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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. These
have included health-oriented conferences such as the International Conference on
Primary Health Care, held in Alma-Ata, Kazakhstan (former Soviet Union), in 1978.
They have also included water-oriented conferences such as the 1977 World Water
Conference in Mar del Plata, Argentina, which launched the water supply and sanita-
tion decade of 1981-1990, as well as the Millennium Development Goals adopted by
the General Assembly of the United Nations (UN) in 2000 and the outcome of the
Johannesburg World Summit for Sustainable Development in 2002. The UN General
Assembly declared the period from 2005 to 2015 as the International Decade for Ac-
tion, “Water for Life”. Most recently, the UN General Assembly declared safe and clean
drinking-water and sanitation a human right essential to the full enjoyment of life and
all other human rights.

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, as 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 infra-
structure 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 three editions of the Guide-
lines for drinking-water quality in 1983—-1984, 1993-1997 and 2004, as successors to
previous WHO International standards for drinking water, published in 1958, 1963
and 1971. From 1995, the Guidelines have been kept up to date through a process of
rolling revision, which leads to the regular publication of addenda that may add to
or supersede information in previous volumes as well as expert reviews on key issues
preparatory to the development of the Guidelines.

Leading the process of the development of the fourth edition was the Water, Sani-
tation, Hygiene and Health Unit within WHO Headquarters, with the Programme on

XV
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Chemical Safety providing input on chemical hazards and the Radiation and Environ-
mental Health Unit providing input on radiological hazards. All six WHO Regional
Offices participated in the process, in consultation with Member States.

This edition of the Guidelines for drinking-water quality integrates the third edi-
tion, which was published in 2004, with both the first addendum to the third edition,
published in 2006, and the second addendum to the third edition, published in 2008.
It supersedes previous editions of the Guidelines and previous International Stan-
dards.

This edition of the Guidelines further develops concepts, approaches and infor-
mation introduced in previous editions, including the comprehensive 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;

® chemical contaminants in drinking-water, including information on chemicals
not considered previously, such as pesticides used for vector control in drinking-
water; revisions of existing chemical fact sheets, taking account of new scientific
information; and, in some cases, reduced coverage in the Guidelines where new
information suggests a lesser priority;

® those key chemicals responsible for large-scale health effects through drinking-
water exposure, including arsenic, fluoride, lead, nitrate, selenium and uranium,
providing guidance on identifying local priorities and on management;

® 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;

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

This edition of the Guidelines is accompanied by a series of supporting publica-
tions. These include internationally peer-reviewed risk assessments for specific chem-
icals (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 Guidelines
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for drinking-water quality Volume 3—Surveillance and control of community supplies
(1997) provides guidance on good practice in surveillance, monitoring and assess-
ment of drinking-water quality in community supplies.

The Guidelines are addressed primarily to water and health regulators, policy-
makers and their advisors, to assist in the development of national standards. 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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dichloropropane
dichlorodiphenyltrichloroethane
di(2-ethylhexyl)adipate
di(2-ethylhexyl)phthalate
deoxyribonucleic acid

electrothermal atomic absorption spectrometry
enteroaggregative E. coli

electron capture detector
ethylenediaminetetraacetic acid; edetic acid
enterohaemorrhagic E. coli

enteroinvasive E. coli

enzyme-linked immunosorbent assay
enteropathogenic E. coli

enterotoxigenic E. coli

flame atomic absorption spectrometry

Food and Agriculture Organization of the United Nations
fluorescence detector

flame ionization detector

flame photodiode detector

granular activated carbon

gas chromatography

guidance level (used for radionuclides in drinking-water)
guideline value

haloacetic acid

hepatitis A virus

hexachlorobenzene

hexachlorobutadiene
hexachlorocyclohexane

hepatitis E virus

human immunodeficiency virus
heterotrophic plate count
high-performance liquid chromatography
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IARC International Agency for Research on Cancer

IC ion chromatography

ICP inductively coupled plasma

ICRP International Commission on Radiological Protection

IDC individual dose criterion

IPCS International Programme on Chemical Safety

IQ intelligence quotient

ISO International Organization for Standardization

JECFA Joint FAO/WHO Expert Committee on Food Additives

JMPR Joint FAO/WHO Meeting on Pesticide Residues

LC liquid chromatography

LOAEL lowest-observed-adverse-effect level

LRV log , reduction value

MCB monochlorobenzene

MCPA 4-(2-methyl-4-chlorophenoxy)acetic acid

MCPB 2,4-MCPB; 4-(4-chloro-o-tolyloxy)butyric acid;
4-(4-chloro-2-methylphenoxy)butanoic acid

