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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 Generaly 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 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 in preparation for the revision of the Guidelines.

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
hazards, and the Radiation Programme provided input on radiological hazards. All six
WHO regional offices participated in the process, in consultation with Member States.
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This version of the Guidelines integrates the fourth edition, which was published

in 2011, with the first addendum to the fourth edition published in 2016. It supersedes
previous editions of the Guidelines and previous International Standards.

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.

This edition of the Guidelines, incorporating the first addendum, further develops

concepts, approaches and information introduced in previous editions, including the
comprehensive preventive risk management approach for ensuring drinking-water
quality that was introduced in the third edition. This edition 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 (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;
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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.

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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2,4-D
2,4-DB
2,4-DP
2,4,5-T
2,4,5-TP

AAS
Absor
ADI
AES
AIDS
AMPA
ARfD

BDCM
BMD
BMDL

| BMDLx

BTEX
Bti
bw

CAS
Col
CSAF
Ct

DAEC
DALY

2,4-dichlorophenoxyacetic acid
2,4-dichlorophenoxybutyric acid

dichlorprop

2,4,5-trichlorophenoxyacetic acid
2,4,5-trichlorophenoxy propionic acid; fenoprop

atomic absorption spectrometry
absorptiometry

acceptable daily intake

atomic emission spectrometry
acquired immunodeficiency syndrome
aminomethylphosphonic acid

acute reference dose

bromodichloromethane
benchmark dose
lower confidence limit on the benchmark dose

lower 95% confidence limit on the benchmark dose for an
x% response

benzene, toluene, ethylbenzene and xylenes
Bacillus thuringiensis israelensis
body weight

Chemical Abstracts Service

colorimetry

chemical-specific adjustment factor

product of disinfectant concentration and contact time

diffusely adherent E. coli
disability-adjusted life year
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DBCM dibromochloromethane

DBCP 1,2-dibromo-3-chloropropane

DBP disinfection by-product

DCA dichloroacetic acid

DCB dichlorobenzene

DCP dichloropropane

DDT dichlorodiphenyltrichloroethane

DEHA di(2-ethylhexyl)adipate

DEHP di(2-ethylhexyl)phthalate

DNA deoxyribonucleic acid

DPD N,N-diethyl-1,4-phenylenediamine sulfate
EAAS electrothermal atomic absorption spectrometry
EAEC enteroaggregative E. coli

ECD electron capture detector

EDTA ethylenediaminetetraacetic acid; edetic acid
EHEC enterohaemorrhagic E. coli

EIEC enteroinvasive E. coli

ELISA enzyme-linked immunosorbent assay
EPEC enteropathogenic E. coli

ETEC enterotoxigenic E. coli

F, parental generation

F, first filial generation

FAAS flame atomic absorption spectrometry

FAO Food and Agriculture Organization of the United Nations
FD fluorescence detector

FID flame ionization detector

FPD flame photodiode detector

GAC granular activated carbon

GC gas chromatography

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

HAA haloacetic acid

HAV hepatitis A virus

HCB hexachlorobenzene

HCBD hexachlorobutadiene

HCH hexachlorocyclohexane

HEV hepatitis E virus

HIV human immunodeficiency virus
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HPC heterotrophic plate count
HPLC high-performance liquid chromatography
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IC
ICP
ICRP
IDC
IPCS
IQ
ISO

JECFA
JMPR

LC
LOAEL
LRV

MCB
MCPA
MCPB

MCPP
MDL
MMT
MS
MS/MS
MTBE
MX

NDMA
NOAEL
NOEL
NTA
NTP
NTU

PAC
PAH
PCP
PCR
PD
PMTDI
PPA
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International Agency for Research on Cancer

ion chromatography

inductively coupled plasma

International Commission on Radiological Protection
individual dose criterion

International Programme on Chemical Safety
intelligence quotient

International Organization for Standardization

Joint FAO/WHO Expert Committee on Food Additives
Joint FAO/WHO Meeting on Pesticide Residues

liquid chromatography
lowest-observed-adverse-effect level
log,, reduction value

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

2,4-MCPB; 4-(4-chloro-o-tolyloxy)butyric acid; 4-(4-chloro-
2-methylphenoxy)butanoic acid
2(2-methyl-chlorophenoxy) propionic acid; mecoprop
method detection limit

methylcyclopentadienyl manganese tricarbonyl

mass spectrometry

tandem mass spectrometry

methyl tertiary-butyl ether
3-chloro-4-dichloromethyl-5-hydroxy-2(5H)-furanone

N-nitrosodimethylamine
no-observed-adverse-effect level
no-observed-effect level
nitrilotriacetic acid

National Toxicology Program (USA)
nephelometric turbidity unit

powdered activated carbon

polynuclear aromatic hydrocarbon
pentachlorophenol

polymerase chain reaction

photoionization detector

provisional maximum tolerable daily intake
protein phosphatase assay
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PT purge and trap
PTDI provisional tolerable daily intake
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PTMI
PTWI
PVC

QMRA
RNA

SI

SODIS
sp.
spp.
subsp.

TBA
TCB
TCU
TD

05

TDI
TDS
THM
TID

UF

UN
UNICEF
UNSCEAR

USA
uv
UVPAD

WHO
WHOPES
WSP

YLD

YLL

ABBREVIATIONS USED IN TEXT

provisional tolerable monthly intake
provisional tolerable weekly intake
polyvinyl chloride

quantitative microbial risk assessment
ribonucleic acid

Systéme international d’unités (International System of
Units)

solar water disinfection

species (singular)

species (plural)

subspecies (singular)

terbuthylazine

trichlorobenzene

true colour unit

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

tolerable daily intake

total dissolved solids

trihalomethane

thermal ionization detector; total indicative dose

uncertainty factor

United Nations

United Nations Children’s Fund

United Nations Scientific Committee on the Effects of Atom-
ic Radiation

United States of America
ultraviolet
ultraviolet photodiode array detector

World Health Organization
World Health Organization Pesticide Evaluation Scheme
water safety plan

years of healthy life lost in states of less than full health (i.e.
years lived with a disability)

years of life lost by premature mortality
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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.

1
Introduction
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(Chapter 1)

A conceptual framework for
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FRAMEWORK FOR SAFE DRINKING-WATER

Health-based targets

(Chapter 3)

H

Public health context
and health outcome

SUPPORTING
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Microbial aspects
(Chapters 7 and 11)

)

Water safety plans

(Chapter 4)

System
assessment

Monitoring

Management and
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Surveillance

Chemical aspects
(Chapters 8 and 12)

(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.

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
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

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

effectively. It incorporates
strategies to deal with day-
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

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

exposure control elements within a single framework with
embedded quality targets (see the supporting document
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).
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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 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 it? control must always be
contamination is detected, many people may have of paramount importance

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

prolonged periods of
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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 document Chemical safety of
drinking-water; 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-
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
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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 drinking-water supply from
catchment and source to its

use by consumers. As many o )

C 1. A preventive integrated management approach with
aspects  of  drinking-water collaboration from all relevant agencies is the preferred
quality management are often approach to ensuring drinking-water safety
outside the direct responsibil-
ity 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 manage-
ment of water quality. One example is where catchments and source waters are beyond
the drinking-water supplier’s jurisdiction. Consultation with other authorities will
generally be necessary for other elements of drinking-water quality management, such
as monitoring and reporting requirements, emergency response plans and communi-
cation 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 Drinking-water suppliers are responsible at all times for the
the vital and complementary quality and safety of the water that they produce
roles of the agency respon-
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sible for surveillance and of the water supplier. The two 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 0 0 G T e
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

.. L. . of the safety and acceptabil-
continuity of drinking-water supplies (termed Tor G T i s e
“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
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.
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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:

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

10
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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
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

1"
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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.

Approaches to participatory hygiene and sanitation education and training pro-
grammes are described in other WHO documents (see Simpson-Hébert, Sawyer &
Clarke, 1996; Sawyer, Simpson-Hébert & Wood, 1998; Brikké, 2000).

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;

various forms of recreation;

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

12
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®  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 document Protecting groundwater for health and Protecting surface
water for health (see 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
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.

13
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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 (see
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;
understands and is prepared to play its role in the surveillance process;

® has the necessary skills to perform that role;

® is aware of requirements for the protection of drinking-water supplies from
pollution.
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For further information, see the 1997 volume entitled Surveillance and control
of community supplies (WHO, 1997); the supporting document Water safety plans
(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 6.14) 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.

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
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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.

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.
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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 6.9).

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;

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

(see also sections 6.10 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.

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).

17



GUIDELINES FOR DRINKING-WATER QUALITY

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, for download from the WHO web site and on CD-ROM. Reference details are
provided in Annex 1.

1.3.2 Capacity-building networks
To promote the rapid dissemination of information, improve knowledge exchange,
translate evidence and advice into public health policy and practice and facilitate
implementation of these Guidelines, a number of international networks have been
established. These international networks bring together drinking-water quality spe-
cialists, drinking-water supply managers, health regulators, community managers and
other stakeholders. The focus areas for these networks are water safety planning for
larger systems, including effective operations and maintenance, safe management of
small community water supplies, household water treatment and safe storage and
optimizing drinking-water regulations to protect public health.

Further information on these networks is available at http://www.who.int/
water_sanitation_health/water-quality/en/.
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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 is operating prop-
erly, but to confirm that safe water quality is being achieved and maintained, it is
necessary to carry out verification, as outlined in section 4.3.
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The use of indicator organisms (see section 11.6) in the monitoring of water
quality is discussed in the supporting document Assessing microbial safety of drink-
ing water (see Annex 1), and operational monitoring is considered in more detail in
section 4.2.

2.2.3 Management plans, documentation and communication

A management plan documents system assessment and operational monitoring and
verification plans and describes actions in both normal operation and during “inci-
dents” where a loss of control of the system may occur. The management plan should
also outline procedures and other supporting programmes required to ensure optimal
operation of the drinking-water system.

As the management of some aspects of the drinking-water system often falls out-
side the responsibility of a single agency, it is essential that the roles, accountabilities
and responsibilities of the various agencies involved be defined in order to coordinate
their planning and management. Appropriate mechanisms and documentation should
therefore be established for ensuring stakeholder involvement and commitment. This
may include establishing working groups, committees or task forces, with appropri-
ate representatives, and developing partnership agreements, including, for example,
signed memoranda of understanding (see also section 1.2).

