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Development and use of these guidelines

The European Working Group for Legionella Infections (EWGLI) was formed in 1986
and members of this group established a European surveillance scheme for travel-
associated infections in 1987 (World Health Organization, 1990). In 2012 EWGLI
was affiliated to the European Society for Clinical Microbiology and Infectious
Diseases (ESCMID) and as a result the name changed to the ESCMID Study Group
for Legionella Infections (ESGLI) (see

https://www.escmid.org/research projects/study groups/esqgli/).

The European surveillance scheme for Travel Associated Legionnaires’ Disease,
which was named EWGLINET in 2002, has grown in size and complexity since
1987, and now functions under an official EU Control of Communicable Disease
programme with the name of European Legionnaires’ Disease Surveillance Network
(ELDSNet) (Commission Decision 2000/96/EC).

The first edition of this guidance document was produced in 2002 to describe the
procedures for control and prevention of travel-associated Legionnaires’ disease for
participants in EWGLINET. It was produced by a small team from the surveillance
scheme and the European Working Group for Legionella Infections and agreed by all
collaborators in EWGLINET. The guidelines were submitted to the Network
Committee for the Epidemiological Surveillance and Control of Communicable
Diseases in the Community that operated under Decision No 2119/98/EC and
Commission Decision 2000/96/EC. After some modifications, the EU Network
Committee officially endorsed the document in June 2003. In 2005 the European
Centre for Disease Prevention and Control (ECDC) was established through
Regulation (EC) No 851/2004. As a disease-specific network, ECDC funded
EWGLINET from January 2007 until April 2010.

Since 2010 the European surveillance of Legionnaires’ disease has been carried out
by ELDSNet and coordinated by ECDC in Stockholm. Data are collected by
nominated ELDSNet experts for each European country and electronically reported
to The European Surveillance System (TESSy) database.

The surveillance data are from two different schemes: the first scheme covers all
cases reported from EU Member States, Iceland and Norway; the second scheme
covers all travel-associated cases of Legionnaires’ disease, including reports from
countries outside the EU/EEA.



https://www.escmid.org/research_projects/study_groups/esgli/

The aims of these two schemes differ. The main objectives of collecting annual data
on all nationally reported cases of Legionnaires’ disease are:

e to monitor trends over time and to compare them across Member States;
e to provide evidence-based data for public health decisions and actions at EU
and/or Member State level;
¢ to monitor and evaluate prevention and control programmes targeting
Legionnaires’ disease at national and European level;
e to identify population groups at risk and in need of targeted preventive
measures.
The daily surveillance of travel-associated Legionnaires’ disease is primarily aimed
at identifying clusters of cases that may not otherwise have been detected at a
national level, and enabling the timely investigations and instigation of control
measures at the implicated accommodation sites in order to prevent further
infections. About 20% of all reported cases of Legionnaires’ disease since 2005 are
travel-associated.

ECDC annually publishes reports on the results of this surveillance. These reports
can be found on the ECDC website http://www.ecdc.europa.eu/en/Pages/home.aspx

In this new edition, revisions to the technical guidelines have been prepared that
reflect developments in clinical and environmental microbiology for the detection,
control and prevention of Legionella infections and also from experience gained in
investigating incidents and outbreaks of Legionnaires’ disease as a result of
Legionella contamination and colonisation in building water systems.

This edition also updates advice on risk assessments and the management of newly
recognised sources of infection, and offers a standardised approach to procedures
for preventing and investigating Legionella infections associated with travel taking
into account the World Health’ Organisations’ approach to managing water safety
within buildings.

These guidelines aim to further harmonise these procedures among Member States.
However, national laws apply where advice on specific aspects of control and
prevention differs between these European guidelines and regulations in force in
Member States. The principles for investigation and control outlined in this document
are not restricted to travel-associated infections but can also be applied to the
prevention of Legionella infections in other situations.
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Executive summary

Legionnaires’ disease is a serious pneumonic infection caused by inhaling (or in rare
cases aspiration of) the bacterium Legionella pneumophila or other Legionella
species. Legionellosis is the term used for all forms of infections caused by
Legionella and includes not only Legionnaires’ disease but also a milder flu-like
infection, commonly known as Pontiac fever. After the first recognition of
Legionnaires’ disease occurring in people attending a hotel conference in the USA in
1976 (“Epidemiologic Notes and Reports: Respiratory Infection — Pennsylvania”,
1997), surveillance for the disease began in several countries and is now recognised
as an infection which can be acquired worldwide wherever conditions allow
legionellae to proliferate.

Community-acquired outbreaks of Legionnaires’ disease are most commonly
associated with aerosols generated by evaporative cooling towers. Wet cooling
towers and evaporative condensers are used for comfort cooling in commercial
buildings, hotels, etc., and for cooling industrial processes.

Legionella are also frequently found in building water systems, particularly in hot and
cold distribution systems in large and complex buildings such as hotels, hospitals,
office blocks, multi-occupancy accommodation buildings, commercial buildings,
shopping malls and passenger vessels.

Legionella are also associated with causing infections from other systems such as
spa pools and hot tubs including those on display. However, any system or
equipment which contains, stores or recirculates non-sterile water' and has the
potential to be aerosolised is a potential source of legionellosis. In rare cases
legionellosis may also be acquired by aspiration.

Legionnaires’ disease principally affects older adults. Those with risk factors
including increasing age, smoking, immunosuppression and underlying diseases
such as diabetes are at increased risk from the disease. The case fatality rate for
community-acquired cases is currently around 10% and despite the availability of
appropriate antibiotic treatment a certain number of deaths are recorded each year
in otherwise healthy persons with no known underlying risk factors.

For a number of reasons people travelling to holiday destinations are particularly at
risk, and such cases account for up to half of the cases reported from some
European countries?. Through extensive media coverage, the public has become
increasingly aware of Legionnaires’ disease and the specific risks associated with
travel, cruise ships and hotel stays. It is therefore important that early pan-European
intervention and action should protect the public against the risks of infection.
However, the acquisition of legionellosis is not limited to travel-associated buildings,

! Disinfected water is not sterile; disinfection reduces the number of microorganisms but does not
eliminate them.

% Risk factors may include, but are not limited to, seasonality of holiday venues which can lead to an
increase in the risk of stagnation and biofilms that support Legionella growth, and an increasing
number of older travellers; holidaymakers are more likely to use spa pools and swimming pools with
water features and to visit warmer climates where cold water temperatures are in excess of 20°C.




which include campsites, ships, etc. but may be acquired from any water system
which is not maintained and controlled to minimise the risk of infection. These
guidelines may be applied to all public and industrial sites with water systems which
could produce aerosols of contaminated water.

The guidelines are in four parts (summarised below) and provide technical guidance
for those involved in the design, installation, commissioning, risk assessment and
management of building water systems. They are especially intended for those
carrying out investigations following the reporting of cases of Travel Associated
Legionnaires’ disease, during the investigation of Legionnaires’ disease outbreaks
and the implementation of remedial works and control measures. It is important that
these guidelines should be read in conjunction with the ELDSNet operating
procedures (European Centre for Disease Prevention and Control, 2012).

Part 1: Procedures for the risk assessment, environmental
investigation and the control and prevention of Legionella in water
systems

This part summarises the factors to be considered in the risk assessment for both
hot and cold water systems and evaporative cooling systems and includes:

e the responsibilities of the individuals concerned, assessment of their
competence and training requirements;

e governance and management structure;
e factors promoting the growth of legionellae;

e the types of water system to be considered and associated
documentation together with the systems for implementing and
monitoring the control scheme.

It also details the items that should be included in the written scheme for the control
of the risk and the need for regular review of the control measures including the role
of microbiological sampling. The responsibilities of manufacturers, importers,
suppliers and installers are also detailed. It includes useful checklists for inspections
and the summary 15-point plan for managing Legionella, which can be used as a
useful tool for assessing water safety management.

Part 2: Methods for the investigation and control of an outbreak of
Legionnaires’ disease in a hotel, other accommodation sites and
other public buildings

This part briefly outlines the procedures for investigating an outbreak, with an
emphasis on reviewing the risk assessment and monitoring results, sampling for
Legionella and considering the emergency and long-term remedial measures for
control. Note: investigators should carry out a personal risk assessment and ensure
they have appropriate personal protective equipment for carrying out investigations.
Fans within evaporative cooling towers, fountains and other devices producing an
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aerosol should be switched off before inspecting to allow time for aerosols to settle
(this time can be usefully used to check paperwork).

Part 3: Technical guidelines for the control and prevention of

Legionella in water systems

Since the publication of the WHO’s Water Safety in Buildings in 2011 (Cunliffe et al.,
2011), the Water Safety Plan (WSP) approach is being adopted worldwide as the
most effective way to minimise risks from poor water quality from source to point of
use. It is a preventive approach which aims to identify weak points in a system where
waterborne hazards could enter and which might increase within the system to levels
which pose a risk to users and anyone else who may be exposed. The WSP utilises
a risk assessment to inform a multidisciplinary Water Safety Group (WSG), which
uses the information to develop a management scheme to manage the hazards and
mitigate the risks by implementing appropriate remedial works and control measures.
The WSP approach also includes supporting programmes such as verification
monitoring, appropriate documentation and record-keeping, training and
communication.

This approach is not just limited to evaporative cooling and water in distribution in
isolation but also includes all associated systems and equipment including pools and
equipment used, for example, in leisure complexes including hair and beauty
therapy.

The implementation of WSPs including the development of a WSG brings together
all those who have an influence on how water is used and managed. This ensures
good communication, facilitating a better understanding of factors which can
adversely affect water quality (such as types of user and areas that are not being
used or that have temperature restrictions, problems, etc). The WSP also includes:

e an up-to-date description of each system together with a schematic
diagram;

e arisk assessment which includes identifying the types of water systems;

e an up-to-date management plan to control the risks which also identifies
the monitoring programme to ensure the controls are effective;

e areview of governance procedures including the management structure,
the responsibilities and accountabilities of the individuals concerned;

e training requirements and measurement of competence; and

e plans for dealing with foreseeable predictable events such as adverse
results or a case (or cases) associated with critical failures in the system
(e.g. major equipment failure such as a biocide dosing pump).

This part also provides the technical background to the control measures commonly
applied to hot and cold water systems, cooling systems and spa pools, including:

o features of the design and construction;




e management of the systems during commissioning, recommissioning and
normal operation and following adverse monitoring results.

These guidelines should be regarded as one example of good practice, which may
not be entirely consistent with guidance produced in some other European countries
because of legal requirements or constraints within individual countries. It is,
however, a useful model to follow. National legislation should always be adhered to
where relevant; but where legislation exists, these guidelines can also be used to
enhance investigations.

This section also gives an overview of design, construction, operation and control of
cooling systems with cooling towers or evaporative condensers, including the
methods of cleaning and disinfection, biocide regimes and the use of chemical and
microbiological monitoring. The design, construction, operation and control of spa
pools are also detailed.

Part 4: Treatment methods for different water systems

This part emphasises the need for temperature control in hot and cold water systems
along with good maintenance and where necessary, regular disinfection and
cleaning. It also:

e describes the use of heat and biocides used for the disinfection and
control of growth of Legionella in hot and cold water systems;

e describes treatment regimes for spa pools; and
e considers some alternatives.

Brief information is also given on the use of biocides for the regular control of cooling
systems.

This part also provides information on the use of alternatives such as chlorine,
chlorine dioxide and chloramine and copper/silver ionisation. However, the use of
some biocides and concentrations of biocide and disinfectant by-products may be
regulated at European and/or national level and these must be adhered to.

10
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Part 1: Procedures for the risk assessment, environmental
investigation and the control and prevention of Legionella in water
systems

Introduction

1.1

This part of the guidelines outlines the general principles of the procedures that
should be followed in order to carry out a risk assessment including reviewing
the effectiveness of control measures against the proliferation of legionellae in
an establishment such as a hotel or other public building. It must be
emphasised that, for the effective prevention of Legionnaires’ disease, risk
assessments and control measures must be implemented proactively and not
merely in response to a case or cluster® of cases of Legionnaires’ disease. If
proactive management is in place and a single case is associated with the
establishment, it should only be necessary to ensure that an adequate up-to-
date risk assessment is in place and all the control measures are operating
correctly and consistently. However, following a cluster of cases — or if
proactive management cannot be demonstrated — it will be necessary to carry
out a thorough review of the risk assessment and improve and validate control
measures where indicated. It is important to note than in premises which have
been associated with cases, merely complying with legislation and or
guidelines may not be sufficient to mitigate the risk of further exposure, and
more stringent controls may need to be implemented and validated to ensure
they are effective with more frequent ongoing verification of control measures
to ensure they remain effective.

Legal background

1.2

According to the European Agency for Safety and Health at Work (2011), most
European countries have adopted public health policies against Legionella
based on Directive 2000/54/EC on the protection of workers from risks related
to exposure to biological agents at work. For management of Legionella risk on
ships, the EU SHIPSAN ACT Joint Action (2016) has produced downloadable
guidance that deals with the threat from biological agents including Legionella.

Scope

1.3

These guidelines apply primarily to the control of Legionella in premises likely
to be associated with travel-associated cases of Legionnaires’ disease (e.qg.
hotels, holiday apartments, campsites, cruise ships, leisure centres and trade
shows and exhibitions). However, they may also be applied to any public
buildings or building including where there is an undertaking involving a work
activity and to premises in connection with a trade, business or other

® A cluster of travel-associated cases of Legionnaires' disease is defined as at least two cases being
associated with the same accommodation site within two years.

11
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undertaking where water is used or stored (e.g. manufacturing premises and
commercial premises such as restaurants, shops and shopping malls). These
guidelines should be read in conjunction with the technical notes in Part 3.

Identification of risk systems
1.4 A reasonably foreseeable risk of exposure to Legionella exists in buildings with:

e water systems incorporating an evaporative cooling tower and/or
evaporative condenser;

e hot and cold water distribution systems;
e natural thermal springs and their distribution systems;

e spa pools (also known as hot tubs), whirlpool spas (they are also often
referred to as Jacuzzis; however, this is a trade name and should not be
used generically), water used in health and beauty treatments, etc.;

e other systems including humidifiers, fountains and water features, and
industrial water systems (e.g. air washers, wet scrubbers, vehicle
washers, wastewater treatment plants/systems, misting devices and
horticultural sprinkler systems);

e any other plant, systems or equipment containing water that is likely to be
between 20°C and 45°C which may release a spray or aerosol (i.e. a
cloud of droplets and/or droplet nuclei) during operation or
demonstration, or when being maintained;

e any plant or system which uses water from a non-potable source (e.g.
river water for evaporative cooling systems).

