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Preface

Access to safe drinking-water is essential to health, a basic human right and a com-
ponent of effective policy for health protection.

The importance of water, sanitation and hygiene for health and development
has been reflected in the outcomes of a series of international policy forums. This
includes, most recently, the adoption of the Sustainable Development Goals by
countries, in 2015, which include a target and indicator on safe drinking-water.
Further, the United Nations (UN) General Assembly declared in 2010 that safe and
clean drinking-water and sanitation is a human right, essential to the full enjoyment
of life and all other human rights. These commitments build on a long history of
support including the UN General Assembly adopting the Millennium Development
Goals in 2000 and declaring the period 2005-2015 as the International Decade for
Action, “Water for Life”.

Access to safe drinking-water is important as a health and development issue at
national, regional and local levels. In some regions, it has been shown that investments
in water supply and sanitation can yield a net economic benefit, because the reductions
in adverse health effects and health-care costs outweigh the costs of undertaking
the interventions. This is true for investments ranging from major water supply
infrastructure through to water treatment in the home. Experience has also shown that
interventions in improving access to safe water favour the poor in particular, whether
in rural or urban areas, and can be an effective part of poverty alleviation strategies.

The World Health Organization (WHO) published four editions of the Guidelines
for drinking-water quality (in 1983-1984, 1993-1997, 2004, and 2011), as successors to
the previous WHO International standards for drinking water, which were published
in 1958, 1963 and 1971. Since 1995, the Guidelines have been updated through a
process of rolling revision, whereby a limited number of sections within each edition
are updated as feasible, including in response to new evidence, uncertainty about
best practice, or requests from stakeholders. New editions of the Guidelines usually
introduce major new recommendations and are published following comprehensive
review.

Leading the process of the development of the fourth edition was the Water,
Sanitation, Hygiene and Health Unit within WHO headquarters. The Chemical Safety
Unit and the Risk Assessment and Management Unit provided input on chemical
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hazards, and the Radiation Programme provided input on radiological hazards. All six
WHO regional offices participated in the process, in consultation with Member States.

This version of the Guidelines, Guidelines for drinking-water quality: fourth edition
incorporating the first and second addenda,' supersedes previous editions of the Guide-
lines, including the fourth edition incorporating the first addendum, published in
2017; the fourth edition, published in 2011; and the previous International Standards.
These Guidelines integrate into the fourth edition the updates of 2017 and subsequent
updates, as listed below.

The primary goal of the Guidelines is to protect public health associated with
drinking-water quality. The overall objectives of the Guidelines are to:

® provide an authoritative basis for the effective consideration of public health in
setting national or regional drinking-water policies and actions;

® provide a comprehensive preventive risk management framework for health
protection, from catchment to consumer, that covers policy formulation and
standard setting, risk-based management approaches and surveillance;

® emphasize achievable practices and the formulation of sound regulations that are
applicable to low-income, middle-income and industrialized countries alike;

® summarize the health implications associated with contaminants in drinking-
water, and the role of risk assessment and risk management in disease prevention
and control;

® summarize effective options for drinking-water management; and

® provide guidance on hazard identification and risk assessment.

The fourth edition of the Guidelines, including its updates, further develops con-
cepts, approaches and information introduced in previous editions, such as the com-
prehensive preventive risk management approach for ensuring drinking-water quality
that was introduced in the third edition. It considers:

® drinking-water safety, including minimum procedures and specific guideline
values, and how these are intended to be used;

® approaches used in deriving the Guidelines, including guideline values;
microbial hazards, which continue to be the primary concern in both developing
and developed countries. Experience has shown the value of a systematic approach
to securing microbial safety. This edition builds on the preventive principles
introduced in the third edition on ensuring the microbial safety of drinking-
water through a multiple-barrier approach, highlighting the importance of
source water protection;

®  climate change, which results in changing water temperature and rainfall patterns,
severe and prolonged drought or increased flooding, and its implications for
water quality and water scarcity, recognizing the importance of managing these
impacts as part of water management strategies;

! Up to 2017, the Guidelines incorporating the addenda were accompanied by separate addenda publications
that detailed the updates made to the Guidelines. Separate addenda are no longer published, but will be
referenced in the naming of the Guidelines between editions up to the fifth edition.
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® chemical contaminants in drinking-water, including information on chemicals
not considered previously (e.g. pesticides used for vector control in drinking-
water); revisions of existing chemical fact sheets, taking into account new
scientific information; and reduced coverage in the Guidelines in cases where
new information suggests a lesser priority;

® key chemicals responsible for large-scale health effects through drinking-water
exposure (e.g. arsenic, fluoride, lead, nitrate, selenium and uranium), with the
Guidelines providing guidance on identifying local priorities and on management;

e the important roles of many different stakeholders in ensuring drinking-water
safety; this edition furthers the discussion introduced in the third edition of
the roles and responsibilities of key stakeholders in ensuring drinking-water
safety; and

® guidance in situations other than traditional community supplies or managed
utilities, such as rainwater harvesting and other non-piped supplies or dual-
piped systems.

The Guidelines are accompanied by a series of supporting publications. These
include internationally peer-reviewed risk assessments for specific chemicals (see list
of chapter 12 background documents in Annex 2) and other publications explaining
the scientific basis of the development of the Guidelines and providing guidance on
good practice in their implementation (see Annex 1). The publication Guidelines for
drinking-water quality Volume 3—Surveillance and control of community supplies (1997,
revision forthcoming) provides guidance on good practice in surveillance, monitoring
and assessment of drinking-water quality in community supplies. Supporting publi-
cations have also informed the update of the Guidelines, including the updates to the
fourth edition, and are referenced throughout.

Key updates to the Guidelines in 2017 were:

® new guidance on microbial risk assessment, aggregating multiple barriers for
overall water treatment performance and microbial detection methods (chapter
7);

® new or updated fact sheets for barium; bentazone; chlorine dioxide, chlorate and
chlorite; dichlorvos; dicofol; diquat; MCPA; nitrate and nitrite; and perchlorate,
with corresponding updates to guideline values or health-based values (chapter
12); and

® additional guidance on risk management considerations and monitoring of lead
(chapter 12).2

Key updates included in the current version of the Guidelines are:

®  (clarification that manganese can be a concern in some areas because of the poten-
tial extent of exposure at concentrations of human health significance, consider-
ing the updated WHO guideline value (section 2.5.3);

e updated information on the adequacy of water supply (section 5.3);

% See Guidelines for drinking-water quality, fourth edition: first addendum (WHO, 2017) for the detailed list
of changes made to the fourth edition of the Guidelines.
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® updated information on climate change, emergencies, and water used in food
production and processing (chapter 6);

® anew section on reuse of wastewater (chapter 6);

® an explanation of reference values, which are a new type of value included in the
Guidelines (section 8.2);

® additional guidance on assessing chemical mixtures (section 8.2.8);

® updated guidance on management of radionuclides, including interpretation and
application of the WHO screening values and guidance levels, and management
of radon (chapter 9);

® updated information on cyanobacteria, including considerations for use of an
alert level framework (sections 8.5.1, 10.1 and 11.5);

® new or updated fact sheets for anatoxin-a variants, asbestos, bentazone, chromi-
um, cylindrospermopsins, iodine, manganese, microcystins, nickel, organotins,
saxitoxins, silver, tetrachloroethene and trichloroethene. These either reaffirm
or update the guideline values and health-based values and, in some instances,
establish reference values (chapter 12). Corresponding updates have been made
to the chemical summary tables (chapter 8 and Annex 3), aesthetic consider-
ations for manganese (section 10.2), factors influencing leaching of nickel in
nickel-containing pipes and fittings (Annex 5), and analytical achievability and
treatment performance tables for cyanobacteria, cyanotoxins and manganese
(Annexes 4 and 5); and

® updated references in chapters 1-3 and in the above-mentioned sections, WHO
web links throughout the Guidelines and web links in Annex 1.