Documentation of all aspects of drinking-water quality management is essential.
Documents should describe activities that are undertaken and how procedures are
performed. They should also include detailed information on:

® assessment of the drinking-water system (including flow diagrams and potential
hazards);
® control measures and operational monitoring and verification plans and per-
formance consistency;
routine operation and management procedures;
® incident and emergency response plans;
supporting measures, including:
— training programmes;
— research and development;
— procedures for evaluating results and reporting;
— performance evaluations, audits and reviews;
— communication protocols;
® community consultation.

Documentation and record systems should be kept as simple and focused as pos-
sible. The level of detail in the documentation of procedures should be sufficient to
provide assurance of operational control when coupled with suitably qualified and
competent operators.

Mechanisms should be established to periodically review and, where necessary,
revise documents to reflect changing circumstances. Documents should be assembled
in a manner that will enable any necessary modifications to be made easily. A docu-
ment control system should be developed to ensure that current versions are in use
and obsolete documents are discarded.
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Appropriate documentation and reporting of incidents or emergencies should
also be established. The organization should learn as much as possible from an inci-
dent to improve preparedness and planning for future events. Review of an incident
may indicate necessary amendments to existing protocols.

Effective communication to increase community awareness and knowledge of
drinking-water quality issues and the various areas of responsibility helps consumers
to understand and contribute to decisions about the service provided by a drinking-
water supplier or land use constraints imposed in catchment areas. It can encourage
the willingness of consumers to generate funds to finance needed improvements. A
thorough understanding of the diversity of views held by individuals or groups in the
community is necessary to satisfy community expectations.

Management, documentation and communication are considered in more detail
in sections 4.4, 4.5 and 4.6.

2.3 Surveillance

Surveillance agencies are responsible for an independent (external) and periodic re-
view of all aspects of quality and public health safety and should have the power to
investigate and to compel action to respond to and rectify incidents of contamination-
caused outbreaks of waterborne disease or other threats to public health. The
act of surveillance includes identifying potential drinking-water contamination and
waterborne illness events and, more proactively, assessing compliance with WSPs and
promoting improvement of the quality, quantity, accessibility, coverage, affordability
and continuity of drinking-water supplies.

Surveillance of drinking-water requires a systematic programme of data collec-
tion and surveys that may include auditing of WSPs, 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,
whether piped or unpiped, treatment plants, storage reservoirs and distribution sys-
tems.

As incremental improvement and prioritizing action in systems presenting great-
est overall risk to public health are important, there are advantages to adopting a grad-
ing scheme for the relative safety of drinking-water supplies (see chapter 4). More
sophisticated grading schemes may be of particular use in community supplies where
the frequency of testing is low and exclusive reliance on analytical results is particular-
ly inappropriate. Such schemes will typically take account of both analytical findings
and sanitary inspection through approaches such as those presented in section 4.1.2.

The role of surveillance is discussed in section 1.2.1 and chapter 5.

2.4 Verification of drinking-water quality

Drinking-water safety is secured by application of a WSP, which includes monitoring

the efficiency of control measures using appropriately selected determinants. In addi-

tion to this operational monitoring, a final verification of quality is required.
Verification is the use of methods, procedures or tests in addition to those used in

operational monitoring to determine whether the performance of the drinking-water
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supply is in compliance with the stated objectives outlined by the health-based targets
and whether the WSP needs modification or revalidation.

Verification of drinking-water may be undertaken by the supplier, surveillance
agencies or a combination of the two (see section 4.3). Although verification is most
commonly carried out by the surveillance agency, a utility-led verification programme
can provide an additional level of confidence, supplementing regulations that specify
monitoring parameters and frequencies.

2.4.1 Microbial water quality

For microbial water quality, verification is likely to be based on the analysis of faecal
indicator microorganisms, with the organism of choice being Escherichia coli or, al-
ternatively, thermotolerant coliforms (see sections 4.3.1, 7.4 and 11.6). Monitoring
of specific pathogens may be included on very limited occasions to verify that an
outbreak was waterborne or that a WSP has been effective. Escherichia coli provides
conclusive evidence of recent faecal pollution and should not be present in drinking-
water. Under certain circumstances, additional indicators, such as bacteriophages or
bacterial spores, may be used.

However, water quality can vary rapidly, and all systems are at risk of occasional
failure. For example, rainfall can greatly increase the levels of microbial contamination
in source waters, and waterborne outbreaks often occur following rainfall. Results of
analytical testing must be interpreted taking this into account.

2.4.2 Chemical water quality

Assessment of the adequacy of the chemical quality of drinking-water relies on com-
parison of the results of water quality analysis with guideline values. These Guidelines
provide guideline values for many more chemical contaminants than will actually af-
fect any particular water supply, so judicious choices for monitoring and surveillance
should be made prior to initiating an analytical chemical assessment.

For additives (i.e. chemicals deriving primarily from materials and chemicals used
in the production and distribution of drinking-water), emphasis is placed on the dir-
ect control of the quality of these commercial products. In controlling drinking-water
additives, testing procedures typically assess whether the product meets the specifica-
tions (see section 8.5.4).

As indicated in chapter 1, most chemicals are of concern only following long-
term exposure; however, some hazardous chemicals that occur in drinking-water are
of concern because of effects arising from sequences of exposures over a short period.
Where the concentration of the chemical of interest (e.g. nitrate/nitrite, which is as-
sociated with methaemoglobinaemia in bottle-fed infants) varies widely, even a series
of analytical results may fail to fully identify and describe the public health risk. In
controlling such hazards, attention must be given to both knowledge of causal factors
such as fertilizer use in agriculture and trends in detected concentrations, as these
will indicate whether a significant problem may arise in the future. Other hazards
may arise intermittently, often associated with seasonal activity or seasonal conditions.
One example is the occurrence of blooms of toxic cyanobacteria in surface water.
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A guideline value represents the concentration of a constituent that does not
exceed tolerable risk to the health of the consumer over a lifetime of consumption.
Guideline values for some chemical contaminants (e.g. lead, nitrate) are set to be pro-
tective for susceptible subpopulations. These guideline values are also protective of the
general population over a lifetime.

It is important that recommended guideline values are scientifically justified,
practical and feasible to implement as well as protective of public health. Guideline
values are not normally set at concentrations lower than the detection limits achiev-
able under routine laboratory operating conditions. Moreover, some guideline values
are established taking into account available techniques for controlling, removing or
reducing the concentration of the contaminant to the desired level. In some instances,
therefore, provisional guideline values have been set for contaminants for which cal-
culated health-based values are not practically achievable.

2.5 ldentifying priority concerns

These Guidelines cover a large number of potential constituents in drinking-water in
order to meet the varied needs of countries worldwide. Generally, however, only a
few constituents will be of public health concern under any given circumstances. It is
essential that the national regulatory agency and local water authorities identify and
respond to the constituents of relevance to the local circumstances. This will ensure
that efforts and investments can be directed to those constituents that have the great-
est risk or public health significance.

Health-based targets are established for potentially hazardous water constituents
and provide a basis for assessing drinking-water quality. Different parameters may
require different priorities for management to improve and protect public health. In
general, the priorities, in decreasing order, are to:

®  ensure an adequate supply of microbially safe water and maintain acceptability to
discourage consumers from using potentially less microbially safe water;

® manage key chemical hazards known to cause adverse health effects;

® address other chemical hazards, particularly those that affect the acceptability of
drinking-water in terms of its taste, odour and appearance;

e apply appropriate technologies to reduce contaminant concentrations in the
source to below the guideline or regulated values.

The two key features in

choosing hazards for which Many microbial and chemical constituents of drinking-
setting a standard is desir- water can potentially cause adverse human health ef-
able on health grounds are fects. The detection .of these constltuents. in both raw

] . water and water delivered to consumers is often slow,
the health impacts (Severlty) complex and costly, which limits early warning capabil-
associated with the substance ity and affordability. Reliance on water quality determi-
and the probability of signifi- nation alone is insufficient to protect public health. As it

cant occurrence (eXposure). is ne|Fhe.r physically nor economically feasible to test fo_r
bined. th ] all drinking-water quality parameters, the use of moni-

Com H}e » t Gfse € err}ents toring effort and resources should be carefully planned

determine the risk associated and directed at significant or key characteristics.

with a particular hazard. For

27



GUIDELINES FOR DRINKING-WATER QUALITY

microbial hazards, the setting of targets will be influenced by occurrence and concen-
trations in source waters and the relative contribution of waterborne organisms to
disease. For chemical hazards, the factors to be considered are the severity of health
effects and the frequency of exposure of the population in combination with the con-
centration to which they will be exposed. The probability of health effects clearly de-
pends on the toxicity and the concentration, but it also depends on the period of
exposure. For most chemicals, health impacts are associated with long-term exposure.
Hence, in the event that exposure is occasional, the risk of an adverse health effect is
likely to be low, unless the concentration is extremely high. The substances of high-
est priority will therefore be those that occur widely, are present in drinking-water
sources or drinking-water all or most of the time and are present at concentrations
that are of health concern.

Guidance on determining which chemicals are of importance in a particu-
lar situation is given in the supporting document Chemical safety of drinking-water
(Annex 1).

Although WHO does not set formal guideline values for substances on the basis
of consumer acceptability (i.e. substances that affect the appearance, taste or odour
of drinking-water), it is not uncommon for standards to be set for substances and
parameters that relate to consumer acceptability. Although exceeding such a standard
is not a direct issue for health, it may be of great significance for consumer confidence
and may lead consumers to obtain their water from an alternative, less safe source.
Such standards are usually based on local considerations of acceptability.

Priority setting should be undertaken on the basis of a systematic assessment
based on collaborative effort among all relevant agencies and may be applied at na-
tional and system-specific levels. At the national level, priorities need to be set in order
to identify the relevant hazards, based on an assessment of risk—i.e. severity and ex-
posure. At the level of individual water supplies, it may be necessary to also prioritize
constituents for effective system management. These processes may require the input
of a broad range of stakeholders, including health, water resources, drinking-water
supply, environment, agriculture and geological services/mining authorities, to estab-
lish a mechanism for sharing information and reaching consensus on drinking-water
quality issues.

2.5.1 Undertaking a drinking-water quality assessment

In order to determine which constituents are, indeed, of concern, it will be necessary
to undertake a drinking-water quality assessment. It is important to identify what
types of drinking-water systems are in place in the country (e.g. piped water supplies,
non-piped water supplies, vended water) and the quality of drinking-water sources
and supplies.

Additional information that should be considered in the assessment includes
catchment type (protected, unprotected), wastewater discharges, geology, topography,
agricultural land use, industrial activities, sanitary surveys, records of previous mon-
itoring, inspections and local and community knowledge. The wider the range of data
sources used, the more useful the results of the process will be.
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In many situations, authorities or consumers may have already identified a num-
ber of drinking-water quality problems, particularly where they cause obvious health
effects or acceptability problems. These existing problems would normally be assigned
a high priority.

