destroying or inactivating all Organic Life Forms and is generally 

applied to all systems of transmission and storage materials. 
 
In ALL instances no matter what disinfection method is employed, due regard shall be taken of patient 

groups, specialist equipment and processes which may be sensitive to the disinfection process being 

used – eg Renal Dialysis patients must not be exposed to Silver Hydrogen Peroxide chemicals as such 

the RO Water Treatment Plant and Dialysis Machines must be disconnected from the water system 

until the disinfection process is completed. 

 

Silver Hydrogen Peroxide should NOT be used for a period of 90 days or longer, as required by the 

Drinking Water Inspectorate. 
 

The disinfection process may be required for the following situations:  
 
REPAIRS - Repair fittings and exposed pipe ends should be clean and disinfected before 

use. Such items should be sprayed with a suitable disinfection solution such as a 
Sodium Hypochlorite @ a strength of 1000 mg/l (1000ppm) with a minimum 
contact time of 5 minutes or equal and approved. 

MINOR 
ALTERATIONS - 

Pipework should be cleaned internally by spraying with a suitable disinfection 
solution such as a Sodium Hypochlorite @ a strength of 1000 mg/l (1000ppm) 
or where pipes are long and internal surfaces cannot be reached with sprays then 
a swab soaked in a solution of 50mg/l (50ppm) with a contact time of one hour 
or equal and approved. 

NEW SUPPLY 
PIPEWORK - 

Pipes are filled with a solution such as a Sodium Hypochlorite @ a strength of 
20 mg/l (20ppm) with a contact time of 24 hours. 
Or 
Sodium Hypochlorite and water at a strength of 50mg/l (50ppm) for a contact 
period of one hour. Minimum free chlorine after one hour – 30mg/l (30ppm) or 
equal and approved  

SYSTEM 
DISINFECTION - 

This will include water storage tanks and possibly the water distribution system. 
The advice and use of Legionella Control Association (LCA) approved 
contractors will be used for this purpose 
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NOTE: 
 

Appropriate Method Statements and Risk Assessments will be compiled and obtained prior to 

any disinfection process commencing. Water Disinfection Risk Based Assessment Form (024) 

should be completed prior to any disinfection process being carried out. (SHTM 04-01 Part G (V1 

July 2015) Page 38 para 5.9) 
 

An alternative to chemical disinfection is to pasteurise the system.  This involves increasing the 

temperature to greater than 60°C by increasing the thermostat setting at the calorifier or boiler and 

recirculation as necessary to maintain this temperature throughout for at least one hour.  This should 

effectively sterilise the calorifier, and kill any Legionella organisms present. 

 

The water should be flushed through the system more than once.  It is important that all taps are run 

for at least 5 minutes (preferably longer) at full temperature to ensure that the complete system is 

pasteurised and that the hot water has reached all parts of the system. 
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5.8 Pseudomonas SOP 

Standard Operating Procedure for minimising the risk of Pseudomonas 
 

This SOP provides direction and guidance for ward based staff to meet their responsibilities as stated 

in HPS(2013) Guidance for neonatal units (NNUs) (levels 1,2&3), adult and paediatric intensive care 

units (ICUs) in Scotland to minimise the risk of Pseudomonas aeruginosa infection from water.  This 

document refers to critical control points 2 – 4 (inclusive) only.  (Critical points 1, 5 and 6 are 

considered in the NHSGGC Water Safety Policy 2013. 

 

*High Dependency Units (HDUs) which are adjoining/ integrated with an ICU should be included in 

this guidance.  

 

Responsibilities:  
 
Senior Charge Nurses (SCNs) must: 
 

 Follow this SOP. 

 Ensure that they are aware of access issues to wash hand basins. Where access is an 

issue they must arrange for flushing to occur and document this. 

 Keep records of daily flushing for at least one month within the Facilities Folder. 

 Inform a member of the local Estates Team if this SOP cannot be followed in relation to 

flushing water outlets. 

 Inform a member of the local Estates Team of infrequently used outlets which could be 

removed.  

 Allow members of the local Estates Team access to complete maintenance as 

appropriate.  
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Estates must: 
 

 Undertake actions deemed the responsibility of the local Estates Department as per the 

Water Safety Policy. 

 Keep a record of outlets reported that are deemed to be infrequently used and actions 

taken by them to remove this risk. 

 Provide a report of maintenance actions and issues/ anomalies to the Sector Water Safety 

Group.  

 Support staff locally to undertake their responsibilities in terms of reducing risk 

associated with pseudomonas.  
 

Domestic Services must: 
 

 Ensure that water outlets are flushed at full flow for 1 minute (not causing splashing) as 

part of the cleaning process  

 Ensure this is the first task completed of the day  

 Record this in the Domestic services Compliance Checklist  “Water Outlets” 

 Ensure the Checklist is retained within the facilities Folder at ward level for one month 

 

Managers must: 
 

 Make this SOP available to their staff.  

 Support SCNs in following this SOP. 

 

Water Systems Group must: 
 

 Keep this SOP up-to-date. 

 Audit compliance with this SOP. 

 Provide guidance via the Water Systems Policy.  
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Flushing Water Outlets  
 

Flushing of water outlets is necessary to control the build-up of biofilm in water systems to 

reduce the risk of transmission of pathogens via the environment and equipment to patients.  

 

The Senior Charge Nurse (SCN) in each unit has responsibility (under current guidance) to 

ensure that the following recommendations are complied with in their area.  The SCN should 

ensure that: 

 

All water outlets are flushed in high-risk environments (adult, paediatric and 

Neonatal ICUs and associated HDU’s), daily, first thing in am for 1 minute at full flow (but not 

so that splashing goes beyond the basin).  This must be recorded. This will be completed as part 

of the Domestic Services local work schedule for the area .This must be reviewed on a daily 

basis by the SCN and appropriate action taken when this is identified as not having been 

completed  

 

 Any problems or concerns relating to the safety, maintenance, reduced usage, any changes in 

use and cleanliness of all water outlets are identified and reported to the ICT and the Estates 

Department as relevant. 

 

For more information refer to NHS Greater Glasgow and Clyde  

‘Water Systems Safety Policy Written Scheme and Operational Procedures’ 
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Appendix 1 

Site Plan with Block Codes 
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Appendix 2 

Escalation of Sampling Results out-of-spec. 
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Appendix 3 

Risk Assessment Review Guidance 

Summary of L8 Management Tasks Required for L8 and 
SHTM 04-01 Compliance  

Guidance 
Documents Allocated to 

Regular check to ensure that legislation and guidance has not changed  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of all policies relating to legionella control (e.g. Maintenance, Water 
Treatment, Water Management, Energy) to ensure still valid and correct  

L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of L8 Management Structure to ensure up-to-date and accurate  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of communication lines to ensure still accurate and correct  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of escalation & emergency procedures to ensure still valid and correct  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of duties allocated to site staff and ensure accurate and recorded  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of duties of sub-contractors and ensure accurate and recorded and 
contractors are suitably qualified/competent for tasks assigned to them (e.g. Water 
Hygiene contractors should be LCA Approved, Plumbing contractors should be SNIPEF 
and Water Safe Registered)  

L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of staff training requirements and update training matrix  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of method statements and risk assessments to ensure still valid and 
correct  

L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of site documentation to ensure all records up to date and present  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular update of “Patient Risk Rating” register for all areas of hospital.  SHTM 04-01 
Part B   

Regular review of sentinel outlet locations register.  SHTM 04-01 
Part B   

Regular review of primary, sub-ordinate and tertiary hot flow and return loops to 
reflect any system alterations.  HSG 274 Pt 2   

Regular review of plant and equipment maintenance schedules.  Manufacturer’s 
Instructions   

Regular review of BEMS temperature sensor locations to reflect any system 
alterations  HSG 274 Pt 2   

Regular review of schematic/as-fitted drawings to ensure up-to-date and accurate  
L8  
HSG 274 Pt 2  
SHTM 04-01  

 
 
 

Regular review of L8 risk assessment with a maximum period of two years between 
updates.  
(e.g. if change of use or changes in legislation or any other factor which could affect 
validity of current assessment)  

L8  
STHM 04-01  
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Appendix 4 

HAISCRIBE Risk Assessments 

All relevant HAISCRIBE risk assessments produced and approved for Water Systems related tasks are 

stored on the QEUH Shared Drive within the folder path “Water Quality>HAISCRIBE 
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QEUH and RHC Hospitals 
NHS GGC Annual Water Systems AE Audit  

Site Address:  
 
Queen Elizabeth University Hospital and the Royal Hospital for Children Hospital, 
1345 Govan Rd,  
Glasgow  
G51 4TF 
 

Building QEUH and RHC Hospitals  Date 4th and 5th February 2021 Auditor Dennis H. Kelly 
Staff Interviewed Mel MacMillan and Kerr Clarkson 

 
 
Description of Levels of Risk: 
 

Very High  Urgent Remedial Action – Lp growth and aerosol opportunity with susceptible people present on site 
High Remedial Action is needed but not immediately – Lp growth opportunity is present 

Medium Acceptable risk but some concerns– Lp likely to be controlled but improvements should be sought 
Low Risk controlled and acceptable 

 

I I I I I 
I 
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Levels of Risk found during the Audit: 
 
The levels of risk detailed below reflect the highest level of risk identified during the audit in that particular category.  
 
The audit process reviews the following five areas: 
 

Audited Topic Level of Risk 
B1 Risk Assessment  
B2 Schematic Drawings  
B3 Written Scheme Monitoring and Records  
B4 On Going Water Treatment  
B5 Task Completion  

 
 
Comments  
 
There is a high level of completion of the required tasks at both hospitals and a significant improvement on the performance of the 
management and control systems compared to the audit that was completed in February 2020. Additionally, the record systems 
were simple to access and provided evidence of task and remedial action completion.  There is a close working relationship with 
the main water hygiene contractor and this provides benefits in terms of the quality anf dspeed of the delivery of the required tasks.  
 
The on-site involved Estates staff at the two hospitals have a high level of technical understanding and have delivered significant 
improvements in the water hygiene processes and procedures compared to the audit that was undertaken on site 12 months ago.  
 
There are ten recommendations made in this section of the audit and fourteen recommendations made in part A of this audit report.  
The total of 24 recommendations compares favourably and is a significant improvement on the forty three recommendations that 
were made in the same audit that was completed in February 2020.  
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Summary of Actions 
 

Actions Risk 
Level 

Completed 
Date Signature 

1.  
It is recommended that NHS GGC formalise their approach to when risk 
assessments should be completed and reviewed and that a date for a 
review or a repeat of the QEUH and RHC risk assessment is agreed. 

   

2.  

It is recommended that the timing and delivery of the new risk 
assessment/risk assessment review is clarified, agreed and 
implemented and that a minimum two year risk assessment review 
period is utilised going forward. 

   

3.  It is recommended that the drawings of the chlorine dioxide installations 
are acquired and added to the records as soon as possible. 

   

4.  
It is recommended that schematic drawings are reviewed at least 
annually and amended and updated to reflect any water system 
changes. 

   

5.  
It is recommended that section 4.51 on page 51 of the written scheme 
documented is amended to include reference to 55ºC being the target 
temperature for domestic hot water outlets and not 50ºC. 

   

6.  
t is recommended that Scotmas are contacted and reminded that there 
is a need to complete and record the levels of chlorite that are being 
found in the hospital water systems. 

   

7.  
It is recommended that a weekly check is made on the stock levels of 
chlorine dioxide feedstock chemicals as recommended in the HSG 274 
document in para 2.100. 
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8.  

It is recommended that non TMV’d hot and cold outlets are identified in 
areas requiring HAI Scribes for panel removal in order that a picture can 
be built up of the hot and cold water temperatures in that particular area. 
It is recommended that the calorifier ( 2 in total in the building) are 
inspected internally on an annual basis as recommended in the HSG 
274 document and also in the SHTM 04-01 document.  

   

9.  
It is recommended that a search is made to attempt to find the missing 
temperature records for March and October 2020, and if found, that 
these records are added to the logbook. 

   

10.  
It is recommended that TMV servicing report sheets are dated in future 
and that any remedial actions are recorded in a remedial action section 
in the logbook. 
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Section B1 
Risk Assessment 

 Y/N U/K, 
N/A or 
Partial 

Comments Risk 
Level 

B1.1 
Is there a written risk 
assessment in place for the 
building water systems?  

Y 
The risk assessment was undertaken by DMA Canyon Ltd. 

 

B1.2 

Was the risk assessment 
completed and delivered to 
site within the past two 
years? 

N 

Risk assessment was completed in January 2019 with the on-
site work having been completed between October and 
December 2018. The risk assessment is therefore just outside 
the 2-year recommended review period detailed in the SHTM 
04-01 guidance.  
It is recommended that NHS GGC formalise their approach to 
when risk assessments should be completed and reviewed and 
that a date for a review or a repeat of the QEUH and RHC risk 
assessment is agreed. 

 

B1.3 

Does the site/organisation 
have plans with regard to 
reviewing or redoing the risk 
assessment? 

N 

The 2019 risk assessment recommends a two year review 
period. It was confirmed during this audit that discussions will 
shortly be taking place Given that the current risk assessment is 
just outside the two-year review period stated in the SHTM 04-
01, it is recommended that the timing and delivery of the new 
risk assessment/risk assessment review is clarified, agreed and 
implemented and that a minimum two year risk assessment 
review period is utilised going forward. 

 

B1.4 
Does the risk assessment 
address all the water 
systems in the building?  

Partial 

Section 8 of the current risk assessment details 15 other water 
systems in the two hospitals and includes a brief description of 
each system as well as an initial assessment of risk. It further 
advises that specialists in each field are consulted to confirm the 
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risk assessment detail is reflective of the function of each water 
system. 
The recommendation associated with this question is covered 
in Part A of this audit.  

B1.5 

Are there any systems that 
are defined as being 
excluded from the 
assessment in the RA 
scope? 

Partial 

Although the Hydrotherapy pool was mentioned in the list of 
additional water systems, the risk assessment document did 
state that the pool was not assessed in the risk assessment 
process. However, it did state on page 4 of section 3 of the report 
that the hydrotherapy pool was “covered under a separate 
assessment”.  

 

Actions on Risk Assessment  
 

1. It is recommended that NHS GGC formalise their approach to when risk assessments should be completed and reviewed 
and that a date for a review or a repeat of the QEUH and RHC risk assessment is agreed. 

2. It is recommended that the timing and delivery of the new risk assessment/risk assessment review is clarified, agreed and 
implemented and that a minimum two year risk assessment review period is utilised going forward. 

 

Section B2 
Schematic Drawings 

Y/N 
U/K, N/A or 

Partial 
Comments Risk 

Level 

B2.1 

Are schematic drawings 
available in the written 
scheme, or in some other 
place in the property? 

Y 

There is a note in the Smart Sheet electronic data management 
system detailing the locations of the soft copies of the drawings 
as being available on ZUTEC (electronic data storage system).  

B2.2 
Do the schematic drawings 
show all the components of 
the water systems? 