Information note

Temperature is one of the most important environmental factors influencing the
growth of legionellae in water systems with growth occurring between 20°C and
45°C. While it is acknowledged that in many countries incoming cold water
temperatures below 20°C may not be achievable, the risk assessment should
consider the potential risk of infection which increases as the rate of growth
increases with increasing temperature.

In hot water if temperatures fall below 45°C, legionellae will grow and although
above 40°C many heterotrophic bacteria found in water which support the growth of
legionellae start to die, legionellae can still grow relatively quickly inside
thermotolerant amoebae.

Proportionality
1.5 Not all of the systems listed above will require elaborate risk assessments and
control measures. For smaller low-risk systems, the risk assessment may
conclude that that there is no reasonably foreseeable risk or that the risks are
insignificant and being managed properly. No further action may be required at

12
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this stage, but existing controls must be maintained. However, it is still
advisable to make a record of the findings and review at regular intervals to
make sure there have been no changes which could impact on the risk
assessment findings.

Responsibility for Legionella control within buildings

1.6

1.7

1.8

1.9

1.11

The responsibility for ensuring that water systems are managed to reduce the
risk of infection falls upon:

¢ the building owner/employer where there are risks from their business to
their employees, visitors or others; or

¢ a self-employed person where there is a risk from their business to
themselves or to others; or

e the person who is in control of premises or systems where there is a risk
present from systems in the building (e.g. where a building is let to
tenants but the landlord is responsible for its maintenance); or

e the person who is in control of premises used by visitors and the like for
overnight accommodation (e.g. hotels, holiday apartments and
campsites).

Where a risk assessment has identified there is a risk of legionellosis and it is
reasonably practicable to prevent or control that risk, the person on whom the
duty falls (see paragraph 1.6) should appoint a competent person or persons to
take day-to-day responsibility for ensuring the systems are managed safely (i.e.
the responsible person or appointed WSG (see paragraphs 1.9-1.11)).

In large buildings, especially where there are multiple and complex systems,
one person may not have all the necessary skills to identify and manage the
risks of waterborne infections including Legionnaires’ disease; the WHO
(Cunliffe et al., 2011) recommends a multidisciplinary WSG is appointed which
includes, for example, a microbiologist, environmental health officer, water
engineer and water treatment specialists depending on the systems and
vulnerability of the users on each site.

The responsible persons should be senior enough with sufficient authority and
access to funds and also the competence and knowledge of the installation to
ensure that all operational procedures, responses to adverse results and
remedial works are carried out in a timely and effective manner.

It is important that the responsible persons/WSG should be familiar with the
systems under their management and have a clear understanding of their
duties and the overall health and safety management structure, governance
arrangements and policy in the organisation.

Where the necessary expertise is not available in-house, it may be necessary
to appoint people with the necessary competence from external sources (see
paragraphs 1.46—1.48). In such circumstances, all reasonable steps must be

13
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taken to ensure the competence of those providing advice and carrying out
work that are not under the direct control of the responsible person. Good
governance with clear lines of responsibilities and communication between the
responsible person and any contractors/consultants appointed should be
agreed, properly established and clearly documented.

Carrying out a risk assessment

1.12

To be able to carry out a risk assessment, the assessor should be competent
and be familiar with the type of systems to be assessed and consider the
system as a whole. They should be aware of the factors which increase the risk
of legionellosis and the control measures appropriate for the individual systems
in question. Both human and environmental risk factors need to be considered
and these are discussed below.

Human susceptibility factors

The likelihood of acquiring Legionnaires’ disease is greater in individuals who
are more vulnerable because of age or underlying disease. Legionnaires’
disease principally affects older adults; men are more likely to acquire
Legionnaires’ disease than women with a ratio of approximately 3:1. Those
who are most at risk include:

e smokers;
e those over 50 years of age — the risk increases with increasing age;

e those who have depressed immune systems as a result of illness or
treatment;

e those with underlying chronic diseases such as diabetes and chronic lung
and heart disease (European Centre for Disease Prevention and Control
(ECDC), 2016).

The case fatality rate for community-acquired cases is currently 10% and
despite the availability of appropriate antibiotic treatment a certain number of
deaths are recorded each year in otherwise healthy persons with no known
underlying risk factors.

Environmental risk factors

The risk of legionellosis associated with a water system or piece of equipment
utilising water is dependent on its design, installation, commissioning,
operation, management and maintenance. The more complex the system, the
greater the likelihood of colonisation either within the system or within areas
and/or components in, or attached to, the system.

Where water is present, which can, at any time, be within the range of 20°C to
45°C, there is the potential for Legionella to be present and grow unless there
are precautions in place to prevent or control its growth. Infection most

commonly occurs when Legionella are disseminated in aerosols derived from
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sprays and inhaled deep into the lungs. In rare cases Legionnaires’ disease
can be acquired by aspiration®, usually in hospital patients, but can also occur
in certain vulnerable groups who have swallowing defects such as those with
motor neurone disease, stroke patients and very elderly people.

1.17 The risk of legionellosis is present when:

e there are conditions suitable for microbial growth to levels which may
cause infection, for example:

o

o

o

a suitable temperature for growth (20°C to 45°C),
poor or no flow,

where they may be ingress from cross-connections especially during
maintenance,

where there is inadequate backflow protection,

where there are inappropriate materials providing a source of nutrients
for growth and biofilm formation including sludge, scale, rust, algae
and other organic matter,

where there is a means of creating and disseminating inhalable
droplets such as the aerosol generated by an evaporative cooling
tower, operating a tap, showering, operating a spa pool or indoor
fountain, or flushing a toilet,

where there is the potential for contamination from poor source water
quality and absence of point-of-entry (POE) treatment, for example
where supply quality is:

— not from a public utility
— not of consistent potable quality
— intermittent or through a bowser or other supply method.

Information note

It is important to recognise that while Legionella may have been expelled from the
source within a water droplet, by the time they are inhaled deep into the lungs the
liquid component will have largely evaporated, leaving very small particles of
between approximately one and three micrometres (1—3 pum) which are not visible to

the naked eye.

Assessment of risk
1.18 The following paragraphs provide a summary of risk factors for typical systems.
These factors should be considered, when applicable, when carrying out the
technical risk assessment for typical systems. More detailed checklists of items

* Aspiration occurs when water enters the lungs instead of the gullet when swallowing commonly
referred to as “going down the wrong way”

15
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to be considered for different systems and the inspection frequency checklists
for the different systems are given in this part and at the end of Part 3.

The risk assessment should cover all aspects of operation and ensure that the
system is working efficiently and safely by checking:

Design: good design can minimise the risk of causing Legionnaires’
disease by:

o ensuring systems such as evaporative cooling systems are enclosed
as much as possible to prevent aerosol egress;

o ensuring that the system design limits the potential for heat transfer
and ensures good flow to all parts of the system;

o ensuring that there is sufficient space and access for cleaning and
maintenance.

Potable quality water at point of entry and during storage: having a
continuous, good quality potable supply entering the system. Point-of-
entry treatment may be necessary where supplies are intermittent, high in
particulates or not of consistent drinking water quality. Stored water
should be held for the minimum time, ideally less than 24 hours, to avoid
microbial growth and temperature gain and there should be cross-flow
within the tanks so there are no stagnant areas. However, in areas where
there are water shortages, this may not be achievable. In such cases
other control measures (e.g. chlorination) should be put in place.

Good hygiene practices to minimise the risk of contamination
during installation and commissioning:

o ensuring systems are installed and commissioned to minimise the
potential for microbial colonisation and growth;

o minimising the potential for ingress of dirt by ensuring components
and pipework is suitably protected and capped as appropriate;

o ensuring that new components and equipment (including spa
pools/hot tubs) which have been tested with water without adequate
precautions to prevent colonisation are disinfected before installation
or alternative testing regimes are used where safe to do so (e.g.
pressure-tested with gas or sterile water, or disinfected following
testing).

The timing of commissioning and occupation to ensure that the
length of time the building was unoccupied was minimised
following system filling: ensuring that during commissioning the system
is filled with water as close to occupation and normal use as possible,
flushed to remove nutrients which may be present following construction
and/or installation, and disinfected will minimise the risk of colonisation.
In large buildings, especially those requiring extended fit-out times, the
systems and any attached equipment should be flushed regularly (at
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least weekly) to keep water moving as though the building was in normal
use.

o Water flow in all parts of the system: avoiding water stagnation and
low flow. Stagnation may encourage the growth of biofilms (slimes that
form on surfaces in contact with water) which can harbour Legionella and
provide local conditions that encourage its growth. Areas which
encourage stagnation include:

areas with low or no flow such as oversized storage tanks;

O

dead-legs including outlets not used for longer than a week;

(@]

blind ends (capped off lengths of pipework with no flow);

O

o equipment attached to the system which is infrequently used.

¢ Materials and components: avoiding the use of materials and
components in the system that can harbour or provide nutrients for
bacteria and other organisms — e.g. natural compounds such as rubber
washers, and jointing compounds including hemp and flexible hoses lined
with materials that support growth and which may become constricted
when fitted.

e Management and maintenance: keeping the system clean to avoid the
accumulation of sediments which may harbour bacteria (and also provide
a nutrient source for them) and ensuring that the system operates safely
and correctly and is well maintained.

¢ Implementation of an effective scheme of control:

o suitable temperature control — avoiding water temperatures of
between 25°C (ideally 20°C if achievable) and 50°C (preferably 55°C)
in any part of the system for any period of time is a particularly
important factor in controlling the risk.

o validated water treatment regime — if the temperature regime
cannot be achieved in all parts of the system, installing a suitable and
validated water treatment programme where it is appropriate and safe
to do so.

o monitoring — ensuring that appropriate parameters are being
monitored, that target levels are consistently reached and that timely
and effective remedial actions are carried out.

For the risk assessment of evaporative cooling systems, see also paragraph 1.56.

Risk assessor requirements
1.20 Those carrying out risk assessments should have an understanding of the
factors which lead to the colonisation and growth of waterborne pathogens,
including Legionella, and how these can be prevented or controlled. The
person conducting the risk assessment should therefore be familiar with the
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type of system to be assessed and be competent to assess risks present of
exposure to Legionella in all systems on the site and the effectiveness of
control measures. If microbiological samples are to be taken as part of the risk
assessment process, the assessor should have been trained to know how and
when to take samples and where to take them from.

Scope of risk assessment
Information note

While Legionella pneumophila serogroup 1 is the strain most associated with
causing community-acquired cases, the detection of other strains of Legionella in
routine testing does not necessarily mean the risk is reduced. This is because during
routine testing only a minority (maybe as few as one or two colonies on a culture
plate) will be tested. For outbreak investigations public health laboratories will take
multiple picks, but to be sure that the outbreak strain has not been missed around 30
picks for confirmation will be necessary.

1.21

1.22

1.23

1.24

The risk assessment should also include a check of the governance
arrangements to ensure that appropriate chains of accountability and
communication are in place for the organisation with a clear definition of roles
and responsibilities to appropriately manage risks associated with all water use
on site.

The risk assessment should take account of all plant/equipment and
components and any equipment associated with, or connected into, the system
(all associated pipework, pumps, feed tanks, valves, showers, heat
exchangers, quench tanks, expansion vessels, chillers, pools, whirlpool baths,
recreational hair and beauty equipment, etc.).

It is important that the functioning of the system and associated equipment is
considered as a whole and not in isolation (e.g. considering a cooling tower
without taking the supply water quality into account). A risk assessment of a
water system cannot be completed if access is not available to all areas of the
system including plant rooms, rooftop cooling towers and balance tanks. An
assessment which excludes part of the system is not valid, suitable or
sufficient.

Within distribution systems used on a seasonal basis such as in hotels, cruise
ships, campsites, leisure complexes, etc., dead-legs, blind ends and parts of
the system used intermittently, including sections of buildings that are closed in
low season, also need to be included as part of the system since they can
create particular problems with microbial colonisation and growth going
unnoticed. There should be a procedure for safe decommissioning and
recommissioning. Once brought back on-line, mothballed systems can release
high levels of contamination which might overload the water treatment regime
and result in dissemination of Legionella throughout the system.
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Risk assessment requirements
1.25 The risk assessment should provide adequate information for the user and the
investigator about the risks from each system and the measures necessary to
ensure that the water systems are safe and without risks to health. The risk
assessment is a critical component of a WSP (see paragraphs 3.3-3.6) and
should be regularly reviewed and updated. Checks should be made to ensure it
includes consideration of:

¢ the identification of all the water systems and associated equipment and
components to be considered (asset register);

e the temperature of the incoming water (at the warmest time of the year)
and throughout all parts of the system including an assessment of the
potential for thermal transfer;

e the potential for aerosol generation;
e an up-to-date and valid schematic diagram;

e an assessment of the vulnerability of persons likely to be exposed,
especially when there may be exposure sources which cannot be treated
(such as natural spas in some countries);

e identification of areas which may not be used consistently (e.g. seasonal
occupation or use in hotels rooms, sports pavilions and changing rooms
or where water storage vessels have no or low turnover);

e assessment of each system for points where contamination could
enter/occur including during maintenance;

e assessment of factors and or materials present which could promote the
growth and dissemination of legionellae and other waterborne hazards;

e assessment of the effectiveness of the current control measures and the
monitoring programme put in place to verify ongoing control, including:

o the results of on-site monitoring such as biocide levels, pH,
temperature, turbidity, dissolved solids and dip slides (for cooling
towers) together with the results of laboratory-determined
microbiological and chemical parameters (e.g. Legionella and
heterotroph counts (TVC), chlorine dioxide, and copper and silver
concentrations (where used)),

o recommendations for improvement where needed,

o Wwhether remedial actions have been taken as recommended in the
risk assessment,

o appropriate and timely actions taken follow an adverse monitoring
result;

e areview of governance procedures and the chains of communication are
in place and up to date, including the management structure, the
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responsibilities and accountabilities of the individuals concerned, their
training requirements and measurement of competence.

Survey

1.26 A site survey should be carried out to identify and assess all potential sources
and the risk of exposure to Legionella in all premises. For example, a hotel risk
assessment may include:

e all hot and cold distribution systems;

e any evaporative cooling;

e water in leisure facilities including pool water systems;
o water features and the like;

e water associated with health and beauty salons such as hairdressing
stations and hydrotherapy treatments.