Drinking-water supplies that represent the greatest risks to public health should
be identified, with resources allocated accordingly.

2.5.2 Assessing microbial priorities
The most common and widespread health risk associated with drinking-water is
microbial contamination, the conse-
quences of which mean that its control The most common and widespread health
must always be of paramount impor- risk associated with drinking-water is mi-
tance. Priority needs to be given to crobial contamination, the consequences
improving and developing the drinking- of which mean that its control must always
. be of paramount importance.

water supplies that represent the greatest
public health risk.

Health-based targets for microbial contaminants are discussed in section 3.2, and
a comprehensive consideration of microbial aspects of drinking-water quality is con-
tained in chapter 7.

2.5.3 Assessing chemical priorities

Not all of the chemicals with guideline values will be present in all water supplies or,
indeed, all countries. If they do exist, they may not be found at levels of concern. Con-
versely, some chemicals without guideline values or not addressed in the Guidelines
may nevertheless be of legitimate local concern under special circumstances.

Risk management strategies (as reflected in national standards and monitoring
activities) and commitment of resources should give priority to those chemicals that
pose a risk to human health or to those with significant impacts on the acceptability
of water.

Only a few chemicals have been shown to cause widespread health effects in hu-
mans as a consequence of exposure through drinking-water when they are present in
excessive quantities. These include fluoride, arsenic and nitrate. Human health effects
associated with lead (from domestic plumbing) have also been demonstrated in some
areas, and there is concern because of the potential extent of exposure to selenium and
uranium in some areas at concentrations of human health significance. Iron and man-
ganese are of widespread significance because of their effects on acceptability. These
constituents should be taken into consideration as part of any priority-setting process.
In some cases, assessment will indicate that no risk of significant exposure exists at the
national, regional or system level.

Drinking-water may be only a minor contributor to the overall exposure to a
particular chemical, and in some circumstances controlling the levels in drinking-
water, at potentially considerable expense, may have little impact on overall exposure.
Drinking-water risk management strategies should therefore be considered in con-
junction with other potential sources of human exposure.
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The process of “short-listing” chemicals of concern may initially be a simple clas-
sification of high and low risk to identify broad issues. This may be refined using data
from more detailed assessments and analysis and may take into consideration rare
events, variability and uncertainty.

Guidance on how to undertake prioritization of chemicals in drinking-water is
provided in the supporting document Chemical safety of drinking-water (Annex 1).
This deals with issues including:

® the probability of exposure (including the period of exposure) of the consumer
to the chemical;

® the concentration of the chemical that is likely to give rise to health effects (see
also section 8.5);

® the evidence of health effects or exposure arising through drinking-water, as op-
posed to other sources, and relative ease of control of the different sources of
exposure.

Additional information on the hazards and risks of many chemicals not included
in these Guidelines is available from several sources, including WHO Environmental
Health Criteria monographs and Concise International Chemical Assessment Docu-
ments, reports by the Joint Food and Agriculture Organization of the United Na-
tions (FAO)/WHO Meeting on Pesticide Residues and the Joint FAO/WHO Expert
Committee on Food Additives and information from competent national authorities.
These information sources have been peer reviewed and provide readily accessible in-
formation on toxicology, hazards and risks of many less common contaminants. They
can help water suppliers and health officials to decide upon the significance (if any) of
a detected chemical and on the response that might be appropriate.

2.6 Developing drinking-water quality standards

Health-based targets, including numeric guideline values and other targets described
in the Guidelines for drinking-water quality, are not intended to be mandatory limits,
but are provided as the scientific point of departure for development of national or
regional numerical drinking-water quality standards. No single approach is universal-
ly applicable, and the nature and form of drinking-water standards may vary among
countries and regions.

In developing national drinking-water standards based on these Guidelines, it
will be necessary to take account of a variety of environmental, social, cultural, eco-
nomic, dietary and other conditions affecting potential exposure. This may lead to
national standards that differ appreciably from these Guidelines, both in scope as well
as in risk targets. A programme based on modest but realistic goals—including fewer
water quality parameters of priority health concern at attainable levels consistent with
providing a reasonable degree of public health protection in terms of reduction of dis-
ease or disease risk within the population—may achieve more than an overambitious
one, especially if targets are upgraded periodically.

To ensure that standards are acceptable to consumers, communities served,
together with the major water users, should be involved in the standards-setting pro-
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cess. Public health agencies may be closer to the community than those responsible
for its drinking-water supply. At a local level, they also interact with other sectors
(e.g. education), and their combined action is essential to ensure active community
involvement.

2.6.1 Adapting guideline values to locally relevant standards

In order to account for variations in exposure from different sources (e.g. water, food)
in different parts of the world, the proportion of the tolerable daily intake allocated
to drinking-water in setting guideline values for many chemicals will vary. Where
relevant exposure data are available, authorities are encouraged to develop context-
specific guideline values that are tailored to local circumstances and conditions. For
example, in areas where the intake of a particular contaminant in drinking-water is
known to be much greater than that from other sources (e.g. air and food), it may be
appropriate to allocate a greater proportion of the tolerable daily intake to drinking-
water to derive a guideline value more suited to the local conditions.

Daily water intake can vary significantly in different parts of the world, season-
ally and particularly where consumers are involved in manual labour in hot climates.
Local adjustments to the daily water consumption value may be needed in setting lo-
cal standards, as in the case of fluoride, for example.

Volatile substances in water may be released into the air during showering and
through a range of other household activities. Under such circumstances, inhalation
may become a significant route of exposure. Where such exposure is shown to be im-
portant for a particular substance (i.e. high volatility, low ventilation rates and high
rates of showering/bathing), it may be appropriate to adjust the guideline value. For
those substances that are particularly volatile, such as chloroform, the correction fac-
tor would be approximately equivalent to a doubling of exposure. For further details,
the reader should refer to section 8.2.9.

2.6.2 Periodic review and revision of standards

As knowledge increases, there may be changes to specific guideline values or considera-
tion of new hazards for the safety of drinking-water. There will also be changes in
the technology of drinking-water treatment and analytical methods for contaminants.
National or subnational standards must therefore be subjected to periodic review and
should be structured in such a way that changes can be made readily. Changes may
need to be made to modify standards, remove parameters or add new parameters, but
no changes should be made without proper justification through risk assessment and
prioritization of resources for protecting public health. Where changes are justified, it
is important that they are communicated to all stakeholders.

2.7 Drinking-water regulations and supporting policies and
programmes

The incorporation of a preventive risk management and prioritization approach to

drinking-water quality regulations, policies and programmes will:
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® ensure that regulations support the prioritization of drinking-water quality
parameters to be tested, instead of making mandatory the testing of every param-
eter in these Guidelines;

® ensure implementation of appropriate sanitation measures at community and
household levels and encourage action to prevent or mitigate contamination at
source;

® identify drinking-water supplies that represent the greatest risks to public health
and thus determine the appropriate allocation of resources.

2.7.1 Regulations
The alignment of national drinking-water quality regulations with the principles out-
lined in these Guidelines will ensure that:

® there is an explicit link between drinking-water quality regulations and the pro-
tection of public health;

® regulations are designed to ensure safe drinking-water from source to consumer,
using multiple barriers;

® regulations are based on good practices that have been proven to be appropriate
and effective over time;

® avariety of tools are in place to build and ensure compliance with regulations, in-
cluding education and training programmes, incentives to encourage good prac-
tices and penalties, if enforcement is required;

® regulations are appropriate and realistic within national, subnational and local
contexts, including specific provisions or approaches for certain contexts or types
of supplies, such as small community water supplies;

o stakeholder roles and responsibilities, including how they should work together,
are clearly defined;

®  “what, when and how” information is shared between stakeholders—including
consumers—and required action is clearly defined for normal operations and in
response to incidents or emergencies;

® regulations are adaptable to reflect changes in contexts, understanding and
technological innovation and are periodically reviewed and updated;

® regulations are supported by appropriate policies and programmes.

The aim of drinking-water quality regulations should be to ensure that the con-
sumer has access to sustainable, sufficient and safe drinking-water. Enabling legisla-
tion should provide broad powers and scope to related regulations and include public
health protection objectives, such as the prevention of waterborne disease and the
provision of an adequate supply of drinking-water. Drinking-water regulations should
focus on improvements to the provision and safety of drinking-water through a vari-
ety of requirements, tools and compliance strategies. Although sanctions are needed
within regulations, the principal aim is not to shut down deficient water supplies.

Drinking-water quality regulations are not the only mechanism by which public
health can be protected. Other regulatory mechanisms include those related to source
water protection, infrastructure, water treatment and delivery, surveillance and re-
sponse to potential contamination and waterborne illness events.
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Drinking-water quality regulations may also provide for interim standards, per-
mitted deviations and exemptions as part of a national or regional policy, rather than
as a result of local initiatives. This may take the form of temporary exemptions for cer-
tain communities or areas for defined periods of time. Short-term and medium-term
targets should be set so that the most significant risks to human health are managed
first. Regulatory frameworks should support long-term progressive improvements.

2.7.2 Supporting policies and programmes

Developing and promulgating regulations alone will not ensure that public health
is protected. Regulations must be supported by adequate policies and programmes.
This includes ensuring that regulatory authorities, such as enforcement agencies, have
sufficient resources to fulfil their responsibilities and that the appropriate policy and
programme supports are in place to assist those required to comply with regulations.
In other words, the appropriate supports need to be in place so that those being regu-
lated and those who are responsible for regulating are not destined to fail.

Implementation or modification of policies and programmes to provide safe
drinking-water should not be delayed because of a lack of appropriate regulation. Even
where drinking-water regulations do not yet exist, it may be possible to encourage,
and even enforce, the supply of safe drinking-water through, for example, educational
efforts or commercial, contractual arrangements between consumer and supplier (e.g.
based on civil law).