Y 
The drawings are as fitted and detail the entire system 
configuration including all component parts. 
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B2.3 
Are the water system return 
legs shown on the schematic 
drawings? 

Y 
 

 

B2.4 
Are secondary and tertiary 
loops shown on the 
schematic drawings? 

Y 
 

 

B2.5 
Have any amendments been 
made to the schematic 
drawings? 

N 

As an example, Scotmas, who provided the chlorine dioxide 
dosing systems, are also contracted to supply  drawings of the 
tank room pipework which was altered to allow for the 
installation of the dosage equipment. It was stated at the time of 
the audit that these drawings had not yet been created and 
delivered.  
It is recommended that the drawings of the chlorine dioxide 
installations are acquired and added to the records as soon as 
possible. 

 

B2.6 
If amendments have been 
made are they signed and 
dated? 

N/A 
See comment B2.4 above. 

 

B2.7 

Is there any indication that 
drawings are regularly 
inspected and updated if 
required? 

Partial 

It was stated that drawings will be checked during the working 
year as and when required. There is no formal process in place.  
Drawings will be inspected when required to trace valves for 
pipework isolation for example. 
It is recommended that schematic drawings are reviewed at 
least annually and amended and updated to reflect any water 
system changes. 

 

Actions on Schematic Drawings 
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3. It is recommended that the drawings of the chlorine dioxide installations are acquired and added to the records as soon as 
possible. 

4. It is recommended that schematic drawings are reviewed at least annually and amended and updated to reflect any water 
system changes. 
 

Section B3 
Written Scheme, Monitoring 

and Records 

Y/N 
U/K, N/A or 

Partial 
Comments Risk 

Level 

B3.1 Is there a written scheme in 
place? Y 

The written scheme is entitled ‘QEUH Campus Water Systems 
- Written Scheme – Controlling the risks to Legionella and other 
harmful bacteria in Water Systems – 2019 Rev B’. 

 

B3.2 

Is a copy of the written 
scheme available on site and 
does this include this 
building? 

Y 

 

 

B3.3 

Is there a statement in the 
written scheme of the 
expected “correct and safe 
operation” processes 
detailing targets for 
temperatures and other 
control measures? 

Partial 

The statement of correct and safe operations for the water 
systems can be found in section 4.1 of the written scheme 
document. Section 4.51 on page 51 details the target 
temperature for a domestic hot water outlet as being 50ºC and 
not 55ºC. 
It is recommended that section 4.51 on page 51 of the written 
scheme documented is amended to include reference to 55ºC 
being the target temperature for domestic hot water outlets and 
not 50ºC. 

 

B3.4 

Is there any seasonal 
difference in the use profile 
of the water systems within 
this building? 

N 
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B3.5 

Are any pieces of duty 
standby equipment in this 
building that require to be 
switched on a weekly basis, 
and do the records show that 
they are being switched? 

N 

Pump sets automatically change the lead pump on a daily basis 
and there is a record of checks on the pump sets in the log book. 

 

Actions on Written Scheme Monitoring and Records 
 

5. It is recommended that section 4.51 on page 51 of the written scheme documented is amended to include reference to 
55ºC being the target temperature for domestic hot water outlets and not 50ºC. 

 
Section B4 

On Going Water Treatment 
Y/N 

U/K or 
Partial 

Comments Risk 
Level 

B4.1 
Is there any form of water 
treatment in use in the 
building? 

Y 
Incoming mains water is treated via a membrane filtration 
system and is filtered down to 0.2 micron. The filtered mains 
water is secondary disinfected using chlorine dioxide.  

 

B4.2 
Is there any form of 
secondary disinfection in 
place for this building? 

Y 

There are a number of chlorine dioxide units installed throughout  
the QEUH and the RHC. These chlorine dioxide units 
automatically dose ClO2 to the hot and cold water as required. 
Dosing control is maintained via ClO2 probes installed 
throughout the building water systems.  

 

B4.3 
Are the required checks for 
secondary disinfection levels 
being completed and 
recorded? 

Partial 

Discussions were held with the contractor, DMA Canyon Ltd, 
who complete the analytical testing of the water systems for 
chlorine dioxide levels. Tests are completed on the hot and cold 
water systems at 78 locations throughout the hospital. This does 
not cover all of the sentinel points in the hospital water systems 
but was deemed by NHS GGC to be representative of the levels 
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of chlorine dioxide that would be found throughout the hospital 
water systems. Tests are completed on a weekly basis and a full 
set of records were available from DMA Canyon Ltd.  
Scotmas, the suppliers of the chlorine dioxide dosing equipment, 
complete a monthly service check on the chlorine dioxide 
systems. This check used to include a measure of the chlorite 
levels but it is apparent that this element of the checks has been 
missed for the past year although it was completed in February 
2021. In the HSG 274 guidance in para 2.100, there is a 
requirement for a weekly check to be made on the operation of 
the chlorine dioxide generators and also to check and record the 
levels of feedstock chemicals at each generator.  
It is recommended that Scotmas are contacted and reminded 
that there is a need to complete and record the levels of chlorite 
that are being found in the hospital water systems. 

B4.4 
Are the required levels of 
disinfection being achieved 
in the building water 
systems? 

Y 

Cold water chlorine dioxide residuals are generally within 
accepted limits. The hot water chlorine dioxide levels are 
reduced as would be expected in a hot water system.   

B4.5 
Is there a record of biocide 
stock levels in the written 
scheme? 

Partial 

Biocide stock levels are checked as part of the Scotmas monthly 
contract. These checks should be made on a weekly basis. 
It is recommended that a weekly check is made on the stock 
levels of chlorine dioxide feedstock chemicals as recommended 
in the HSG 274 document in para 2.100. 

 

B4.6 Is any of the building water 
base exchange softened?  N/A   

B4.7 Are service records for the 
base exchange softeners N/A   
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available in the written 
scheme? 

B4.8 Is filtration in use in any of 
the building water systems?  Y 

Mains water is treated via a membrane filtration system. There 
are three membrane filtration sets in the hospital to allow for 
servicing of any unit if required.   

 

B4.9 
Are service records for the 
filtration equipment available 
in the written scheme? 

Y 

Veolia, the equipment supplier, has a service contract for the 
filtration equipment.  The Veolia service records are held online 
and can be accessed when required. The records were 
accessed and demonstrated to the auditor during this audit. 

 

Actions on Ongoing Water Treatment 
 

6. It is recommended that Scotmas are contacted and reminded that there is a need to complete and record the levels of 
chlorite that are being found in the hospital water systems. 

7. It is recommended that a weekly check is made on the stock levels of chlorine dioxide feedstock chemicals as recommended 
in the HSG 274 document in para 2.100. 

 
 
 

Section B5 
Task Completion 

Expected 
Task 

Levels 

Actual 
Records Comments Risk 

Level 

B5.1 Tank 
Inspections 

2 with 
temperature 
taken twice 

per year 

2 

Tank inspections are undertaken by DMA Canyon Ltd. 
 

 

B5.2 Hot Water 
Storage 4 12  Details are held on the monthly calorifier record sheets.  
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Vessel 
blowdowns 

B5.3 
Hot Water 
Storage 

Vessel Internal 
Inspections 

1 1 

These checks were recently started in December 2020 and will 
be completed by end of February 2021. 
 
 

 

B5.4 Shower/Spray 
Heads 4 4 

Showers are replaced on a quarterly basis. This task is 
completed by DMA Canyon Ltd. Records of shower 
replacements were available in the estates office.  A random 
selection of areas was sampled including ARU 1, 2, 3, 4 and 5, 
ward 8A and ward 11A. A full set of shower replacement records 
was available for each.  

 

B5.5 
Hot Water 
Storage 

Vessel F and 
R Temps 

12 12 

The calorifier flow and return temperatures generally appear to 
be acceptable. 

 

B5.6 PH Ex F and R 
Temps 12 N/A   

B5.7 

Hot Sentinel 
Temps 

12 10 

The record for the temperatures at the hot outlets appears to be 
missing for the months of March and October 2020.  
A lot of the temperatures that are recorded in the records are 
from the TMV outlet as it is not allowed to remove IPS panels 
without a HAI Scribe. This does not tell us what is going on in 
the hot and cold water elements of the water systems. 
The BMS does however have end of line sensors on the Adults 
and Children hospitals. The BMS alarms if the temperatures are 
getting out of specification at these sensors. 
It is recommended that non TMV’d hot and cold outlets are 
identified in areas requiring HAI Scribes for panel removal in 
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order that a picture can be built up of the hot and cold water 
temperatures in that particular area.  
It is recommended that a search is made to attempt to find the 
missing temperature records for March and October 2020, and 
if found, that these records are added to the logbook.  

B5.8 
Hot Sec Loop 

Temps 12 10 

Incumbent water hygiene supplier DMA advised secondary loop 
temperatures are taken whenever possible as part of the routine 
temperature monitoring programme. This is confirmed by the 
records in the logbook. 

 

B5.9 
Tertiary Loop 

Hot 
Temperatures 

4 10 As for comment 5.8 
 

B5.10 

Hot Rep 
Temps 

1 1 

Incumbent water hygiene supplier DMA advised that secondary 
loop temperatures are taken whenever possible as part of the 
routine temperature monitoring programme. This will include 
non-sentinel outlet, or representative, temperatures. This is 
confirmed by the records in the logbook. 

 

B5.11 

Cold Sentinel 
Temps 

12 10 

The record for the temperatures at the outlets appears to be 
missing for the months of March and October.  
A lot of the temperatures that are recorded in the records are 
from the TMV outlet as it is not allowed to remove IPS panels 
without a HAI Scribe. This does not tell us what is going on in 
the hot and cold water elements of the water systems. 
The BMS does however have end of line sensors on the Adults 
and Children hospitals. The BMS alarms if the temperatures are 
getting out of specification at these sensors. 
The recommendation for this is covered in the recommendation  
for section B5.7 
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B5.12 Cold Sub Loop 
Temps 12 N/A   

B5.13 
Cold Rep 

Temps 1 10 

Incumbent water hygiene supplier DMA advised that 
representative temperatures are taken whenever possible as 
part of the routine temperature monitoring programme. This is 
confirmed by the records in the logbook. 

 

B5.14 POU Heater 
Temps 12 N/A    

B5.15 

Expansion 
Vessels 2 – 12 

Monthly to 
six-monthly 

12 

This is covered in the monthly calorifier checks which can be 
found in the logbook. These tasks are completed by Estates staff 
through the FM 1st system. The QEUH and RHC expansion 
vessels are flow through units. The water is however 
encouraged to move on a monthly basis by opening the drain 
point for the vessel.  

 

B5.16 

TMV’s/TMT’s 

1 U/K 

The logbook has records showing that tests are being completed 
on the TMV’s. However, the report sheets for the TMV servicing 
are not dated so it is not possible to say when the work was 
completed. Additionally, there are comments regarding water 
flowing from TMV’s after the slam tests have been performed. 
There are statements such as “new cartridge required”. There is 
no indication if any of these issues have been addressed.  
It is recommended that TMV servicing report sheets are dated 
in future and that any remedial actions are recorded in a 
remedial action section in the logbook.  

 

B5.17 
Little used 

outlet flushing 
 
 

Past three 
months >24 

Flushing appears to be happening on a daily basis. In the RHC 
and the QEUH, from the beginning of November 2020 until then 
end of January 2021 there were 52 flushing records – this is well 
in excess of the twice weekly flushing requirement.  
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B5.18 ClO2 testing  52 52 
 It was noted that the chlorite tests have not been completed for 
the past year. A recommendation covering this issue can be 
found in section 4.3. 

 

B5.19 

Check on the 
cold water 
distribution 
pipework 
thermal 

insulation  

1 1 

In the written scheme it is confirmed that this should be 
completed on an annual basis. This is addressed while 
completing other tasks such as the monthly plant room checks, 
checks of cold water storage tanks and checks on calorifiers and 
TMV’s. 
The fact that the insulation has been checked can be found on 
the calorifier monthly check sheets. 

 

B5.20 
Tank Clean 

and 
Disinfection  

1 1 
The records show that the cold water storage tanks were 
cleaned and disinfected on the 31st January 2020.   

 

B5.21 Legionella 
sampling 4 4 

A sampling schedule is in place which covers the entire QEUH 
campus. Samples are taken from QEUH and RHC designated 
points on a monthly basis. The samples are taken by DMA 
Canyon Ltd and are submitted to the GRI labs.  
The results are then sent to Estates and they are stored in 
Section 22 the Campus Scart folder. Any out of specification 
results are listed on a separate spreadsheet. This spreadsheet 
contains the remedial actions that were completed in response 
to the out of specification result and the outcome in terms of 
retesting. Once an issue has been remediated and cleared the 
details are recorded on a  further spreadsheet and this records 
the three clear results. This system has been in place since 
2018.  

 

Actions on Task Completion 
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8. It is recommended that non TMV’d hot and cold outlets are identified in areas requiring HAI Scribes for panel removal in 
order that a picture can be built up of the hot and cold water temperatures in that particular area. It is recommended that 
the calorifier ( 2 in total in the building) are inspected internally on an annual basis as recommended in the HSG 274 
document and also in the SHTM 04-01 document.  

9. It is recommended that a search is made to attempt to find the missing temperature records for March and October 2020, 
and if found, that these records are added to the logbook. 

10. It is recommended that TMV servicing report sheets are dated in future and that any remedial actions are recorded in a 
remedial action section in the logbook. 
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Thanks  
 is well clinically  

Continuing on fluconazole  
 
 
 
Sent from my Samsung Galaxy smartphone. 

 
 
 
‐‐‐‐‐‐‐‐ Original message ‐‐‐‐‐‐‐‐ 
From: "DESHPANDE, Ashutosh (NHS GREATER GLASGOW & CLYDE)" 
<ashutoshdeshpande   
Date: 13/07/2020 16:20 (GMT+00:00)  
To: "Harvey‐Wood, Kathleen" <Kathleen.Harvey‐Wood  'Elizabeth 
Johnson' <Elizabeth.Johnson  "Peters, Christine" 
<Christine.Peters   
Cc: "Leanord, Alistair" <Alistair.Leanord  "Bowskill, Gillian" 
<Gillian.Bowskill , "KHALSA, Kamaljit (NHS GREATER GLASGOW & CLYDE)" 
<kamaljit.khalsa , "VALYRAKI, Kalliopi (NHS GREATER GLASGOW & CLYDE)" 
<kalliopivalyraki , "Sastry, Jairam" <Jairam.Sastry , "Gibson, 
Brenda (NHSmail)" <brenda.gibson   
Subject: [ExternaltoGGC]Re: CRAG  
 
Dear all, 
 
Sorry, forgot to include Jairam and Brenda. 
 