1.27 The assessment (see paragraphs 1.18-1.19) should include a full inspection of
each relevant system to identify and evaluate potential sources of risk and how
exposure to Legionella is to be prevented (e.g. replacing an evaporative
cooling tower with a dry system or the closure of non-critical systems such as a
spa pool or fountain).

Note

Those inspecting systems and taking samples should be familiar with all aspects of
the system to be assessed and appropriate systems of control. It is particularly
important that the hydraulics of all the circulating systems are understood and fully
investigated. Adequate flow throughout all parts of a system is an essential
component of water system control, and each system should be checked to ensure
there are no areas where flow is not maintained so that the temperatures and biocide
levels required for effective control cannot be achieved throughout the system.

1.28 The individual nature of each site should be taken into account. The site survey
should include an asset register of all associated plant and equipment (e.g.
pumps, strainers, thermostatic mixing valves (TMVs) and other relevant items).
It should then be decided which parts of the water system’s specific equipment
and services are likely to pose a risk to those exposed. The effectiveness of the
precautionary measures to reduce the risk should be also assessed for each
system —i.e. is the risk from exposure to Legionella effectively controlled?

Documentation review
1.29 The fully documented record of the risk assessment should be kept and linked
to other relevant health and safety records together with all records of
monitoring and should also include records of any remedial work carried out on
each system and who carried out the work. This can be maintained in the form
of a system logbook. The assessment of the documentation should include:
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A review of the documentation of the risk assessment and the systems
for implementing and monitoring the control scheme and detail which
items should be included in the written scheme for the control of the risk.

The timing and triggers for regular review of the control measures,
including the role of real-time system monitoring and microbiological
sampling.

An assessment of the training and competence of staff and contractors to
carry out their task effectively.

Checks on the procedures in place to deal with foreseeable predictable
events.

Assessment of cleaning and disinfection procedures. with a description of
the operation of the water system plant to ensure that adequate control is
maintained including checks of warning systems and diagnostic systems

in the event of system malfunction together with remedial measures to be
implemented.

Commissioning and recommissioning procedures.

Shutdown procedures and opening procedures following temporary
shutdown (e.g. during winter).

Maintenance requirements and frequencies.
Operating cycles — to include when the system plant is in use or idle.

Foreseeable breakdowns in key components (e.g. a chemical dosing
pump).

Actions when a case of Legionnaires’ disease is associated with the
building.

Foreseeable predictable events likely to result in poor water quality (e.g.
areas which are prone to flooding, drought and intermittent water
supplies).

The implementation of the water system control scheme should be
regularly and frequently monitored and all persons involved in any related
operational procedure should be properly supervised. Staff
responsibilities and lines of communication should be properly defined
and clearly documented.

Arrangements have been made to ensure that appropriate staff are
available during all hours when complex water systems are in operation.
The precise requirements will depend on the nature and complexity of the
water system. Appropriate provision should be made to ensure that the
responsible person or an authorised deputy can be contacted at all times.
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Note

Communication and management procedures are particularly important where
several people are responsible for different aspects of the operational procedures.
For example, responsibility for applying precautions may change when shift work is
involved, or the person who monitors efficacy of a water treatment regime may not
be the person who applies it. In such circumstances responsibilities should be well-
defined in writing and understood by all concerned. Lines of communication should
be clear, unambiguous and audited regularly to ensure they are effective. This also
applies to outside companies and consultants who may be responsible for certain
parts of the control regime.

e Call-out arrangements for persons engaged in the management of water
systems that operate automatically are maintained. Details of the contact
arrangements for emergency call-out personnel should be clearly
displayed at access points to all automatically or remotely controlled
water systems and control equipment. These should be regularly
reviewed to ensure they are up to date.

Low risk systems

1.30

In buildings where the assessment has demonstrated that there is no
reasonably foreseeable risk or that risks are insignificant and unlikely to
increase, no further action may be required. However, there should be
available a written record of reasons leading to this conclusion, which should
be kept. There must also be a regular review to ensure there have been no
significant changes/alterations or additional water sources brought on to the
site which may change the assessment. If the situation changes, the
assessment should be reviewed and any necessary changes implemented.

Managing the risk: management responsibilities, training and
competence

1.31

Inadequate management, lack of training and poor communication have all
been identified as contributory factors in outbreaks of Legionnaires’ disease.
Management and communication procedures should be regularly reviewed and
appropriate checks should be made of those who have been appointed to carry
out the risk assessments and any control measures to ensure they are suitably
informed, instructed and trained and that their suitability has been assessed.
The assessment should include the following:

a. To check whether staff have been properly trained to a standard that
ensures that tasks undertaken are carried out in a safe and technically
competent manner.

b. To check whether regular refresher training has been undertaken and
records of all initial and refresher training are up to date and have been
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maintained. It is recommended that an understanding of the system is
established through dialogue and reliance is not put solely on certificates.
Merely proof of attending a course is not sufficient to establish
competence. Training is an essential component of competence; it is not
the only component — it is also essential to have sufficient experience,
knowledge and other qualities that are required to undertake a job safely.

c. Competence assessments: competence is dependent on the needs of
the situation and the nature of the risks involved, but it is essential that
those carrying out key tasks in water system management, including any
operational tasks and monitoring, understand the reasons for monitoring,
what the target levels should be and what action to take when results are
out of the target range. Periodic checks should be made to ensure
competence is maintained.

Risk assessment review

1.32

The risk assessment should be reviewed regularly (at least every two years) or
whenever there has been a significant change which means there is reason to
suspect that it is no longer valid, such as:

e changes to the water system;

e changes to the frequency of use of water systems or associated
equipment or the type of use;

o the availability of new information about risks or control measures;

o if the results of checks indicate that control measures are no longer
effective;

e changes to key personnel;

e acase or cases associated with the premises.

Preventing or controlling the risk: the scheme of control

1.33

1.34

Once the risk has been identified and assessed, a written scheme should be
prepared for preventing or controlling it. In particular, it should contain such
information about the system as is necessary to ensure the risks from exposure
are minimised as far as reasonably practical. The written scheme should
specify the measures to be taken to ensure that it remains effective, together
with procedures for remedial action in the event that the control scheme is
shown to be ineffective. The primary objective should be to avoid the
conditions that permit legionellae to proliferate and to avoid creating a spray or
aerosol. If it is practicable to prevent a risk by replacing a piece of equipment
that presents a risk with one that does not, this should be done.

The written scheme of control should give details on how to use and carry out
the control measures and water treatment regimens including:
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the physical treatment programme (e.g. the use of temperature control for
hot and cold water systems);

the chemical treatment programme, including a description of the
manufacturer’s data on effectiveness, the concentrations and contact
time required; the management of breakdown products, and data
verifying that these measures are effective in the system being
considered;

health and safety information for the storage, handling, use and disposal
of chemicals;

system control parameters (together with allowable tolerances): these
parameters may be physical, chemical and microbiological, together with
measurement methods and sampling locations, test frequencies and
procedures for maintaining consistency;

remedial measures to be taken in the event that the control limits are out
of the acceptable target range, including lines of communication to be
followed:;

cleaning and disinfection;

emergency procedures.

Review of control measures — monitoring and routine inspection
See also paragraphs 1.58—1.60 on inspecting hot and cold water systems.

1.35

If precautions are to remain effective, the condition of the system and
performance of the control measures will need to be monitored. This should be
the responsibility of the responsible person/WSG or, where required, a
competent external contractor or an independent third party and should involve
a system for:

checking the performance of the system and its component parts;

inspecting the accessible parts of the system for damage and signs of
contamination, scale and corrosion;

reviewing monitoring results to ensure that the treatment regime
continues to control the system to the required standard. The frequency
and extent of routine monitoring will depend on the operating
characteristics of the system, but some should be carried out at least
daily — e.g. checking that there is sufficient biocide available and that the
usage is within normal limits;

testing of water quality, which is an essential part of the verification of the
treatment regime, especially in cooling towers and spa pools. This may
be carried out by a service provider (e.g. a competent water treatment
company or consultant) or else by the operator, provided they have been
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trained to do so and are properly supervised. The type of tests required
will depend on the nature and usage of the system;

¢ the routine monitoring of background bacterial counts (total viable count
(TVC)) in evaporative cooling towers and spa pools. This is also
appropriate as an indication of whether microbiological control is being
achieved and whether a disinfection procedure has been effective. This
can also be useful for verifying that a system or tank disinfection has
been effective if samples are taken before disinfection and then again at
least 48 hours after disinfection®;

e periodic sampling and testing for the presence of Legionella based on the
risk assessment. This may also be appropriate as an indication that the
control measures are effective.

Microbiological monitoring

1.36

1.37

It is important to understand a sample taken from a water system is only a
small proportion of the total system volume and that a negative Legionella
result does not necessarily mean the entire system is safe and under control.
Microorganisms are not uniformly distributed throughout the water system all
of the time, especially in areas of poor flow and stagnation or where controls
are not effectively maintained. Generally, water samples should be taken for
routine sampling as the results are comparable over time and are therefore
useful for trend analysis. However, in investigations, or when following up
adverse results, swab samples may be a useful addition. There are many
published methods for the detection of Legionella from water samples including
those in both international and national standards. The International
Standardization Organization (ISO) produces standard methods including for
the detection of Legionella by culture (ISO 11731). Within Europe, CEN — the
Committee for European Standardization (Comité Européen de Normalisation)
— is recognised as competent in the area of voluntary technical standardisation
and is listed in Annex | of European Directive 98/34/EC. CEN has adopted
these I1SO standards for use within the EU. This means that standards bodies
in countries within the EU must adopt them for use. Most published methods
are optimised for the growth of Legionella pneumophila serogroup 1 as this
was the first species to be recognised and is the type species which accounts
for approximately 90% of all outbreaks. Any methods used which deviate from
EN ISO 11731 (International Organization for Standardization, 2017) should be
validated using ISO 17994 (International Organization for Standardization, 2004).

Samples should be taken in accordance with nationally and internationally
accepted methods (e.g. the international standard ISO 19458 (International
Organization for Standardization, 2006)) or national guidance (e.g. in the UK, BS

® Samples should not be taken before 48 hours following disinfection as this may lead to a false
negative result. Injured microorganisms may not grow if the tests are carried out immediately but may
recover and continue to grow after a period of recovery.
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1.38

1.39

7592 (British Standards Institution, 2008); BS 8554 (British Standards Institution,
2015)) and sent to laboratories which hold ISO 17025 accreditation
(International Organization for Standardization, 2005) for the tests required within
the scope of accreditation (e.g. for Legionella by culture 1ISO 11731
(International Organization for Standardization (2017)).

The sensitivity of the method should be such that the laboratory can reliably
recover 100 cfu/ litre or less. The laboratory’s ability to recover viable cells is
critically dependent on the time delay between sampling and culture, and care
should be taken to avoid exposure of samples to adverse temperature
conditions (e.g. freezing or overheating).

Accredited laboratories should take part in a nationally or internationally
approved external quality assurance scheme for Legionella testing from water
samples. Where oxidising biocides are used (e.g. chlorine, bromine and
chlorine dioxide), the sample bottles should contain an effective neutraliser
such as 18 mg/l sodium thiosulphate to prevent the biocide present at the time
of sampling from continuing to work until the samples are processed in the
laboratory (for sampling advice, see paragraphs 2.3-2.26). When non oxidising
biocides are used it is important to inform the laboratory so that it can ensure
the samples are processed as soon as possible after receipt in the laboratory
because non-oxidising biocides cannot be effectively neutralised. Samplers
should also make a note on the sample submission form when non-oxidising
biocides are used. The microbiologist interpreting the results of samples from
systems with non-oxidising biocides should take into account the timing of the
last dose of biocide and the time interval from sampling to testing.

Alternative methods

1.40

1.41

For culture methods, laboratories should use the current ISO method; EN ISO
11731:2017. Molecular methods such as quantitative polymerase chain
reaction (g-PCR) can give a same-day result, which is valuable in
investigations, especially when used to exclude potential sources.

ISO/TS 12869 has been developed for the use of g-PCR with water samples
(International Organization for Standardization, 2012). Where it is proposed to
use alternatives, these should be validated to show they perform at least as
well as the culture method. Reliably detecting the presence of Legionella is
technically difficult whether by traditional culture methods or molecular
detection, especially where the methods require specialist laboratory facilities.
The interpretation of results is also difficult; a negative result is no guarantee
that legionellae are absent and does not mean that the water is safe.
Conversely, a low local count may not indicate a failure of system controls.

The use of g-PCR for the detection of Legionella has posed some difficulties
for interpreting results in the context of compliance with guidelines. Within
legislation and guidelines, target levels are based on culture which are
normally expressed in terms of colony forming units per litre (cfu/l) while those
of g-PCR are expressed as genome units per litre (GU/I). This difference has
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sometimes led to confusion as these results are not interchangeable for a
variety of reasons (see paragraphs 2.27—2.28).

Interpretation of results
1.42 Itis essential, therefore, that a suitably experienced and competent person
should interpret the results of monitoring and testing in the context of where
and when the sample was taken, taking into account the levels and timing of
any biocide treatment and the temperature of the water at the time of sampling.
Where necessary, any remedial measures should be carried out promptly and
verification obtained that they have been effective.

External audit

1.43 An external competent person should audit the risk assessment and operation
of the control measures regularly (at least every two years) and also if there
has been a case or cluster of cases linked to the system.

Record-keeping
1.44 The responsible person(s) should ensure that appropriate records are kept,
including details of:

e the person or persons responsible for conducting the risk assessment
and managing and implementing the written scheme;

¢ the findings of the risk assessment;
¢ the control scheme and details of its implementation;
e details of the state of operation of the system —i.e. in use/not in use;

e the results of any validation, monitoring, inspection, test or check carried
out, and the dates;

e all personnel concerned with the running and maintenance of the system
and their training records.

1.45 Records should be retained throughout the period for which they remain
current and for at least two years after that period except for records relating to
monitoring and inspection which should be kept for five years.

Contractor obligations

Competence of risk assessors

1.46 Persons who are contracted to give advice pertaining to system water safety,
carry out system risk assessments and who draw up, implement and monitor
precautionary measures should have the ability, experience, instruction,
information and training on the specific systems to be assessed. They should
also possess the required resources to allow them to carry out their tasks
competently and safely. In particular, they should know about:
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1.47

1.48

1.49

e the systems to be assessed and the risks they present;

e the appropriate measures to be implemented to control the risks,
including precautions to be taken for the protection of people who may be
exposed, and the relative effectiveness of the measures;

e the actions to be taken to ensure that controls remain effective and the
significance of the controls.