In countries where universal access to safe drinking-water at an acceptable level
of service has not been achieved, policies should refer to expressed targets for in-
creases in sustainable access to safe drinking-water. Such policy statements should
be consistent with achievement of the Millennium Development Goals (http://
www.un.org/millenniumgoals/) of the United Nations Millennium Declaration and
should take account of levels of acceptable access outlined in General Comment 15
on the Right to Water of the United Nations Committee on Economic, Social and
Cultural Rights (http://umn.edu/humanrts/gencomm/escgencom15.htm) and asso-
ciated documents.
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Health-based targets

Health—based targets
are  measurable
health, water quality or
performance objectives
that are established based
on a judgement of safety
and on risk assessments
of waterborne hazards.
These Guidelines de-
scribe four distinct types
of health-based targets,
applicable to all types of
hazards and water sup-
plies:

1) health outcome tar-
gets (e.g. tolerable
burdens of disease);
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2) water quality targets (e.g. guideline values for chemical hazards);
3) performance targets (e.g. log reductions of specific pathogens);
4) specified technology targets (e.g. application of defined treatment processes).

These targets are common components of existing drinking-water guidelines or stan-
dards that are used to protect and improve drinking-water quality and, consequently,
human health. They provide benchmarks for water suppliers and regulators to confirm

the adequacy of existing systems or
the need for improvement. They
underpin the development of water
safety plans and verification of
successful implementation. Where

Health-based targets can be used to support incre-
mental improvement by marking out milestones
to guide progress towards water safety and public
health goals.

35




GUIDELINES FOR DRINKING-WATER QUALITY

required, health-based targets can be used to support incremental improvement by
marking out milestones to guide progress towards water safety and public health goals.
This normally requires periodic review and updating of priorities and targets. In turn,
norms and standards should also be periodically updated (see section 2.6.2).

Health-based targets should assist in determining specific interventions appro-
priate to delivering safe drinking-water, including control measures such as source
protection and treatment processes.

3.1 Setting health-based targets

The use of health-based targets is applicable in countries at all levels of development.
To ensure effective health protection and improvement, targets need to be realistic,
measurable, based on scientific data and relevant to local conditions (including eco-
nomic, environmental, social and cultural conditions) and financial, technical and
institutional resources. Health-based targets should be part of an overall public health
policy, taking into account public health status and trends and the contribution of
drinking-water to the transmission of infectious disease and to overall exposure to
hazardous chemicals both in individual settings and within overall health manage-
ment.

Although water can be a source of microbial, chemical or radiological hazards, it
is by no means the only source. In setting targets, consideration needs to be given to
other sources, including food, air, person-to-person contact and consumer products,
as well as poor sanitation and personal hygiene. Where the overall burden of disease
from multiple exposure routes is very high, there is limited value in setting strict tar-
gets for drinking-water. For example, there is limited value in establishing a strict tar-
get for a chemical hazard if drinking-water provides only a small proportion of the
total exposure to that chemical. The cost of meeting such targets could unnecessarily
divert funding from other, more pressing health interventions and is not consistent
with the public health objective of reducing overall levels of risk from all sources of
exposure to environmental hazards (Priiss et al., 2002; Priiss & Corvalan, 2006).

It is also important to take account of the impact of the proposed intervention
on overall rates of disease. For some pathogens and their associated diseases, interven-
tions in water quality may be ineffective and may therefore not be justified. This may
be the case where other routes of exposure dominate. For others, long experience has
shown the effectiveness of improving drinking-water supply and quality management
in the control of waterborne diseases such as typhoid and dysentery.

Meeting health-based targets should be viewed in the context of broader public
health policy, including initiatives to improve sanitation, waste disposal, personal hy-
giene and public education on
ways to reduce both personal

exposure to hazards and im- The judgement of safety—or what is a tolerable bur-
pacts of personal activity on den of disease in particular circumstances—is a matter
water  resources. Improved in which society as a whole has a role to p!ay. The final

] . judgement as to whether the benefit resulting from the
public health, reduced carriage adoption of any of the health-based targets justifies the
of pathogens and reduced cost is for each country to decide.

human impacts on water
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Table 3.1 Benefits of health-based targets

Target development stage Benefit

Formulation Provides insight into the health of the population
Reveals gaps in knowledge
Supports priority setting
Increases the transparency of health policy
Promotes consistency among national health programmes
Stimulates debate

Implementation Inspires and motivates collaborating authorities to take action
Improves commitment
Fosters accountability
Guides the rational allocation of resources

Evaluation Supplies established milestones for incremental improvements

Provides opportunity to take action to correct deficiencies and/
or deviations

Identifies data needs and discrepancies

resources all contribute to drinking-water safety (Howard et al., 2002). Public health
prioritization would normally indicate that the major contributors to disease should
be dealt with preferentially, taking account of the costs and impacts of potential inter-
ventions. However, this does not mean ignoring lesser targets if they can be easily
achieved for little cost, as long as this does not divert attention from major targets.

An important concept in the allocation of resources to improving drinking-water
safety is the possibility of establishing less stringent transitional targets supported by
sound risk management systems in order to encourage incremental improvements of
the quality of drinking-water. In this regard, health-based targets can be used as the
basis for supporting and measuring incremental progress in water quality improve-
ment. Improvements can relate to progression through increasingly tighter targets or
evolution through target types that more precisely reflect the health protection goals
(e.g. from specified technology targets to performance targets).

The processes of formulating, implementing, communicating and evaluating
health-based targets provide benefits to the overall preventive management of drinking-
water quality. These benefits are outlined in Table 3.1.

3.2 Disability-adjusted life years, tolerable disease burden and
reference level of risk

At a national level, decisions about risk acceptance and tolerable burdens of disease
are complex and need to take account of the probability and severity of impact in
addition to the environmental, social, cultural, economic and political dimensions
that play important roles in decision-making. Negotiations are an important part of
these processes, and the outcome may very well be unique in each situation. Notwith-
standing the complexity of these decisions, definitions of tolerable burdens of disease
and reference levels of risk are required to provide a baseline for the development of
health-based targets and as a point of departure for decisions in specific situations.
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Descriptions of tolerable burdens of disease relating to water are typically ex-
pressed in terms of specific health outcomes such as maximum frequencies of diar-
rhoeal disease or cancer incidence. However, these descriptions do not consider the
severity of the outcomes. The various hazards that may be present in water are as-
sociated with very diverse health outcomes with different impacts ranging from mild
diarrhoea to potentially severe outcomes such as typhoid, cancer or skeletal fluorosis.

A common “metric” is needed that can be used to quantify and compare the bu-
rden of disease associated with different water-related hazards, taking into account
varying probabilities, severities and duration of effects. Such a metric should be ap-
plicable regardless of the type of hazard (microbial, chemical or radiological) to en-
able the use of a consistent approach for each hazard. The metric used in these Guide-
lines is the disability-adjusted life year, or DALY (Box 3.1). The World Health
Organization has used DALY quite extensively to evaluate public health priorities and
to assess the disease burden associated with environmental exposures, particularly for
microbial hazards.

A key advantage of using

the DALY is its aggregation of “Tolerable burden of disease” represents an upper
different impacts on the quality limit of the burden of health effects associated with

and quantity of life and its focus waterborne disease that is established by national
policy-makers. “Reference level of risk” is an equiva-

on act}lal .outcomes rz.1ther than lent term used in the context of quantitative risk
potential risks; hence, it supports assessments.

rational public health priority
setting. DALYs can be used to
define tolerable burden of disease and the related reference level of risk.

In these Guidelines, the tolerable burden of disease is defined as an upper limit
of 107° DALY per person per year. This upper-limit DALY is approximately equivalent
to a 107 excess lifetime risk of cancer (i.e. 1 excess case of cancer per 100 000 people
ingesting drinking-water at the water quality target daily over a 70-year period), which
is the risk level used in these Guidelines to determine guideline values for genotoxic
carcinogens.

Expressing health-based targets for chemical hazards in DALY's has the advantage
of enabling comparisons with microbial risks. However, use of the DALY approach for
chemicals has been limited in practice due to gaps in knowledge.

The 107 DALY tolerable burden of disease target may not be achievable or real-
istic in some locations and circumstances in the near term. Where the overall burden
of disease by multiple exposure routes (water, food, air, direct personal contact, etc.) is
very high, setting a 107 DALY per person per year level of disease burden from water-
borne exposure alone will have little impact on the overall disease burden. Setting a
less stringent level of acceptable risk, such as 10~ or 10™* DALY per person per year,
from waterborne exposure may be more realistic, yet still consistent with the goals of
providing high-quality, safer water.

3.3 Types of health-based targets
The nature and typical application of health-based targets are presented in Table 3.2.

Health-based targets differ considerably with respect to the amount of resources
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Box 3.1 Disability-adjusted life years

The various hazards that can be present in water can have very different health outcomes. Some
outcomes are mild (e.g. diarrhoea), whereas others can be severe (e.g. cholera, haemolytic uraemic
syndrome associated with Escherichia coli O157 or cancer). Some are acute (e.g. diarrhoea), whereas
others are delayed (e.g. infectious hepatitis or cancer). Some especially relate to certain age ranges
and groups (e.g. skeletal fluorosis in older adults often arises from long-term exposure to high levels
of fluoride in childhood; infection with hepatitis E virus has a very high mortality rate among preg-
nant women). In addition, any one hazard may cause multiple effects (e.g. gastroenteritis, Gullain-
Barré syndrome, reactive arthritis and mortality associated with Campylobacter).

In order to support public health priority setting, a common metric is required that can be ap-
plied to all types of hazard and takes into account different health outcomes, including probabilities,
severities and duration of effects. The disability-adjusted life year (DALY) provides this metric.

The basic principle of the DALY is to weight each health impact in terms of severity within the
range of 0 for good health to 1 for death. The weighting is then multiplied by duration of the effect
and the number of people affected. In the case of death, duration is regarded as the years lost in
relation to normal life expectancy. Using this approach, a mild diarrhoea with a severity weighting
of 0.1 and lasting for 7 days results in a DALY of 0.002, whereas death resulting in a loss of 30 years
of life equates to a DALY of 30.

Hence, DALY =YLL (years of life lost) + YLD (years lived with a disability or illness). In this context,
disability refers to a condition that detracts from good health.

For example, infection with rotavirus (in developed countries) causes:

® mild diarrhoea (severity rating of 0.1) lasting 7 days in 97.5% of cases;
® severe diarrhoea (severity rating of 0.23) lasting 7 days in 2.5% of cases;
® rare deaths of very young children in 0.015% of cases.

The DALY per case can then be calculated as follows:

DALY (0.1 x 7/365 x 0.975) + (0.23 x 7/365 % 0.025) + (1 X 70 x 0.00015)
0.0019 +0.0001 + 0.0105
= 0.0125

Infection with Cryptosporidium can cause watery diarrhoea (severity weighting of 0.067) last-
ing for 7 days with extremely rare deaths in 0.0001% of cases. This equates to a DALY per case of
0.0015.