The Guidelines are addressed primarily to water and health regulators, policy-
makers and their advisors, to assist in the development of national policies and
regulations. The Guidelines and associated documents are also used by many
others as a source of information on water quality and health, and on effective
management approaches.

The Guidelines are recognized as representing the position of the UN system on
issues of drinking-water quality and health by “UN-Water”, the body that coordinates
among the 24 UN agencies and programmes concerned with water issues.
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Introduction

he primary purpose

of the Guidelines for
drinking-water quality is
the protection of public
health. The Guidelines
provide the recommenda-
tions of the World Health
Organization (WHO) for
managing the risk from
hazards that may com-
promise the safety of
drinking-water. The rec-
ommendations should be
considered in the context
of managing the risk from
other sources of exposure
to these hazards, such as
waste, air, food and con-
sumer products.

Introduction

A conceptual framework for

(Chapter 1)

(Chapter 2)

the Guideli

FRAMEWORK FOR SAFE DRINKING-WATER

Health-based targets

.4

Public health context
and health outcome

SUPPORTING
INFORMATION

Microbial aspects
(Chapters 7and 11)

(Chapter 3)
12

Water safety plans
(Chapter 4)

System

Monitoring
assessment

Management and
communication

I

Surveillance

(Chapter 5)

Application of the Guidelines
in specific circumstances
(Chapter 6)

Climate change, Emergencies,
Rainwater harvesting, Desalination
systems, Travellers, Planes and

ships, etc.

1.1 General considerations and principles
Water is essential to sustain life, and a satisfactory (adequate, safe and accessible) sup-
ply must be available to all. Improving access to safe drinking-water can result in tan-
gible benefits to health. Every effort should be made to achieve drinking-water that is

as safe as practicable.

Chemical aspects
(Chapters 8 and 12)
Radiological

aspects
(Chapter 9)

Acceptability
aspects
(Chapter 10)

Safe drinking-water, as defined by the Guidelines, does not represent any signifi-
cant risk to health over a lifetime of consumption, including different sensitivities that
may occur between life stages. Those at greatest risk of waterborne disease are infants
and young children, people who are debilitated and the elderly, especially when living
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under unsanitary conditions. Those who
are generally at risk of waterborne illness Diseases related to contamination of
may need to take additional steps to pro- drinking-water constitute a m.ajor burqen

R on human health. Interventions to im-
tect themselves against exposure to water- prove the quality of drinking-water pro-
borne pathogens, such as boiling their vide significant benefits to health.
drinking-water. Safe drinking-water is
required for all usual domestic purposes,
including drinking, food preparation and personal hygiene. The Guidelines are ap-
plicable to packaged water and ice intended for human consumption. However, water
of higher quality may be required for some special purposes, such as renal dialysis and
cleaning of contact lenses, or for certain purposes in food production and pharma-
ceutical use. The Guidelines may not be suitable for the protection of aquatic life or for
some industries.

The Guidelines are intended to support the development and implementation
of risk management strategies that will ensure the safety of drinking-water supplies
through the control of hazardous constituents of water. These strategies may include
national or regional standards developed from the scientific basis provided in the
Guidelines. The Guidelines describe reasonable minimum requirements of safe prac-
tice to protect the health of consumers and derive numerical “guideline values” for
constituents of water or indicators of water quality. When defining mandatory limits,
it is preferable to consider the Guidelines in the context of local or national environ-
mental, social, economic and cultural conditions. The Guidelines should also be part
of an overall health protection strategy that includes sanitation and other strategies,
such as managing food contamination. This strategy would also normally be incor-
porated into a legislative and regulatory framework that adapts the Guidelines to ad-
dress local requirements and circumstances (see also section 2.6).

The main reason for not promoting the adoption of international standards for
drinking-water quality is the advantage provided by the use of a risk-benefit approach
(qualitative or quantitative) in the establishment of national standards and regula-
tions. Further, the Guidelines are best used to promote an integrated preventive man-
agement framework for safety applied from catchment to consumer. The Guidelines
provide a scientific point of departure for national authorities to develop drinking-
water regulations and standards appropriate for the national situation. In developing
standards and regulations, care should be taken to ensure that scarce resources are
not unnecessarily diverted to the development of standards and the monitoring of
substances of relatively minor importance to public health. The approach followed in
these Guidelines is intended to lead to national standards and regulations that can be
readily implemented and enforced and are protective of public health.

The nature and form of drinking-water standards may vary among countries and
regions. There is no single approach that is universally applicable. It is essential in the
development and implementation of standards that the current or planned legislation
relating to water, health and local government is taken into account and that the cap-
acity of regulators in the country is assessed. Approaches that may work in one country
or region will not necessarily transfer to other countries or regions. It is essential that
each country review its needs and capacities in developing a regulatory framework.
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The judgement of safety—or what is an acceptable level of risk in particular circum-
stances—is a matter in which society as a whole has a role to play. The final judgement as
to whether the benefit resulting from the adoption of any of the Guidelines or guideline
values as national or local standards justifies the cost is for each country to decide.

Although the Guidelines describe a quality of water that is acceptable for life-
long consumption, the establishment of these Guidelines, including guideline values,
should not be regarded as implying that the quality of drinking-water may be degrad-
ed to the recommended level. Indeed, a continuous effort should be made to maintain
drinking-water quality at the highest possible level.

An important concept in the allocation of resources to improving drinking-water
safety is that of incremental improvement towards long-term health-based targets.
Priorities set to remedy the most urgent

roblems (e.g. protection from patho-
p ( & P p An important concept in the allocation

gens; see section 1.1.2) may be linked to of resources to improving drinking-water
long-term targets of further water qual- safety is that of incremental improvement
ity improvements (e.g. improvements in towards long-term water quality targets.

the acceptability of drinking-water in
terms of its taste, odour and appearance;
see section 1.1.6).

1.1.1 Framework for safe drinking-water

The basic and essential requirements to ensure the safety of drinking-water are a
“framework” for safe drinking-water, comprising health-based targets established by a
competent health authority, adequate and properly managed systems (adequate infra-
structure, proper monitoring and effective planning and management) and a system
of independent surveillance.