Best wishes, 
 
Ash 
 
 

 
From: DESHPANDE, Ashutosh (NHS GREATER GLASGOW & CLYDE) 
Sent: 13 July 2020 16:05 
To: Wood Kathleen (NHS GREATER GLASGOW & CLYDE); 'Elizabeth Johnson'; Peters, Christine 
Cc: Leanord Alistair (NHS GREATER GLASGOW & CLYDE); Bowskill Gillian (NHS GREATER GLASGOW & 
CLYDE); KHALSA, Kamaljit (NHS GREATER GLASGOW & CLYDE); VALYRAKI, Kalliopi (NHS GREATER 
GLASGOW & CLYDE) 
Subject: CRAG  
  
Dear colleagues, 
 
Just to keep everyone updated, the CRAG has been repeated today as per last week's 
discussions, the result is positive in our QEUH lab, and a sample is on its way down to Bristol 
for testing too. The clinical team have been informed. 
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Best wishes, 
 
Ash 
 
 

 
From: Harvey‐Wood, Kathleen <Kathleen.Harvey‐Wood  
Sent: 09 July 2020 11:35 
To: 'Elizabeth Johnson'; Peters, Christine 
Cc: Leanord Alistair (NHS GREATER GLASGOW & CLYDE); Valyraki, Kalliopi; DESHPANDE, Ashutosh 
(NHS GREATER GLASGOW & CLYDE) 
Subject: RE: CRAG  
  
Hi Liz 
  
Thank you for your reply and discussion regarding the interpretation of the Cryptococcal Ag results. 
The patient will be monitored , followed up and treated as Christine has advised in her email. 
  
  
Kind regards 
Kathleen 
  
From: Elizabeth Johnson [mailto:Elizabeth.Johnson   
Sent: 07 July 2020 19:31 
To: Harvey-Wood, Kathleen; Peters, Christine 
Cc: Leanord, Alistair; Valyraki, Kalliopi; Deshpande, Ashutosh (NHSmail) 
Subject: [ExternaltoGGC]RE: CRAG 
  
Dear Kathleen, Christine et al. 
  
As regards clinical interpretation of any test we are not really in a position to do that without recourse 
to the full clinical details so as far as our reports are concerned we can only report what we find.  
  
The fact that we reported these as lateral flow positive only and NEAT specimen suggests that it was 
negative by the latex agglutination test and therefore could not be titred using that kit. In this 
particular case it was a very weak positive line even with the neat serum whereas we normally see 
much stronger positives. In fact we have subsequently titred the serum samples from 26.06.20 and 
27.06.20 in tandem using the lateral flow and there is a very, very faint line on the 1:2 dilution for 
both and possibly a shadow on the 1:4 when looked at with a magnifying glass. In the days when we 
only had latex agglutination testing both of these specimens would have been reported as negative. 
It is however as you say a more sensitive test than the latex agglutination so it is still possible that 
some weak positives could represent early disease. The attached paper raises concerns over such low 
titres with a 34% false positive rate overall, with all the false positives represented by titres < 1:5.  It 
would be of interest to test a later serum sample to see if there has been any change. 
  
The CSF sample was lateral flow negative in this patient and the panfungal PCR on the blood samples 
from 26th and 27th June have also been negative, although this latter test lacks sensitivity for 
cryptococcosis. Although fluconazole treatment is certainly not unreasonable in this patient and he 
should be monitored for further signs and symptoms I do not think based on this evidence that a full 
scale look for environmental sources is warranted at this stage.  I cannot be definitive that these 
represent false positives, although it is likely and they are less than proof of infection. If the patient 
does deteriorate and reveals further evidence of cryptococcosis then as you know the first-line 
treatment would be an initial course of amphotericin B plus flucytosine, followed by long-term 
fluconazole.  
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I am sorry for any confusion over this testing and the likely interpretation but in this case the results 
are not clear cut. 
  
With best wishes, 
  
Liz 
  
  
  
Professor Elizabeth M. Johnson, PhD 
  
Honorary Professor of Medical Mycology, 
Director, PHE Mycology Reference Laboratory 
and National Collection of Pathogenic Fungi, 
National Infection Service, 
PHE South West Laboratory, 
Science Quarter, 
Southmead Hospital, 
Bristol 
BS10 5NB 
UK 
  
Honorary Professor in the College of Life & Environmental Sciences, 
Medical Research Council Centre for Medical Mycology, 
University of Exeter 
  

 

 
  
Protecting and improving the nation's health 
  
  

 
From: Harvey-Wood, Kathleen [Kathleen.Harvey-Wood  
Sent: 07 July 2020 11:26 
To: Peters, Christine; Elizabeth Johnson 
Cc: Alastair Leonord - GGC; Valyraki, Kalliopi; Deshpande, Ashutosh (NHSmail) 
Subject: RE: CRAG 

Hi Liz 
  
Re our telephone conversation and a  further conversation with Christine on 29.06.20 ,  we discussed 
the reporting of the results of 2 blood samples : 
1. Blood   Lab no     sent for BDG ‐ and tested as requested for Cryptococcal Ag ‐ 
verbal report :  faint line will report as positive. 
2. Blood    lab no     ‐  sent for confirmation of Cryptococcal Ag  ‐ verbal report : 
  faint line will report as positive 
  Both samples were Latex Agglutination ‐ negative and was informed that  the Antigen test is more 
sensitive 
  
Printed reports issued : 
  

1.  Requesting laboratory number:       

Page 2096

A48946859



  

CRYPTOCOCCUS NEOFORMANS ANTIGEN TEST    

  Cryptococcus neoformans antigen test:    POSITIVE (NEAT specimen)    

  Results comment:          

   Positive by lateral flow device only.   

  
  
  
2.       
  

CRYPTOCOCCUS NEOFORMANS ANTIGEN TEST    

  Cryptococcus neoformans antigen test:    POSITIVE (NEAT specimen)    

  Results comment:          

Positive by lateral flow device    

  
  
A further 2 blood samples taken on 27.06.20 were also sent for confirmation  
  3 .Blood    Lab no     ‐  sent for BDG ‐ and also tested as requested for 
Cryptococcal Ag  
  

Requesting laboratory number:      

  

CRYPTOCOCCUS NEOFORMANS ANTIGEN TEST    

   Cryptococcus neoformans antigen test:    POSITIVE (NEAT specimen)  
 

       

  Results comment:          

Positive by lateral flow device 
  

 

4.  Blood   lab no      sent for confirmation of Cryptococcal Ag positive result . 
  

CRYPTOCOCCUS NEOFORMANS ANTIGEN TEST    

  Requesting laboratory number:          

  Cryptococcus neoformans antigen test:    POSITIVE (NEAT specimen)     

  Results comment:          

Insufficient sample remained to perform titration 
Positive by lateral flow device only. 

 

  
The CrAg LFA pack insert ( IMMY) this was used to test the 2 blood samples in our laboratory 
The presence of two lines (a control line and a line in the test zone) regardless of the intensity of the 
test line, including faint lines, indicates a positive result. The control line is a migra‐tion control and 
not intended as a specimen addition control. 
  
As raised by Christine , if the interpretation of the results are now being considered as false positives 
on the 4 separate sample detailed above, are the reports to be amended and updated with 
interpretative comments to aid the Clinicians with the diagnosis and treatment of the patient ? 
  
Kind regards 
Kathleen 
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From: Peters, Christine  
Sent: 06 July 2020 09:55 
To: 'Elizabeth.Johnson  
Cc: Leanord, Alistair; Valyraki, Kalliopi; Harvey-Wood, Kathleen 
Subject: CRAG 
  
Good Morning Liz,  
  
Thanks for discussing the case of the   with positive CRAG testing on 3 serial samples, last 
week. As we discussed at the time with Kathleen, , the performance of the test is very good in 
determining early cryptococal infection and we agreed that fluconazole would be worth starting 
pending the CSF samples to exclude meningitis. As far as I understood from our discussion the latex 
agglutination is less sensitive a test and the fact that 3 separate samples were positive by Crag 
 indicated that a false positive was less likely.  
  
I now understand that this interpretation has changed and that there is now a view that the results 
were false positives on 4 separate samples? I would be grateful to be included in discussion going 
forward as to whether a follow up sample becoming negative post treatment would be a helpful way 
to understand the pathophysiology of a potential early infection being detected.  
  
Kr 
  
Christine 
  
Dr Christine Peters 
Consultant Microbiologist  
Clincial Lead  Department of Microbiology QEUH 
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Julie Rothney 

From: 
Sent: 
To: 
Cc: 

Subject: 

Tracking: 

HI John, 

113. Cryptococcal cases in Glasgow 

Peters, Christine 
23 September 2020 17:41 
'HOOD, John (NHS GREATER GLASGOW & CLYDE)' 
'MURPHY, Michael (NHS GREATER GLASGOW & CLYDE)'; Inkster, Teresa (NHSmail); 
'angela.wallace  
Cryptococcal cases in Glasgow 

Recipient 

'HOOD, John (NHS GREATER 
GLASGOW & CLYDE)' 

'MURPHY, Michael (NHS 

GREATER GLASGOW & CLYDE)' 

Inkster, Teresa (NHSmail) 

'angela.wallace  

Angela Wallace (NHS Forth 
Valley) 

Delivery 

Failed: 23/09/2020 17:41 

Delivered: 23/ 09/ 2020 17:41 

Read 

Deleted: 04/ 02/2021 11:25 

We discussed the recent paediatric case of Cryptococcus infection at our complex case meeting. 

Interestingly as part of the discussion we identified the unique epidemiology in Glasgow since 2019 where 2 
paediatric haem one patients who had inpatients stays in QEUH building, and 3 adult cases since 2018 had at least a 
few nights inpatient stays also developed cryptococcosis. In the same time period there is a one case that I have not 
been able to identify if they had any inpatient stays. So in 5/6 confirmed cases in Glasgow there is an epi link to 
QEUH site. This was noted by a relative of one of the cases that were identified at another hospital previously 
apparently. 

This is really very striking given that between us all at the meeting, spanning over 20 years practice in GGC we can 
recall only 1 or two non HIV cases (one Hep B case I was involved in). 

Just wanted to make sure that you were in the loop re the other 2 cases also having had inpatient stays at QEUH. I 
copy in Michael as he wrote a poster on some of the cases and took part in the discussion. 

Kr 

Dr Christine Peters 
Clinical Lead 
Consultant Microbiologist 
QEUH 
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The Following document is a Request for 
Information (RFI) response received by the 

Scottish Hospital Inquiry from NHS GGC 
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Scottish Hospitals Inquiry/NHSGGC - Request for Information dated 15th April 
2024 (SHI RFI 26)  

Please provide the following information from NHSGGC regarding Cryptococcus at 
QEUH/RHC from 26th January 2015 to date: 

(1) Confirmation of the total number of Cryptococcus cases/infections in 
patients at QEUH/ RHC between 26th January 2015 to date: 

There were two known Cryptococcus cases / infections in patients at the 
QEUH / RHC between 26th January 2015 to date. Please see Appendix 1 
Patient Summaries. These were Patient 2 and Patient 4. Their associated 
blood culture and serology test data is included in Appendix 2.  

 
a) Confirmation of the number of all positive test results for Cryptococcus 

infection(s): 

Cryptococcus infections can be detected in patients using different tests:  

 Blood culture test, which is a medical laboratory test used to detect 
bacteria or fungi in a person's blood.  
 

 Serology tests, these are blood tests that look for antibodies in a person’s 
blood.  

Please note a positive test does not assure infectivity, the result may be a 
false positive.  

There were a total of 24 positive Cryptococcal Serology tests from patients 
who had samples taken whilst they were in the QEUH / RHC between 
26/01/15 until 12/04/24.  

There were a total of 17* blood culture tests which were positive for 
Cryptococcus from patients who had samples taken whilst they were in the 
QEUH / RHC between 26/01/15 until 12/04/24.  

*Note 2 of these were non-invasive samples.  

Patients have multiple tests, blood culture and/or serology throughout their 
inpatient stay. A total of 10 patients had samples taken whilst they were an 
inpatient in the QEUH/RHC which were positive for Cryptococcus (either 
positive blood culture and/or positive serology test).  

Appendix 1 includes summaries for each of the patients who had samples 
taken whilst they were in the QEUH/RHC between 26/01/15 until 12/04/24 
which were positive for Cryptococcus (either positive blood culture and/or 
positive serology test).  

Appendix 2 includes corresponding details of the positive blood culture and/or 
serology tests for patients who had samples taken whilst in the QEUH/RHC 
and any associated negative serology tests. This includes patients who had a 
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positive blood culture and/or serology test before they were transferred to 
QEUH/RHC but who were subsequently cared for and had further samples 
taken in QEUH/RHC. For completeness, blood culture and serology test 
results for Cryptococcus from samples that were taken from these patients 
whilst they were in another NHSGGC hospital location are also included.  

 

b) Confirmation of the number of all negative test results for Cryptococcus 
infection(s): 

There were a total of 661 negative Cryptococcal Serology tests from 
patients who had samples taken whilst they were a patient in the QEUH/RHC 
between 26/01/15 until 12/04/24.  

Blood culture tests which were “negative” for Cryptococcus are all other blood 
culture tests undertaken which did not detect Cryptococcus, the number of 
which is voluminous.  

 

c) Confirmation of the number of inconclusive test results, which have not 
later resulted in either a positive or negative result(s); and 

There were no intermediate serology results.    

d) With the numbers provided taking into account all variations or strains 
of Cryptococcal infection(s) 

 These have been included in the figures.  

 

(2) Except insofar as already provided, full details of all or all or any 
response or reporting action taken in respect of positive cases of 
Cryptococcus at QEUH/ RHC from 26th January 2015 to date, please see 
the Inquiry’s position regarding information already submitted below. 

NHSGGC has previously provided the Inquiry with all of the information 
relating to the response or reporting action taken in respect of the two 
confirmed positive cases of Cryptococcus at the QEUH/RHC from 26/01/15 
until 12/04/24.    

This information relating to the two confirmed positive cases was previously 
provided under:  

 RFI 1 6 water and cryptococcus timeline (IMT minutes and commentary),  
 RFI 7 2.17 (minutes of Cryptococcus IMT Expert Group, reports 

considered by that group, and final unredacted report of that group),  
 RFI 7 5.3, 5.5 and 5.7 (correspondence, reports etc around IMT 

investigations, pigeons etc),  
 RFI 7 5.6 (Dr Kennedy’s cryptococcus epidemiology report), RFI 7 2.23 

(summary of investigations outwith IMT). 

Page 2102

A48946859



3 
 

 

(3) In respect of the Report from the Cryptococcus Incident Management 
Team Expert Advisory Sub-Group dated 5th April 2022: 

a) Confirmation of when this report was submitted/sent by NHS GGC to 
NSS, along with any accompanying correspondence. 

The Report from the Cryptococcus Incident Management Team Expert 
Advisory Sub-Group dated 5th April 2022 was emailed to NSS on 07/04/2022, 
accompanying the report was a list of responses to NSS’s comments on the 
draft version of the report. 
 
The email is attached: ARHAI April and May correspondence 2022.pdf 

 
 
b) Details of the response, if any, from NSS in respect of the report, along 

with any communications from NSS to NHS GGC in respect of the views 
if NSS regarding the report.  