Further information on the use of DALYs in establishing health-based targets is included in the
supporting document Quantifying public health risk in the WHO Guidelines for drinking-water quality
(Annex 1).

needed for their development and implementation and in relation to the precision
with which the public health benefits of risk management actions can be defined.
The most precise are health outcome targets, which underpin the derivation of the
remaining targets, as shown in Figure 3.1. Each target type is based on those above
it in Table 3.2, and assumptions with default values are introduced in moving down
between target types. The targets towards the top of the table require greater scientific
and technical inputs and are therefore more precisely related to the level of health
protection. Target types at the bottom of Table 3.2 require the least interpretation by
practitioners in implementation, but depend on a number of assumptions (e.g. estab-
lishing specified technology targets in the absence of sufficient source water quality
data to apply performance targets for microbial pathogens). Efforts should be made
to collect additional information when critical data for applying the next stage of tar-
get setting may not be available. This incremental improvement will ensure that the
health-based targets will be as pertinent as possible to local circumstances.
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Table 3.2 Nature and application of health-based targets

Type of Nature of target  Typical applications Notes

target

Health Defined tolerable  High-level policy target  These Guidelines define a tolerable
outcome burden of disease set at national level, used burden of disease of 10-¢ DALY per

No adverse effect
or negligible risk

to inform derivation
of performance, water
quality and specified
technology targets

Chemical or radiological
hazards

person per year

Derived from international chemical
or radionuclide risk assessments

Water quality

Guideline values

Chemical hazards

Microbial water quality
targets are not normally
applied

Radiological water
quality targets are not
normally applied

Based on individual chemical risk
assessments

Escherichia coli is used as an indicator
of faecal contamination and to verify
water quality

Radiological screening levels are
applied

Performance  Specified removal Microbial hazards Specific targets set by water supplier
of hazards (expressed as log based on quantitative microbial risk
reductions) assessment and health outcome
targets or generic targets set at
national level
Chemical hazards Specific targets set by water supplier
(expressed as based on chemical guideline values or
percentage removal) generic targets set at national level
Specified Defined Control of microbial and  Set at national level; based on
technology technologies chemical hazards assessments of source water

quality, frequently underpinned by
established or validated performance
of the specified technology (e.g.
requirement of filtration for surface
water)

When establishing health-based targets, care should be taken to account for short-

term events and fluctuations in water quality along with “steady-state” conditions.
This is particularly important when developing performance and specified technology
targets. Short-term water quality can significantly deteriorate, for example, following
heavy rain and during maintenance. Catastrophic events can result in periods of very
degraded source water quality and greatly decreased efficiency in many processes, or
even system failure, greatly increasing the likelihood of a disease outbreak, Events like
these provide additional justification for the long-established “multiple-barrier prin-
ciple” in water safety.

For chemical hazards, health-based targets most commonly take the form of
water quality targets, using the guideline values outlined in section 8.5. Performance
targets expressed as percentage removals or specified technology targets can also be
applied to chemical hazards.
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Example 1 Example 2 Example 3

Health outcome target for
Campylobacter

Health outcome target for
Cryptosporidium

Health outcome target
for fluoride

Tolerable disease burden 10-¢ DALY
per person per year
(Derived by national policy decision)

Tolerable disease burden 10-¢ DALY
per person per year
(Derived by national policy decision)

No-observed-adverse-effect level
(Derived through international chemical
risk assessment)

Measured or assumed
concentration of 100 organisms
per litre in source water

Apply QMRA Insufficient source water
quality data

Water quality target for fluoride

Guideline value 1.5 mg/I J

Performance target for Campylobacter

v

Minimum performance 6 log removal

Specified technology target for
Cryptosporidium

Coagulation + filtration for surface waters

Figure3.1 Examples of how to set health-based targets for various hazards

For microbial hazards, health-based targets usually take the form of performance
or specified technology targets. The choice of target will be influenced by the number
of data available on source water quality, with performance targets requiring more
information. Water quality targets are typically not developed for pathogens, because
monitoring finished drinking-water for pathogens is not considered a feasible or cost-
effective option. Concentrations of pathogens equivalent to a health outcome target
of 10° DALY per person per year are typically less than 1 organism per 10*-10° litres.
Therefore, it is more feasible and cost-effective to monitor for indicator organisms
such as E. coli.

In practice, risks to public health from drinking-water are often attributable to a
single hazard at a time; therefore, in deriving targets, the reference level of risk is ap-
plied independently to each hazard.

3.3.1 Health outcome targets
The most direct descriptions of drinking-water safety are health outcome targets, such
as upper limits on frequencies of diarrhoeal disease or cancer incidence. These upper
limits represent tolerable burdens of disease and are typically set at the national level.
They underpin the derivation of water quality, performance and specified technol-
ogy targets (Figure 3.1). These Guidelines define a tolerable burden of disease of 107
DALY per person per year. For threshold chemicals, the health outcome target is based
on no-observed-adverse-effect levels (see section 8.2).

Health outcome targets must be translated into water quality, performance or
specified technology targets in order to be actioned by the water supplier as part of
the water safety plan.
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3.3.2 Water quality targets

Water quality targets are the most common form of health-based target applied to
chemicals that may be found in drinking-water. The guideline values for individual
chemicals described in section 8.5 provide water quality targets that can be used to
verify that water safety plans have been effective in managing risks from chemicals in
drinking-water.

Guideline values are established on the basis of international risk assessments of
the health effects associated with exposure to the chemical in water. In developing
national drinking-water standards (or health-based targets) based on these guideline
values, it will be necessary to take into consideration a variety of environmental, so-
cial, cultural, economic, dietary and other conditions affecting potential exposure, as
well as the default assumptions that are used to derive the guideline values. Exposure
from chemicals in drinking-water is typically minor in comparison with that from
other sources (e.g. food, consumer products and air), with a few important exceptions
(e.g. arsenic and fluoride). This may lead to national targets that differ appreciably
from the guideline values. In some cases, it may be appropriate to take action to pre-
vent exposure to a chemical from sources other than drinking-water (e.g. lead from
soldered cans and from petrol).

One example is that of the health-based target for fluoride in drinking-water. A
guideline value of 1.5 mg/l is reccommended in Table A3.3 of Annex 3, with a comment
that “Volume of water consumed and intake from other sources should be considered
when setting national standards” Thus, in a country with a warm climate year-round
and where piped water is the preferred source of drinking-water, authorities may select
a health-based target for fluoride that is lower than this guideline value, as water con-
sumption is expected to be higher. On a similar note, the health-based target should
be reviewed in terms of its impact on the most vulnerable section of the population.

Where water treatment processes have been put in place to remove or reduce
specific chemicals (see section 8.4 and Annex 5), water quality targets should be used
to determine appropriate treatment requirements.

It is important that water quality targets are established only for those chemicals
that, following rigorous assessment, have been determined to be of health concern
or of concern for the acceptability of the drinking-water to consumers. There is little
value in undertaking measurements for chemicals that are unlikely to be in the system,
that will be present only at concentrations much lower than the guideline value or that
have no human health effects or effects on drinking-water acceptability. One example
is that of radionuclides in drinking-water, which may be present in such minute quan-
tities that their contribution to the overall health risks from drinking-water will be
negligible. Analysis of individual radionuclides requires sophisticated and expensive
procedures; hence, in such cases, measurements of gross alpha and gross beta activities
may be adopted as the screening tests for the presence of radionuclides in drinking-
water, as discussed in section 9.3.

Water quality targets are also used in the certification process for chemicals that
occur in water as a result of treatment processes or from materials in contact with
water. In such applications, assumptions are made in order to derive standards for
materials and chemicals that can be employed in their certification. Generally, allow-

42



3. HEALTH-BASED TARGETS

ance must be made for the incremental increase over levels found in water sources.
For some materials (e.g. domestic plumbing), assumptions must also account for the
relatively high release of some substances for a short period following installation.

Escherichia coli remains an important indicator of faecal contamination for veri-
fication of water quality, but measurements of E. coli do not represent a risk-based
water quality target. The use of E. coli as an indicator organism is discussed in more
detail in chapter 7.

3.3.3 Performance targets

Although performance targets can be applied to chemical hazards, the most common
application is for control of microbial hazards in piped supplies. Performance targets
assist in the selection and use of control measures that are capable of preventing path-
ogens from breaching the barriers of source protection, treatment and distribution
systems or preventing growth within the distribution system.

Performance targets define requirements in relation to source water quality.
Ideally, this should be based on system-specific data; more commonly, however, tar-
gets will be specified in relation to broad categories of source water quality and type
(see section 7.2). The derivation of performance targets requires the integration of
factors such as tolerable disease burden (acceptable risk), including severity of dis-
ease outcomes, and, for pathogens, quantitative microbial risk assessment (see section
7.2). There are insufficient data, and it is not realistic, to derive performance targets
for all potentially waterborne pathogens. The practical approach is to derive targets
for reference pathogens representing groups of pathogens (e.g. bacteria, viruses and
protozoa). Selection of reference pathogens should take into account variations in sus-
ceptibility to treatment as well as local conditions, including prevalence of waterborne
transmission and source water characteristics.

The most common application of performance targets is in identifying appropri-
ate combinations of treatment processes to reduce pathogen concentrations in source
water to a level that will meet health outcome targets and hence be safe. This is normally
expressed in terms of log reductions. Selection of processes requires evidence that they
will meet required performance targets (i.e. validation; see sections 2.2.2 and 4.1.7).
Examples of treatment processes and pathogen reductions are given in section 7.3.

Performance targets can be applied to catchment controls that are aimed at re-
ducing pathogen concentrations through preventive measures and to measures to
prevent ingress of contamination through distribution systems. Performance targets
are also important in certification of point-of-use devices and specified technologies
used for drinking-water treatment. Certification of devices is discussed elsewhere (see
section 1.2.9).

Performance targets can be applied to chemical hazards. In comparison with tar-
gets for microbial hazards, they are typically applied to specific chemicals, with perfor-
mance measured in terms of percentage reduction (see section 8.4).

3.3.4 Specified technology targets

Specified technology targets typically take the form of recommendations concerning
technologies applicable in certain circumstances (e.g. filtration and disinfection of
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surface water). Selection of technologies is usually based on qualitative assessments
of source water type and quality (e.g. impacted surface water, protected groundwater).
Specified technology targets are most frequently applied to small community supplies
and to devices used at the household level. They can be applied to both microbial and
chemical hazards.

Smaller municipal and community drinking-water suppliers often have limited
resources and ability to develop individual system assessments and health-based tar-
gets. National regulatory agencies may therefore directly specify technology require-
ments or approved options. These may include, for example:

® specific and approved treatment processes in relation to source types and char-
acteristics;

® providing guidance on requirements for protection of well heads;

® requirements for protection of drinking-water quality in distribution systems.