A holistic approach to the risk assessment and risk management of a drinking-
water supply increases confidence in the safety of the drinking-water. This approach
entails systematic assessment of risks throughout a drinking-water supply—from the
catchment and its source water through to the consumer—and identification of the
ways in which these risks

can be managed, 1nclud1ng In Stockholm, in 1999, it was agreed that future guidelines for
methods to ensure that con- drinking-water, wastewater and recreational water' should
trol measures are working integrate assessment of risk, risk management options and
effectively. It incorporates exposure control elements within a single framework with
embedded quality targets (see the supporting document

strategies to deal with day- Water quality—Guidelines, standards and health; Annex 1).

to-day ~management of Following this approach, the assessment of risk is not a goal
water quality, including up- in its own right, but rather a basis for decision-making. The
sets and failures. In this re- framework for safe drinking-water and the recommended

approach for regulations, policies and programmes are
based on this overall framework, known as the Stockholm
Framework (see chapter 2).

spect, climate change—in

! See WHO (2006) and WHO (2021), respectively, for Guidelines for the safe use of wastewater, excreta and
greywater in agriculture and aquaculture, Volumes 1-4 and Guidelines on recreational water quality. WHO
advice on the safe management of excreta, which is a primary source of contamination of drinking-water,
is covered in the WHO Guidelines on sanitation and health (WHO, 2018).
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the form of increased and more severe periods of drought or more intense rain-
fall events leading to flooding—can have an impact on both the quality and the
quantity of water and will require planning and management to minimize adverse
impacts on drinking-water supplies. Climate change also needs to be considered in the
light of demographic change, such as the continuing growth of cities, which itself
brings significant challenges for drinking-water supply.

In support of the framework for safe drinking-water, the Guidelines provide a
range of supporting information, including microbial aspects (chapters 7 and 11),
chemical aspects (chapters 8 and 12), radiological aspects (chapter 9) and acceptability
aspects (chapter 10). Figure 1.1 provides an overview of the interrelationships among
the individual chapters of the Guidelines in ensuring drinking-water safety.

The Guidelines are applicable to large metropolitan and small community piped
drinking-water systems and to non-piped drinking-water systems in communities
and in individual dwellings. The Guidelines are also applicable to a range of specific
circumstances (chapter 6), including buildings, travellers and conveyances.

1.1.2 Microbial aspects

Securing the microbial safety of drinking-water supplies is based on the use of mul-
tiple barriers, from catchment to consumer, to prevent the contamination of drinking-
water or to reduce contamination to levels not injurious to health. Safety is increased
if multiple barriers are in place, including protection of water resources, proper selec-
tion and operation of a series of treatment steps and management of distribution sys-
tems (piped or otherwise) to maintain and protect treated water quality. The preferred
strategy is a management approach that places the primary emphasis on preventing
or reducing the entry of pathogens into water sources and reducing reliance on treat-
ment processes for removal of pathogens.

In general terms, the greatest microbial risks are associated with ingestion of
water that is contaminated with faeces from humans or animals (including birds).
Faeces can be a source of pathogenic bacteria, viruses, protozoa and helminths.

Faecally derived pathogens are the principal concerns in setting health-based
targets for microbial safety. Microbial water quality
often Yaries rapidly and over a wide range. Short.-term The potential health conse-
peaks in pathogen concentration may increase disease quences of microbial con-
risks considerably and may trigger outbreaks of water- tamination are such that
borne disease. Furthermore, by the time microbial its control must always be
contamination is detected, many people may have of paramount importance

. and must never be com-
been exposed. For these reasons, reliance cannot be promised.
placed solely on end-product testing, even when fre-
quent, to determine the microbial safety of drinking-
water.

Particular attention should be directed to a water safety framework and imple-
menting comprehensive water safety plans to consistently ensure drinking-water safe-
ty and thereby protect public health (see chapter 4). Failure to ensure drinking-water
safety may expose the community to the risk of outbreaks of intestinal and other
infectious diseases. Outbreaks of waterborne disease are particularly to be avoided
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Application of the Guidelines
in specific circumstances
(Chapter 6)

Climate change, Emergencies,
Rainwater harvesting, Desalination
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Figure 1.1 Interrelationships among the individual chapters of the Guidelines for drinking-
water quality in ensuring drinking-water safety

because of their capacity to result in the simultaneous infection of a large number of
persons and potentially a high proportion of the community.

In addition to faecally borne pathogens, other microbial hazards, such as guinea
worm (Dracunculus medinensis), toxic cyanobacteria and Legionella, may be of public
health importance under specific circumstances.

Although water can be a very significant source of infectious organisms, many of
the diseases that may be waterborne may also be transmitted by other routes, includ-
ing person-to-person contact, food intake and droplets and aerosols. Depending on
the circumstances and in the absence of waterborne outbreaks, these routes may be
more important than waterborne transmission.

Microbial aspects of water quality are considered in more detail in chapter 7, with
fact sheets on specific microorganisms provided in chapter 11.

1.1.3 Disinfection
Disinfection is of unquestionable importance in the supply of safe drinking-water.
The destruction of pathogenic microorganisms is essential and very commonly in-
volves the use of reactive chemical agents such as chlorine.

Disinfection is an effective barrier to many pathogens (especially bacteria) during
drinking-water treatment and should be used for surface waters and for groundwater



GUIDELINES FOR DRINKING-WATER QUALITY: FOURTH EDITION
INCORPORATING THE FIRST AND SECOND ADDENDA

subject to faecal contamination. Residual disinfection is used to provide a partial safe-
guard against low-level contamination and growth within the distribution system.

Chemical disinfection of a drinking-water supply that is faecally contaminated will
reduce the overall risk of disease but may not necessarily render the supply safe. For
example, chlorine disinfection of drinking-water has limitations against the protozoan
pathogens—in particular Cryptosporidium—and some viruses. Disinfection efficacy
may also be unsatisfactory against pathogens within flocs or particles, which protect
them from the action of disinfectants. High levels of turbidity can protect microorgan-
isms from the effects of disinfection, stimulate the growth of bacteria and give rise to a
significant chlorine demand. It is essential that an overall management strategy is im-
plemented in which multiple barriers, including source water protection and appropri-
ate treatment processes, as well as protection during storage and distribution, are used
in conjunction with disinfection to prevent or remove microbial contamination.

The use of chemical disinfectants in water treatment usually results in the for-
mation of chemical by-products. However,
the risks to health from these.by—pr(')ducts Disinfection should not be compromised
are extremely small in comparison with the in attempting to control disinfection by-
risks associated with inadequate disinfec- products.
tion, and it is important that disinfection
efficacy not be compromised in attempting
to control such by-products.

Some disinfectants, such as chlorine, can be easily monitored and controlled as
a drinking-water disinfectant, and frequent monitoring is recommended wherever
chlorination is practised.

Disinfection of drinking-water is considered in more detail in chapter 7 and
Annex 5, with fact sheets on specific disinfectants and disinfection by-products
provided in chapter 12.