MCPP 2(2-methyl-chlorophenoxy)propionic acid; mecoprop

MMT methylcyclopentadienyl manganese tricarbonyl

MS mass spectrometry

MTBE methyl tertiary-butyl ether

MX 3-chloro-4-dichloromethyl-5-hydroxy-2(5H)-furanone

NDMA N-nitrosodimethylamine

NOAEL no-observed-adverse-effect level

NOEL no-observed-effect level

NTA nitrilotriacetic acid

NTP National Toxicology Program (USA)

NTU nephelometric turbidity unit

PAC powdered activated carbon

PAH polynuclear aromatic hydrocarbon

PCP pentachlorophenol

PCR polymerase chain reaction

PD photoionization detector

PMTDI provisional maximum tolerable daily intake

PPA protein phosphatase assay

PT purge and trap

PTDI provisional tolerable daily intake
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PTMI provisional tolerable monthly intake

PTWI provisional tolerable weekly intake

PVC polyvinyl chloride

QMRA quantitative microbial risk assessment

RNA ribonucleic acid

SI Systeme international d’unités (International System of
Units)

SODIS solar water disinfection

sp. species (singular)

spp- species (plural)

subsp. subspecies (singular)

TBA terbuthylazine

TCB trichlorobenzene

TCU true colour unit

TD,, tumorigenic dose ,, the dose associated with a 5% excess
incidence of tumours in experimental animal studies

TDI tolerable daily intake

TDS total dissolved solids

THM trihalomethane

TID thermal ionization detector; total indicative dose

UF uncertainty factor

UN United Nations

UNICEF United Nations Children’s Fund

UNSCEAR United Nations Scientific Committee on the Effects of
Atomic Radiation

USA United States of America

uv ultraviolet

UVPAD ultraviolet photodiode array detector

WHO World Health Organization

WHOPES World Health Organization Pesticide Evaluation Scheme

WSP water safety plan

YLD years of healthy life lost in states of less than full health

(i.e. years lived with a disability)
YLL years of life lost by premature mortality

XXiii
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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

the Guideli

(Chapter 1) v

(Chapter 2)
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(Chapter 3)

and health outcome

Health-based targets Public health context

|

SUPPORTING
INFORMATION

Microbial aspects
(Chapters 7 and 11)

3

Water safety plans
(Chapter 4)

System

Monitoring
assessment

Management and
communication

I

Surveillance

(Chapter 5)

Chemical aspects
(Chapters 8 and 12)

(Chapter 6)

ships, etc.

Application of the Guidelines
in specific circumstances

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

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.

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

. 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.



1. INTRODUCTION

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
problems (e.g. protection from patho-
gens; see section 1.1.2) may be linked to
long-term targets of further water qual-
ity improvements (e.g. improvements in
the acceptability of drinking-water in
terms of its taste, odour and appearance;
see section 1.1.6).

An important concept in the allocation
of resources to improving drinking-water
safety is that of incremental improvement
towards long-term water quality targets.

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, including
methods to ensure that con-
trol measures are working
effectively. It incorporates
strategies to deal with day-

In Stockholm,in 1999, it was agreed that future guidelines for
drinking-water, wastewater and recreational water should
integrate assessment of risk, risk management options and
exposure control elements within a single framework with
embedded quality targets (see the supporting document

to-day management of
water quality, including up-
sets and failures. In this re-
spect, climate change—in
the form of increased and
more severe periods of
drought or more intense

Water quality—Guidelines, standards and health; Annex 1).
Following this approach, the assessment of risk is not a goal
in its own right, but rather a basis for decision-making. The
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).

rainfall 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
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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 varies rapidly and over a wide range. Short-term e (i el @
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

.. . of paramount importance
contamination is detected, many people may have 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
because of their capacity to result in the simultaneous infection of a large number of
persons and potentially a high proportion of the community.
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Figure 1.1  Interrelationships among the individual chapters of the Guidelines for drinking-
water quality in ensuring drinking-water safety

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
subject to faecal contamination. Residual disinfection is used to provide a partial safe-
guard against low-level contamination and growth within the distribution system.
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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 f.rom these.by—prf)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
prolonged periods of

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-
tion on finding and eliminating the source of contamination, rather than on installing
expensive drinking-water treatment for the removal of t