An initial response was received from NSS on 28/04/2022, this is contained in 
the attached ARHAI April and May correspondence 2022.pdf   

Also attached are three tables which list comments provided by HFS and 
ARHAI and the response to the comments by the Sub-group.  

 250321 Response to ARHAI HFS comments on draft report.doc 
 2nd Response to ARHAI HFS comments on draft report 30 04 21.doc 
 05 11 21 Response to ARHAI HFS Comments on DRAFT Crypto 

Report.pdf 

 

c) Confirmation of NHS GGC’s understanding of whether NSS were 
supportive of the report, along with any documentation, 
correspondence, or information provided by NSS confirming their 
support of NHS GGC’s position. 

NHSGGC’s understanding is that ARHAI were not supportive of all the 
findings of the report and requested to be removed as authors of the report.  
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Appendix 1: Patient summaries for patients who had samples taken whilst they were in the QEUH/RHC between 26/01/15 until 12/04/24 
which were positive for Cryptococcus (blood culture and/or Cryptococcal Serology tests) 

Patient No  Patient Summary  
Patient 1  Specimen date: .12.2020: 

Skin swab and tissue sample  
 No acute features of 

cryptococcal infection noted at clinic however commenced on fluconazole on advice of microbiology. 
Patient History:  
Immunosuppressed patient . 
Patient was a pigeon keeper/racer. 
Last admission to NHSGGC prior to specimen date was .10 20  

 
 

Patient 2  Confirmed Cryptococcus Case – Information previously provided to the Inquiry:  
 
 RFI 1 6 water and cryptococcus timeline (IMT minutes and commentary),  
 RFI 7 2.17 (minutes of Cryptococcus IMT Expert Group, reports considered by that group, and final unredacted report of that 

group),  
 RFI 7 5.3, 5.5 and 5.7 (correspondence, reports etc around IMT investigations, pigeons etc),  
 RFI 7 5.6 (Dr Kennedy’s cryptococcus epidemiology report), RFI 7 2.23 (summary of investigations outwith IMT).   
 RFI 7 2.17 unredacted final report includes clinical details of the case and is the most succinct source. 
 
 

Patient 3  Specimen date: .10.16 CSF taken @ RAH Ward 2AMU. 
                           .02.17 CSF taken @ QEUH Ward 5c. 
Patient History:  

 
. Transferred to Ward 5c QEUH 12.10.16. During this admission 

patient tested positive for (new diagnosis). Re admitted with Cryptococcus in CSF again February 2017. 
 

Patient 4  Confirmed Cryptococcus Case – Information previously provided to the Inquiry: 
 
 RFI 1 6 water and cryptococcus timeline (IMT minutes and commentary),  
 RFI 7 2.17 (minutes of Cryptococcus IMT Expert Group, reports considered by that group, and final unredacted report of that 

group),  
 RFI 7 5.3, 5.5 and 5.7 (correspondence, reports etc around IMT investigations, pigeons etc), RFI 7 5.6 (Dr Kennedy’s 

cryptococcus epidemiology report), RFI 7 2.23 (summary of investigations outwith IMT).   
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 RFI 7 2.17 unredacted final report includes the clinical details of the case and is the most succinct source. 
 

Patient 5  Isolate from 2020, related information previously provided to the Inquiry:  
 IMT minutes submitted to SHI under Section 21 no.2 1.1.7.  
 
Additional correspondence in relation to this patient has also been provided with this response:  

 CP Email re weekly report.docx 
 Email re investigation 29.06.20 - Redacted V1.0.pdf 
 Email re lab results.docx 
 HIIORT 02.07.20.docx 
 HIIORT 09.07.20.docx 
 HPS Return 02.07.20.docx 
 JH Plant Room Inspection 03.07.20.docx 
 List of admissions .docx 
 RHC AHU Walk round 6 July 2020.docx 
 SBAR  case 30 June 2020.doc 
 Timeline for Patient .docx 
 Update on CSF PCR 08.docx 
 Update to HPS 08.07.20.docx 

 
Patient 6  Transferred from .03.21 with suspected fungal lesions.  

.  possible 
cryptococcal antigen detected.  

 
Patient 7  Non-invasive sample  

 
Specimen Date .12.15 (mouth) 
Mouth swab taken in ED isolated Cryptococcus laurentii 
Patient History: 
Patient attended RHC ED .12.15 presenting with rash  Routine bacterial screen obtained which included 
mouth swab. 
Patient had no previous admissions before or since this attendance. 
 

Patient 8  Specimen date: .11.16: 
Clotted blood antigen positive. Discharged the day sample was taken, no further mention of this in micro notes or clinical notes. 
Patient history: 
Patient was complex congenital HIV positive. . 
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Patient 9  Specimen date: .04.23: 

Blood culture taken on admission to RAH ED isolated Cryptococcus neoformans, with subsequent positive isolates form CSF. 
Patient History: 

 
  Transferred to QEUH ID unit .04.23 for treatment of Cryptococcus 

meningitis. 
 

Patient 10  Non-invasive sample 
Specimen Date .10.17 
Patient History: 
Patient has history of kidney disease and . Regular admissions to 
renal ward before and after isolate. Last admission to RHC prior to isolate was .09.17 to .09.17. Admitted to Ward 3c on 

.10.17 after  noticed peritoneal fluid was blood stained. Patient discharged home .10.17. 
Peritoneal dialysis fluid taken on admission to Ward 3c RHC .10.17 isolated Cryptococcus curvatus. 
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Appendix 2:  Corresponding details of the positive blood culture and/or serology tests for patients who had samples taken whilst in 
the QEUH / RHC and any associated negative serology tests. For completeness, blood culture and serology test results for 
Cryptococcus from samples that were taken from these patients whilst they were in another NHSGGC hospital location are also 
included. 

Patient ID Crypto Result Hospital Site Organism(s) 

Cryptococcal A
ntigen 

Cryptococcal Titre: 1/ 

C. neoform
ans latex A

g 

Patient 1  Culture Positive  Western Inf Gartnavel Gen  Cryptococcus neoformans,Streptococcus Group G          

Culture Positive  Western Inf Gartnavel Gen  Cryptococcus neoformans,Streptococcus Group G          

Serology Positive  Queen Elizabeth Univ Hosp     P  40    

Serology 
Negative 

Queen Elizabeth Univ Hosp     N       

Serology Positive  Queen Elizabeth Univ Hosp     P  40    

Patient 2  Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp     P  160    

Serology Positive  Queen Elizabeth Univ Hosp     P  160    

Patient 3  Serology Positive  Royal Alexandra Hospital           P 

Culture Positive  Royal Alexandra Hospital  Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp           P 

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Patient 4  Culture Positive  Glas Roy Hospit Children   Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp     P       

Culture Positive  Glas Roy Hospit Children   Cryptococcus neoformans          

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          
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Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Culture Positive  Glas Roy Hospit Children   Cryptococcus neoformans          

Patient 5  Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology Positive  Glas Roy Hospit Children      P       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology Positive  Glas Roy Hospit Children      P  5    

Serology Positive  Glas Roy Hospit Children      P       

Serology Positive  Glas Roy Hospit Children      P  <5    

Serology Positive  Glas Roy Hospit Children      P  <5    

Serology 
Negative 

Glas Roy Hospit Children      N  <5    

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       
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Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Patient 6  Serology Positive  Glas Roy Hospit Children      P  40    

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology Positive  Glas Roy Hospit Children      P  40    

Serology Positive  Glas Roy Hospit Children      P  10    

Serology Positive  Glas Roy Hospit Children      P  <5    

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Serology 
Negative 

Glas Roy Hospit Children      N       

Patient 7*  Culture Positive ‐ 
non‐invasive 
sample 

Glas Roy Hospit Children   Candida intermedia,Candida lipolytica,Cryptococcus laurentii          

Patient 8  Serology 
Negative 

Queen Elizabeth Univ Hosp           N 

Serology 
Negative 

Queen Elizabeth Univ Hosp           N 

Serology Positive  Queen Elizabeth Univ Hosp           P 
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Serology 
Negative 

Queen Elizabeth Univ Hosp     N       

Serology 
Negative 

Queen Elizabeth Univ Hosp     N       

Patient 9  Culture Positive  Royal Alexandra Hospital  Cryptococcus neoformans          

Culture Positive  Royal Alexandra Hospital  Cryptococcus neoformans          

Culture Positive  Royal Alexandra Hospital  Cryptococcus neoformans          

Culture Positive  Royal Alexandra Hospital  Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp     P  1280    

Serology Positive  Queen Elizabeth Univ Hosp     P  >2560    

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp     P  1280    

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp     P  2560    

Culture Positive  Queen Elizabeth Univ Hosp  Cryptococcus neoformans          

Serology Positive  Queen Elizabeth Univ Hosp     P  >2560    

Serology Positive  Queen Elizabeth Univ Hosp     P       

Serology Positive  Queen Elizabeth Univ Hosp     P  640    

Serology Positive  Queen Elizabeth Univ Hosp     P  2560    

Serology 
Negative 

Western Inf Gartnavel Gen     N       

Patient 
10* 

Culture Positive ‐ 
non‐invasive 
sample 

Glas Roy Hospit Children   Cryptococcus curvatus,Enterobacter cloacae ssp cloacae,Klebsiella 
oxytoca,Stenotrophomonas maltophilia 
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5.1 Method
Statements
Folder Path: .. / Building Services Information / Mechanical / Water Services / Plantroom 41 / 5. Test and Commissioning / 5.1 Method Statements

Review Status Reviewed At Title Description Attached Files
Reviewed by Brookfield 09/09/2015 09:52 Testing & Commissioning Sterilisation of Water Services/DHW/TMV Temp Checks 1 0037-MS-MER-GB10008-186.pdf

Reviewed by Brookfield 09/09/2015 09:52 Hydraulic Testing of Domestic Water Systems Method statement for hydraulic pressure testing of both cold and hot water systems 1 A&C Domestic Water Hydraulic Pressure Test MS.pdf
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TMT In-Service Testing Report

Customer: Site: Date: Oct-23

Room Name/No.
Unique 

Room ID  
(Door Disc)

Outlet Type 
& ID

e.g. (Tap, 
Shower, LHS, 

RHS)

Access TMV Make 
/ Model

Temp
Cold Inlet

°C  

Temp   
Hot Inlet

°C  

Temp 
Mixed 
Outlet

°C 

TMV
Reset
Temp

°C 

Isolation 
Valves

Fail Safe 
Test

Strainer 
Condition

Strainers 
C&D

Further 
Action 

Required

Recommendations & Materials 
Required Comments Date of 

Service
Service 
Engineer

CONSULTING 
ROOM 40 OPD - 068 TAP Good Optitherm 15.6 58.6 40.7 On Tap Pass Light 

Debris Yes No 17/10/23 GG

CONSULTING 
ROOM 39 OPD - 095 TAP Good Optitherm 15.9 58.6 41.5 On Tap Fail Light 

Debris Yes Yes NEW CARTRIDGE REQUIRED NEW CARTRIDGE FITTED 17/10/23 LC

HEARING ROOM 1 OPD - 092 TAP Good Optitherm 15.7 58.6 40.7 On Tap Pass Light 
Debris Yes No 17/10/23 LC

HEARING ROOM 2 OPD - 093 TAP Good Optitherm 15.5 58.6 40.9 On Tap Pass Light 
Debris Yes No 17/10/23 GG

HEARING ROOM 3 OPD - 094 TAP Good Optitherm 15.5 58.6 40.9 On Tap Pass Light 
Debris Yes No 17/10/23 GG

DISABLED TOILET TAP Good Optitherm 17.1 58.0 41.9 Behind 
Panel Pass Clean Yes No 17/10/23 JH

WORKSHOP OPD - 090 TAP Good Optitherm 15.5 58.6 40.9 On Tap Pass Light 
Debris Yes No 17/10/23 LC

TOILET OPD - 074 TAP Good Optitherm 16.8 58.6 41.2 Behind 
Panel Pass Clean Yes No 17/10/23 JH

DISABLED TOILET OPD - 157 TAP Good Contour 21 15.6 58.3 40.8 Behind 
Panel Pass Heavy 

Debris Yes No 17/10/23 JH

DISABLED TOILET OPD - 113 TAP Good Contour 21 15.8 58.6 42.3 Behind 
Panel Fail Blocked Yes Yes NEW CARTRIDGE REQUIRED NEW CARTRIDGE FITTED 17/10/23 JH

GG&C QEUH Ward / Area / 
Department: CLINIC 6Building: CHILDRENS 

HOSPITAL

DMA Canyon Ltd
14 Canyon Road, Wishaw, ML2 0EG
Tel: 01698 536790   E: office@dmacanyon.co.uk Page 1 of 5 Pages
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TMT In-Service Testing Report

Customer: Site: Date: Oct-23

Room Name/No.
Unique 

Room ID  
(Door Disc)

Outlet Type 
& ID

e.g. (Tap, 
Shower, LHS, 

RHS)

Access TMV Make 
/ Model

Temp
Cold Inlet

°C  

Temp   
Hot Inlet

°C  

Temp 
Mixed 
Outlet

°C 

TMV
Reset
Temp

°C 

Isolation 
Valves

Fail Safe 
Test

Strainer 
Condition

Strainers 
C&D

Further 
Action 

Required

Recommendations & Materials 
Required Comments Date of 

Service
Service 
Engineer

GG&C QEUH Ward / Area / 
Department: CLINIC 6Building: CHILDRENS 

HOSPITAL

DMA Canyon Ltd
14 Canyon Road, Wishaw, ML2 0EG
Tel: 01698 536790   E: office@dmacanyon.co.uk Page 2 of 5 Pages
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TMT Remedial Information  
(from In-Service Testing) 

Customer: Site: Building: CHILDRENS HOSPITAL Date: Oct-23

Room 
Name/No.

Unique 
Room ID 

(Door 
Disc)

Outlet Type 
& ID

e.g. (Tap, 
Shower, 

LHS, RHS)

Access
Further 
Action 

Required

Remedial 
Works Order 

No.

Comments from Original 
Service Sheet

Remedial Actions Required 
(From Original Service Sheet)

Parts/Materials Ordered and/or 
Additonal Actions Required

DMA CPL 
PO No. 