The person(s) conducting the assessment must be competent to assess the
risks of exposure to Legionella in building water systems, and have sufficient
knowledge of the necessary control measures to assess their appropriateness
and effectiveness in the system being assessed (e.g. a microbiologist,
environmental health officer or water engineer with this specific expertise).
Where outside contractors are used to carry out risk assessments and advise
on control measures (e.g. where there is insufficient in-house competence), the
responsible person must ensure they are competent and have the resources to
carry out the tasks effectively (see paragraph 1.20 and paragraphs 1.46—1.48).

The employment of contractors or consultants does not absolve the
owner/person responsible for health and safety of staff and visitors on the site
of the responsibility for ensuring that control procedures are carried out to the
standard required to prevent of the proliferation of Legionella. It is important
that those employing contractors (and subcontractors if applicable) make every
effort to ensure they have the necessary training and competence in the area
of work before entering into contracts for the treatment, monitoring and
cleaning of water systems, and other aspects of water treatment and control.
Where a site has several systems (e.g. a hotel and leisure complex where the
hotel has an air conditioning system cooled by a water tower, and the leisure
complex has swimming and spa water systems, hair and beauty salons, etc.,
together with domestic hot and cold water systems), it may be necessary to
assemble a team of assessors with appropriate expertise in each of these
areas.

Suppliers of services

Suppliers of products and services, including those who supply consultancy
and water treatment services aimed at preventing or controlling the risk of
exposure to Legionella, should, so far as is reasonably practicable:

e ensure that measures intended to control the risk of exposure to
Legionella are so designed and implemented that they will be effective,
safe and without risks to health when used at work;

e provide adequate information on the correct and safe use of products,
taking into account the circumstances and conditions of their use;

e ensure that any limitations on their expertise or on the products or
services they offer are clearly defined and made known to the person(s)
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1.50

1.51

1.52

who is defined as having the duty of care/managerial responsibility in
national legislation or guidelines;

e ensure that any deficiencies or limitations which they identify in the
building systems assessed or in the written scheme to control the risk of
exposure to Legionella are communicated to the person defined as
having the duty of care/managerial responsibility in national legislation or
guidelines;

e ensure that their staff have the necessary ability, experience, instruction,
information, training and resources to carry out their tasks competently
and safely.

Installers of systems and equipment

Outbreaks of Legionnaires’ disease have been associated with faulty
installation of equipment used in buildings including hotels. Whoever designs,
manufactures, imports or supplies water systems that may create a risk of
exposure to Legionella should, so far as is reasonably practicable:

e specify the usage and conditions under which the system has been
designed and its intended use;

e ensure that the water system is so designed and constructed that it will
be safe and without risk to health when used as intended;

e provide sufficient documentation so that when installed and
commissioned according to the manufacturer’s instructions it is safe and
without risk to health if used and maintained as intended.

All water systems should be properly installed and commissioned as
appropriate. New systems may contain high nutrient levels derived from the
surfaces of some new materials and dirt entering the system while under
construction. Consequently they should not be left with water in for prolonged
periods before opening, but be filled as late as possible and disinfected and
flushed with fresh water within two weeks before opening. Failure to ensure
that the systems are commissioned safely could lead to long-term system
management problems and ongoing costs.

Where it is anticipated that the building will not be fully occupied for some time,
consideration should be given to only partially filling the system in those areas
to be used. Each new system should have a risk assessment carried out
before commissioning, which should be reviewed after a few months of normal
use.

Inspecting evaporative cooling systems

1.53

Evaporative cooling of water within cooling towers and evaporative condensers
are widely used to dissipate heat from air conditioning, refrigeration and
industrial process systems. They use the evaporation of water to achieve the
cooling effect. They include open-circuit cooling towers which are the most
common and can range in size from small packaged towers (used in air
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1.54

1.55

1.56

conditioning and light industrial applications) up to large towers (including
hyperbolic towers) for heavy industrial, petrochemical and power generation
applications.

All evaporative cooling systems, except for large natural draught towers, have
a fan system to force or induce airflow through the unit. The UK Health &
Safety Executive guidance HSG274 Part 1 (Health & Safety Executive, 2013b)
contains much useful information on the various designs and types of cooling
towers and good guidance and management practice.

Evaporative cooling systems are the cause of the largest outbreaks of
legionellosis and the highest number of cases, as those located on the roofs of
buildings have the potential to produce contaminated aerosols which may
spread over large distances and infect large numbers of people. It is imperative
that they are managed to prevent the colonisation and growth of
microorganisms, including Legionella, and the potential release of
contaminated aerosols.

Risk assessment of evaporative cooling systems

Factors the risk assessment for evaporative cooling systems should take into
account include:

a. The location/position of the evaporative cooling system in relation to air
intakes and surrounding buildings (e.g. towers close to food
manufacturing premises are more likely to accumulate nutrients and
make control more difficult).

b. The vulnerability of the population to be exposed (whether the towers are
close to healthcare facilities for example).

c. Whether the release of water spray from the tower is properly controlled
by having tight-fitting high-performance drift eliminators in place which
are in good condition.

d. Whether there are conditions (such as sludge, rust, scale or organic
matter) that support the growth of microorganisms including Legionella.
(if possible look inside the pack to see if there is scale or sludge).

e. Whether there are any areas where water can stagnate in the system.
(Stagnation can be avoided by ensuring there is regular movement of
water in all sections of the distribution system and pond, by keeping pipe
lengths as short as possible, and/or removing redundant pipework and
dead-legs and ensuring there is good water circulation.)

f. The materials used should not encourage the colonisation and growth of
bacteria and other microorganisms or provide nutrients for microbial
growth.

g. Whether all parts of the system can be kept clean. For example, are the
distribution channels free from dirt and debris (uneven accumulation of
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dirt and debris in the distribution channels may indicate poor water
management).

Whether the water is effectively treated to either control the growth of
microorganisms, including Legionella, or limit their ability to grow (check
the monitoring results).

Whether there is an up-to-date written control regime and whether it has
been validated.

When microbiological samples are taken, whether they are taken at a
time which represents the highest risk (worst-case scenario) — i.e. just
before a biocide dose is due — and whether the sampling location
represents the highest risk in the system (usually the warmest places or
areas with low flow). If samples are taken from the pond of the cooling
tower, they should be taken as far away as possible from the incoming
make-up water supply and biocide dosing point.

Whether the personnel managing and sampling the system are trained
and competent (don’t just rely on certificates; check they understand the
system).

Checks on documentation

1.57 Checks should be made on any associated reports and certificates and other
actions taken, such as maintenance, remedial actions and repair work.
Records should be readily available and up to date and include:

training and competence checks on all operational personnel;

records of inspections and checks on the cooling system components
and water treatment equipment carried out to confirm correct and safe
operation;

checks on:
o regular chemical and microbial analysis of the water,

o the remedial actions taken for out-of-specification results and whether
they are timely and appropriate and whether there is evidence that
they have been effective,

o water treatment chemical usage,

o regular maintenance to the cooling system and components,
equipment and the water treatment system together with calibration of
measuring devices/probes and the like,

o cleaning and disinfection procedures and when they were carried out
and by whom;

an up-to-date schematic diagram.

See Figure 1 and Table 1 on the following pages.
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Figure 1 Schematic example of installation with cooling towers and the key
components to review during risk assessments (see Table 1 on next page)
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Table 1 Key points for auditing a cooling tower system (see Figure 1 on
previous page)

1. Supply water Check the source and quality.

Review any testing results and the incoming
temperature.

2. Treatments against e Check the system is working and dosing correctly (for
scaling and further information see Part 3 and HSG274 Part 1
corrosion (Health & Safety Executive, 2013b, paragraph 1.40).

e Check the surfaces for scale and the tower fabric for
corrosion.

3. Treatments against e Check the dosing regime.
microbial growth e Are there regular checks to ensure the biocide is being
(biocides and used as expected on a daily basis (visual check on
biodispersants) volume used)?

e Check dip slide results and how these are done (e.g.
are they incubated and read correctly?).

4. Tower fill or pack e Check for slime, scale and corrosion (gently pull the
pack apart; if available, check with a borescope inside
the pack).

e Check when the pack was last removed and cleaned.

5. Circuit of water e Check the distribution channels for debris, sludge and
cooled by cooling slime.
towers (exposed to e s there evidence of uneven distribution?
air within tower) e Are the pumps working effectively?

e Check the pond for clarity, debris, slime and sludge.

6. Blow- e Check the number of concentration cycles before blow-
down/discharge down.
network e Check total dissolved solids (TDS) results

7. Air inlet Check for dirt and debris.

8. Drift eliminator Check these are tightly fitting and not damaged.

Documentation o Check there is an effective up-to-date written

scheme for controlling exposure to Legionella
which includes instructions for start-up, normal
operation and shut down.

¢ Isthere an up-to-date schematic diagram?

o |sthere alogbook with up-to-date monitoring data,
and are there any anomalies?

e Have anomalies in results been addressed in a
timely and effective manner?

Useful checklists are given in the Health & Safety Executive’s (2003) Control of Legionella

Bacteria in Water Systems: Audit Checklists
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Inspecting hot and cold water systems
1.58 The frequency of inspecting and monitoring hot and cold water systems will

1.59

depend on their complexity and the susceptibility of those likely to use the
water. The risk assessment should define the frequency of inspection and
monitoring, depending on the type of use and user, taking account of where
there are adjustments made by the assessor to take account of local needs.
Within hot and cold water systems, the risk areas that support growth of
microorganismes, including Legionella, are controllable with good design,
operation, maintenance and water system management. Areas which pose an
increased risk of contamination and colonisation if not properly managed
include:

¢ the base of the water heater and storage vessel, particularly where
incoming cold water reduces the temperature of the water within the
vessel and where sediment collects and is distributed throughout the
system;

e where optimum temperatures for microbial growth and stagnation occur
(e.g. dead-legs, capped pipes (dead ends), infrequently used outlets and
any areas of the system where there is poor circulation);

e where incoming cold water temperatures are above 20°C or there are
areas within the cold water system that are subject to heat gain (hot and
cold pipes running together or over heating panels, adjacent to pumps,
etc.) and areas of stagnation where there are biofilms and deposits to
support growth;

e where there are cool areas of the hot water system so temperatures fall
within the range 20°C to 45°C.

Table 2 provides a checklist for hot and cold water systems with an indication
of the frequency of inspection and monitoring. Further information on types of
hot and cold water system and monitoring requirements can be found in Part 3
and in the UK Health & Safety Executive guidance HSG274 Part 2 (Health &
Safety Executive, 2014).

34



European Technical Guidelines 2017: minimising the risk from Legionella infections

in building water systems

Table 2 Key points for managing hot and cold water systems (see Figure 2 on next

page)

1. Incoming supply water
and associated storage
tanks

Is the incoming water consistently supplied and of wholesome
potable quality? If not, is point-of-entry treatment implemented
and effective?

Review any testing results and if any adverse results detected, is
the remedial action carried out in an effective and timely way?
Are the incoming temperature and temperatures of storage tanks
(including records for preceding 12 months) <25°C (preferably
20°C)? If not, is there a biocide dosing regime?

Check ambient air temperatures and insulation to assess the risk
of increasing the stored water temperatures.

Check tanks for water and surface clarity, intact liners: is there
slime, sludge and debris in the base of tanks?

Check if there are tight-fitting lids, insect screens, etc.

Check for areas of stagnation; if more than one tank is there
adequate cross flow?

2. Treatment systems (can
be collective or individual)

Check the system is working and dosing correctly (for further
information, see Part 3 and HSG274 Part 2 (Health & Safety
Executive, 2014)).

Check the target concentrations are consistently achieved at the
furthest outlets.

Check the dosing system, chemical probes and monitoring
equipment have been calibrated within the last year.

3. Water heater (can be
combined, serving several
outlets or individual serving
one outlet)

Check the flow and return temperatures.

Check the return temperatures on each return loop.

Check the anti-stratification pump (if present) to ensure it is fitted
so that flow is from top to bottom and only operated when there
is little use (e.g. in the early hours of the morning for 1-2 hours).
Check the recovery time from periods of high use (e.g. following
the morning bath/shower run).

4. Distribution pipes (mains,
including eventual
recirculation pipes)

Check for slime, scale and corrosion.

Check that, where fire risers are in place, these are not off the
distributed drinking water supply and there is adequate backflow
protection.

5. Distribution pipes
(secondary spurs)

Check for dead-legs and blind ends.

Outlet usage (e.g. are there rooms that are rarely used?).
Decommissioning and recommissioning procedures are in place
especially when systems are used on a seasonal basis.

6. Point of use

Are sentinel outlets identified for routine monitoring of
temperature, biocide levels (if required) and microbiological
monitoring (if required)?
Are checks carried out to determine if hot and cold temperatures
at representative outlets are:

o for hot water, 250°C (preferably 55°C) within one minute

of turning on the tap;
o forcold water, £25°C (preferably 20°C) within 2 minutes?
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Figure 2 representation of water system with centralised and local water heating (see
Table 2 on previous page)

Key components requiring consideration during risk assessments:

Incoming supply water and associated storage tanks

Treatment systems (can be collective or individual)

Water heater (can be combined serving several outlets or individual serving one outlet)
Distribution pipes (mains, including eventual recirculation pipes)

Distribution pipes (secondary spurs)

Point of use

ogkRwN -
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1.60 Large buildings may have complex water systems with more than one loop. It is
important that the whole system is balanced and the return of each loop to the
calorifier is at a minimum of 50°C (see Figure 3).

Figure 3 Examples of hot water recirculation schemes

Building ] '{ N
i
\ | } \ |
\ | |
i | ‘ |
0 |
Regulation i | Temperature sensor ‘ ‘
valve ! ‘ :
) e
_____xi_ﬁ._/ ....... g/é_/ ......... /
¢ g 0
7'@\6 i e \/ ,//7 e i
g:g;cu'a“o” Distance
min. 0,50m
Buildi PR = R S S
ilding. ——— o /
. SO [N N N —
AR
———p
z B —— A
- ,,_%,4@ ,,,,,,,,,, -
" ——— | = %5 ........... =
ol
&
y
Building 1
.._ ._A_.7. .............. 2
i e 2 =

/ ZZ Building 2
/ / |

/ /// .