It is important to review specified targets on a regular basis to ensure that they are
kept up to date in terms of the prevailing scientific knowledge about the technology
and its application.
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veloped to organize and

systematize a long history of management practices applied to drinking-water and to
ensure the applicability of these practices to the management of drinking-water qual-
ity. WSPs represent an evolution of the concept of sanitary surveys and vulnerability
assessments that include and encompass the whole of the water supply system and its
operation. The WSP approach draws on many of the principles and concepts from
other risk management approaches, in particular the multiple-barrier approach and
hazard assessment and critical control points (as used in the food industry).

This chapter focuses on the key principles of WSPs and is not a comprehensive
guide to their application in practice. Practical information on how to develop and
implement a WSP is available in the supporting documents Water safety plan manual
and Water safety planning for small community water supplies (Annex 1).
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WSPs vary in complexity, as appropriate for the situation. In many cases, they will
be quite simple, focusing on the key hazards identified for the specific drinking-water
supply system. The wide range of examples of control measures given in the following
text does not imply that all of these are appropriate in all cases.

WSPs should, by preference, be developed for individual drinking-water systems.
For smaller systems, it may be possible to develop generic WSPs by a statutory body
or accredited third-party organization. In these settings, guidance on household water
storage, handling and use may also be required. Plans dealing with household water
should be linked to a hygiene education programme and advice to households in
maintaining water safety.

A WSP has three keY compo- A WSP comprises, as a minimum, the three key
nents, which are guided by health- components that are the responsibility of the
based targets (see chapter 3) and drinking-water supplier in order to ensure that

drinking-water is safe. These are:

overseen th.rough drinking-water R —
supply surveillance (see chapter 5). e effective operational monitoring;
They are: ® management and communication.

1) a system assessment to deter-
mine whether the drinking-water supply chain (up to the point of consumption)
as a whole can deliver water of a quality that meets identified targets. This also
includes the assessment of design criteria of new systems;

2) identifying control measures in a drinking-water system that will collectively
control identified risks and ensure that the health-based targets are met. For
each control measure identified, an appropriate means of operational monitoring
should be defined that will ensure that any deviation from required performance
is rapidly detected in a timely manner;

3) management and communication plans describing actions to be taken during nor-
mal operation or incident conditions and documenting the system assessment,
including upgrade and improvement planning, monitoring and communication
plans and supporting programmes.

The primary objectives of a WSP in ensuring good drinking-water supply prac-
tice are the prevention or minimization of contamination of source waters, the re-
duction or removal of contamination through treatment processes and the preven-
tion of contamination during storage, distribution and handling of drinking-water.
These objectives are equally applicable to large piped drinking-water supplies, small
community supplies (see section 1.2.6) and household systems and are achieved
through:

® development of an understanding of the specific system and its capability to
supply water that meets water quality targets;

® identification of potential sources of contamination and how they can be controlled;
validation of control measures employed to control hazards;

® implementation of a system for operational monitoring of the control measures
within the water system;

® timely corrective actions to ensure that safe water is consistently supplied;
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® undertaking verification of drinking-water quality to ensure that the WSP is be-
ing implemented correctly and is achieving the performance required to meet
relevant national, regional and local water quality standards or objectives.

WSPs are a powerful tool for the drinking-water supplier to manage the supply
safely. They also assist surveillance by public health authorities. Key benefits for water
suppliers implementing WSPs include:

demonstration of “due diligence”;

® improved compliance;
rationalizing and documenting existing operational procedures, leading to gains
in efficiency, improvement of performance and quicker response to incidents;

®  better targeted and justification for long-term capital investments based on risk
assessment;

® improved management of existing staff knowledge and identification of critical
gaps in skills for staff;

® improved stakeholder relationships.

One of the challenges and responsibilities of water suppliers and regulators is to
anticipate, plan for and provide for climate variations and weather extremes. WSPs are
an effective tool to manage such variations and extremes (see also section 6.1).

Where a defined entity is responsible for a drinking-water supply, its responsibil-
ity should include the preparation and implementation of a WSP. This plan should
normally be reviewed and agreed upon with the authority responsible for protection
of public health to ensure that it will deliver water of a quality consistent with the
defined targets.

Where there is no formal service provider, the competent national or regional
authority should act as a source of information and guidance on the adequacy of ap-
propriate management of community and individual drinking-water supplies. This
will include defining requirements for operational monitoring and management. Ap-
proaches to verification in these circumstances will depend on the capacity of local
authorities and communities and should be defined in national policy.

Many water suppliers may face practical challenges in initiating, developing and
implementing a WSP. These include mistaken perceptions that one prescribed meth-
odology must be followed; that WSP steps must be undertaken with risks managed
from source to tap in a defined order; that developing a WSP always requires external
expertise; that WSPs supersede, rather than build on, existing good practices; and that
WSPs are necessarily complicated and are not appropriate for small supplies.

Although WSP implementation demands a certain minimum standard in terms
of the steps involved (Figure 4.1), it is a flexible approach that should rely on the water
supplier’s existing practices and fit the way that a supplier is organized.

The WSP is a vital step in identifying the hazards and risks associated with
the source water catchment, particularly where the water supplier does not man-
age the catchment, or with established treatment and distribution systems. Starting
with existing treatment to ensure that it is operating at its optimum at all times is a
vital component, as this is often the key barrier that prevents hazards from reaching
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Assemble the team to prepare the
water safety plan

]

—ﬁ Document and describe the system

Undertake a hazard assessment and risk
characterization to identify and understand how  |——See section 4.1
hazards can enter into the water supply

]

Assess the existing or proposed system (including a
description of the system and a flow diagram)

!

Identify control measures—the means by which
risks may be controlled

!

Define monitoring of control measures—
what limits define acceptable performance and ———See section 4.2
how these are monitored

!

Establish procedures to verify that the water
safety plan is working effectively and will meet (——» See section 4.3
the health-based targets

]

Develop supporting programmes
(e.g. training, hygiene practices, standard operating
procedures, upgrade and improvement, research
and development)

|

Prepare management procedures
(including corrective actions) for normal
and incident conditions ————»See section 4.5, Community + household

]

Establish docgmentatlon and » See section 4.6
communication procedures

————»See section 4.1

— See section 4.2

See section 4.7

Planned review

f———» See section 4.4

—— See section 4.4, Piped distribution

Figure 4.1 Overview of the steps in developing a water safety plan

drinking-water. It must be recognized that even if other hazards are identified in the
catchment, remediation may take time, and this should not be a reason for delaying
the start of WSP preparation and implementation. Similarly, initiating the process of
ensuring that the distribution system is intact and managed appropriately is a vital
step that is under the control of the water supplier.

Many of the procedures inherent in the WSP, such as documenting the system
and ensuring that standard operating procedures are established for each of the treat-
ment processes and the operation of the distribution system, are simply normal good
practice in drinking-water supply. The WSP should therefore build on and improve
existing practice.

WSPs should also not be seen as a competing initiative to existing programmes al-
ready being undertaken. For example, a programme that addresses non-revenue water
(e.g. leakage), although primarily addressing a water quantity issue, is also part of a
WSP. A non-revenue water programme would address issues such as intermittent sup-
ply and low water pressure, both of which are contributing factors to contamination
of drinking-water in the distribution system.
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It is recognized that it will not be possible to fully establish a WSP all at once, but
the mapping of the system, the identification of the hazards and the assessment of the
risks will provide a framework for prioritizing actions and will identify the require-
ments for continuing improvement as resources become available. They will also iden-
tify and help make the case for resource allocation and investment so that they can be
targeted to provide the greatest benefit, thus optimizing resources and investment.

In some countries, the regulatory system is relatively complex. A vital component
of WSPs and the delivery of safe drinking-water is proper communication and ex-
change of information between regulators, including environmental authorities, and
between regulators or authorities and water suppliers. This is particularly important if
resources are to be optimized, and shared information can lead to savings on all sides,
while ensuring that drinking-water supplies are improved.

Small supplies remain a significant challenge for many countries, partly because
human, technical and financial resources are limited. The introduction of WSPs helps
to identify simple and cost-effective steps that can be taken to protect and improve
such supplies. It is important that health authorities emphasize the importance of
safe drinking-water to the local community and raise the status of the operator’s role
in the community. It would also be helpful for the relevant authorities to provide a
resource or point of contact where operators can obtain advice on and help for WSP
implementation.

4.1 System assessment and design

The first stage in developing a WSP is to form a multidisciplinary team of experts with
a thorough understanding of the drinking-water system involved. The team should
be led by the drinking-water supplier and have sufficient expertise in abstraction,
treatment and distribution of drinking-water. Typically, such a team would include
individuals involved in each stage of the supply of drinking-water and in many cases
representatives from a wider group of stakeholders with collective responsibility for
the water supply system from catchment to consumer. Teams could include engineers,
catchment and water managers, water quality specialists, environmental or public
health or hygienist professionals, operational staft and representatives of consumers or
from the community. In most settings, the team will include members from external
agencies, including the relevant regulatory agency. For small water supplies, additional
external expertise may be useful in addition to operational personnel.

Effective management of the drinking-water system requires a comprehensive
understanding of the system, the range and magnitude of hazards and hazardous
events that may affect the system and the ability of existing processes and infrastruc-
ture to manage actual or potential risks (otherwise known as a sanitary survey). It
also requires an assessment of capabilities to meet targets. When a new system or an
upgrade of an existing system is being planned, the first step in developing a WSP is
the collection and evaluation of all available relevant information and consideration
of what risks may arise during delivery of water to the consumer.

Assessment of the drinking-water system supports subsequent steps in the WSP
in which effective strategies for control of hazards are planned and implemented.
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The assessment and evaluation of a drinking-water system are enhanced through
an accurate system description, including a flow diagram. The system description
should provide an overview of the drinking-water system, including characterization
of the source, identification of potential pollution sources in the catchment, measures
for resource and source protection, treatment processes, storage and mechanisms for
distribution (including piped and non-piped systems). It is essential that the descrip-
tion and the flow diagram of the drinking-water system are conceptually accurate. If
the description is not

correct, it is possible to - ) e i
? P Effective risk management requires the identification of potential

overlook potential haz- hazards and hazardous events and an assessment of the level of
ards that may be sig- risk presented by each. In this context:
nificant. To ensure ac- ® ahazardis a biological, chemical, physical or radiological

agent that has the potential to cause harm;

curac the system e N
¥ b ® 3 hazardous event is an incident or situation that can lead

description should be to the presence of a hazard (what can happen and how);
validated by visually e riskis the likelihood of identified hazards causing harm in
checking against fea- exposed populations in a specified time frame, including

tures observed on the the magnitude of that harm and/or the consequences.

ground.