Materials 
Cost Labour Time Remedial Works 

Status DMA Quote Ref:

Remedial 
Acitons 

Completed 
By

Date 
Remedials 
Completed 

Comments
Manager 
Sign Off 
(Initial)

CONSULTING 
ROOM 40

OPD - 
068 TAP Good No 0 0

CONSULTING 
ROOM 39

OPD - 
095 TAP Good Yes NEW CARTRIDGE FITTED NEW CARTRIDGE REQUIRED NHS STOCK COMPLETE LC 17/10/23

HEARING 
ROOM 1

OPD - 
092 TAP Good No 0 0

HEARING 
ROOM 2

OPD - 
093 TAP Good No 0 0

HEARING 
ROOM 3

OPD - 
094 TAP Good No 0 0

DISABLED 
TOILET 0 TAP Good No 0 0

WORKSHOP OPD - 
090 TAP Good No 0 0

TOILET OPD - 
074 TAP Good No 0 0

DISABLED 
TOILET

OPD - 
157 TAP Good No 0 0

DISABLED 
TOILET

OPD - 
113 TAP Good Yes NEW CARTRIDGE FITTED NEW CARTRIDGE REQUIRED NHS STOCK COMPLETE JH 17/10/23

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

GG&C Ward / Area / 
Department:QEUH CLINIC 6

DMA Canyon Ltd
14 Canyon Road, WIshaw, ML2 0EG
Tel: 01698 536790  E: office@dmacanyon.co.uk Page 3 of 5 Pages
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TMT Remedial Information Summary
(from In-Service Testing) 

Customer: Site: Building: CHILDRENS HOSPITAL Date: Oct-23

Room 
Name/No.

Unique 
Room ID 

(Door 
Disc)

Outlet Type 
& ID

e.g. (Tap, 
Shower, 

LHS  RHS)

Access
Further 
Action 

Required

Remedial 
Works Order 

No.

Comments from Original 
Service Sheet

Remedial Actions Required 
(From Original Service Sheet)

Parts/Materials Ordered and/or 
Additonal Actions Required

DMA CPL 
PO No. 

Materials 
Cost 

Labour 
Time

Remedial Works 
Status

DMA Quote 
Ref:

Remedial 
Acitons 

Completed 
By

Date 
Remedials 
Completed 

Comments
Manager 
Sign Off 
(Initial)

CONSULTING 
ROOM 39

OPD - 
095 TAP Good Yes NEW CARTRIDGE FITTED NEW CARTRIDGE REQUIRED NHS STOCK COMPLETE LC 17/10/23

DISABLED 
TOILET

OPD - 
113 TAP Good Yes NEW CARTRIDGE FITTED NEW CARTRIDGE REQUIRED NHS STOCK COMPLETE JH 17/10/23

GG&C QEUH Ward / Area / 
Department: CLINIC 6 Run TMV Summary Sheet

DMA Canyon Ltd
14 Canyon Road, WIshaw, ML2 0EG
Tel: 01698 536790  E: office@dmacanyon.co.uk Page 4 of   5
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Access Responses Make / Model Response Isolation Responses Fail Safe responses
Strainer Condition
Responses 

Strainer C&D
Responses 

Further Action Rec'd 
Responses 

Good Altecnic Above Ceiling Tile Pass Clean Yes Yes
Isolation Room - No Access Arjo Bath Behind IPS Fail Light Debris No No
Barrier Room - No Access Ausimix Behind Panel No Isolation Heavy Debris No Access See Comment
Clinical Instruct - No Access Bossmix No Isolation See Comment Blocked Unable to Remove
HiScribe Req - No Access Bristan On Shower No Access No Strainers
See Comment  - No Access Caleffi On Tap Unable to Remove See Comment
See Comment Caremix On TMV No Strainers

Contour 21 Pipework to TMV See Comment
Contour 21+ See Comment
Dart Valley Valves Chewed
Horne Shower
Horne TMV
Ideal Standard
Intamix
Markwik 21
Markwik 21+
Mira
Optitherm
Other - See Comment
Rada
Reliance
RVB
Saracen
Sirrus
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 Page 1 of 6 
 

14 Canyon Road  
Wishaw, Lanarkshire 
ML2 0EG 
Tel: 01698 536790 
office@dmacanyon.co.uk 
www.dmacanyon.co.uk 

THERMOSTATIC MIXING VALVE (TMV) 
   MONITORING REPORT    SRF012 (V1) 

Customer           NHS & GGHB Date                02/08/17 Report No  
(Part 1) TMV/1/      DMA CANYON 

OFFICE INFO 

Site Address QEU HOSPITAL ADULTS WARD 4A Responsible 
Person TOMMY ROMEO  Site Contact         

RAMS Ref No.       
Additional RAMS  ☐ 

Location/Room No. TMV  
ID No.  

TMV Make 
& Model 

TMV Type  
& Size 

Temp ºC Pre Temp 
ºC  
Mix 

Fail Safe 
Test 

Filters 
Clean & 
Disinfect 

Check 
Valves 

Working 

Isolation 
Valves 

Pressure 
Test (Bar) Access & Comments 

Cold Hot  Hot  Cold 

ADULTS  
WARD 4A 

BED 2 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
17.9 N/A 41.6 N/A N/A N/A FAULTY              

  
  

UNABLE TO OPERATE 
ISOLATION VALVES 

THEREFOR UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 

SHOWER ROOM AT  
BED 2 

      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP  

  
19.0 55.8 41.4 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 

BED 5 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP  

  
19.1 N/A 43.0 N/A N/A N/A FAULTY              

  
  

UNABLE TO OPERATE 
ISOLATION VALVES 

THEREFOR UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 

LAB 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.4 58.7 42.0 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

BED 4 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP  

  
19.1 N/A 42.7 N/A N/A N/A FAULTY              

  
  

UNABLE TO ISOLATE 
VALVES THEREFOR 

UNABLE TO CARRY OUT 
APPROPRIATE TESTS  

ADULTS  
WARD 4A 

SHOWER ROOM AT 
BED 6 

      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP  

  
19.4 56.2 39.6 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

Notes:      DMA Canyon 
Signature RYAN SCANLON  Customer  

Signature       
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14 Canyon Road  
Wishaw, Lanarkshire 
ML2 0EG 
Tel: 01698 536790 
office@dmacanyon.co.uk 
www.dmacanyon.co.uk 

THERMOSTATIC MIXING VALVE (TMV) 
   MONITORING REPORT    SRF012 (V1) 

Customer           NHS & GGHB Date                02/08/17 Report No  
(Part 1) TMV/2/      DMA CANYON 

OFFICE INFO 

Site Address QEU HOSPITAL ADULTS WARD 4A Responsible 
Person TOMMY ROMEO  Site Contact         

RAMS Ref No.       
Additional RAMS  ☐ 

Location/Room No. TMV  
ID No.  

TMV Make 
& Model 

TMV Type  
& Size 

Temp ºC Pre Temp 
ºC  
Mix 

Fail Safe 
Test 

Filters 
Clean & 
Disinfect 

Check 
Valves 

Working 

Isolation 
Valves 

Pressure 
Test (Bar) Access & Comments 

Cold Hot  Hot  Cold 

ADULTS  
WARD 4A 

BED 7 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.6 N/A 43.0 N/A N/A N/A NO             

  
  

UNABLE TO ISOLATE 
VALVES THEREFOR 

UNABLE TO CARRY OUT 
APPROPRIATE TESTS  

ADULTS  
WARD 4A 

BED 9 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.5 59.0 41.0 PASS PASS PASS YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

BED 9 TOILET  
      

  
ARMITAGE 
SHANKS 
MONO 
BLOCK TAP  

      

  
TMV TAP 

  
19.2 58.7 40.7 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 
BED 11 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.0 58.9 41.6 PASS PASS PASS YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

BED 11 TOILET 
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.6 58.1 39.1 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 
BED 13 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
20.9 58.6 42.0 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

BED 13 TOILET 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.4 56.7 39.7 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 
BED 14 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.6 59.1 40.3 PASS  YES  YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

Notes:      DMA Canyon 
Signature RYAN SCANLON  Customer  

Signature       
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14 Canyon Road  
Wishaw, Lanarkshire 
ML2 0EG 
Tel: 01698 536790 
office@dmacanyon.co.uk 
www.dmacanyon.co.uk 

THERMOSTATIC MIXING VALVE (TMV) 
   MONITORING REPORT    SRF012 (V1) 

Customer           NHS & GGHB  Date                02/08/17 Report No  
(Part 1) TMV/3/      DMA CANYON 

OFFICE INFO 

Site Address QEU HOSPITAL ADULTS WARD 4A Responsible 
Person TOMMY ROMEO  Site Contact         

RAMS Ref No.       
Additional RAMS  ☐ 

Location/Room No. TMV  
ID No.  

TMV Make 
& Model 

TMV Type  
& Size 

Temp ºC Pre Temp 
ºC  
Mix 

Fail Safe 
Test 

Filters 
Clean & 
Disinfect 

Check 
Valves 

Working 

Isolation 
Valves 

Pressure 
Test (Bar) Access & Comments 

Cold Hot  Hot  Cold 

ADULTS  
WARD 4A 

BED 14 TOILET  
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.6 56.4 41.6 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 
BED 15 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.7 58.9 41.5 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

BED 15 TOILET 
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.7 56.3 42.1 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 
BED 18 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.9 59.7 41.1 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

BED 18 TOILET  
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.4 57.2 41.5 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS 
WARD 4A 

BED 8 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.0 N/A 42.3 N/A N/A N/A FAULTY             

  
  

ISOLATION VALVES ARE 
INOPERABLE SO UNABLE 

TO CARRY OUT 
APPROPRIATE TESTS  

ADULTS  
WARD 4A 

BED 1 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.2 N/A 42.0 N/A N/A N/A FAULTY             

  
  

ISOLATION VALVES ARE 
INOPERABLE SO UNABLE 

TO CARRY OUT 
APPROPRIATE TESTS  

Notes:      DMA Canyon 
Signature RYAN SCANLON  Customer  

Signature       
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14 Canyon Road  
Wishaw, Lanarkshire 
ML2 0EG 
Tel: 01698 536790 
office@dmacanyon.co.uk 
www.dmacanyon.co.uk 

THERMOSTATIC MIXING VALVE (TMV) 
   MONITORING REPORT    SRF012 (V1) 

Customer           NHS & GGHB Date                02/08/17 Report No  
(Part 1) TMV/4/      DMA CANYON 

OFFICE INFO 

Site Address QEU HOSPITAL ADULTS WARD 4A Responsible 
Person TOMMY ROMEO  Site Contact         

RAMS Ref No.       
Additional RAMS  ☐ 

Location/Room No. TMV  
ID No.  

TMV Make 
& Model 

TMV Type  
& Size 

Temp ºC Pre Temp 
ºC  
Mix 

Fail Safe 
Test 

Filters 
Clean & 
Disinfect 

Check 
Valves 

Working 

Isolation 
Valves 

Pressure 
Test (Bar) Access & Comments 

Cold Hot  Hot  Cold 

ADULTS  
WARD 4A 
ROOM 10 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.3 N/A 41.1 N/A N/A N/A FAULTY             

UNABLE TO ISOLATE 
WATER THEREFOR UNABLE 

TO CARRY OUT 
APPROPRIATE TESTS  

ADULTS  
WARD 4A 

ROOM 10 TOILET  
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.5 57.1 40.2 N/A N/A N/A NO             

  
  

NO ACCESS TO ISOLATION 
VALVES SO UNABLE TO 

CARRY OUT APPROPRIATE 
TESTS  

ADULTS  
WARD 4A 

ROOM 19 FOYER 
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.6 58.6 42.4 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 
ROOM 19 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.5 58.9 43.0 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

ROOM 19 TOILET  
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
18.6 57.0 40.7 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 

ROOM 20 FOYER  
      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.2 59.0 41.3 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 
ROOM 20 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.3 59.2 42.0 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

ROOM 20 TOILET  
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP  

  
19.4 55.8 40.6 N/A N/A N/A NO             

  
  

NO ISOLATION VALVES 
AVAILABLE SO UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

Notes:      DMA Canyon 
Signature RYAN SCANLON  Customer  

Signature       
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14 Canyon Road  
Wishaw, Lanarkshire 
ML2 0EG 
Tel: 01698 536790 
office@dmacanyon.co.uk 
www.dmacanyon.co.uk 

THERMOSTATIC MIXING VALVE (TMV) 
   MONITORING REPORT    SRF012 (V1) 

Customer           NHS & GGHB Date                02/08/17 Report No  
(Part 1) TMV/5/      DMA CANYON 

OFFICE INFO 

Site Address QEU HOSPITAL ADULTS WARD 4A Responsible 
Person TOMMY ROMEO  Site Contact         

RAMS Ref No.       
Additional RAMS  ☐ 

Location/Room No. TMV  
ID No.  

TMV Make 
& Model 

TMV Type  
& Size 

Temp ºC Pre Temp 
ºC  
Mix 

Fail Safe 
Test 

Filters 
Clean & 
Disinfect 

Check 
Valves 

Working 

Isolation 
Valves 

Pressure 
Test (Bar) Access & Comments 

Cold Hot  Hot  Cold 

ADULTS  
WARD 4A 
ROOM 6 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.4 59.1 43.6 N/A HOT ONLY N/A COLD 

FAULTY              

  
  

COLD ISOLATION VALVE 
FAULTY SO UNABLE TO 

CARRY OUT APPROPRIATE 
TESTS  

ADULTS  
WARD 4A 
ROOM 16 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
19.3 58.6 42.4 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

ROOM 16 TOILET 
      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.4 56.7 40.3 N/A N/A N/A NO             

  
  

NO ACCESS TO ISOLATION 
VALVES SO UNABLE TO 

CARRY OUT APPROPRIATE 
TESTS  

ADULTS  
WARD 4A 
ROOM 17 

      

  
HORNE 

OPTITHERM 
      

  
TMV TAP 

  
18.7 58.7 42.4 PASS YES YES YES             

  
  

THERMAL FLUSH CARRIED 
OUT  

ADULTS  
WARD 4A 

ROOM 17 TOILET 
 

      

  
ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 
      

  
TMV TAP 

  
19.0 56.4 41.3 N/A N/A N/A N/A             

  
  

NO ACCESS TO ISOLATION 
VALVES SO UNABLE TO 

CARRY OUT APPROPRIATE 
TESTS  

ADULTS  
WARD 4A  
ROOM 3 

      
  
 

      

  
 
  

                                      

  
  

NO ACCESS TO VALVES 
ON 02/08/17 

ADULTS  
WARD 4A 
ROOM 12 

      
  
 

      

  
 
  

                                      

  
  

NO ACCESS TO VALVES 
ON 02/08/17 

            
  
 

      

  
 
  

                                      
  
  

      

Notes:      DMA Canyon 
Signature RYAN SCANLON  Customer  

Signature       
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 Page 6 of 6 
 

14 Canyon Road  
Wishaw, Lanarkshire 
ML2 0EG 
Tel: 01698 536790 
office@dmacanyon.co.uk 
www.dmacanyon.co.uk 

THERMOSTATIC MIXING VALVE (TMV) 
   MONITORING REPORT    SRF012 (V1) 

Customer           NHS & GGHB Date                04/08/17 Report No  
(Part 1) TMV/6/      DMA CANYON 

OFFICE INFO 

Site Address QEU HOSPITAL ADULTS WARD 4A Responsible 
Person TOMMY ROMEO  Site Contact         

RAMS Ref No.       
Additional RAMS  ☐ 

Location/Room No. TMV  
ID No.  