1.1.4 Chemical aspects

The health concerns associated with chemical constituents of drinking-water differ
from those associated with microbial contamination and arise primarily from the
ability of chemical con-

stituents to cause ad-

verse health effects after The great majority of evident water-related health problems are
the result of microbial (bacterial, viral, protozoan or other bio-
logical) contamination. Nevertheless, an appreciable number of
exposure. There are few serious health concerns may occur as a result of the chemical
chemical constituents contamination of drinking-water.

of water that can lead
to health problems re-
sulting from a single exposure, except through massive accidental contamination of a
drinking-water supply. Moreover, experience shows that in many, but not all, such
incidents, the water becomes undrinkable owing to unacceptable taste, odour and
appearance.

In situations where short-term exposure is not likely to lead to health impair-
ment, it is often most effective to concentrate the available resources for remedial ac-

prolonged periods of
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tion on finding and eliminating the source of contamination, rather than on installing
expensive drinking-water treatment for the removal of the chemical constituent.

There are many chemicals that may occur in drinking-water; however, only a few
are of immediate health concern in any given circumstance. The priority given to both
monitoring and remedial action for chemical contaminants in drinking-water should
be managed to ensure that scarce resources are not unnecessarily directed towards
those of little or no health concern (see the supporting documents Chemical safety
of drinking-water and Developing drinking-water quality regulations and standards;
Annex 1).

There are few chemicals for which the contribution from drinking-water to
overall intake is an important factor in preventing disease. One example is the effect
of fluoride in drinking-water in protecting against dental caries. The Guidelines do
not attempt to define minimum desirable concentrations for chemicals in drinking-
water.

Guideline values are derived for many chemical constituents of drinking-water.
A guideline value normally represents the concentration of a constituent that does
not result in any significant risk to health over a lifetime of consumption. A number
of provisional guideline values have been established based on the practical level of
treatment performance or analytical achievability. In these cases, the guideline value is
higher than the calculated health-based value.

The chemical aspects of drinking-water quality are considered in more detail in
chapter 8, with fact sheets on specific chemical contaminants provided in chapter 12.

1.1.5 Radiological aspects

The health risks associated with the presence of naturally occurring radionuclides in
drinking-water should also be taken into consideration, although the contribution of
drinking-water to total exposure to radionuclides is very small under normal circum-
stances.

Formal guideline values are not set for individual radionuclides in drinking-
water. Rather, the approach used is based on screening drinking-water for gross alpha
and gross beta radiation activity. Although finding levels of activity above screening
values does not indicate any immediate risk to health, it should trigger further inves-
tigation to determine the radionuclides responsible and the possible risks, taking local
circumstances into account.

The guidance levels for radionuclides recommended in these Guidelines do not
apply to drinking-water supplies contaminated during emergencies arising from ac-
cidental releases of radioactive substances to the environment.

Radiological aspects of drinking-water quality are considered in more detail in
chapter 9.

1.1.6 Acceptability aspects: taste, odour and appearance
Water should be free of tastes and odours that would be objectionable to the majority
of consumers.

In assessing the quality of drinking-water, consumers rely principally upon their
senses. Microbial, chemical and physical constituents of water may affect the appear-
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ance, odour or taste of the water, and the consumer will evaluate the quality and ac-
ceptability of the water on the basis of these criteria. Although these constituents may
have no direct health effects, water that is highly turbid, is highly coloured or has an
objectionable taste or odour may be regarded by consumers as unsafe and rejected.
In extreme cases, consumers may avoid aesthetically unacceptable but otherwise safe
drinking-water in favour of more pleasant but potentially unsafe sources. It is there-
fore wise to be aware of consumer perceptions and to take into account both health-
related guideline values and aesthetic criteria when assessing drinking-water supplies
and developing regulations and standards.

Changes in the normal appearance, taste or odour of a drinking-water supply
may signal changes in the quality of the raw water source or deficiencies in the treat-
ment process and should be investigated.

Acceptability aspects of drinking-water quality are considered in more detail in
chapter 10.

1.2 Roles and responsibilities in drinking-water safety management
Preventive management is the preferred approach to ensuring drinking-water safety
and should take account of

the characteristics of the o )
A preventive integrated management approach with

drinking-water supply from collaboration from all relevant agencies is the preferred
catchment and source to its approach to ensuring drinking-water safety

use by consumers. As many

aspects of drinking-water

quality management are often outside the direct responsibility of the water supplier,
it is essential that a collaborative multiagency approach be adopted to ensure that
agencies with responsibility for specific areas within the water cycle are involved in the
management of water quality. One example is where catchments and source waters are
beyond the drinking-water supplier’s jurisdiction. Consultation with other authori-
ties will generally be necessary for other elements of drinking-water quality manage-
ment, such as monitoring and reporting requirements, emergency response plans and
communication strategies.

Major stakeholders that could affect or be affected by decisions or activities of
the drinking-water supplier should be encouraged to coordinate their planning and
management activities where appropriate. These could include, for example, health
and resource management agencies, consumers, industry and plumbers. Appropriate
mechanisms and documentation should be established for stakeholder commitment
and involvement.

1.2.1 Surveillance and quality control
In order to protect public health, a dual-role approach, differentiating the roles and
responsibilities of service providers from those of an authority responsible for in-
dependent oversight protective of public health (“drinking-water supply surveil-
lance”), has proven to be effective.

Organizational arrangements for the maintenance and improvement of drinking-
water supply services should therefore take into account the vital and complementary
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roles of the agency respon-
sible for surveillance and of Drinking-water suppliers are responsible at all times for the

the water supplier. The two quality and safety of the water that they produce

functions of surveillance
and quality control are best performed by separate and independent entities because
of the conflict of interest that arises when the two are combined. In this:

® national agencies provide a framework of targets, standards and legislation to
enable and require suppliers to meet defined obligations;

® agencies involved in supplying water for consumption by any means should be
required to ensure and verify that the systems they administer are capable of
delivering safe water and that they routinely achieve this;

® a surveillance agency is responsible for independent (external) surveillance
through periodic audit of all aspects of safety and/or verification testing.

In practice, there may not always be a clear division of responsibilities between
the surveillance and drinking-water supply agencies. In some cases, the range of pro-
fessional, governmental, nongovernmental and private institutions may be wider and
more complex than that discussed above. Whatever the existing framework, it is im-
portant that clear strategies and structures be developed for implementing water safety
plans, quality control and surveillance, collating and summarizing data, reporting and
disseminating the findings and taking remedial action. Clear lines of accountability
and communication are essential.

Surveillance is an investigative activity undertaken to identify and evaluate
potential health risks associated with drinking-

water. Surveillance contributes to the protection of Surveillance of drinking-water
public health by promoting improvement of the quality can be defined as “the
quality, quantity, accessibility, coverage (i.e. popu- continuous and vigilant public

lations with reliable access), affordability and health assessment and review
of the safety and acceptabil-

continuity of drinking-water supplies (termed ity of drinking-water supplies”
“service indicators”). The surveillance authority (WHO, 1976).

must have the authority to determine whether a

water supplier is fulfilling its obligations.

In most countries, the agency responsible for the surveillance of drinking-water
supply services is the ministry of health (or public health) and its regional or depart-
mental offices. In some countries, it may be an environmental protection agency; in
others, the environmental health departments of local government may have some
responsibility.