_/_ ................. _//7 —

P oo i;i//i -

37



Part 1

Checklist for conducting the risk assessment of legionellosis

Objective: To provide a simplified guide, for example, for public health authorities,
investigating possible sources of Legionnaires’ disease cases. This list assists with
the completion of Form A for reporting travel-associated Legionnaires’ disease cases
to ECDC (http:/ecdc.europa.eu/en/publications/Publications/1202-TED-ELDSNet-
operating-procedures.pdf).

Method: The checklist below is a simple working tool devised to help the health
officers to conduct the pertinent risk assessment at a determined establishment. The
checklist is a simplified 15-point programme for reducing the risk. However,
investigators should be familiar with the contents of the technical guidance within this
document and if there are items of concern not on this checklist, then they should be
assessed for their possible contribution to the acquisition of Legionnaires’ disease.

The final evaluation and relevant recommendations should be based on the results
of the checklist below and on other evidence gathered during the inspection of the
premises, and should take also into consideration these Guidelines and any relevant
local regulations.

Facility identification data:

Address:
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Item to check Yes No Comment/Action required

1. Assessment of the ability of premises personnel to control risk

Is there a person or persons appointed with responsibility for
Legionella control?

Is this person(s), and other concerned relevant staff, properly
trained in the control of Legionella and able to demonstrate they
understand the system(s), risk factors and control measures?

If an external firm is providing help and advice, have efforts been
taken to ensure the contractors and operatives on site are trained
and competent in this task and there is adequate supervision?

2. Assessment of the control measures
(domestic cold and hot water temperatures and biocide levels)

Is there a continuous supply of source water of potable quality
from a public utility?

Is there a private water supply used for source water (e.g. well,
spring or bunkered water)?

If there is a private supply, is there adequate point-of-entry
treatment?

Is there evidence (e.g. monitoring of appropriate sentinel points
throughout the year) that the hot water temperatures of the
entire hot water system are kept all times between 50°C and
60°C?

Is there evidence that the cold water temperatures of the entire
cold water system are below 25°C?

Are there other preventive methods in place (chlorine, chlorine
dioxide, copper/silver ions, etc.)?

Is there evidence that there is adequate monitoring and effective
biocide levels maintained in the entire circuits and up to the
outlets?

3. Assessment of other factors that may promote Legionella growth (low flow /stagnancy, scale,
sediments, corrosion, etc.)

Is there evidence that all taps, showers and any other points of
water use in all buildings are flushed for several minutes
(sufficient to remove any stagnant water) on a weekly basis?

Are showerheads, hoses and tap filters, aerators etc., TMVs and
sieves cleaned, descaled and disinfected on a regular basis as
advised in the risk assessment? (The frequency will depend on
scale deposition and usage.)

Is there pipework with intermittent or no water flow (bypasses,
dead-legs, blind ends, areas not used or used intermittently, etc.)
in any part of the water network?

Is there any visible or significant sediment, biofilm/slime, dirt,
corrosion or scale deposit in any part of the water network?

4. Assessment of the cleaning and disinfecting practices

Are the calorifiers inspected, drained, cleaned and disinfected at
least annually, and when a building is not used throughout the
year, before the beginning of every season and after any
maintenance?
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ltem to check

Are cold water tanks inspected, cleaned and disinfected
annually, and when a building is not used throughout the year
before the beginning of every season?

Yes No

Comment/Action required

Is the entire water network disinfected when a building is not
used throughout the year before the beginning of every season?

Are water filters (sand filters, multimedia filters, etc.) and
softeners disinfected regularly, at least every three months?
Are carbon filters (where used) replaced according to the
manufacturer’s instructions and before the beginning of each
season?

Are there adequate written procedures for cleaning and
disinfecting the water systems (e.g. 50 ppm chlorine for an
hour)?

5. Assessment of the surveillance and monitoring practices and associated documents

Is there a written Legionella control programme in place for each
system which could pose a risk?

Is this programme suitable and sufficient for all the systems
which could pose a risk of Legionnaires’ disease in the
premises?

Are there regular records (logbook for example) of the critical
monitoring activities kept on site (temperatures, chlorine levels,
etc.)?

Are appropriate actions taken to out-of-target results?

Are these records reviewed by the responsible person(s)?

Is a risk assessment review of the premises’ water systems
carried out regularly (at least every two years) or when there
have been changes which may affect the risk assessment (e.g.
change of frequency and type of use, key personnel)?

Are both the risk assessment and operation of the control
measures periodically audited by an independent and competent
person?

6. Assessment of particular water systems (spa pools, wet coolin

g towers) present at the premises

If there is a spa pool, are there records to show that:

e there are trained competent operatives on site?

o thereis continuous treatment with chlorine or bromine and
pH adjustment (3-5 mg/l chlorine or bromine and pH at
7.0-7.6)?

e chlorine/bromine and pH is monitored at least three
times/day?

o the dosing system is checked on a daily basis to check
pumps are working and the expected amount of chemicals
has been used?

o halfthe water is replaced each day?

o sand filters are backwashed at the end of every day after
the last person has left the pool?

o the whole system, including the balance tank, is cleaned
and disinfected once a week?

e daily records are kept of the temperature and all water
treatment readings (chlorine/bromine, pH)?
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Item to check Yes No Comment/Action required
e there has been an appropriate response to out-of-target
results?
o thereis evidence to show they are checked regularly by
responsible persons?

If there is an evaporative cooling tower, ensure that:

o there is evidence that a trained and competent person has
carried out a risk assessment;

¢ there is a trained and competent person in charge of the
cooling tower treatment and monitoring regime;

o thereis evidence that there is an adequate water treatment
regime implemented (with effective biocides, corrosion
inhibitors and adequate bleed-off rates as a minimum);

o there is a daily check to ensure the dosing systems are
working effectively and the expected volume of chemicals
is being used;

e entire cooling tower and associated pipes are cleaned and
disinfected at least twice a year (and where a building is not
used throughout the year and before the beginning of every
season);

o the system is inspected monthly for ensuring that drift
eliminators are intact and firmly in place;

e amicrobiological monitoring system and a chemical one
(e.g. chlorine or bromine treatment) is in place;

e samples are taken to represent the worst-case scenario i.e.
just before dosing (if intermittent) and at the furthest point
from where the biocide enters the system.

Check and list other at-risk water systems present at the building
within the near vicinity with indication of their hygienic status, for
example:

e beach/outdoor pool showers

o irrigation systems;

e misting devices (e.g. in food display cabinets);

o ornamental fountains/water features (indoor);

e ornamental fountains/water features (outdoors);

o humidifiers (air conditioning);

o natural thermal springs;

e vehicle washers;

e  solarsystems;

e grey water and rainwater recovery systems.
Are there any other systems in the vicinity which may pose a risk
(e.g. wet scrubbers, industrial water systems, wastewater
treatment plants/systems)?
Others:
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1.61

For certain basic systems, a simple risk assessment may show that the risks
are low and that no further action will be necessary. Some other water systems
may need more elaborate approaches for a correct assessment, depending of
the different circumstances (size, type, location, number and connections, etc.).
See Part 3 for more detailed information.

Managing the Legionella risk: the 15-point WSP

1.62

1.63

In summary building owners should manage systems to ensure they are
effectively managed by following the 15-point plan.

In complex sites such as hotels with leisure and beauty facilities, pools, etc.,
the Legionella management plan will form only a part of an overall WSP and
this should be expanded to take account of all potential waterborne pathogens
including the risk of Cryptosporidia and Pseudomonas aeruginosa
contamination in pools and hot tubs. It is recommended that the WSP is
audited both internally and externally to ensure it adequately covers all areas of
the water systems which may pose a risk of infection.

The 15-point plan
1. Have at least one named appointed competent person or a WSG
responsible for Legionella control.

2. Ensure the named persons have sufficient training and experience to be
able to carry out their role competently and other staff are trained to be
aware of the importance of their role in controlling Legionella.

3. Ensure that the source water quality meets the requirements of the EU
Drinking Water Directive (Council Directive 98/83/EC) by:

o ensuring that the water supply is continuous (intermittent supplies
result in depressurisation of water supply pipework which is likely to
result in the release of nutrients (biofilms, scale and corrosion) into the
system) and that cold water is kept cold at all times. It should be
maintained at temperatures below 25°C (ideally below 20°C)
throughout the system to all outlets (this may not be possible when
the ambient temperature is high, but every effort should be made to
ensure that cold water entering a building and in storage remains as
cold as possible). See Note below.

o checking that there are appropriate backflow protection devices where
there are connections from the drinking water system to non-potable
water systems (such as fire suppression systems) and or equipment
and that these have been checked on an annual basis.

4. Inspect the inside of cold water tanks at least once per year and disinfect
with 50 mg/I chlorine and clean if they contain a deposit or are otherwise
dirty.
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5. Keep hot water hot and circulating at all times: at least 50°C at the outlets
(too hot to put hands into for more than a few seconds) throughout the
entire hot water system (ensure there are hot water warning signs so
users are aware of the scalding risk).

6. Run all taps and showers in guest rooms and other areas for several
minutes to draw through water (until it reaches the temperatures stated in
points 3 and 4 (or target biocide levels where target water temperatures
cannot be achieved)) at least once a week if rooms are unoccupied and
always prior to occupation.

7. Keep showerheads, hoses and taps clean and free from scale and
biofilm.

8. Clean, drain and disinfect water heaters (calorifiers) once per year.

9. Disinfect the hot water system and water heaters with high level (50 mg/l)
chlorine for 2—4 hours after work on the system and before the beginning
of every season.

10.Clean and disinfect all water treatment filters regularly as directed by the
manufacturer, at least every one to three months. Note POU filters
should not be replaced if removed but a new one fitted according to the
manufacturer’s instructions.

11.Inspect water storage tanks, cooling towers and visible pipework monthly.
Ensure that all linings and coverings are intact and firmly in place.

12.Clean and disinfect cooling towers and associated pack and pipes used
in evaporative air conditioning systems regularly — at least twice per year.

13.Ensure that when carrying out system modifications or new installations
they do not create pipework with intermittent or no water flow, and
disinfect the system following any work.

14.1f there is a spa pool (also known as hot tubs, whirlpool spas and spa
baths) ensure that:

o itis continuously treated with 3-5 mg/I chlorine or bromine and the
levels and pH (7.0-7.6) are monitored at least three times per day
including at the beginning of each day;

o any adverse monitoring results have been appropriately dealt with in a
timely manner;

o Legionella testing has been carried out by an accredited laboratory;
o at least half of the water is replaced each day;

o sand filters are backwashed daily after the last user has left the pool;
o the whole system is cleaned and disinfected once per week.
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15.Daily records are kept of all water treatment readings, such as
temperature, pH and chorine concentrations and ensure they are
checked regularly by the manager as being satisfactory.

Note

Where target temperatures cannot be achieved due to local conditions, suitable
alternative residual disinfection procedures must be used and verified by regular
testing for Legionella. Disinfection procedures that have been used successfully
include chlorine, chlorine dioxide and copper/silver ionisation. If chlorine is used in
the mains water supply, it may be still necessary to use a supplemental source of
chlorine at the site in order to achieve a sufficient chlorine concentration at the
terminal points (e.g. >0.2 mg/l). However, the efficacy of a biocide dosing system
depends on the system conditions and water chemistry; any treatment system must
be validated to ensure it is effective in each system and a monitoring plan put in
place to ensure ongoing verification. It should also be noted that chlorine disinfection
is more efficient when close to pH 7-0 and this should be the target.

1.64 Further advice about specific controls should be sought from experts in this
field who can carry out a full risk assessment of the premises.
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Part 2: Methods for the investigation and control of an outbreak of
Legionnaires’ disease in a hotel, other accommodation sites and
other public buildings

General — competence

2.1

The appropriate health authorities, in accordance with national arrangements for
communicable disease control, should investigate each outbreak. Sampling and
microbiological analysis should be carried out by a laboratory that is accredited to
ISO/IEC 17025 (International Organization for Standardization, 2005) or
equivalent and includes detection of Legionella species from environmental
samples within the scope of its accreditation. The laboratory should be capable of
the recognition of Legionella species and serogroups and perform satisfactorily in
an appropriate accredited external quality assurance scheme. It is recommended
that samples are taken on a risk assessment basis with the engineer responsible
for maintenance and operation of the water systems assisting in determining the
appropriate sites to be sampled. The laboratory findings should be interpreted by
a microbiologist experienced in the microbiology of water systems and the
detection and ecology of Legionella species.

Temperature testing

2.2

Temperature testing of hot and cold water systems is an essential part of risk
assessment and should always be undertaken in conjunction with sampling for
legionellae. The measurement of temperatures in different parts of a system is
also an essential aid to deciding where samples should be taken. It is important to
determine the temperature of water coming out of outlets or entering a TMV and
also within the flow and return pipes in the different loops of the system. This can
be done by the use of an electronic thermometer with a contact probe placed on
the surface of the pipe. For metal pipes the difference in temperature between the
water within the pipe and the external surface temperature is small (<1°C) but for
plastic pipes it is larger, depending upon the type and thickness of the plastic. The
difference should be checked near an outlet by determining the temperature of the
water flowing from the outlet while measuring the pipe’s surface temperature.

Sampling water systems

2.3

2.4

Aims

To establish if a building such as an accommodation site or other building
associated with legionellosis cases could be a source of infection and to ensure
appropriate controls are in place to eliminate or control any risk.

Objectives
It is not sufficient to simply collect samples. It is essential to carry out the following
actions:
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2.5

Note

a. Carry out a risk assessment of all water systems which may pose a risk of
causing Legionnaires’ disease.

b. Distinguish between local and systemic colonisation of the water systems.
Identify sites of highest risk.

d. Check the regulation of the temperature, pressure and flows in the plumbing
system.

e. Select a strategy for the immediate short-term control of Legionella.
f. Develop proposals for the long-term control strategy for the whole facility.

In addition to areas where patients have stayed or thought to be exposed, sample
sites should also be chosen to be representative of the water system. The water
storage and piping plans should be consulted prior to selecting the sample points.
Temperature profiling of the hot and cold outlets (and feeds to TMVs where
accessible) is a relatively quick and easy way to identify where controls may not
be effective.

As temperature measurements may be used as evidence of control, it is important that
temperature probes are calibrated by an accredited laboratory or against a primary
reference thermometer that has been calibrated by an accredited laboratory.