TMV Make 
& Model 

TMV Type  
& Size 

Temp ºC Pre Temp 
ºC  
Mix 

Fail Safe 
Test 

Filters 
Clean & 
Disinfect 

Check 
Valves 

Working 

Isolation 
Valves 

Pressure 
Test (Bar) Access & Comments 

Cold Hot  Hot  Cold 

ADULTS  
WARD 4A 
ROOM 3 

      
HORNE 

OPTITHERM 
 

  
TMV TAP 

  
18.1 58.9 41.2 PASS YES YES YES             THERMAL FLUSH CARRIED 

OUT  

ADULTS  
WARD 4A 
BED 12 

      
HORNE 

OPTITHERM 
 

  
TMV TAP 

  
19.6 N/A 41.2 N/A N/A N/A FAULTY              

UNABLE TO OPERATE 
ISOLATION VALVES 

THEREFOR UNABLE TO 
CARRY OUT APPROPRIATE 

TESTS  

ADULTS  
WARD 4A 

BED 12 TOILET 
      

ARMITAGE 
SHANKS 
MONO 

BLOCK TAP 

  
TMV TAP  

  
19.4 56.2 42.3 N/A N/A N/A NO             

NO ACCESS TO ISOLATION 
VALVES SO UNABLE TO 
CARRY OUT APPROPRIATE 
TESTS  

            
  
 

      

  
 
  

                                      
  
  

      

            
  
 

      

  
 
  

                                      
  
  

      

            
  
 

      

  
 
  

                                      
  
  

      

            
  
 

      

  
 
  

                                      
  
  

      

            
  
 

      

  
 
  

                                      
  
  

      

            
  
 

      

  
 
  

                                      
  
  

      

Notes:      DMA Canyon 
Signature RYAN SCANLON  Customer  

Signature       
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Scottish Water  Byelaws Inspection Report 
 

     

                  

  

SPID: 
 

   

200003690101 
 

        

                  

  

Byelaws Compliance Officer: 
 

 

Colin Semple 
 

       

                  

  

Premise: 
 

  

Queen Elizabeth University Hospital 
1345 Govan Road, 
Glasgow,  
G51 4TF 

 

      

                  

                  

   

Contraventions 
 
Maternity Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification 
 

Comments 
 

 
Filling Loop 
 

Maternity Boiler 
Room 
 

Boiler Room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination 
Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Provide Fluid Category 4 
protection for quick fill filling loop 
for heating system. 

Fire Hose Reel 
 

Maternity Building 
 

Full Building 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination 
Risk 

Install a double check valve Install a double check valve back 
at source or on supply pipe to 
each fire reel. Also put in place a 
flushing program for fire reels. 

Main Inlet 
 

Maternity Boiler 
Room 
 

Plant Room 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination 
Risk 

install stop valve, double check 
valve and drain valve on 
incoming supply 

 

Main Inlet 
 

Maternity Building 
 

Unknown 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination 
Risk 

install stop valve, double check 
valve and drain valve on 
incoming supply 

Locate incoming supply pipe and 
install stop valve (BS1010) ,double 
check valve and drain valve. 

Shower 
 

Maternity Building 
 

Full Building 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination 
Risk 

Restrain shower head Restrain all shower heads. 
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Energy Centre 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 

 
Filling Loop 
 

Energy Centre 
Building 
 

Next to heating 
pressure unit 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination 
Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Quick fill filling loop to top up 
heating system requires category 
4 protection. 

Main Inlet 
 

Energy Centre 
Building 
 

Mains Incoming 
Water Supply 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination 
Risk 

install stop valve, double check 
valve and drain valve on 
incoming supply 

 

 
 
Adult and Children Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Hose Union Taps 
 

Adult and 
Children Building 
 

Basement Hydro 
Pool Plant Room 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Install a backflow prevention 
device to provide Fluid Category 
5 protection. 

This union hose tap must be fed 
from a storage cistern which 
incorporates a category 5 air gap 
or replace with bib tap and install 
double check valve on supply 
pipe. 

Pipework 
 

Adult and 
Children Building 
 

Water Tank 
Room 
 

03/08/2020 
 

5 
 

Dead Leg of Pipe Work - High 
Risk 

Disconnect at relevant point so 
that no stop end at pipe work 
remains. Failure to remove may 
increase the risk of Legionella 
bacterial growth 

Put flushing program in place at  
trade tank 1 & 2 on drain off 
outlets to lower the risk of 
Legionella bacterial growth. 

Reduced Pressure 
Zone Valve (RPZ) 
 

Adult And 
Children Building 
 

Plant Room 31 
3rd Floor 
 

03/08/2020 
 

4 
 

RPZ Valve has not been 
commissioned/tested 

RPZ Valve must be 
commissioned / tested by 
qualified tester annually. 

Please provide test certificate 
from qualified tester. 

Reduced Pressure 
Zone Valve (RPZ) 
 

Adult And 
Children Building 
 

Children Building 
Plant Room 
 

03/08/2020 
 

4 
 

RPZ Valve has not been 
commissioned/tested 

RPZ Valve must be 
commissioned / tested by 
qualified tester annually. 

RPZ valve feeding hydrotherapy 
pool needs commissioned 
/tested by qualified tester also 
re-installed away from electrical 
appliances. 

Shower 
 

Adult And 
Children Building 
 

Full Building 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Restrain shower head Restrain all shower heads on 
site. 

Stop Valve 
 

Adult And 
Children Building 
 

Basement Fire 
Fighting Tank 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Install BS1010 stop valve Install BS1010 stop valves on 
the main inlet supply pipe to both 
firefighting tank. 

Warning Pipe 
 

Adult and 
Children Building 
 

Water Tank 
Room 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Install warning pipe Reconfigure all early warning 
pipes in water tank area to 
correct air gap. 
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Teaching and Learning 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 

 
Filling Loop 
 

Teaching and 
Learning 
 

4th Floor Boiler 
Room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention for 
Category 4 Contamination Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Install category 4 protection on 
supply pipe to the quick fill filling 
loop for heating system. 

Reduced Pressure 
Zone Valve (RPZ) 
 

Teaching And 
Learning 
 

4th Floor Boiler 
Room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention for 
Category 4 Contamination Risk 

RPZ Valve must be 
commissioned / tested by 
qualified tester annually. 

RPZ Valve supplying heating 
system must be commissioned / 
tested by qualified tester 
annually. 

Shower 
 

Teaching And 
Learning 
 

Full Building 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention for 
Category 5 Contamination Risk 

Restrain shower head Restrain all shower heads. 

 
 
Westmarc Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Filling Loop 
 

Westmarc 
Building 
 

Boiler room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Quick fill filling loop for heating 
system must have fluid category 
4 protection installed. 

Main Inlet 
 

Westmarc 
Building 
 

Boiler Room 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Install a Double Check Valve 
and a Drain Valve 

Install a double check valve and 
drain valve on the mains water 
incoming supply pipe. 

 
 
Neonatal Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Filling Loop 
 

Neonatal 
Building 
 

Plant Room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Quick fill filling loop for heating 
system must have Fluid 
Category 4 protection. 

Main Inlet 
 

Neonatal 
Building 
 

unknown 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

install stop valve, double check 
valve and drain valve on 
incoming supply 

Locate and install - Possible 
location ground floor fire exit 
door in pipe chase. 

Pumps 
 

Neonatal 
Building 
 

Secondary Filter 
Water Tank 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

This equipment must be fed 
from a storage cistern that 
incorporates a AA, AB or AD air 
gap 

Pump booster Set must be fed 
from a storage cistern that 
incorporates an AA, AB or AD air 
gap. 

Shower 
 

Neonatal 
Building 
 

Full Site 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Restrain shower head Restrain all shower heads on 
site. 
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Neurology Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Pumps 
 

Neurology 
Building 
 

Level 6 Plant 
Room Water tank 

 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

This equipment must be fed 
from a storage cistern that 
incorporates a AA, AB or AD air 
gap 

All booster sets fed from storage 
cistern must incorporate a 
AA,AB or AD air gap 

Reduced Pressure 
Zone Valve (RPZ) 
 

Neurology 
Building 
 

Neurology Boiler 
House 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination Risk 

RPZ Valve must be 
commissioned / tested by 
qualified tester annually. 

This RPZ valve also needs re-
installed sighted wrongly too 
high. 

Shower 
 

Neurology 
Building 
 

Full Building 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Restrain shower head Restrain all Shower heads. 

 
 
Landlangs Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Filling Loop 
 

Landlangs 
Building 
 

Boiler room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Quick fill filling loop for heating 
system requires fluid category 4 
protection. 

Filling Loop 
 

Landlangs 
Building 
 

Boiler room 
 

03/08/2020 
 

4 
 

Insufficient Backflow Prevention 
for Category 4 Contamination Risk 

Install suitable backflow 
prevention to provide Fluid 
Category 4 protection. 

Quick fill filling loop for heating 
system requires fluid category 4 
protection. 

Pumps 
 

Langlands 
Building 
 

2nd floor plant 
room b 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

This equipment must be fed 
from a storage cistern that 
incorporates a AA, AB or AD air 
gap 

Booster pump sets must be fed 
from a storage cistern that 
incorporates an AA, AB or AD air 
gap. 

Shower 
 

Langlands 
Building 
 

Full Building 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Restrain shower head Restrain all shower heads. 

 
 
PDRU And Vascular Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Main Inlet 
 

PDRU And 
Vascular Building 
 

Unknown 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

install stop valve, double check 
valve and drain valve on 
incoming supply 

Locate incoming supply pipe and 
install stop valve (BS1010) 
,double check valve and drain 
valve. 

Pumps 
 

PDRU And 
Vascular Building 
 

Loft Area 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

This equipment must be fed 
from a storage cistern that 
incorporates an AA, AB or AD 
air gap 

The booster pump set in loft area 
must be fed from a storage 
cistern that incorporates an AA, 
AB or AD air gap. 

Shower 
 

PDRU And 
Vascular Building 
 

Full Building 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Restrain shower head Restrain all Shower Heads. 
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Laboratory and Medicine Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Pipework 
 

Laboratory and 
Medicine Building 
 

Laboratory Level 
4 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Install a backflow prevention 
device to provide Fluid Category 
5 protection. 

Laboratory taps must be fed 
from a designated category 5 
tank supply which feeds labs 
only.  Please confirm if level 4 
laboratory taps are fed from 
domestic tank on level 4 or 
laboratory tank in basement. 

Pumps 
 

Laboratory and 
Medicine Building 
 

Mortuary Tank 2 
In Basement 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

Install a backflow prevention 
device to provide Fluid Category 
5 protection. 

Booster pump set fed from 
mortuary tank 2 requires 
category 5 protection. 

 
 
CMB Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 

 
Fire Hydrant 
 

CMB Building 
 

At hydrant on 
grass verge left 
hand side of 
main entrance 
door 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Remove Remove temporary water supply 
from fire hydrant to CMB building 
and install a permanent supply 
which meets the water bylaws 
regulations. 

Main Inlet 
 

CMB Building 
 

Unknown 
 

03/08/2020 
 

5 
 

Dead Leg of Pipe Work - High 
Risk 

Disconnect at relevant point so 
that no stop end at pipe work 
remains. Failure to remove may 
increase the risk of Legionella 
bacterial growth 

The old water mains incoming 
supply pipe needs disconnected 
back at source. Please confirm if 
this has been done. 

 
 
 
AMB Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Pipework 
 

AMB Building 
 

Unknown 
 

03/08/2020 
 

5 
 

Dead Leg of Pipe Work - High 
Risk 

Disconnect at relevant point so 
that no stop end at pipe work 
remains. Failure to remove may 
increase the risk of Legionella 
bacterial growth 

This building is vacant please 
confirm if pipework has been 
capped off back at source.  
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Max Fax Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Pipework 
 

Max Fax 
Building 
 

Lab Area - 
Grinder Machine 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Install a double check valve Install double check valve on 
supply pipe to dental grinder. 

 
 
Podiatry Building 
 

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk 
 

Contravention 
 

Rectification  
 

Comments 
 

Main Inlet 
 

Podiatry Building 
 

Plant Room 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Install a Double Check Valve 
and a Drain Valve 

Install Double check valve and 
drain valve on incoming supply 
pipe. 
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Whole Site 
 

 

                  
   

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk
 

Contravention 
 

Rectification 
 

Comments 
 

Bath 
 

All Buildings 
 

Arjo Baths 
 

03/08/2020 
 

5 
 

Insufficient Backflow Prevention 
for Category 5 Contamination Risk 

This equipment must be 
fed from a storage 
cistern that incorporates 
a AA, AB or AD air gap 

Arjo Baths must be fed from a designated 
storage cistern that incorporates a AA, AB 
or AD air gap. 
 
Rhapsody/Primo P200+  
 
Location- NSGH-02-DMW-013 
                NSGH-02-DMW-011 
                NSGH-01-STW-079 
                NSGH-06-GENW1-001 
                NCH-04-DCFP-038 
                NCH-03-GW3-059 
                NCH-03-GW1-068 
                NCH-02-SCH-079 
                NCH-02-ARU-006 
                NCH-01-CCW-051 
                NCH-01-CAR-048 

Main Inlet 
 

Full Site 
 

All boundary 
incoming supply 
 

03/08/2020 
 

3 
 

Insufficient Backflow Prevention 
for Category 3 Contamination Risk 

Install a double check 
valve to give whole site 
protection 

Install a double check valve to all main 
inlet boundary's supply points. 
 
location-  
Meter -11W712602 150MM       
X-253618/Y-665875 
 
06M440901/03H000872 80/20 COMBI   
X-253329  Y-665758 
                            
3K220000653954  150MM  
X-253443 Y-665842 
 
09H701812/09M102281  80/20 COMBI   
X-253547  Y-665541 
 
11W727521/19W711190  100MM  
X-253815 Y-665585 
                            
11H762937/11M686368  80/20 COMBI   
X-253790  Y-666042 
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Recommendations 
 

  

                  

    

Premise Fitting Area Location Recommendation 

Fire Hydrant Full Site Full Site All fire hydrants on site to have flushing program in place to remove any risk of legionella 
bacterial growth. 

 

    

                  

   

Comment/Issues 
 

   

                  

    

Premise Fitting Area Location Comment/Issue 

Pipework Neuro-Surgical 
Plant Room 9 

Plant Room 9 This area is under renovation and has double check valve in place. This area will require a revisit 
in one years’ time once work has been completed. 
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SW Internal 
General 

  

Scottish Water  Byelaws Inspection Report 
 

     

                  

  

SPID: 
 

   

200003690101 
 

        

                  

  

Byelaws Compliance Officer: 
 

 

Colin Semple 
 

       

                  

  

Premise: 
 

  

 
 
Queen Elizabeth University Hospital 
1345 Govan Road,  
Glasgow, 
G51 4TF 
 

 
 

      

                  

                  

   

Contraventions 
 

 

                  
   

Premise Fitting 
 

Area 
 

Location 
 

Due By 
 

Risk
 

Contravention 
 

Rectification 
 

Comments 
 

Bath 
 

Full site 
 

'Arjo' baths 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Arjo Baths - this equipment must 
be fed from a designated 
storage cistern that incorporates 
an AA, AB or AD air gap. 
 