Surveillance requires a systematic programme of surveys, which may include
auditing, analysis, sanitary inspection and institutional and community aspects. It
should cover the whole of the drinking-water system, including sources and activities
in the catchment, transmission infrastructure, treatment plants, storage reservoirs and
distribution systems (whether piped or unpiped).

Ensuring timely action to prevent problems and ensure the correction of faults
should be one aim of a surveillance programme. There may at times be a need for
penalties to encourage and ensure compliance. The surveillance agency must therefore
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be supported by strong and enforceable legislation. However, it is important that the
agency develops a positive and supportive relationship with suppliers, with the appli-
cation of penalties used as a last resort.

The surveillance agency should be empowered by law to compel water suppliers
to recommend the boiling of water or other measures when microbial contamination
that could threaten public health is detected.

1.2.2 Public health authorities
In order to effectively support the protection of public health, a national entity with
responsibility for public health will normally act in four areas:

1) surveillance of health status and trends, including outbreak detection and investi-
gation, generally directly but in some instances through a decentralized body;

2) directly establishing drinking-water norms and standards. National public health
authorities often have the primary responsibility for setting norms on drinking-
water supply, which may include the setting of water quality targets, performance
and safety targets and directly specified requirements (e.g. treatment). Normative
activity is not restricted to water quality but also includes, for example, regulation
and approval of materials and chemicals used in the production and distribu-
tion of drinking-water (see section 8.5.4) and establishing minimum standards
in areas such as domestic plumbing (see section 1.2.10). Nor is it a static activity,
because as changes occur in drinking-water supply practice, in technologies and
in materials available (e.g. in plumbing materials and treatment processes), so
health priorities and responses to them will also change;

3) representing health concerns in wider policy development, especially health policy
and integrated water resource management (see section 1.2.4). Health concerns
will often suggest a supportive role towards resource allocation to those concerned
with drinking-water supply extension and improvement, will often involve lob-
bying for the primary requirement to satisfy drinking-water needs above other
priorities and may imply involvement in conflict resolution;

4) direct action, generally through subsidiary bodies (e.g. regional and local environ-
mental health administrations) or by providing guidance to other local entities
(e.g. local government) in surveillance of drinking-water supplies. These roles
vary widely according to national and local structures and responsibilities and
frequently include a supportive role to community suppliers, where local authori-
ties often intervene directly.

Public health surveillance (i.e. surveillance of health status and trends) contrib-
utes to verifying drinking-water safety. It takes into consideration disease in the entire
population, which may be exposed to pathogenic microorganisms from a range of
sources, not only drinking-water. National public health authorities may also under-
take or direct research to evaluate the role of water as a risk factor in disease, through
case—control, cohort or intervention studies, for example. Public health surveillance
teams typically operate at national, regional and local levels, as well as in cities and
rural health centres. Routine surveillance includes:

10
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® ongoing monitoring of reportable diseases, many of which can be caused by
waterborne pathogens;

outbreak detection;

long-term trend analysis;

geographic and demographic analysis;

feedback to water authorities.

Public health surveillance can be enhanced in a variety of ways to identify possible
waterborne outbreaks in response to suspicion about unusual disease incidence or fol-
lowing deterioration of water quality. Epidemiological investigations include:

® outbreak investigations;
intervention studies to evaluate intervention options;

® case-control or cohort studies to evaluate the role of water as a risk factor in
disease.

However, public health surveillance cannot be relied upon to provide informa-
tion in a timely manner to enable short-term operational response to control water-
borne disease. Limitations include:

outbreaks of non-reportable disease;

time delay between exposure and illness;

time delay between illness and reporting;

low level of reporting;

difficulties in identifying causative pathogens and sources.

The public health authority operates reactively, as well as proactively, against the
background of overall public health policy and in interaction with all stakeholders. In
accounting for public health context, priority will normally be afforded to disadvan-
taged groups. This will generally entail balancing drinking-water safety management
and improvement with the need to ensure access to reliable supplies of safe drinking-
water in adequate quantities.

In order to develop an understanding of the national drinking-water situation,
the national public health authority should periodically produce reports outlining the
state of national water quality and highlighting public health concerns and priorities
in the context of overall public health priorities. This implies the need for effective
exchange of information between local, regional and national agencies.

National health authorities should lead or participate in the formulation and im-
plementation of policy to ensure access to some form of reliable, safe drinking-water
supply. Where this has not been achieved, appropriate tools and education should be
made available to implement individual or household-level treatment and safe storage.

1.2.3 Local authorities

Local environmental health authorities often play an important role in managing
water resources and drinking-water supplies. This may include catchment inspection
and authorization of activities in the catchment that may have an impact on source
water quality. It can also include verifying and auditing (surveillance) of the manage-
ment of formal drinking-water systems. Local environmental health authorities will
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also give specific guidance to communities or individuals in designing and imple-
menting community and household drinking-water systems and correcting deficien-
cies, and they may also be responsible for surveillance of community and household
drinking-water supplies. They have an important role to play in educating consumers
where household water treatment is necessary.

Management of household and small community drinking-water supplies gener-
ally requires education programmes about drinking-water supply and water quality.
Such programmes should normally include:

® water hygiene awareness raising;

® basic technical training and technology transfer in drinking-water supply and
management;

® consideration of and approaches to overcoming sociocultural barriers to
acceptance of water quality interventions;

® motivation, mobilization and social marketing activities;
a system of continued support, follow-up and dissemination of the water quality
programme to achieve and maintain sustainability.

These programmes can be administered at the community level by local health au-
thorities or other entities, such as nongovernmental organizations and the private
sector. If the programme arises from other entities, the involvement of the local health
authority in the development and implementation of the water quality education and
training programme is strongly encouraged.

Behaviour change approaches for sanitation and hygiene to be implemented by
local authorities are summarized in Table 5.1 of the WHO Guidelines on sanitation
and health (WHO, 2018).

1.2.4 Water resource management

Water resource management is an integral aspect of the preventive management
of drinking-water quality. Prevention of microbial and chemical contamination of
source water is the first barrier against drinking-water contamination of public health
concern.

Water resource management and potentially polluting human activity in the
catchment will influence water quality downstream and in aquifers. This will have
an impact on the treatment steps required to ensure safe water, and preventive action
may be preferable to upgrading treatment.

The influence of land use on water quality should be assessed as part of water
resource management. This assessment is not normally undertaken by health author-
ities or drinking-water supply agencies alone and should take into consideration:

land cover modification;

extraction activities;

construction/modification of waterways;

application of fertilizers, herbicides, pesticides and other chemicals;
livestock density and application of manure;

road construction, maintenance and use;

12
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various forms of recreation;

® urban or rural residential development, with particular attention to excreta
disposal, sanitation, landfill and waste disposal;

e  other potentially polluting human activities, such as industry, mining and military
sites.

Water resource management may be the responsibility of catchment manage-
ment agencies and/or other entities controlling or affecting water resources, such as
industrial, agricultural, navigation and flood control entities.