2.6

2.7

2.8

Sampling: safety measures

The responsible person should ensure that persons taking the samples have the
appropriate competence, training and equipment, that they are trained to take
samples from the systems requested, that they carry out a personal risk
assessment before sampling and that they wear appropriate personal protective
equipment if the risk assessment determines it is necessary. The fans in
evaporative cooling towers should be switched off and the aerosols allowed to
dissipate before sampling. Appropriate training is especially important if sampling
from difficult-to-access places such as storage tanks in elevated positions or in
confined spaces, and from hot water calorifiers and buffer vessels which may be
under pressure.

Distribution of sites to be sampled
Systemic:

e incoming cold water to the facility including any stored water in
cisterns/tanks;

e hot water leaving the water heater or hot water storage vessel;
e circulating hot water returning to the heater.
Basic:

o the outlet nearest to the entry of the hot water into the facility;
e the most distal sites within the hot and cold distribution systems;
e the hotel room(s) where the infected guest(s) was accommodated;
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2.9

e the samples points in the leisure complex/swimming/spa pool area.
Risk-based:

e guest rooms on different floors to be representative of the different loops of
the distribution systems;

e temperature monitoring is an important factor in the risk assessment
process to determine appropriate sampling points. For example, samples
taken from the warmest point in a cold water system, or the coolest part of a
hot water system, are likely to pose the greatest risk of Legionella growth
and survival;

e areas where there has been stagnation — e.g. a room rarely occupied or a
closed floor of rooms (little used areas often include sinks in cleaners’
cupboards, chambermaids’ pantries, etc.).

How to sample hot and cold water systems

2.10

2.11

2.12

2.13

Sample containers

Collect 1 litre samples in sterile containers containing sufficient sodium
thiosulphate pentahydrate to neutralise any chlorine or other oxidising biocide (35
mg of Na2S203-5H20 in 1 litre will reduce up to 1 litre of 5 mg/I chlorine). Measure
the temperatures using a calibrated thermometer placed in the middle of the
water stream after the sample has been collected.

Systemic points
If possible, samples are collected:
o from the water softener, if fitted;

¢ in the boiler room from the base of the calorifier if safe to do so (great care
is needed as this may be under pressure);

¢ the discharge valves of the hot water flowing from the heater to the building;
e from the return water; and
e from the cold water feed to the heater.

If hot water storage heaters/buffer vessels are installed, samples from the sludge
drain valves should also be collected but with care as these may be under
pressure. If there are no suitably representative sample points of the water in the
heater — i.e. the water flowing from the heater and the flow returning to the heater
— this fact should be recorded. If expansion vessels are incorporated, these
should be sampled if possible.

Basic and risk-based points

Hot water

Immediate sample

Turn the tap on gently to minimise aerosol production. Immediately after it has
been turned on, collect the water discharging from the tap into a sterile sample
bottle containing sufficient sodium thiosulphate to neutralise any residual biocide.
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2.14

2.15

2.16

217

2.18

2.19

This "immediate" sample will be representative of the colonisation of the outlet
and most representative of the risk to the user. Continue to run the tap until 60
seconds has passed and then measure the temperature.

Post-flush sample

To determine whether the water feeding the outlet from the main cold water feed
or circulating hot water system is colonised (i.e. to monitor hygiene conditions in
the water system):

¢ Run the water and measure the temperature (by placing the thermometer in
the water flow) for the time necessary for it to reach a constant value (note
this time and temperature); continue to let the water run for at least one
minute and note the temperature after one minute.

¢ Close the tap and disinfect with 1% sodium hypochlorite or 70% ethanol;
leave it for at least one minute and then flush the outlet to remove residual
disinfectant from inside the outlet

e Collect the post-flush sample.

Swabs

Swabs may be useful in outbreak investigations especially where it is difficult to
take water samples; they may yield legionellae even when the system has been
drained.

Samples can be taken, for example, from the inner walls of showerheads and
their handles and spa pool jets etc. with a damp sterile cotton swab using a
rotating motion. If the area to be swabbed is dry, moisten the swab in the residual
water, sterile Ringers solution or 1/40 Ringers. Sample shower hoses at the point
where they are attached to the fitting. Swabs can also be taken from biofilms on
the surfaces at the air—water interface in tanks, toilet cisterns, etc. sterile
templates such as those used in food premises, (e.g. 10cm by 10cm ) can be
used on flat surfaces to give a semi - quantitative count. Swabs should be
transported in 0.5—1.0 ml of the same residual water, sterile water, 1/40 sterile
Ringers solution or sterile Page’s saline solution.

With regard to sieves on mixer valves, remove the sieves and swab and culture
any deposit within them.

Cold water

Collect the sample following what has been described for hot water (pre-flush
(immediate) sample and post-flush sample). Take samples from areas where
cases have stayed/thought to have been exposed; take these from the places of
highest risk — i.e. where the water temperature is above 25°C, from little or
unused outlets, etc. When the water temperature in the system is <20°C, the
number of samples can be reduced.

Water closet cisterns

These should not be overlooked as potential sources of infection as they can
become heavily colonised if the ambient temperature is high, the cold water feed
is not directly off the municipal mains supply or the water closet is used
infrequently (e.g. accessible toilets often have restricted use, which is not
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recommended as they become dead-legs). Collect water samples directly from
the cistern using a clean sterile container. Swabs from the cistern from the biofilm
at the water line are also useful.

Evaporative cooling towers

If suitable sample points are available, collect a sample from the water returning
to the cooling tower in addition to a sample from the cooling tower pond, as far
away from the fresh water inlet and dosing point as possible. Collect samples of
200 ml to 1000 ml. If the tower is implicated in an outbreak, samples of sediment
are also useful.

Spa pools
Collect water samples of 1 litre from the pool and, where fitted, the balance tank.

In some investigations water from the pool has yielded few legionellae at the time
of sampling although filter material and biofilm from inside the pipes contained
large quantities of Legionella. This probably reflected the type and positioning of
the biocide treatment and zones within the piping where the biocidal effect did not
penetrate adequately. Therefore, it is also important to inspect the air and water
circulation pipes and hoses for the presence of biofilm containing legionellae.

Biofilm samples should be collected with swabs from the inside of the jets and
some sections of these pipes. It is sometimes possible to do this by removing a
jet but quite often sections of pipe will have to be cut out to gain adequate access.

Air washers and humidifiers
Collect samples of at least 200 ml directly from the source.

Decorative fountains, water features and irrigation systems
Collect samples of at least 1 litre, if possible, from the warmest part of the system.
Swabs may also be useful from the inside of jets and the like.

Sample transport and laboratory processing

2.25

2.26

Keep and transport hot and cold samples separately; samples must be kept at
cool ambient temperature and protected from direct light. Water and swabs
should be processed on the day of collection or within 24 hours of collection. Do
not freeze samples.

During the sampling, all details that may help the implementation of possible
remedial measures should be recorded; photographs can be a useful aide-
memoire. For example, the appearance of the water, obvious pressure and
temperature drops or rises in the water circuits, the presence of rust/ iron
sediment or sludge, the condition of aerator and taps, the occurrence of scale,
and the presence of various rubber and plastic attachments. The presence of
biocide (note time and date dosed), type of biocide and other control factors
dependent on the system (e.g. pH levels, appearance of the water) should be
recorded. Also note any significant control failures including equipment (e.g.
heater/boiler breakdowns, dosing system blockages, pump failures, unusual
chemical use or running out of chemicals).
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Warning note

It is important to follow the sampling procedure. Incorrectly collected or labelled
samples may invalidate the analysis, make interpretation of the results difficult and may
result in a failure to identify the source of infection.

Use of PCR for detecting Legionella in water samples

2.27

2.28

In these guidelines the referred standard method for enumeration of Legionella in
environmental samples is a culture technique which is performed in accordance
with the ISO standard 11731 (International Organization for Standardization,
2017). Legionella can however be detected by other methods. One of the newer
and now widely used techniques to detect and enumerate Legionella is
polymerase chain reaction (PCR) in accordance with ISO/TS 12869 (International
Organization for Standardization, 2012). It is possible to render the PCR
technique quantitative by incorporation of standards with known amounts of
bacteria (genomes), and quantitative real-time variants of PCR (g-PCR) are often
used today. Several commercial kits are available, and several laboratories offer
this analysis within their scope of accreditation. Although g-PCR can be useful in
investigating potential sources of infection and in monitoring remedial actions,
there is still no consensus on how and when g-PCR should be used and how the
results should be interpreted.

The results for g-PCR are expressed as genome units (GU) per ml or litre, but it is
clear from several studies that these g-PCR results often have a very poor
correlation with the results of culture (cfu/litre) and often are several times higher
than the culture results. This is in part due to the fact that PCR can also detect
viable but non-cultivable and dead bacteria. The discrepant results are especially
pronounced for Legionella non-pneumophila species. The action levels given in
Table 6 in Part 3 refer only to culture and cannot be adapted for g-PCR results.
Studies are ongoing to establish the most appropriate interpretation of g-PCR
results. However, whereas a negative result in g-PCR is almost certainly negative
by culture also (as long as the controls are as expected), at the moment this
method can be recommended for a rapid analysis of numerous samples taken
from sites likely associated with a case or a cluster/outbreak of Legionnaires'
disease in order to quickly rule out the negative sites and identify the positive
ones. In this case, kits used should have been validated according to ISO/TS
12869 (International Organization for Standardization, 2012). Nevertheless the
results must be confirmed by the culture method, which for the moment remains
the gold standard.

Emergency action

2.29

Emergency control measures must be carried out as soon as possible after the
outbreak has been recognised but not before samples have been collected. Non-
essential equipment such as spa pools, fountains/water features and cooling
towers associated with air conditioning systems can be rendered safe by
switching them off until samples can be collected and remedial measures
implemented.
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2.32

For essential systems such as distributed hot and cold water, a risk assessment
should be carried out and emergency control measures implemented.

The exact choice of measures will depend on the type of system, the risk
assessment and any available epidemiological evidence. The measures will
usually involve:

e disinfection of potential sources by high levels of chlorine or another
oxidising biocide compatible with the current biocide regime;

¢ cleaning and disinfection of tanks and water heaters; and

e in circulating hot water systems, raising the hot water temperature if this is
below 60°C.

The potential control measures are discussed more fully elsewhere in this
document. If immediate disinfection equipment is not available, pasteurisation
may also have a short-term benefit until other arrangements can be made. Care
must be taken to ensure the heating system has the capacity to maintain target
temperatures of >60°C at every outlet and measures put in place to avoid
scalding staff and users. Validated point-of-use microbiological grade filters fitted
to outlets and showers may also be a short-term measure but these may reduce
flow especially if water pressure is low or there are high levels of particulates in
the system.

Long-term remedial measures

2.33

Note

The selection of the long-term remedial measures must be based on a thorough
up-to-date review of the risk assessment combined with any monitoring and
epidemiological information available. Effective long-term control depends on
rigorous adherence to the control measures. The measures will probably be a
combination of those described elsewhere in this document. They are likely to
require engineering modifications to the existing water systems to improve flow
and remove stagnant areas as well as improvements in monitoring controls,
management and staff training.

Control measures in premises such as hotels that have been colonised with

L. pneumophila and which have caused outbreaks must be continued indefinitely in
conjunction with a monitoring programme to verify their ongoing effectiveness. There
are many examples of further cases resulting from the deliberate or accidental
discontinuation or relaxation of control measures.

Investigating evaporative cooling tower systems
2.34 See paragraphs 1.53-1.57 in Part 1.
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Part 3: Technical guidelines for the control and prevention of
Legionella in water systems

3.1

3.2

These technical guidelines provide the background to the control measures
commonly applied to evaporative cooling systems, hot and cold water systems
spa pools and other systems and include features of the design and installation,
management of the systems during commissioning and re-commissioning and
normal operation.

These guidelines include reference to the WHO’s publication Water Safety in
Buildings (Cuniliffe et al., 2011), which advocate the move towards holistic
Water Safety Plans. They are mainly based on technical recommendations
contained in the freely available UK Health & Safety Executive’s Legionella
technical guidelines Parts 1-3 published in December 2013 and 2014 (Health &
Safety Executive, 2013b, 2013c, 2014). They should therefore be regarded as
one example of good practice. These may not therefore be entirely consistent
with guidance produced in some other European countries because of legal
requirements or constraints within those countries. They are, however, a useful
guide to follow.

Water safety plans

3.3

3.4

3.5

The Water Safety Plan (WSP) (Cunliffe et al., 2011) approach is advocated by
the World Health Organisation to ensure the safety of all water to which staff
and the public may be exposed within a building from its source to the point of
use. This approach is particularly recommended:

e where water is supplied from a source other than a public potable water
supply; and

o for large complex buildings (or ships) where there may be multiple and
complex systems which could pose a risk of waterborne infection if not
managed effectively (e.g. evaporative cooling systems, hot and cold water
distribution systems, leisure facilities including swimming and spa pools,
water features and the like, together with spas and hair and beauty salons
that use water for treatments).

Implementation of WSPs ensures that not only is the water quality for each type
of use identified but also a management system is put in place for all systems
and associated equipment to ensure the risks are adequately controlled so that
all water is safe for all types of use and all users.

The WSP approach is preventive and includes:

e the appointment of a multidisciplinary water safety team; this is
particularly important where there are multiple buildings/systems and
complex sites;
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e an up-to-date description of each system and associated equipment
including all relevant components such as storage tanks, pumps, blending
valves and flow restrictors (i.e. an asset register);

e an up-to-date schematic diagram of each system showing the layout of
the plant or system, including parts temporarily out of use. This is not an
as-fitted scale drawing but a simplified plan showing all relevant
components, connections, etc. which can be easily understood by a non-
technical person;

e arisk assessment which is carried out on each system and associated
equipment that uses water;

e a water management plan to minimise the risks from Legionella and other
relevant waterborne pathogens;

e supplementary programmes to support the WSP including surveillance,
audit, training and communication.

The WSP should also include a plan for dealing with foreseeable problems
including the remedial actions to be taken in the event of such occurrences
(e.g. the breakdown of a critical piece of equipment such as a circulation pump
which can be predicted to occur sometime in the lifetime of a system, or failure
in delivery of treatment chemicals). There should also be a list, with contact
details, of those to be informed if such an event occurs.