Data on the occurrence of pathogens and chemicals in source waters and in drink-
ing-water combined with information concerning the effectiveness of existing controls
enable an assessment of whether health-based targets can be achieved with the existing
infrastructure. They also assist in identifying
catchment management measures, treat-
ment processes and distribution system It may often be more efficient to in-
operating conditions that would reasonably vest in preventive processes within the
be expected to achieve those health-based ?;ﬂ:?;?gtst:’:&fe'?Z:;ng::ﬂ;;i:;
targets if improvements are required.

To ensure the accuracy of the assess-
ment, including an overall estimate of risk, it is essential that all elements of the drink-
ing-water system (catchment, treatment and distribution) are considered concurrently
and that interactions among these elements are taken into consideration.

4.1.1 New systems
When drinking-water supply sources are being investigated or developed, it is prudent
to undertake a wide range of analyses in order to establish overall safety and to deter-
mine potential sources of contamination of the drinking-water supply source. These
analyses would normally include hydrological analysis, geological assessment and land
use inventories to determine potential chemical and radiological contaminants.
When designing new systems, all water quality factors should be taken into ac-
count in selecting technologies for abstraction and treatment of new resources. Varia-
tions in the turbidity and other parameters of raw surface waters can be considerable,
and allowance must be made for this. Treatment plants should be designed to take
account of variations known or expected to occur with significant frequency rather
than for average water quality; otherwise, for example, filters may rapidly become
blocked or sedimentation tanks overloaded. The chemical aggressiveness of some
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groundwaters may affect the integrity of borehole casings and pumps, leading to un-
acceptably high levels of iron in the supply, eventual breakdown and expensive repair
work. Both the quality and availability of drinking-water may be reduced and public
health endangered.

4.1.2 Collecting and evaluating available data
Areas that should be taken into consideration as part of the assessment of the drinking-
water system include all real or potential hazards and hazardous events associated with
each step in the drinking-water system that could result in contamination or interrup-
tion of supply. In most cases, consultation with public health and other sectors, includ-
ing land and water users and all those who regulate activities in the catchment, will be
required for the analysis of catchments. A structured approach is important to ensure
that significant issues are not overlooked and that areas of greatest risk are identified.
The overall assessment of the drinking-water system should take into considera-
tion any historical water quality data that may assist in understanding source water
characteristics and drinking-water system performance both over time and follow-
ing specific events (e.g. heavy rainfall). For examples of information to consider in
assessing components of the drinking-water system, see Module 3 in the supporting
document Water safety plan manual (Annex 1).

Prioritizing hazards for control

Once potential hazards and their sources have been identified, the risk associated with
each hazard or hazardous event should be compared so that priorities for risk man-
agement can be established and documented. Although there are numerous contam-
inants that can compromise drinking-water quality, not every hazard or hazardous
event will require the same degree of attention.

The risk associated with each hazard or hazardous event may be described by
identifying the likelihood of occurrence (e.g. certain, possible, rare) and evaluating the
severity of consequences if the hazard occurred (e.g. insignificant, major, catastrophic).
The aim should be to distinguish between important and less important hazards or
hazardous events. The approach used typically involves a semiquantitative matrix.

Simple scoring matrices often apply technical information from guidelines, sci-
entific literature and industry practice with well-informed “expert” judgement based
on knowledge and experience of WSP team members, supported by peer review or
benchmarking. Scoring is specific for each drinking-water system, as each system is
unique. Where generic WSPs are developed for technologies used by small drinking-
water systems, the scoring will be specific to the technology rather than the individual
drinking-water system.

By using risk ranking, control measures can be prioritized in relation to their
significance. A variety of semiquantitative and qualitative approaches to ranking risk
can be applied, and Module 3 of the supporting document Water safety plan manual
(Annex 1) provides a series of practice-based examples. An example of a semiquanti-
tative approach is given in Table 4.1. Application of this matrix relies to a significant
extent on expert opinion to make judgements on the public health risk posed by haz-
ards or hazardous events.
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Table 4.1 Example of a simple scoring matrix for ranking risks

Severity of consequences
Likelihood Insignificant Minor Moderate Major Catastrophic
Almost certain 5 10 15
Likely 4 8 12
Moderately likely 3 6 9
Unlikely 2 4 6 8 10
Rare 1 2 3 4 5

Risk score <6 6-9 10-15
Risk rating Low Medium High

An example of descriptors that can be used to rate the likelihood of occurrence
and severity of consequences is given in Table 4.2. A “cut-oft” point must be deter-
mined, above which all risks will require immediate attention. There is little value in
expending large amounts of effort to consider very low risks.

Control measures

The assessment and planning of control measures should ensure that health-based
targets will be met and should be based on hazard identification and risk assessment.
The level of control applied to a hazard should be proportional to the associated risk
ranking. Assessment of control measures involves:

® jdentifying existing control measures for each significant hazard or hazardous
event from catchment to consumer;

®  evaluating whether the control measures, when considered together, are effective
in reducing risk to acceptable levels;

e ifimprovement is required, evaluating alternative and additional control measures
that could be applied.

Identification and implementation of control measures should be based on the
multiple-barrier principle. The strength of this approach is that a failure of one barrier
may be compensated by effective operation of
the remaining barriers, thus minimizing the @] GRS A0 EERRES 6o
likelihood of contaminants passing through processes within the drinking-water
the entire system and being present in sufhi- supply used to eliminate or signifi-
cient amounts to cause harm to consumers. CELI T Bl CERN e G

. water safety hazard. These measures
Many control measures may contribute to are applied collectively to ensure that
control more than one hazard, whereas some drinking-water consistently meets
hazards may require more than one control health-based targets.
measure for effective control. Examples of
control measures are provided in the following sections.

All control measures are important and should be afforded ongoing attention.
They should be subject to operational monitoring and control, with the means of
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Table 4.2 Examples of definitions of likelihood and severity categories that can be used in risk
scoring

Item Rating Definition

Likelihood categories

Almost certain 5 Once per day

Likely 4 Once per week
Moderately likely 3 Once per month
Unlikely 2 Once per year

Rare 1 Once every 5 years
Severity categories

Catastrophic 5 Public health impact
Major 4 Regulatory impact
Moderate 3 Aesthetic impact
Minor 2 Compliance impact
Insignificant 1 No impact or not detectable

monitoring and frequency of data collection based on the nature of the control
measure and the rapidity with which change may occur (see section 4.2).

4.1.3 Resource and source protection

Effective catchment management has many benefits. By decreasing the contamination
of the source water, the amount of treatment required is reduced. This may reduce the
production of treatment by-products and minimize operational costs.

Hazard identification

Understanding the reasons for variations in raw water quality is important, as it will
influence the requirements for treatment, treatment efficiency and the resulting health
risk associated with the finished drinking-water. In general, raw water quality is influ-
enced by both natural and human use factors. Important natural factors include wild-
life, climate, topography, geology and vegetation. Human use factors include point
sources (e.g. wastewater discharges) and non-point sources (e.g. surface runoft). For
example, discharges of municipal wastewater can be a major source of pathogens;
urban runoff and livestock can contribute substantial microbial load; body contact
recreation can be a source of faecal contamination; and agricultural runoff, including
agrochemicals and manure, can lead to increased challenges to treatment.

Whether water is drawn from surface or underground sources, it is important that
the characteristics of the local catchment or aquifer are understood and that the scenar-
ios that could lead to water pollution are identified and managed. The extent to which
potentially polluting activities in the catchment can be reduced may appear to be limited
by competition for water and pressure for increased development in the catchment. How-
ever, introducing good practices in land use and in containment of hazards is often pos-
sible without substantially restricting activities, and collaboration between stakeholders
may be a powerful tool to reduce pollution without reducing beneficial development.
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Resource and source protection provides the first barrier in protection of drinking-
water quality. Where catchment management is beyond the jurisdiction of the drink-
ing-water supplier, the planning and implementation of control measures will require
coordination with other agencies. These may include planning authorities, catchment
boards, environmental and water resource regulators, road authorities, emergency ser-
vices and agricultural, industrial and other commercial entities whose activities have
an impact on water quality. It may not be possible to apply all aspects of resource
and source protection initially; nevertheless, priority should be given to catchment
management. This will contribute to a sense of ownership and joint responsibility for
drinking-water resources through multistakeholder bodies that assess pollution risks
and develop plans for improving management practices for reducing these risks.

Groundwater from deep and confined aquifers is usually microbially safe and
chemically stable in the absence of direct contamination; however, shallow or uncon-
fined aquifers can be subject to contamination from discharges or seepages associated
with agricultural practices (e.g. pathogens, nitrates and pesticides), on-site sanitation
and sewerage (e.g. pathogens and nitrates) and industrial wastes. For examples of haz-
ards and hazardous situations that should be taken into consideration as part of a
hazard analysis and risk assessment, see Module 4 in the supporting document Water
safety plan manual and the supporting documents Protecting groundwater for health
and Protecting surface water for health (Annex 1).

Control measures
Effective resource and source protection includes the following elements:

® developing and implementing a catchment management plan, which includes
control measures to protect surface water and groundwater sources;

®  ensuring that planning regulations include the protection of water resources (land
use planning and watershed management) from potentially polluting activities
and are enforced;

® promoting awareness in the community of the impact of human activity on water
quality.

Where a number of water sources are available, there may be flexibility in the se-
lection of water for treatment and supply. It may be possible to avoid taking water from
rivers and streams when water quality is poor (e.g. following heavy rainfall) in order to
reduce risk and prevent potential problems in subsequent treatment processes.

Retention of water in reservoirs can reduce the number of faecal microorgan-
isms through settling and inactivation, including solar (ultraviolet) disinfection, but
also provides opportunities for the introduction of contamination. Most pathogenic
microorganisms of faecal origin (enteric pathogens) do not survive indefinitely in the
environment. Substantial die-off of enteric bacteria will occur over a period of weeks.
Enteric viruses and protozoa will often survive for longer periods (weeks to months)
but are often removed by settling and antagonism from indigenous microbes. Reten-
tion also allows suspended material to settle, which makes subsequent disinfection
more effective and reduces the formation of disinfection by-products (DBPs).