The extent to which the responsibilities of health or drinking-water supply agen-
cies include water resource management varies greatly between countries and com-
munities. Regardless of government structures and sector responsibilities, it is im-
portant that health authorities liaise and collaborate with sectors managing the water
resource and regulating land use in the catchment.

Establishing close collaboration between the public health authority, water
supplier and resource management agency assists recognition of the health hazards
potentially occurring in the system. It is also important for ensuring that the protec-
tion of drinking-water resources is considered in decisions for land use or regulations
to control contamination of water resources. Depending on the setting, this may
include involvement of further sectors, such as agriculture, traffic, tourism or urban
development.

To ensure the adequate protection of drinking-water sources, national authorities
will normally interact with other sectors in formulating national policy for integrat-
ed water resource management. Regional and local structures for implementing the
policy will be set up, and national authorities will guide regional and local authorities
by providing tools.

Regional environmental or public health authorities have an important task in
participating in the preparation of integrated water resource management plans to
ensure the best available drinking-water source quality. For further information, see
the supporting documents Protecting groundwater for health and Protecting surface
water for health (Annex 1).

1.2.5 Drinking-water supply agencies

Drinking-water supplies vary from very large urban systems servicing large popula-
tions with tens of millions of people to small community systems providing water to
very small populations. In most countries, they include community sources as well as
piped means of supply.

Drinking-water supply agencies are responsible for quality assurance and quality
control (see section 1.2.1). Their key responsibilities are to prepare and implement
water safety plans (for more information, see chapter 4).

In many cases, the water supplier is not responsible for the management of the
catchment feeding the sources of its supplies. The roles of the water supplier with
respect to catchments are to participate in interagency water resource management
activities, to understand the risks arising from potentially contaminating activities and
incidents and to use this information in assessing risks to the drinking-water sup-
ply and developing and applying appropriate management. Although drinking-water

13
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suppliers may not undertake catchment surveys and pollution risk assessment alone,
their role is to recognize the need for them and to initiate multiagency collaboration—
for example, with health and environmental authorities.

Experience has shown that an association of stakeholders in drinking-water sup-
ply (e.g. operators, managers and specialist groups such as small suppliers, scientists,
sociologists, legislators and politicians) can provide a valuable non-threatening forum
for the interchange of ideas.

For further information, see the supporting document Water safety plans
(Annex 1).

1.2.6 Community management

Community-managed drinking-water systems, with both piped and non-piped distri-
bution, are common worldwide in both developed and developing countries. The pre-
cise definition of a community drinking-water system will vary. Although a definition
based on population size or the type of supply may be appropriate under many condi-
tions, approaches to administration and management provide a distinction between
the drinking-water systems of small communities and those of larger towns and cities.
This includes the increased reliance on often untrained and sometimes unpaid com-
munity members in the administration and operation of community drinking-water
systems. Drinking-water systems in periurban areas—the communities surrounding
major towns and cities—in developing countries may also have the characteristics of
community systems.

Effective and sustainable programmes for the management of community drink-
ing-water quality require the active support and involvement of local communities.
These communities should be involved at all stages of such programmes, including
initial surveys; decisions on siting of wells, siting of intakes or establishing protec-
tion zones; monitoring and surveillance of drinking-water supplies; reporting faults,
carrying out maintenance and taking remedial action; and supportive actions, includ-
ing sanitation and hygiene practices.

A community may already be highly organized and taking action on health or
drinking-water supply issues. Alternatively, it may lack a well-developed drinking-
water system; some sectors of the community, such as women, may be poorly repre-
sented; and there may be disagreements or factional conflicts. In these situations,
achieving community participation will take more time and effort to bring people
together, resolve differences, agree on common aims and take action. Visits, possibly
over several years, will often be needed to provide support and encouragement and to
ensure that the structures created for safe drinking-water supply continue to operate.
This may involve setting up hygiene and health educational programmes to ensure
that the community:

® is aware of the importance of drinking-water quality and its relationship with
health and of the need for safe drinking-water in sufficient quantities for domestic
use for drinking, cooking and hygiene;

® recognizes the importance of surveillance and the need for a community
response;

e understands and is prepared to play its role in the surveillance process;

14
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has the necessary skills to perform that role;
® is aware of requirements for the protection of drinking-water supplies from
pollution.

For further information, see the 1997 volume entitled Surveillance and control
of community supplies (WHO, 1997); the supporting document Water safety planning
for small community water supplies (Annex 1); Simpson-Hébert, Sawyer & Clarke
(1996); Sawyer, Simpson-Hébert & Wood (1998); and Brikké (2000).

1.2.7 Water vendors

Vendors selling water to households or at collection points are common in many parts
of the world where scarcity of water or faults in or lack of infrastructure limits access
to suitable quantities of drinking-water. Water vendors use a range of modes of trans-
port to carry drinking-water for sale directly to the consumer, including tanker trucks
and wheelbarrows or trolleys. In the context of these Guidelines, water vending does
not include bottled or packaged water (which is considered in section 6.15) or water
sold through vending machines.

There are a number of health concerns associated with water supplied to consum-
ers by water vendors. These include access to adequate volumes and concern regarding
inadequate treatment or transport in inappropriate containers, which can result in
contamination.

More detailed information on treatment of vended water, undertaking a risk as-
sessment of vended water supplies, operational monitoring of control measures, man-
agement plans and independent surveillance is included in section 6.3.

1.2.8 Individual consumers

Everyone consumes water from one source or another, and consumers often play
important roles in the collection, treatment and storage of water. Consumer actions
may help to ensure the safety of the water they consume and may also contribute to
improvement or contamination of the water consumed by others. Consumers have
the responsibility for ensuring that their actions do not have an adverse impact on
water quality. Installation and maintenance of household plumbing systems should
be undertaken preferably by qualified and authorized plumbers (see section 1.2.10) or
other persons with appropriate expertise to ensure that cross-connections or backflow
events do not result in contamination of local water supplies.

In most countries, there are populations whose water is derived from household
sources, such as private wells and rainwater. In households using non-piped water sup-
plies, appropriate efforts are needed to ensure safe collection, storage and perhaps treat-
ment of their drinking-water. In some circumstances, households and individuals may
wish to treat water in the home to increase their confidence in its safety. This would
be relevant where community supplies are absent or where community supplies are
known to be contaminated or causing waterborne disease (see chapter 7). Public health
surveillance or other local authorities may provide guidance to support households
and individual consumers in ensuring the safety of their drinking-water. Such guidance
is best provided in the context of a community education and training programme.
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1.2.9 Certification agencies

Certification is used to verify that devices and materials used in the drinking-water
supply meet a given level of quality and safety. Certification is a process in which
an independent organization validates the claims of the manufacturers against a
formal standard or criterion or provides an independent assessment of possible
risks of contamination from a material or process. The certification agency may
be responsible for seeking data from manufacturers, generating test results, con-
ducting inspections and audits and possibly making recommendations on product
performance.

Certification has been applied to technologies used at household and community
levels, such as hand pumps; materials used by water supplies, such as treatment chem-
icals; and devices used in the household for collection, treatment and storage.