Water Safety Group

3.7

3.8

The team approach to managing water is an important component of the WSP.
The WSG ensures all the skills necessary are available and there is cross-
communication between professionals to assess and manage water safely for
all types of use and user. Typically a WSG for a hotel complex, for example,
could include:

e a competent water system engineer/technician who is familiar with each
of the water systems on site;

e a representative from water treatment professionals who provide services
such as risk assessment, disinfection and cleaning services, and/or
monitoring and sampling;

e a consultant(s) who understands how to interpret water monitoring
results, give advice on appropriate remedial measures and carry out
independent audits

e a member of senior management; and

e a representative from users of any specialised systems such as leisure
pools, hairdressing, and beauty and spa treatments.

The exact composition will vary depending on the number and complexity of
systems on site.
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Responsibility

3.9

One advantage of a WSG is that responsibility for day-to-day management is
shared between those with the appropriate expertise. However, the group
should report up to the person who has overall legal responsibility for health
and safety within the building; in a hotel, for example, this would normally be
the owner/manager, chief executive officer or equivalent. The WSG would have
overall day-to-day responsibility for the WSP (e.g. agreeing designs for water
systems in new builds and refurbishments to ensure they minimise the risks
from waterborne infections, developing and implementing WSPs, reviewing risk
assessments, documentation and monitoring results and any remedial actions).

Cooling towers and evaporative condensers

3.10

3.11

3.12

3.13

3.14

3.15

These guidelines for evaporative cooling systems are based on the UK Health
& Safety Executive Guidelines HSG274 Part 1 published in 2013 (Health &
Safety Executive, 2013b), which gives further information on types of towers
(with illustrations) together with further guidance.

This section gives an overview of the characteristics of each type of system, the
design and construction of evaporative cooling systems and their safe
operation, commissioning, management and maintenance.

Introduction

Air conditioning is the process of treating air to cool its temperature, humidity
and air cleanliness and distributing this are to meet cooling requirements.
Evaporative cooling of water within cooling towers and evaporative condensers
is widely used to dissipate heat from air conditioning, refrigeration and industrial
process systems by using water as a heat exchange medium. Heat from the
cooling cycle is removed by a condenser which is often cooled by water from an
evaporative cooling tower. During heat exchange, the cooling water is heated to
around 30°C, and with the potential for scale formation, corrosion and fouling,
this may provide an environment for the proliferation of legionellae.

They come in a variety of designs and sizes including open-circuit cooling
towers, which are the most common. They can range in size from small
packaged towers used in air conditioning and light industrial applications, up to
large towers, including hyperbolic towers, for heavy industrial, petrochemical
and power generation applications — all have the potential to cause
Legionnaires’ disease if not adequately maintained and controlled.

For further information and diagrams, see the UK Health & Safety Executive’s
HSG274 Part 1 (Health & Safety Executive, 2013b, pp 9-12).

An evaporative cooling system consists of a cooling tower, evaporative
condenser or other cooling equipment, together with pumps, recirculation
pipework and valves and usually the heat exchanger or condenser and a pond.
It may also include ancillary items, such as make-up supply tanks, pre-
treatment plant and chemical dosing plant. These items all need to be
considered and included in the management and control scheme of the system.
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3.19

3.20

All evaporative cooling systems, except for large natural draught towers, have a
fan system to force or induce airflow through the unit.

In buildings such as hotels, apartment blocks, leisure complexes, offices,
shopping malls, etc., cooling towers and evaporative condensers are primarily
used for comfort cooling. In industrial settings they may be used to cool
processes and recover heat. Industrial cooling towers may also be used to cool
contaminated process water with high microbial counts and pose a significant
risk of transmitting contaminated aerosols. These will require additional
treatment regimes validated for use in the specific system, and more extensive
monitoring programmes will be needed to verify the treatment regimes. The
risks from disposing of highly contaminated process water from these into rivers
or wastewater treatment plants should also be assessed and the water treated
before disposal where indicated.

Those who own or manage buildings with evaporative cooling towers should
consider as part of the risk assessment process whether replacing these with
dry systems is a viable alternative. Where this is not reasonably practicable and
a wet cooling system is the only realistic option available, a cooling system
should be designed with safe operation and maintenance in mind.

Both cooling towers and evaporative condensers have been associated with
cases of Legionnaires’ disease, so they should be regarded as presenting a
similar risk and requiring similar precautions. Dry/wet cooling systems
(adiabatic)® are increasingly being used but if used intermittently, as with other
towers, they may pose a risk of infection especially where water is recycled and
stored or if a poor-quality water source is used, which increases the risk of
microbial growth. Because of their potential to cause large outbreaks, all
evaporative cooling systems should be rigorously risk-assessed and actively
managed and monitored.

Design

The design should minimise the potential for microbial colonisation, growth and
dissemination of aerosols. Factors which should be taken into account during
the design, selection of location and installation include:

a. ldeally, towers should not be located near any air conditioning or
ventilation inlets nor close to openable windows; this is particularly
important where healthcare building intakes are close by.

b. The air inlets should be designed and protected so as to minimise splash-
out or windage losses and to avoid leaves and other contaminating debris
being drawn into the tower. This is especially important on industrial sites
with a high-nutrient environment (e.g. in food manufacturing).

c. Towers should be located in such a way that there is an unimpeded
supply of ambient air for cooling and no obstruction to the exhaust stream
from the tower.

® For further information see the UK Health & Safety Executive’s HSG274 Part 1 (Health & Safety
Executive, 2013b).
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d.

It should be ensured that all areas are easily and safely accessible for
inspection. There should also be adequate space around the tower for
routine maintenance, including cleaning and disinfection and pack
removal, with gantries or platforms and access doors and hatches so that
all parts of the equipment that require inspection and maintenance can be
safely accessed.

Cooling towers and evaporative condensers should be made of materials
that do not support microbial growth and which are resistant to corrosion
and easy to descale, clean and disinfect. Construction components made
from materials which support microbial growth such as natural rubber and
untreated timber should be avoided.

The base tank or pond of cooling towers should be fully enclosed to
prevent direct sunlight onto the water and therefore the growth of algae
which can support legionellae growth. The bottom of the tank or pond
should be designed to facilitate draining, with a suitably sized drain at the
lowest point.

. The water pipework including balance pipes should be as simple as

practicable, avoiding dead-legs and sections that can hold stagnant water
and cannot be drained, allowing microbial growth. It should be
constructed from materials compatible with the fabric of the evaporative
cooling equipment to reduce the possibility of corrosion.

. Control of the operating water level in a cooling tower is important to

prevent overflow or splash-out, which can adversely affect effective
treatment chemical levels and also result in the release of aerosols. Water
level is often controlled by a mechanical float-operated valve, which works
well for continuously operated towers. Electrical water-level detection
devices are recommended for more precise level control and for towers
that are shut down more frequently than once every quarter.

Minimising the release of water droplets:

o High efficiency drift eliminators, which reduce rather than eliminate the
loss of water vapour (drift), should be installed in all towers that have
fans. The efficacy of drift elimination is dependent on the relationship
between fan speeds, density and resistance of the pack, as well as the
design and fitting of the eliminator itself. Modern drift eliminators
should be able to reduce the drift loss to less than 0.01% of the water
flow through the tower.

o The tower design should allow the easy removal of the drift eliminators
which should be in sections that are easy to handle to facilitate
inspection, descaling and cleaning. They should be well fitted with no
obvious gaps either between the tower fabric or the individual sections.
It is important that the airflow is not impeded (e.g. by build-up
of leaves or scale).

o lItis important that drift eliminators are regularly inspected for damage
as they can become brittle due to chemical attack, ultraviolet radiation
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from the sun or temperature extremes. Brittleness will lead to
breakage of the plastic and this will affect the efficiency of the
eliminator.

o Tower fans are commonly automatically controlled by frequency
inverters which ensure that the fan speed responds according to the
system load. Frequency inverters also regulate the air speed through
the drift eliminators, which in turn will limit the amount of drift exiting
from the tower.

Evaporative condensers are sometimes used for air conditioning or industrial
cooling applications. An evaporative condenser combines the function of both
the cooling tower and the conventional condenser, as water is sprayed over the
cooling coils. The volume of water in the evaporative condenser is usually less
than in a cooling system.

Although less common, other systems that do not rely solely on the principle of
evaporation are dry/wet coolers or condensers (also known as adiabatic
coolers). These systems are able to operate in dry air-cooled mode and wet
evaporative cooling mode, but when running in wet mode may present an
equivalent risk to a cooling tower or evaporative condenser especially if the
cooling water is recycled or not of potable quality. The risk assessment may
require similar control measures to conventional towers.

Commissioning

Following the correct commissioning procedures is essential for the safe
onward operation of the cooling tower. Cases of legionellosis have been
associated with systems that were not cleaned or properly commissioned
before being put into operation.

Systems should be commissioned by experienced and competent personnel to
ensure that the system operates correctly as designed. It is essential that the
commissioning process is carried out in a logical and defined manner in full
compliance with the supplier’s or installer’s instructions and includes both the
evaporative cooling equipment itself as well as any associated pipework,
components and water treatment plant. The commissioning procedure should
include all aspects of the system including the mechanical and electrical
systems which should be coordinated with the disinfection and cleaning
processes and the commissioning of the water treatment system to prevent the
risk of Legionella colonisation and growth. The following factors should be
considered when scheduling commissioning (or recommissioning) of a tower:

e Commissioning should not be carried out until the system is required for
use, and the system should be filled with water at the last possible time
before commissioning takes place to avoid water stagnation and allow
microbial growth. If filled just for hydraulic testing, the system should be
drained and not refilled until commissioning takes place.

e [f a new system is to be taken into use within a week, commissioning can
be carried out and the system left charged with treated water, which
should include a biocide which is kept circulating through the system.
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e The baseline data from the commissioning process (including records of
those responsible for carrying it out) should be included within the
operation and maintenance manual/logbook so that checks can be made
to verify that the installation continues to operate as intended.

e Formal arrangements should be made to for competent supervision of the
commissioning process by, for example, a competent independent
engineer who is familiar with the type of system and its application and
who witnesses the testing is carried out to the required specification and
countersigns the relevant documents.

Cooling tower operation

It is recommended that a WSP is developed and implemented. This should
include the governance and accountability arrangements, a formal risk
assessment and scheme of control to ensure that there is safe operation, and a
maintenance and monitoring programme in place and to ensure the ongoing
safety of the system. The WSP should also include supplementary programmes
for training, competency checks, communication and internal and external audit
(see paragraphs 3.3-3.6). The system should be operated in the way it was
designed and in such a way that it avoids system contamination and growth
and stagnant water conditions, allows the water treatment control measures to
be effective, and minimises the release of aerosols from the system.

An operation and maintenance manual should be available for the whole
system and include manufacturers’ instructions for all individual pieces of
equipment and details of:

e operation and maintenance procedures that enable plant operators to
carry out their duties safely and effectively;

e checks of equipment as fitted and where automated dosing systems are
fitted,

e checks to ensure that the treatment is being applied;

o the system as currently in operation;

e schematic diagrams and total water volume of the system;
e specific information on the water treatment programme;

e normal operation control parameters and limits;

e required corrective actions for out-of-specification situations, such as
when plant operating conditions or the make-up water quality change;

e cleaning and disinfection procedures;
e monitoring records of the system operation.

Where chemical additions and bleed-off are controlled automatically they
should be checked over their full operating ranges. Where conductivity controls
are used, the conductivity cell should be regularly recalibrated. In high-nutrient
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environments additional controls such as side-stream filtration may be required
to reduce the nutrient load on the system.

Considerations for towers used intermittently

Cooling systems that do not operate continuously such as cooling towers that
cycle on and off automatically or those on regular standby duty require
particular attention with regard to the biocide programme in order to ensure that
effective levels of biocide are maintained at all times.

The cooling system should therefore be kept in regular use whenever possible.
When a system is used intermittently, arrangements should be in place to
ensure that treated water circulates through the entire system at least once a
week this should be monitored and records kept. The system, including the
fans, should run for long enough to distribute the treated water thoroughly.

Short-term standby (e.g. for a week or up to a month)

If the system is out of use for a week to one month in addition to the above. If a
system is to be out of use for a week or longer (e.g. up to a month), biocides
should continue to be dosed and circulated throughout the system, as if in
normal operation (at least weekly), the water should be treated with biocide
immediately prior to reuse.

Longer-term standby (e.g. seasonal use)

If a system, part of a system or attached equipment is to be out of use for
longer than a month, it should be managed so that microbial growth, including
Legionella in the water, is appropriately controlled. It used to be thought that
systems should be drained and decommissioned. However, in large systems it
is impossible to ensure all parts of the system do not have residual water
(which can lead to biofilm growth), and as it is not possible to fully remove
biofilms from a system, current thinking is that systems should be left filled with
biocide and the levels checked on a regular basis. Leaving water in the system
also helps to avoid other problems associated with systems drying out,
including failure of joints and corrosion in metal pipework. The system,
including the water treatment regime, should then go through the full
recommissioning process before reuse. If it is not possible to ensure regular
monitoring and circulation — e.g. if a building falls out of use and it is expected
that the cooling system will be required on recommissioning of the building —
the system should be drained and sealed, with desiccant left in the system to
reduce the effects of corrosion.

Maintenance

Preventive maintenance is an important measure to assure reliable and safe
operation of the cooling system. The operation and maintenance
manual/logbook should include a detailed maintenance schedule, listing the
various time intervals when the system plant and water quality should be
checked, inspected, overhauled or cleaned and disinfected. The completion of
every task should be recorded by the plant operatives/contractors.
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3.35

3.36

3.37

3.38

3.39

Drift eliminators require particular attention with regard to maintenance. To
remain effective, they should be regularly inspected to ensure they are well-
sealed, clean, properly positioned and not damaged.

Cleanliness of the tower and associated plant is vital for the safe operation of a
cooling system, and effective cleaning should be carried out periodically. All
wetted parts such as the internal surfaces of the tower, drift eliminators, water
distribution system and fill pack should be accessible for an assessment of
cleanliness and cleaned as needed.

If standby pumps are fitted, any stagnant sections should be flushed with
biocide-treated water periodically, typically once every week. If not managed
effectively, subsequent disturbance of a dead-leg may result in rapid
colonisation of the whole system.