Rhapsody/Primo P200+  
 
Location-NSGH-02-DMW-013 
               NSGH-02-DMW-011 
               NSGH-01-STW-079 
               NSGH-06-GENW1-001 
               NCH-04-DCFP-038 
               NCH-03-GW3-059 
               NCH-03-GW1-068 
               NCH-02-SCH-079 
               NCH-02-ARU-006 
               NCH-01-CCW-051 
               NCH-01-CAR-048 

Filling Loop 
 

Energy Centre 
Building 
 

Next to heating 
pressure (unit 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

Quick fill filling loop to top up 
heating system requires fluid 
category 4 protection. 

Filling Loop 
 

Teaching and 
Learning 
 

4th floor boiler 
room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

Quick fill filling loop to top up 
heating system requires fluid 
category 4 protection. 

Filling Loop 
 

Westmarc 
Building 
 

Boiler room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

Quick fill filling loop to top up 
heating system requires fluid 
category 4 protection. 
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SW Internal 
General 

Filling Loop 
 

Neonatal 
Building 
 

Plant room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

Quick fill filling loop to top up 
heating system requires fluid 
category 4 protection. 

Filling Loop 
 

Maternity boiler 
room 
 

Boiler room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

Quick fill filling loop to top up 
heating system requires fluid 
category 4 protection. 

Filling Loop 
 

Landlangs 
Building 
 

Boiler room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

Quick fill filling loop to top up 
heating system requires fluid 
category 4 protection. 

Hose Union Taps 
 

Adult and 
Children Building 
 

Basement hydro 
pool plant room 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

This union hose tap must be fed 
from a storage cistern which 
incorporates a fluid category 5 
air gap or replace with bib tap 
and install double check valve 
on supply pipe. 

Main Inlet 
 

Energy Centre 
Building 
 

Mains incoming 
water supply 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Install stop valve (BS1010), 
double check valve and drain 
valve on incoming supply. 

Main Inlet 
 

PDRU And 
Vascular 
 

Unknown 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Locate incoming supply pipe and 
install stop valve (BS1010), 
double check valve and drain 
valve. 

Main Inlet 
 

Full site 
 

All boundary 
incoming supply 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Whole site protection - install a 
double check valves to all main 
inlet boundary supply points. 
 
Meters and locations: 
11W712602 150MM      X-
253618/Y-665875 
                           
06M440901/03H000872 80/20 
COMBI  X-253329  Y-665758 
                           
3K220000653954  150MM X-
253443 Y-665842 
                           
09H701812/09M102281  80/20 
COMBI  X-253547  Y-665541 
                           
11W727521/19W711190  
100MM X-253815 Y-665585 
                           
11H762937/11M686368  80/20 
COMBI  X-253790  Y-666042 
                             

Main Inlet 
 

Westmarc 
Building 
 

Boiler room 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Install a double check valve and 
drain valve on the mains water 
incoming supply pipe. 

Main Inlet 
 

Neonatal 
Building 
 

Unknown 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Locate and install stop valve 
(BS1010), double check valve 
and drain valve on incoming 
supply.  Possible location ground 
floor fire exit door in pipe chase. 

Main Inlet 
 

Podiatry Building 
 

Plant room 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 

Install suitable backflow 
prevention to provide fluid 

Install double check valve and 
drain valve on incoming supply 
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risk. category 3 protection. pipe. 

Main Inlet 
 

Maternity boiler 
room 
 

Plant room 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Install stop valve (BS1010), 
double check valve and drain 
valve on incoming supply. 

Main Inlet 
 

Maternity 
Building 
 

Unknown 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Locate incoming supply pipe and 
install stop valve (BS1010), 
double check valve and drain 
valve. 

Pipework 
 

Adult and 
Children Building 
 

Water tank room 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Dead leg of pipework - 
disconnect at relevant point so 
that no stop end at pipe work 
remains.  Put flushing program 
in place at  trade tank 1 & 2 on 
drain off outlets.    

Pipework 
 

Max Fax 
Building 
 

Lab area - 
grinder machine 
 

21/03/2022 
 

3 
 

Insufficient backflow prevention 
for fluid category 3 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 3 protection. 

Install double check valve on 
supply pipe to dental grinder. 

Pipework 
 

Laboratory and 
Medicine 
 

Laboratory level 
4 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Laboratory taps must be fed 
from a designated fluid category 
5 tank supply which feeds 
laboratories only.  Please 
confirm if level 4 laboratory taps 
are fed from domestic tank on 
level 4 or laboratory tank in 
basement. 

Pumps 
 

PDRU And 
Vascular 
 

Loft area 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Booster pump set - this 
equipment in loft area must be 
fed from a storage cistern that 
incorporates an AA, AB or AD air 
gap. 

Pumps 
 

Neurology 
Building 
 

Level 6 plant 
room water tank 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Booster pump sets - this 
equipment must be fed from a 
storage cistern that incorporates 
an AA, AB or AD air gap.   

Pumps 
 

Neonatal 
Building 
 

Secondary filter 
water tank 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Booster pump set - this 
equipment must be fed from a 
storage cistern that incorporates 
an AA, AB or AD air gap. 

Pumps 
 

Laboratory and 
Medicine 
 

Mortuary tank 2 
in basement 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Booster pump set - this 
equipment must be fed from a 
storage cistern that incorporates 
ab AA, AB or AD air gap. 

Pumps 
 

Langlands 
Building 
 

2nd floor plant 
room B 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Booster pump sets - this 
equipment must be fed from a 
storage cistern that incorporates 
an AA,AB or AD air gap. 

Reduced Pressure 
Zone (RPZ) Valve 
 

Adult And 
Children Building 
 

Plant room 31 
3rd floor 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

RPZ valve must be 
commissioned/tested by a 
qualified tester annually.  For 
guidance, please refer to the 
RPZ AIM document. 

Reduced Pressure 
Zone (RPZ) Valve 
 

Adult And 
Children Building 
 

Children Building 
plant room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

RPZ valve feeding hydrotherapy 
pool must be 
commissioned/tested by a 
qualified tester annually.  Also 
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must be re-installed away from 
electrical appliances.  For 
guidance, please refer to the 
RPZ AIM document. 

Reduced Pressure 
Zone (RPZ) Valve 
 

Neurology 
Building 
 

Neurology boiler 
house 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

RPZ valve must be 
commissioned/tested by a 
qualified tester annually.  This 
RPZ valve is currently too high.  
For guidance, please refer to the 
RPZ AIM document.   

Reduced Pressure 
Zone (RPZ) Valve 
 

Teaching And 
Learning 
 

4th floor boiler 
room 
 

21/03/2022 
 

4 
 

Insufficient backflow prevention 
for fluid category 4 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 4 protection. 

RPZ valve supplying heating 
system must be 
commissioned/tested by a 
qualified tester annually.  For 
guidance, please refer to the 
RPZ AIM document. 

Shower 
 

Adult And 
Children Building 
 

Full building 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

Shower 
 

Neurology 
Building 
 

Full building 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

Shower 
 

PDRU And 
Vascular 
 

Full building 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

Shower 
 

Teaching And 
Learning 
 

Full building 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

Shower 
 

Neonatal 
Building 
 

Full site 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

Shower 
 

Maternity 
Building 
 

Full building 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

Shower 
 

Langlands 
Building 
 

Full building 
 

21/03/2022 
 

5 
 

Insufficient backflow prevention 
for fluid category 5 contamination 
risk. 

Install suitable backflow 
prevention to provide fluid 
category 5 protection. 

Restrain all shower heads. 

 

                  

     

Recommendations 
 

  

                  

    

Premise Fitting Area Location Recommendation 

Fire Hydrant Full site  All fire hydrants on site  to have flushing program in place to remove possible risk of bacterial 
growth. 

 

    

                  

   

Comment/Issues 
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Premise Fitting Area Location Comment/Issue 

Double Check Valve All areas  All double check valves to be maintained and if required replaced every 10 years.   

Pipework Neuro-Surgical 
plant room 9 

Plant room 9 This area is under renovation and has double check valve in place.  This area will require a 
revisit in one years' time once work has been completed. 
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Healthcare Infection, Incident and Outbreak Reporting 
Template (HIIORT) 

 
 

 
 
 
Section 1 :Contact Details 
NHS Board/Care organisation GGG&C 
Date and time of reporting 01/03/18 @ 1400hrs 
Person Reporting and designation Dr Teresa Inkster – Lead ICD 

Susie Dodd – Lead IPCN 
 

Telephone number and email Teresa.Inkster@  
Susie.dodd@  
 

Section 2: Infection Incident/outbreak Details 
Care facility/hospital Royal Hospital for Children 
Clinical area/ward and speciality Haemato-oncology ward 
Total number of beds 25 (2 out of use for refurb & 2 out of use due to contaminated 

water outlets) = 21 beds in use 
Total number of beds occupied 21 
Section 3: Initial assessment  
Type: Incident/outbreak/ 
data exceedance e.g.  Gastrointestinal, 
decontamination failure 

Water contamination  

Infectious agent known or suspected  Cupriavidus pauculus/Pseudomonas aeruginosa 
Case definition Patient with bacteraemia secondary to Cupriavidus pauculus or Pseudomonas aeruginosa 

Patient with bacteraemia due to Stenotrophomonas 

Date of first case (if applicable)   

Total number of confirmed 
patient cases 
 

Total number of probable 
patient cases 
 

Total number of possible 
patient cases:  
 

Total number of  staff 
cases: 
 

Number of patients giving clinical cause for concern as a 
consequence of this incident/outbreak 

0 

Number of deaths as a consequence of this incident/outbreak 0 
Was the infectious agent cited as a cause of death on a death 
certificate* (if yes, state which part of the certificate) 

 

Additional information: Patient presented at end of January with Cupriavidus pauculus bacteraemia. 
 Responded to treatment. As part of the investigations a selection of water outlets in ward 2A were sampled and  have 
tested positive - 4 patient rooms , treatment room and prep room.  
Note there is currently a patient on the unit with Pseudomonas aeruginosa bacteraemia which is healthcare 
associated. One outlet has tested positive for this organism  
 
Due to the number of positive outlets we will not test anymore at present . We assume widespread problem so will 
proceed straight to dosing the system with Silver Hydrogen peroxide.  Taps and components including flow 
straighteners have been removed for sampling. Water tanks have also been sampled 
 
Section 4: Healthcare Infection Incident Assessment Tool (HIIAT) (link to tool) 
Severity of illness Minor/Moderate/Major Moderate 
Impact on services Minor/Moderate/Major Minor 
Risk of transmission  Minor/Moderate/Major Major 
Public anxiety Minor/Moderate/Major Minor 
HIIAT Assessment Red     Amber      Green Red 

Complete within 24 hours for all HIIAT Red and Amber; 
for HIIAT Green complete only if HPS Support requested. 

4 0 0 0

Page 2136

A48946859



Part of the National Infection Prevention and Control Manual (NIPCM), available at: 
http://www.nipcm.hps.scot.nhs.uk/ Produced by: Health Protection Scotland, June 2017 

Section 5: Organisational Arrangements  
PAG/IMT meeting held Yes Date: 5/2/18 & 19/2/18  &1/3/18 
Next planned IMT Early week beginning 5th March Date:  
Press statement (send with 
HIIORT or provide date for 
receipt) 

 Draft awaited               Date:  

HPS support requested Not at present Date.................................... 
Other information:  
e.g. decisions from IMT 

Water checklist carried out – concerns identified and issued as an SBAR to clinical SMT 
Initial rooms identified as having contaminated outlets taken out of use. 
All showers out of use. 
Patients going for line insertion in theatre will have a bed bath down in theatre. 
All staff and patients to use alcohol based hand rub after washing hands 
Bottled water for teeth brushing 
Ongoing surveillance by ICT for further cases 
 
2/3/18 
IMT held. Water dosing will take place today with Sanosil. Estates have commenced 
replacement of outlets. Results from main water tanks are negative suggesting outlets 
themselves are the source. Water supply to ward will go down for 4 hours , hand 
hygiene stations will be put in place using bottled water. Patients will be given sterile 
water to drink. Once dosing complete outlets will be put back in use and resampling will 
take place early next week. HIIAT remains at Red. 
 
06/03/18 
 
IMT held. No new patient cases. Patient with Pseudomonas is stable. Microbiological 
testing is still in progress but  several components of the tap including the flow 
straighteners have tested positive for Cupriavidus. Showerhead has also grown the 
organism. All flow straighteners will be replaced. Disposable showerheads will be 
purchased and fitted for this ward. Water sampling to move from 6 monthly to monthly. 
Alerts set up on ICNet for Cupriavidus  in blood cultures.  One other Cupriavidus 
pauculus bacteraemia in 2A , Sepetmber 2017 but water testing had been negative so 
not clear if linked to current incident . Isolate has been sent for typing. Working 
hypothesis is that outlets are positive due to contact spread as main tanks are negative.   
HIIAT remains Red 
 
09/03/18 
IMT held. No new patient cases. A program of tap exchange, thermal disinfection and 
replacement of flow straighteners is ongoing. Once all taps have been changed there 
will be a further chemical disinfection . Resampling will take place after chemical 
disinfection. Water testing has been extended to ward 2B which is the outpatient area.  
HIIAT will remain at Red until repeat sampling post 2nd chemical disinfection . 
 
12/03/18 
Urgent IMT reconvened following positive water isolates after sanitisation indicating that 
the sanitisation process has been ineffective. Water has grown Cupriavidus( multiple 
outlets)  and Stenotrophomonas ( one shower head only).  The most likely scenario is 
that dosing has disrupted the biofilm leading to the release of bacteria into the water.  
One patient colonised with Stenotrophomonas ( not related to the positive room) . No 
patients giving cause for concern.  Following control measures were immediately put in 
place; 

 All showers and baths out of use for patients. 
 Patients going for line insertion in theatre will have a bed bath down in theatre. 
 All staff and patients to use alcohol based hand rub after washing hands on 

ward 2A and 2B. 
 Bottled water for teeth brushing in ward 2A & 2B 
 Ongoing surveillance by ICT for further cases  
 Disposable shower heads to be installed this evening 
 Portable sinks will be delivered to the ward this evening and filled over night. 
 All taps to be cleaned and have replacement flow straighteners and TMVs 
 Chemical sanitisation of the ward will commence at 6am tomorrow 
 Portable sinks will be deployed and remain in use untill clear samples are 

achieved post sanitisation. 
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 The program of replacing Horne taps  ASAP will re-commence following 
sanitisation. 

  Water supply in ward 3C will be tested as a contingency for failure of the 
current plan. 

 Comms prepared for parents. 
 Holding press statement updated. 
 Further IMT to be arranged later in the week. 

 
IMT 19.03.19 Update 
 
Infection Control Measures 
 
The following control measurements are for immunocompromised patients with Ward 
4B, 4C, 7A, 7D which include Cystic Fibrosis and Renal transplant patients:- 

 Patient must not wash/be washed/drink or brush teeth with water from the sink 
or shower outlets. 