Certification of products or processes involved in the collection, treatment,
storage and distribution of water can be overseen by government agencies or private
organizations. Certification procedures will depend on the standards against which
the products are certified, certification criteria and the party that performs the
certification.

Certification can also be applied to the implementation of water safety plans.
This can take the form of an independent organization or party undertaking audits
to verify that plans have been properly designed, are being implemented correctly and
are effective.

National, local government or private (third-party auditing) certification pro-
grammes have a number of possible objectives:

® certification of products to ensure that their use does not threaten the safety of
the user or the general public, such as by causing contamination of drinking-
water with toxic substances, substances that could affect consumer acceptability
or substances that support the growth of microorganisms;

product testing, to avoid retesting at local levels or prior to each procurement;
ensuring uniform quality and condition of products;

certification and accreditation of analytical and other testing laboratories;
control of materials and chemicals used for the treatment of drinking-water,
including the performance of devices for household use;

® ensuring that water safety plans are effective.

An important step in any certification procedure is the establishment of stan-
dards, which must form the basis of assessment of the products. These standards
should also—as far as possible—contain the criteria for approval. In procedures for
certification on technical aspects, these standards are generally developed in cooper-
ation with the manufacturers, the certifying agency and the consumers. The national
public health authorities should have responsibility for developing the parts of the
approval process or criteria relating directly to public health. For further information
on the control of materials and chemicals used for the treatment of drinking-water,
see section 8.5.4.
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1.2.10 Plumbing

Significant adverse health effects have been associated with inadequate plumbing sys-
tems within public and private buildings arising from poor design, incorrect installa-
tion, alterations and inadequate maintenance.

Numerous factors influence the quality of water within a building’s piped distri-
bution system and may result in microbial or chemical contamination of drinking-
water. Outbreaks of gastrointestinal disease can occur through faecal contamination
of drinking-water within buildings arising from deficiencies in roof storage tanks
and cross-connections with wastewater pipes, for example. Poorly designed plumb-
ing systems can cause stagnation of water and provide a suitable environment for the
proliferation of Legionella. Plumbing materials, pipes, fittings and coatings can result
in elevated heavy metal (e.g. lead) concentrations in drinking-water, and inappropri-
ate materials can be conducive to bacterial growth. Potential adverse health effects
may not be confined to the individual building. Exposure of other consumers to con-
taminants is possible through contamination of the local public distribution system,
beyond the particular building, through cross-contamination of drinking-water and
backflow.

The delivery of water that complies with relevant standards within buildings gen-
erally relies on a plumbing system that is not directly managed by the water supplier.
Reliance is therefore placed on proper installation of plumbing and, for larger build-
ings, on building-specific water safety plans (see section 6.10).

To ensure the safety of drinking-water supplies within the building system,
plumbing practices must prevent the introduction of hazards to health. This can be
achieved by ensuring that:

® pipes carrying either water or wastes are watertight, durable, of smooth and
unobstructed interior and protected against anticipated stresses;

®  cross-connections between the drinking-water supply and the wastewater removal
systems do not occur;

® roof storage systems are intact and not subject to intrusion of microbial or
chemical contaminants;

® hotand cold water systems are designed to minimize the proliferation of Legionella

(see also sections 6.10, 6.11 and 11.1);

appropriate protection is in place to prevent backflow;

the system design of multistorey buildings minimizes pressure fluctuations;

waste is discharged without contaminating drinking-water;

plumbing systems function efficiently.

It is important that plumbers are appropriately qualified, have the competence
to undertake necessary servicing of plumbing systems to ensure compliance with
local regulations and use only materials approved as safe for use with drinking-
water.

Design of the plumbing systems of new buildings should normally be approved
prior to construction and be inspected by an appropriate regulatory body during con-
struction and prior to commissioning of the buildings.
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For more information on the essential roles of proper drinking-water system and
waste system plumbing in public health, see the supporting document Health aspects
of plumbing (Annex 1).

1.3 Supporting resources to the Guidelines

1.3.1 Published documents

These Guidelines are accompanied by separate texts that provide background infor-
mation substantiating the derivation of the Guidelines and providing guidance on
good practice towards their effective implementation. These are available as published
texts and for download from the WHO website. Reference details are provided in
Annex 1.
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ing point, adequate and properly managed systems (adequate infrastructure, proper
monitoring and effective planning and management) and a system of independent
surveillance. Such a framework would normally be enshrined in national standards,
regulations, or guidelines, in conjunction with relevant policies and programmes (see
sections 2.6 and 2.7). Resultant regulations and policies should be appropriate to local
circumstances, taking into consideration environmental, social, economic and cul-
tural issues and priority setting.

The framework for safe drinking-water is a preventive management approach
comprising three key components:
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1) health-based targets based on an evaluation of health risks (section 2.1 and
chapter 3);
2) water safety plans (WSPs), comprising (section 2.2 and chapter 4):
e asystem assessment to determine whether the drinking-water supply (from
source through treatment to the point of consumption) as a whole can deliver
water of a quality that meets the health-based targets (section 4.1);
e  operational monitoring of the control measures in the drinking-water supply that
are of particular importance in securing drinking-water safety (section 4.2);
e management plans documenting the system assessment and monitoring
plans and describing actions to be taken in normal operation and incident
conditions, including upgrade and improvement, documentation and
communication (sections 4.4-4.6);
3) a system of independent surveillance that verifies that the above are operating
properly (section 2.3 and chapter 5).

Verification to determine whether the performance of the drinking-water supply is in
compliance with the health-based targets and whether the WSP itself is effective may
be undertaken by the supplier, surveillance agencies or a combination of the two (see
section 4.3).

2.1 Health-based targets

Health-based targets are an essential component of the drinking-water safety frame-
work. They should be established by a high-level authority responsible for health in
consultation with others, including water suppliers and affected communities. They
should take account of the overall public health situation and contribution of drink-
ing-water quality to disease due to waterborne microbes and chemicals, as a part of
overall water and health policy. They must also take account of the importance of
ensuring access to water for all consumers.

Health-based targets provide the basis for the application of the Guidelines to all
types of drinking-water suppliers. Some constituents of drinking-water may cause ad-
verse health effects from single exposures (e.g. pathogenic microorganisms) or long-
term exposures (e.g. many chemicals). Because of the range of constituents in water,
their mode of action and the nature of fluctuations in their concentrations, there are
four principal types of health-based targets used as a basis for identifying safety re-
quirements:

1)  Health outcome targets: Where waterborne disease contributes to a measurable and
significant burden, reducing exposure through drinking-water has the potential
to appreciably reduce the risks and incidence of disease. In such circumstances, it
is possible to establish a health-based target in terms of a quantifiable reduction
in the overall level of disease. This is most applicable where adverse effects fol-
low shortly after exposure, where such effects are readily and reliably monitored
and where changes in exposure can also be readily and reliably monitored. This
type of health outcome target is primarily applicable to some microbial hazards
in developing countries and chemical hazards with clearly defined health effects
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largely attributable to water (e.g. fluoride, nitrate/nitrite and arsenic). In other
circumstances, health outcome targets may be the basis for evaluation of results
through quantitative risk assessment models. In these cases, health outcomes
are estimated based on information concerning high-dose exposure and dose-
response relationships. The results may be employed directly as a basis for the
specification of water quality targets or provide the basis for development of the
other types of health-based targets. Health outcome targets based on information
on the impact of tested interventions on the health of real populations are ideal,
but rarely available. More common are health outcome targets based on defined
levels of tolerable risk, either absolute or fractions of total disease burden, usually
based on toxicological studies in experimental animals and occasionally based on
epidemiological evidence.