Water treatment

The operating conditions of the cooling system provide an environment in which
microorganisms can proliferate. The water temperatures, pH conditions,
concentration of nutrients, presence of dissolved oxygen, carbon dioxide,
sunlight (which encourages algal growth) together with large surface areas all
favour the growth of microorganisms including protozoa, algae, fungi and
bacteria which can support Legionella growth. Both surface-adhering
(sessile/biofilms) and free-flowing (planktonic) bacteria need to be controlled for
a complete and effective treatment programme. In effect the cooling towers are
acting as air scrubbers and will accumulate nutrients from the environment
especially when operating in industrial applications with a high-nutrient
environment (food manufacturing, paper mills, etc.). Particular care must be
taken to ensure there is an effective treatment and maintenance regime; in
some cases, pre-treatment such as side-stream filtration may be needed.

An effective water treatment programme should be established based on the
physical and operating parameters for the cooling system and taking into
account the chemical and biological composition of the make-up water. When a
non-potable source is used for cooling, pre-treatment may also be necessary.
The components of the water treatment programme should be environmentally
acceptable and comply with any local discharge requirements.

The cooling water treatment programme should be capable of controlling not
only Legionella and other microbial activity, but also corrosion, scale formation
and fouling to maintain the system’s cleanliness. All of these need to be
monitored regularly to ensure they remain effective. The exact treatment regime
required to control a system may vary significantly with different water supplies,
cooling system design, operating conditions and periods of use.

Corrosion control

In many cooling systems, a significant proportion of the construction material is
mild steel, which is susceptible to corrosion. Heat transfer equipment may be
made of more corrosion-resistant metals such as copper, copper alloys or
stainless steel; these metals also need to be adequately protected. Corrosion of
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3.44
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mild steel in particular should be inhibited as it may lead to conditions that
encourage the growth of legionellae.

Good corrosion control requires a clear understanding of the cooling water
chemistry and metallurgy, the selection of a corrosion inhibitor matched to that
chemistry and metallurgy, and adequate control of both the inhibitor and the
chemistry within the system. As with all cooling water analysis, a suitably
trained and competent person should interpret the results.

Corrosion and scale inhibitors should be applied continuously and be capable
of producing the desired control over corrosion and scaling. For liquid inhibitors
a commonly employed method of addition is using a dosing pump controlled by
a water meter installed on the cooling system’s make-up water supply. In situ
monitoring of treatment reserves, with feedback control of dosing, can also be
employed.

Inhibitor formulations can be supplied as a single multi-functional product
incorporating a number of corrosion and scale inhibitors and dispersant
polymers to reduce fouling tendencies. For some large cooling systems, it can
be more cost effective, and provide greater flexibility, if the required
components are supplied and dosed separately. For further information on
fouling, corrosion and scale see HSG274 Part 1 (Health & Safety Executive,
2013b, paragraphs 1.40-1.50).

Scale control

Scale is the localised precipitation of normally water-soluble inorganic hardness
salts. Its formation is influenced by the concentration of calcium salts, pH,
surface and bulk water temperatures and the concentration of the total
dissolved solids. As an evaporative cooling system operates, the concentration
of these various dissolved solids increases and the pH of the water tends to
rise, which results in the increased likelihood of scale deposition.

Scale formation results in loss of heat transfer, reduced flow rates and loss of
efficiency, and contributes to deposition. Scale provides niches for microbial
adhesion and survival, including legionellae, and reduces the effectiveness of
any biocidal treatment.

One or more of the following techniques are generally used to control scale
formation:

e softening the ingoing water;

e adding specific scale inhibitors that extend the solubility of the hardness
salts and so prevent precipitation;

e acid-dosing to lower the pH and alkalinity and reduce the scaling
potential;

¢ limiting the system concentration factor to a range within which the
hardness salts can remain soluble.
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Protection of personnel

Maintenance, cleaning, testing and operating procedures should all be
designed to control the risks to staff and others that may be affected.

As systems requiring cleaning may have been contaminated, the operator and
others closely involved in the work should wear respiratory protective
equipment suitable for particle exclusion to European standard EN 143
(European Committee for Standardization, 2000). This can be a powered filter
and hood or a power-assisted filter and close-fitting full-face mask. It should be
borne in mind that the filter on these systems is liable to get wet, and
consequently resistance to air can increase with consequent discomfort to the
operator.

Alternatively, a hood or full-face mask fed with breathing-quality compressed air
may be used. The preferred equipment is a full-face close-fitting airline mask
with a positive-pressure demand valve under a hood or helmet protecting the
rest of the head. The air supply should come from an oil-free compressor
drawing air through a filter from a location well upwind of any jetting operation,
or through cylinder supplies of compressed air. Further information on
respiratory protective equipment can be obtained from Respiratory Protective
Equipment at Work — a Practical Guide (HSG53) (Health & Safety Executive,
2013d).

Cleaning and disinfection

Maintaining the cleanliness of the cooling system and the water in it is critical to
preventing or controlling microbial growth, reducing the risk of exposure to
legionellae and also improving the efficiency and life of the system.

The WSG/responsible person should determine the appropriate frequency and
scope of inspection and monitoring and cleaning operations, and whether a
cooling system is clean enough for operation. They may seek advice and help
from specialist service providers for water treatment, risk assessment, cleaning
and disinfection. However, it remains the responsibility of the WSG/responsible
person to ensure that contractors/service providers carry out their roles with
adequate supervision to ensure they are safe and effective.

As Legionella are more likely to grow in a fouled cooling system (e.g. where
there are biofilms, corrosion products, scale deposits, mud, silt and clay,
airborne dust and debris, process contaminants and airborne biological matter
such as insects, pollen and plant material), managing both the biological and
chemical components of the system are crucial aspects of control. Microbial
biofilms can both support and promote growth by providing nutrients and hosts
for intracellular growth and protecting the organisms from water treatments. The
required frequency and scope of regular cleaning and disinfection operations
should be determined by an assessment of the potential for fouling. This
assessment should be based on usage, inspection and history of the water
treatment, control of microbial activity, scaling and corrosion tendencies and
other factors that may result in fouling of the particular system. Fouling
tendencies can be controlled by adding specific dispersant chemicals to keep
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suspended solids mobile and may be helped by incorporating side-stream
filtration which filters a proportion of the circulating water and then returns it to
the cooling circuit.

Effective water treatment can significantly reduce fouling in a cooling system,
and the risk assessment should consider the history of control of the fouling
factors and water treatment programme should be used in conjunction with
inspection to determine the frequency and type of cleaning and disinfection
operations to be carried out.

In relatively clean environments with effective control measures it may be
acceptable to extend the period between cleaning operations, provided it can
be demonstrated that system cleanliness is maintained. The composition of the
make-up and cooling water should be routinely monitored to ensure the
continued effectiveness of the treatment programme. The frequency and extent
will depend on the operating characteristics of the system.

Water treatment

Most cooling systems are treated using what might be termed conventional
chemical techniques. These may be in the form of single-function chemicals or
multi-functional mixtures.

The chemical programme of the system can be augmented by pre-treatment of
the make-up water and will include bleed-off control to limit the cycles of
concentration. In some instances, acid-dosing may be incorporated as part of
the scale control programme and in other instances side-stream filtration may
be employed to control the build-up of suspended solids.

This chemical treatment programme should be carefully selected based on the
cooling system design, size (i.e. the water chemistry in smaller volume systems
may be more difficult to maintain) and operating conditions, make-up water
analysis, materials of the system’s construction and environmental constraints.
The different elements of the treatment programme should be chemically
compatible. The treatment programme should be capable of coping with
variations in the operating conditions, make-up water analysis and microbial
loading. Chemical dosage and control should be automated where possible to
ensure the correct treatment levels are consistently applied and to minimise
exposure of operators to chemical hazards. For each chemical there should be
a safety data sheet, a completed chemical hazard risk assessment and control
measures applied for their safe handling and use.

Cooling water biocides

The biocide regime should be capable of controlling the microbial activity in the
cooling water consistently so that microbial growth is controlled. The ease with
which this can be achieved will vary from system to system depending on the
operating conditions and the availability of nutrients in the water to support
microbial growth. The control of the biocide regime should be automated to
ensure the correct dosage of biocide is applied at the required frequency.
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Oxidising biocides

This group of biocides can effectively oxidise biological material in the cooling
system, including microorganisms, resulting in their destruction if the conditions
are maintained to enable them to work effectively. An advantage of oxidising
biocides is that they can be monitored by a simple field test to measure the
residual biocide in the cooling water and they can be easily neutralised in
microbiological samples, whereas the concentration of non-oxidising biocides
cannot easily be measured directly and cannot be easily neutralised, and so
can interfere with microbiological analysis.

The oxidising biocides most commonly used in cooling water are those based
on compounds of the halogens chlorine and bromine. These may be supplied
as a gas, solid tablets, granules or powder, or as solutions. They can be applied
continuously or on a slug-dose basis and may be used in conjunction with non-
oxidising biocides which are organic-based compounds that are intended to
react with specific components of microorganisms to inactivate them.

On dilution these compounds form free halogens: hypochlorous acid (HOCI),

hypobromous acid (HOBr), hypochlorite ion (OCI™) and hypobromite ion (OBr")
in a pH-dependent equilibrium.

This pH-dependent relationship is important because the hypochlorous and
hypobromous acids are more active biocides than the hypochlorite and
hypobromite ions. Control of pH may be necessary to optimise biocidal activity;
as pH rises the concentration of these active acids declines and the water
becomes increasingly alkaline. At higher pH (above pH 8), chlorine compounds
tend to become less effective and slower acting, whereas bromine compounds
retain much of their activity. For this reason the use of chlorine-based biocide
programmes tend to be restricted to larger cooling systems operating at lower
cycles of concentration or those employing pH control. Bromine-based biocide
programmes are generally considered more appropriate for smaller cooling
systems and any system where the cooling water pH is likely to exceed pH 8.

Oxidising biocides are aggressive chemicals and if overdosed will lead to
increased corrosion rates. High concentrations of oxidising biocides can also
degrade other cooling water chemicals, such as inhibitors, so it is important that
the dosing arrangements are designed to ensure the two chemicals do not mix
until they are well diluted (i.e. in the system).

It is preferable that oxidising biocides are applied continuously or in response to
a redox or amperometric control system, pre-set at a level equivalent to the
correct halogen reserve required. If, however, halogen biocides are shot-dosed,
they should be dosed sufficiently often and in sufficient quantity to maintain
effective microbial control at all times.

Owing to their mode of action, oxidising biocides are not prone to developing
microbial resistance, so it is not normally necessary to dose a second biocide
alternately, unless the oxidising biocide is dosed infrequently. However,
biodispersant chemicals, which are special surfactants, are often applied in
conjunction with oxidising biocides to help the penetration and dispersion of
biofilms. While it is not normally necessary to dose a secondary biocide where
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an oxidising biocide is applied continuously, it may be appropriate to control a
particular microbial problem such as algal growth in areas of the cooling tower
exposed to sunlight.

Used correctly, both chlorine and bromine biocide programmes are effective at
controlling the general microbial count and preventing the proliferation of
legionellae even where significant nutrient levels are present. Their efficacy
can, however, be affected by certain process contaminants such as ammonia
or very high organic loading. Under such circumstances an alternative oxidising
biocide such as chlorine dioxide or an appropriate non-oxidising biocide
programme may be used.

Dosing

Halogen-based biocides are typically applied to the tower pond or suction side
of the recirculating water pump but should be dosed so that the biocide will
circulate throughout the cooling system to establish a measurable reserve using
DPD Nof1, in the range 0.5-1.0 mg/l as Clz2 or 1.0-2.0 mg/l as Brz. However, in
air conditioning systems where the tower can be bypassed, the biocide needs to
be added to the suction side of the recirculating pump.

Whatever method is used, it should ensure good mixing and avoid localised
high concentration of chemical, which may cause corrosion. In some
circumstances, it may be possible to maintain good microbial control at a lower
halogen reserve; and in other circumstances, such as more alkaline pH
conditions, it may be necessary to increase the halogen reserve to compensate
for the reduction in biocidal activity. The effectiveness of the microbial control
should be monitored using weekly dip slides and periodic Legionella analysis
and the target biocide reserves adjusted accordingly.

Chlorine dioxide

The performance of chlorine dioxide as a biocide is not affected by the water
pH; it does not react with ammoniacal compounds and it is often less affected
by organic contamination than either chlorine- or bromine-based oxidising
biocides. It is extremely effective at penetrating and dispersing biofilms.
However, it is more complex to dose and its volatility means that maintaining a
measurable residual of chlorine dioxide in the recirculating water downstream of
the cooling tower may prove difficult. It tends therefore to be used as a niche
biocide for applications where contamination precludes the use of chlorine or
bromine. When it is used, it may either be dosed continuously at a low level or
intermittently at a higher level with the frequency and dosage level often being
determined by the results of microbial monitoring rather than by achieving and
maintaining a specific chlorine dioxide residual.

An advantage of oxidising biocides is that they can be monitored by a simple
field test to measure the residual biocide in the cooling water, whereas the
concentration of non-oxidising biocides cannot easily be measured directly.

The effectiveness of the biocide regime should be monitored weekly,
conventionally by using appropriate microbial dip slides. Alternative
technologies that can quantitatively detect microbial activity (i.e. those that do
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not rely on culturing bacteria) may be used; however, any new methods should
be validated to ensure the results are equivalent, where appropriate, using
ISO/TR 13843: “Water quality — Guidance on validation of microbiological
methods”). Specific sampling for legionellae should be done on at least a
quarterly basis. Adjustments to the dosage and control settings may be needed
in response to any high count.

Non-oxidising biocides

Non-oxidising biocides are organic compounds that are usually more complex
than oxidising biocides. They are generally more stable and persistent in the
cooling water than oxidising biocides, but their concentration will reduce with
time because of system water losses and degradation and consumption of the
active material.

To achieve the right non-oxidising biocide concentration to kill microorganisms,
biocide is normally added as a shot-dose. The frequency and volume of
applications are dependent on system volume, system half-life, reinfection rate
and the required biocide contact time, typically at least four hours. These
factors need to be considered to ensure that the biocide concentration
necessary to kill the microorganisms is achieved. In systems with smaller water
volumes and high evaporation rates, it is particularly important that the above
parameters are accurately determined. In the case of systems that have long
retention times, the half-life of the biocide is the controlling factor. The total
system volume should be established to ensure that the desired levels of non-
oxidising biocides are applied.

A non-oxidising biocide programme should use two biocides with different Kill
mechanisms on an alternating basis to minimise the risk of the microbial flora
evolving into a population tolerant to a single biocide type. Once the
concentration of any biocide has been depleted to below its effective level, the
system will be open to infection and al