 Only drink bottle water (Patients are allowed to drink cups of tea) 
 Use bottle water to brush teeth  
 Washing must be used with single use patient wipes/bottled water. 

 
Please note that sterile water should be used if it is a Bone Marrow Transplant (BMT) 
patient.  
 
All rooms with immunocompromised patients are to get a twice daily Actichlor cleans.  
 
The group asked about patients within critical care, Dr Inkster informed them that the 
patients would not be taking showers or using clinical hand wash basins if in critical 
care. 
 
Water Control Measures 
 
Point of use filters will be installed on all Clinical Hand Wash basins within Ward 4B as 
well as replacement of shower heads and hoes.  Once complete testing of the water will 
recommence and when negative specimens obtained, patients can start using the main 
water supply.  This should take approximately 48 hours. 
 
The above precautions are for short term only.  Long term solutions are currently being 
investigated which include replacing all current taps within the hospital and the dosing 
of the water supply with Chlorine Dioxide. 
 
 
HIIAT Assessment 
 
The group agreed that the HIIAT should be RED. 
 
 
IMT 21.03.19 Update 
 
Patient Update RHC 
 
Ward 2A 
 
All 3 positive blood culture Stenotrophomonas patients have had their lines taken out 
and are currently stable and causing no concerns to staff.      
 
Patient Update QEUH 
 
No positive blood cultures for Stenotrophomonas or Cupriavidus in Ward 4B 
 
There have been no new cases since the implementation of the control measures.  
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Epidemiology 
 
Since the opening of the RHC site there have been 3 cases of Cupriavidus reported.  
This is a very rare pathogen which is linked to dialysis lines and water.  Strong 
epidemiology link with the Cupriavidus and water with the positive results from the water 
outlets. 
 
Cases of Stenotrophomonas have spiked to 4 cases during the month of March 2018 in 
RHC 2A.  There is usually about 1 case of Stenotrophomonas a month within the RHC 
site.  In ward 4B QEUH site only one case of Stenotrophomonas has ever been 
reported since opening.  In ward 2A it is unclear whether  we can  link to this to water as 
it has only been found in one shower outlet. However the counts were high at >100 and 
we only sampled limited outlets assuming widespread contamination with Cupriavidus .  
Originally it was thought the Stenotrophomonas was being transmitted through patients 
taking showers . The other possibility is that the index case  is water related  and 
subsequent cases were transmitted from HCW to other patients or  all cases may be 
completely independent from the water supply.   
 
Typing results will shed light on the Cupriavidus as it will show if there has been a link 
with  cross transmission from water outlet to patient. 
 
Cannot determine if Stenotrophomonas is water source or cross transmission until 
typing results come back. 
 
RHC Water Report 
 
Ward 2A wide spread positive results for Cupriavidus in multiple sink outlets, 2 positive 
shower outlets with Stenotrophomonas  and 1 outlet with pseudomonas.  Dosed system 
4 times and have seen the counts being lowered but Cupriavidus still present in number 
of outlets. 
 
Ward 2B and 3C still have widespread Cupriavidus  
 
Fungal matter found in water supply in 2B and 3C but levels not dramatic and it is  not 
uncommon to find this in hospital environments.  None of the fungus has been identified 
as significant to date.  No issues with Aspergillus were found within the samples 
although noted an issue with lab contaminants.  Fungus in the water supply is a 
concern particularly for BMT patients and this has been discussed with experts. Control 
measures will need to take this into account moving forward.  
 
 
Ward 4B QEUH Water Report 
 
Two positive results of Cupriavidus from  shower head in ward 4B. Multiple water 
samples positive from outlets in 4B 
 
Sampling being carried out on 21.03.18 within occupied bed areas in Ward 4B QEUH. 
 
Other Reports 
 
The two sources of water coming into the hospital from Hardgate road and Govan road 
have both came back negative from samples taken by Scottish Water. Low levels of 
another bacteria were identified but within acceptable limits and there is no evidence of 
this bacteria in our tanks indicating that filtration is working. 
 
It was reported that the two main water storage tanks, filter tanks and booster pumps 
have all came back negative. 
 
Renal dialysis samples are within normal limits 
There are no concerns re aseptic pharmacy results – successive results are negative 
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Other Relevant reports 
 
Samples were taken of soap dispensers, liquid soap, wipes and an array of commonly 
used items domestics use.   Initial results from the samples after 24 hours is negative 
but still have to wait until 48 hours until incubation period is complete. 
 
Current Infection Control Measures 
 
The following specific control measurements for immunocompromised patients are as 
follows 

 Patient must not wash/be washed/drink or brush teeth with water from the sink 
or shower outlets. 

 Only drink bottle water  
 Use bottle water to brush teeth  
 Wash must be used by single use patient wipes/bottled water or water from the 

mobile hand wash units which are available in Ward 2A. 
 Parents and staff can use sinks for hand hygiene but use AHR afterwards. 

 
Please note that sterile water should be used if it is a Bone Marrow Transplant (BMT) 
patient.  
 
All rooms with immunocompromised patients are to get a twice daily Actichlor cleans 
which consists of all rooms in ward 2A and any inpatients throughout RHC.  
 
If staff are to carry out an aseptic technique on a patient then they must carry out hand 
hygiene  a surgical scrub with bottled water then followed by use of sterillium. 
 
 
Ciprofloxacin is still to be given to all immunosuppressed patients in the meantime but 
this will not be a long term.  Janice Watt informed the group that Pharmacy are currently 
going through 50 bottles of Ciprofloxacin  a week.  She is mostly concerned that the 
long term supply of liquid form Ciprofloxacin mostly used for paediatric patients 
compared to the tablet form given to adults.   
 
Water Control Measures 
 
Tap and shower filters have been fitted in Ward 2A, 2B, 3C in the RHC and occupied 
beds in Ward 4B Haematology, QEUH (unoccupied rooms being done later this week).   
Filters are currently being fitted to NICU today with sampling being taken from PICU 
before filters being installed. 
 
Director of regional will inform facilities collegues regarding what areas should be 
prioritised within the QEUH for the fitting of water filters into Ward 4A, 4C, 4D, 7A and 
7D. 
 
Quality assurance of the fitting of the filters will be carried out by Facilities. 
 
The group was informed that that to completely know if the filters work they would need 
to identify a positive water outlet that has not been dosed with silver nitrate, fit the filter 
and resample to see the results.   
 
It was agreed once facilities can confirm that filters have been fitted to all CWHB and 
showers and checked they have been fitted correctly then patients can resume using 
showers and wash hand wash basins.      
 
Facilities will carry out tests on the water outlets on a weekly basis to ensure the filter is 
working.   If the counts start to get high then they can change the filters on the affected 
outlets. The filters currently fitted to the taps have a working life of 30 days.  Facilities 
have are introducing a rolling program to change these filters from day 25.  
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Water coolers are to be kept out of use within in patient areas.  
 
There was extensive discussions within the IMT re whether microbiological efficacy of 
filters was required prior to using the water. The consensus of the IMT was that we 
would proceed with filters without these results.  Post meeting this decision was 
supported by Peter Hoffman Public Health England and Susanne Lee, International 
water expert.  
 
 
Future Preventative Measures 
 
Currently two future preventable measures are being looked at. 
 
One of the measures is the installation and replacing of all horne taps within high risk 
areas or throughout the whole QEUH and RHC campus with the later being very time 
costly and time consuming. Two tap models are currently being investigated 
 
The other preventable measure being looked at is the dosing of the water system with 
Chlorine dioxide.  This would need expert opinion on  how this could be implemented 
due to the size of the campus and the water holding tanks.   
 
Hypothesis 
  
It was explained that Scottish water reported that main tanks are negative. Post filtration 
tanks and risers are negative. The bacteria concerned like oxygen and taps/showers 
are heavily contaminated. Tap and shower components are conducive to biofilm 
especially flow straighteners and plastic. 
 
It was explained  there may have been contamination in the past  with organisms being 
flushed through the system but forming biofilm on the outlets .  
 
HIIAT Assessment 
 
The group agreed that the HIIAT should remain at RED. 
 
 
IMT 27.03.18 
 
Patient Update RHC 
 
Ward 2A 
 
The three affected patients are not giving medical staff any cause for concern. 
 
PICU 
 
No concerns regarding the patient in PICU.   
 
 
Patient Update QEUH 
 
No cases reported 
 
 
RHC Water Report 
 
Pre filter water results have came back showing numerous outlets within PICU positive 
with Cupriavidus and numerous outlets positive with Sphingomonas in NICU.  Point of 
use filters have been fitted to CWHB outlets in these areas. 
 
The group were informed that most of the positive tests are coming back as 
Cupriavidus, although these checks were all pre filter tests.  
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Positive results for Delftia has came back from testing carried out in theatres, RHC. 
LICD has requested filters are to be fitted there. 
 
RHC therefore has evidence of widespread problem 
 
Ward 4B QEUH Water Report 
 
Pre filter results from water sampling within Ward 4B QEUH have different Microbiology 
results than Ward 2A, RHC.  There is a mixture of gram negative pathogens with some 
outlets testing positive for high counts of fungal growth.  Bacteria include Delftia sp, 
Commanonas sp, Achromobacter sp and Cupriavidus. 
 
The water risers for Ward 4A and 4D have came back positive, but some of the water 
outlets are negative.  Samples from Level 6 & 7 have come back negative.  Dr Inkster 
has requested water testing on Level 5 to see if any pathogens are moving up the 
building. 
 
Overall gram negative pathogens and fungal counts some greater than 100 have been 
found throughout the QEUH and RHC sites.  Fungal counts should not be higher than 
10 and some of the gram negative pathogens are significant, particularly for 
immunosuppressed patients. 
 
Additional alerts have been put on IC net within NHSGGC to capture a suggested list of 
microorganisms associated with water at the suggestion of HPS.  These infections will 
now be monitored at least in the short term to identify and issues. 
 
Other Reports 
 
Neuro and Maternity buildings are negative for everything with counts of zero due to 
historic chlorine dioxide dosing to the water supply to the buildings. 
 
Initial typing results are showing 2 different strains of Cupriavidus.  The group will need 
to wait until the patient typing results are returned to see if they are the same. 
 
Patient pseudomonas bacteraemia is a different organism from the pseudomonas found 
from sampling.  The group has decided to exclude this patient case from the incident as 
it is not linked to any of the samples taken. 
 
Did not sample Ward 2A drains as numerous doses of Sansil has been put down the 
drains.  Ward 2B, RHC and ward 4B, QEUH have been sampled.  Both have came 
back with Stenotrophomonas , Elizabethkingia and Pseudomonas species. 
 
Current Infection Control Measures 
 
The group agreed to step down the Infection Control measures put in place for affected 
wards within the QEUH and RHC sites as point of care filters have been fitted to all 
water outlets and showers.  Patients can now use the CHWB to carry out hand hygiene 
and also use the showers if required. Patients no longer require Ciprofloxacin.   
 
For the time being BMT patients within the RHC will still have all precautions kept in 
place. 
   
This was agreed as we need to wait for quality assurance process (4 weeks testing) of 
the point of use filters. There is a quality assurance from the company but NHGS GG&C 
has not approved it.   The group said a lot of this is down to confidence and can we 
guarantee the safety of the BMT patients.  
 
Concern was expressed re the testing of filters and whether it was comparable to our 
situation with multiple bacteria and fungi. Furthermore when used in these situations 
filters  are usually  applied for a single organism problem.  There are currently 4 BMT 
patients in RHC at the moment with 1 more BMT expected to be admitted within the 
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next 4 weeks.    Addition precautions would be put in place after discussion within 
Clinical Staff W & C SMT and IPCT.  
 
*Post IMT it was agreed to proceed with BMT patients but that filters would need to be 
changed every 7 days as we have proven microbiological efficacy to that point. This will 
mean BMT patients can shower . One patient was discussed with Edinburgh but will 
come to RHC –this patient has C diff and strict IC precautions will be applied.  
 
Hypothesis 
 
There are 3 main hypothesis the group are looking into which are -  
 
Could the outlets be contaminated from a back flow from the drains.  There is currently 
no evidence of back flow from drains.  Ward 4B and 2B both have positive microbiology 
but this is different from the water results. LICD observed no backflow and noted that 
the showers, whilst they can dangle are sitting high above the drains,  The group have 
decided to exclude this as a possible issue. 
 
There is small number of organisms coming in from the main supply in low levels, which 
over time has built up and formed biofilm on the outlets 
 
Contamination of the pipes during the commissioning of the building.  Also the 
possibility that the taps had been kept in a dusty area for some time until they were all 
fitted without being cleaned. 
 
The group agreed to look into the air handling system as they use a very course filter 
that does not stop microbiology organisms. LICD stated that you would expect perhaps 
to see Gram positive organisms also and not just water associated Gram negatives.   
HFS has experience regarding this and will speak to IPCT when he gets back.  
 
Current Water Control Measures 
 
It was agreed that 12 water tests will be carried within each ward 2A and Ward 4B on a 
weekly basis.  The outlets tested will remain the same throughout the month.  Sampling 
will be carried out on a Monday so that the results will be available later on the week 
with no results coming in during the weekend.   This will be carried out for 4 weeks 
which is lifetime of the filters and then each filter will be replaced through a rolling 
program  
 
Facilities have got a table of all point of use filters and shower filters that have been 
fitted and will forward this onto the group. 
 
 
Future Preventative Measures 
 
New taps preferable without flow straightners. 
 
The introduction of a chlorine dioxide dosing of the water supply to RHC and QEUH. 
 
Filters being used on a much longer term basis in high risk wards, defined as 2A and 4B 
 
How do we clean drains throughout the RHC/QEUH sites – Dr Inkster advised using 
acetic acid and focusing on 2a and 4B first. 
 
 
HIIAT 
 
The group agreed that the HIIAT score of AMBER after the group agreed there was 
moderate risk to service and public anxiety and minor risk to severity of illness and risk 
of transmission. 
 
No further IMT are planned at this time but a separate group chaired by the Acting 
Director of facilities would be convened to look at long term solutions. 
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Section 6: Update 
On this date:       
Cumulative total of confirmed 
patient cases  

      

Cumulative total of probable 
patient cases  

      

Cumulative total of possible 
patient cases 

      

Cumulative total of staff cases  
 

      

Total number of symptomatic 
patients today 

      

Number of patients giving 
cause for concern 

      

Total number of deaths as a 
consequence of the incident 
since last HIIORT report 

      

Is the ward/services closed  
 

     

Is a service restricted  
 

     

HIIAT assessment  
 

     

Organisation update              Comments (including changes to any control measures, case definition or death) 
certification information) 
Date: 23/1/18 
 

 
 
 

Date:  
 

 

Date: 
 

 

Date:  
 

 

Date: 
 

 

 

 

 
 

Complete this update section weekly as a minimum if red or amber or as agreed with IMT and 
HPS for onward reporting to SGHSCD.  

ONCE COMPLETED, EMAIL TO:  NSS.HPSInfectionControl@nhs.net 
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