2) Water quality targets: Water quality targets are established for individual drink-
ing-water constituents that represent a health risk from long-term exposure and
where fluctuations in concentration are small. They are typically expressed as
guideline values (concentrations) of the substances or chemicals of concern.

3) Performance targets: Performance targets are employed for constituents where
short-term exposure represents a public health risk or where large fluctuations
in numbers or concentration can occur over short periods with significant health
implications. These are typically technology based and expressed in terms of re-
quired reductions of the substance of concern or effectiveness in preventing con-
tamination.

4) Specified technology targets: National regulatory agencies may establish other
recommendations for specific actions for smaller municipal, community and
household drinking-water supplies. Such targets may identify specific permissible
devices or processes for given situations and/or for generic drinking-water system

types.

It is important that health-based targets are realistic under local operating condi-
tions and are set to protect and improve public health. Health-based targets underpin
the development of WSPs, provide information with which to evaluate the adequacy
of existing installations and assist in identifying the level and type of inspection and
analytical verifications that are appropriate.

Most countries apply several types of targets for different types of supplies and
different contaminants. In order to ensure that they are relevant and supportive,
representative scenarios should be developed, including description of assumptions,
management options, control measures and indicator systems for performance
tracking and verification, where appropriate. These should be supported by general
guidance addressing the identification of national, regional or local priorities and
progressive implementation, thereby helping to ensure that best use is made of lim-
ited resources.

Health-based targets are considered in more detail in chapter 3.

For guidance on how to prioritize constituents based on greatest risk to public
health, the reader should refer to section 2.5 and the supporting document Chemical
safety of drinking-water (Annex 1).
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2.2 Water safety plans

Overall control of the microbial and chemical quality of drinking-water requires the
development of management plans that, when implemented, provide the basis for
system protection and process control to ensure that numbers of pathogens and con-
centrations of chemicals present a negligible risk to public health and that water is
acceptable to consumers. The management plans developed by water suppliers are
WSPs. A WSP comprises system assessment and design, operational monitoring and
management plans, including documentation and communication. The elements
of a WSP build on the multiple-barrier principle, the principles of hazard analysis
and critical control points and other systematic management approaches. The plans
should address all aspects of the drinking-water supply and focus on the control of
abstraction, treatment and delivery of drinking-water.

Many drinking-water supplies provide adequate safe drinking-water in the ab-
sence of formalized WSPs. Major benefits of developing and implementing a WSP
for these supplies include the systematic and detailed assessment and prioritization
of hazards, the operational monitoring of barriers or control measures and improved
documentation. In addition, a WSP provides for an organized and structured system
to minimize the chance of failure through oversight or lapse of management and for
contingency plans to respond to system failures or unforeseen events that may have
an impact on water quality, such as increasing severe droughts, heavy rainfall or flood
events.

2.2.1 System assessment and design

Assessment of the drinking-water system is applicable, with suitable modifications,
to large utilities with piped distribution systems, piped and non-piped community
supplies, including hand pumps, and individual domestic supplies, including rain-
water. The complexity of a WSP varies with the circumstances. Assessment can be of
existing infrastructure or of plans for new supplies or for upgrading existing supplies.
As drinking-water quality varies throughout the system, the assessment should aim to
determine whether the final quality of water delivered to the consumer will routine-
ly meet established health-based targets. Understanding source quality and changes
throughout the system requires expert input. The assessment of systems should be
reviewed periodically.

The system assessment needs to take into consideration the behaviour of selected
constituents or groups of constituents that may influence water quality. After actual
and potential hazards, including events and scenarios that may affect water quality,
have been identified and documented, the level of risk for each hazard can be esti-
mated and ranked, based on the likelihood and severity of the consequences.

Validation is an element of system assessment. It is undertaken to ensure that
the information supporting the plan is correct and is concerned with the assessment
of the scientific and technical inputs into the WSP. Evidence to support the WSP can
come from a wide variety of sources, including scientific literature, regulation and
legislation departments, historical data, professional bodies and supplier knowledge.

The WSP is the management tool that should be used to assist in actually meeting
the health-based targets, and it should be developed following the steps outlined in
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chapter 4. If the system is unlikely to be capable of meeting the health-based targets, a
programme of upgrading (which may include capital investment or training) should
be initiated to ensure that the drinking-water supply would meet the targets. The WSP
is an important tool in identifying deficiencies and where improvements are most
needed. In the interim, the WSP should be used to assist in making every effort to sup-
ply water of the highest achievable quality. Where a significant risk to public health ex-
ists, additional measures may be appropriate, including notification, information on
compensatory options (e.g. boiling or disinfection at the point of use) and availability
of alternative and emergency supplies when necessary.

System assessment and design are considered in more detail in section 4.1 (see
also the supporting document Upgrading water treatment plants; Annex 1).

2.2.2 Operational monitoring

Operational monitoring is the conduct of planned observations or measurements
to assess whether the control measures in a drinking-water system are operating
properly. It is possible to set limits for control measures, monitor those limits and
take corrective action in response to a detected deviation before the water becomes
unsafe. Operational monitoring would include actions, for example, to rapidly and
regularly assess whether the structure around a hand pump is complete and undam-
aged, the turbidity of water following filtration is below a certain value or the chlorine
residual after disinfection plants or at the far point of the distribution system is above
an agreed value.

Operational monitoring is usually carried out through simple observations and
tests, in order to rapidly confirm that control measures are continuing to work. Con-
trol measures are actions implemented in the drinking-water system that prevent,
reduce or eliminate contamination and are identified in system assessment. They in-
clude, for example, management actions related to the catchment, the immediate area
around a well, filters and disinfection infrastructure and piped distribution systems. If
collectively operating properly, they would ensure that health-based targets are met.

The frequency of operational monitoring varies with the nature of the control
measure—for example, checking structural integrity monthly to yearly, monitoring
turbidity online or very frequently and monitoring disinfectant residual at multiple
points daily or continuously online. If monitoring shows that a limit does not meet
specifications, then there is the potential for water to be, or to become, unsafe. The
objective is timely monitoring of control measures, with a logically based sampling
plan, to prevent the delivery of potentially unsafe water.

Operational monitoring includes observing or testing parameters such as tur-
bidity, chlorine residual or structural integrity. More complex or costly microbial or
chemical tests are generally applied as part of validation and verification activities
(discussed in sections 4.1.7 and 4.3, respectively) rather than as part of operational
monitoring.

In order not only to have confidence that the chain of supply