Control measures for groundwater sources should include protecting the aquifer
and the local area around the borehead from contamination and ensuring the physical
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integrity of the bore (surface sealed, casing intact, etc.); further information can be
found in the supporting document Protecting groundwater for health (Annex 1).

For examples of control measures for effective protection of source water and
catchments and of water extraction and storage systems, see Module 4 in the sup-
porting document Water safety plan manual and the supporting document Protecting
surface water for health (Annex 1). Further information on the use of indicator
organisms in catchment characterization is also available in chapter 4 of the support-
ing document Assessing microbial safety of drinking water (Annex 1).

4.1.4 Treatment

After source water protection, the next barriers to contamination of the drinking-
water system are those of water treatment processes, including disinfection and
physical removal of contaminants.

Hazard identification
Hazards may be introduced during treatment, or hazardous events may allow con-
taminants to pass through treatment in significant concentrations. Constituents of
drinking-water can be introduced through the treatment process, including chemical
additives used in the treatment process or products in contact with drinking-water.
Sporadic high turbidity in source water can overwhelm treatment processes, allowing
enteric pathogens into treated water and the distribution system. Similarly, suboptimal
filtration following filter backwashing can lead to the introduction of pathogens into
the distribution system.

For examples of potential hazards and hazardous events that can have an im-
pact on the performance of drinking-water treatment, see Module 3 in the supporting
document Water safety plan manual (Annex 1).

Control measures
Control measures may include pretreatment, coagulation, flocculation, sedimentation,
filtration and disinfection.

Pretreatment includes processes such as roughing filters, microstrainers, off-
stream storage and bankside filtration. Pretreatment options may be compatible with
a variety of treatment processes ranging in complexity from simple disinfection to
membrane processes. Pretreatment can reduce or stabilize the microbial, natural
organic matter and particulate load.

Coagulation, flocculation, sedimentation (or flotation) and filtration remove par-
ticles, including microorganisms (bacteria, viruses and protozoa). It is important that
processes are optimized and controlled to achieve consistent and reliable performance.
Chemical coagulation is the most important step in determining the removal effi-
ciency of coagulation, flocculation and clarification processes. It also directly affects
the removal efficiency of granular media filtration units and has indirect impacts on
the efficiency of the disinfection process. While it is unlikely that the coagulation pro-
cess itself introduces any new microbial hazards to finished water, a failure or ineffi-
ciency in the coagulation process could result in an increased microbial load entering
drinking-water distribution.
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Various filtration processes are used in drinking-water treatment, including granu-
lar, slow sand, precoat and membrane (microfiltration, ultrafiltration, nanofiltration
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and reverse osmosis) filtration. With proper design and operation, filtration can act
as a consistent and effective barrier for pathogenic microorganisms and may in some
cases be the only treatment barrier (e.g. for removing Cryptosporidium oocysts by
direct filtration when chlorine is used as the sole disinfectant).

Application of an adequate concentration of disinfectant is an essential element
for most treatment systems to achieve the necessary level of microbial risk reduction.
Taking account of the level of microbial inactivation required for the more resistant
microbial pathogens through the application of the Ct concept (product of disinfect-
ant concentration and contact time) for a particular pH and temperature ensures that
other, more sensitive microbes are also effectively controlled. Where disinfection is
used, measures to minimize DBP formation should be taken into consideration.

The most commonly used disinfection process is chlorination. Ozonation, ultra-
violet irradiation, chloramination and application of chlorine dioxide are also used.
These methods are very effective in killing bacteria and can be reasonably effective
in inactivating viruses (depending on type), and some may inactivate many proto-
zoa, including Giardia and Cryptosporidium. For effective removal or inactivation of
protozoal cysts and oocysts, filtration with the aid of coagulation and flocculation (to
reduce particles and turbidity) followed by disinfection (by one or a combination of
disinfectants) is the most practical method.

Storage of water after disinfection and before supply to consumers can im-
prove disinfection by increasing disinfectant contact times. This can be particularly
important for more resistant microorganisms, such as Giardia and some viruses.

For examples of treatment control measures, see Module 4 in the supporting
document Water safety plan manual (Annex 1). Further information can also be found
in the supporting document Water treatment and pathogen control (Annex 1).

4.1.5 Piped distribution systems
Water treatment should be optimized to prevent microbial growth, corrosion of pipe
materials and the formation of deposits.

Maintaining good water quality in the distribution system will depend on the de-
sign and operation of the system and on maintenance and survey procedures to prevent
contamination and to prevent and remove the accumulation of internal deposits.

Hazard identification

The protection of the distribution system is essential for providing safe drinking-water.
Because of the nature of the distribution system, which may include many kilometres
of pipe, storage tanks, interconnections with industrial users and the potential for
tampering and vandalism, opportunities for microbial and chemical contamination
exist. For examples of hazards and hazardous events in piped distribution systems, see
Module 3 in the supporting document Water safety plan manual (Annex 1).

When contamination by enteric pathogens or hazardous chemicals occurs within
the distribution system, it is likely that consumers will be exposed. to the pathogens
or chemicals. In the case of pathogen ingress, even where disinfectant residuals are
employed to limit microbial occurrence, they may be inadequate to overcome the con-
tamination or may be ineffective against some or all of the pathogen types introduced.
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As a result, pathogens may occur in concentrations that could lead to infection and
illness.

Where water is supplied intermittently, the resulting low water pressure will allow
the ingress of contaminated water into the system through breaks, cracks, joints and
pinholes. Intermittent supplies are not desirable but are very common in many coun-
tries and are frequently associated with contamination. The control of water quality
in intermittent supplies represents a significant challenge, as the risks of infiltration
and backflow increase significantly. The risks may be elevated seasonally as soil mois-
ture conditions increase the likelihood of a pressure gradient developing from the
soil to the pipe. Where contaminants enter the pipes in an intermittent supply, the
charging of the system when supply is restored may increase risks to consumers, as a
concentrated “slug” of contaminated water can be expected to flow through the sys-
tem. Where household storage is used to overcome intermittent supply, localized use
of disinfectants to reduce microbial proliferation may be warranted.

Drinking-water entering the distribution system may contain free-living amoe-
bae and environmental strains of various heterotrophic bacterial and fungal species.
Under favourable conditions, amoebae and heterotrophs, including strains of Citro-
bacter, Enterobacter and Klebsiella, may colonize distribution systems and form bio-
films. There is no evidence to implicate the occurrence of most microorganisms from
biofilms (one exception is Legionella, which can colonize water systems in buildings)
with adverse health effects in the general population through drinking-water, with
the possible exception of severely immunocompromised people (see the supporting
document Heterotrophic plate counts and drinking-water safety; Annex 1).

Water temperatures and nutrient concentrations are not generally elevated
enough within the distribution system to support the growth of E. coli (or enteric
pathogenic bacteria) in biofilms. Thus, the presence of E. coli should be considered as
evidence of recent faecal contamination.

Natural disasters, including flood, drought and earth tremors, may significantly
affect piped water distribution systems.

Control measures

Water entering the distribution system must be microbially safe and ideally should
also be biologically stable. The distribution system itself must provide a secure bar-
rier to contamination as the water is transported to the user. Maintaining a disinfect-
ant residual throughout the distribution system can provide some protection against
recontamination and limit microbial growth problems. Chloramination has proved
successful in controlling Naegleria fowleri in water and sediments in long pipelines
and may reduce the regrowth of Legionella within buildings.

Residual disinfectant will provide partial protection against microbial contami-
nation, but it may also mask the detection of contamination through the use of
conventional faecal indicator bacteria such as E. coli, particularly by resistant organ-
isms. Where a disinfectant residual is used within a distribution system, measures to
minimize DBP production should be taken into consideration.

Water distribution systems should be fully enclosed, and storage reservoirs and
tanks should be securely roofed with external drainage to prevent contamination.
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Control of short-circuiting and prevention of stagnation in both storage and distri-
bution contribute to prevention of microbial growth. A number of strategies can be
adopted to maintain the quality of water within the distribution system, including use
of backflow prevention devices, maintaining positive pressure throughout the system
and implementation of efficient maintenance procedures. It is also important that
appropriate security measures be put in place to prevent unauthorized access to or
interference with the drinking-water system infrastructure.

Control measures may include using a more stable secondary disinfecting chemi-
cal (e.g. chloramines instead of free chlorine), undertaking a programme of pipe re-
placement, flushing and relining and maintaining positive pressure in the distribution
system. Reducing the time that water is in the system by avoiding stagnation in storage
tanks, loops and dead-end sections will also contribute to maintaining drinking-water
quality. For other examples of distribution system control measures, see Module 4 in
the supporting document Water safety plan manual (Annex 1). Further information is
also available in the supporting document Safe piped water (Annex 1).

4.1.6 Non-piped, community and household systems

Hazard identification

For non-piped, community and household drinking-water systems, hazard identifica-
tion would ideally be performed on a case-by-case basis. In practice, however, reliance
is typically placed on general assumptions of hazardous conditions that are relevant
for technologies or system types and that may be defined at a national or regional
level.

For examples of hazards and hazardous situations potentially associated with
various non-piped sources of water, see Module 3 in the supporting documents Water
safety plan manual and Water safety planning for small community water supplies
(Annex 1). Further guidance is also provided in the supporting document Water safety
plans (Annex 1) and in the 1997 volume entitled Surveillance and control of community
supplies (WHO, 1997).

Control measures

The control measures required ideally depend on the characteristics of the source
water and the associated catchment; in practice, standard approaches may be applied
for each of these, rather than customized assessment of each system.

For examples of control measures for various non-piped sources, see Module 4
in the supporting documents Water safety plan manual and Water safety planning for
small community water supplies (Annex 1) and the 1997 report entitled Surveillance
and control of community supplies (WHO, 1997).

In most cases, contamination of groundwater supplies can be controlled by a
combination of simple measures. In the absence of fractures or fissures, which may
allow rapid transport of contaminants to the source, groundwater in confined or deep
aquifers will generally be free of pathogenic microorganisms. Bores should be encased
to a reasonable depth, and boreheads should be sealed to prevent ingress of surface
water or shallow groundwater.
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Rainwater harvesting systems, particularly those involving storage in aboveground
tanks, can be a relatively safe supply of water (see section 6.2). The principal sources
of contamination are birds, small mammals and debris collected on roofs. The impact
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of these sources can be minimized by simple measures: guttering should be cleared
regularly, overhanging branches should be kept to a minimum (because they can be
a source of debris and can increase access to roof catchment areas by birds and small
mammals) and inlet pipes to tanks should include leaf litter strainers. First-flush
diverters, which prevent the initial roof-cleaning wash of water (20-25 litres) from
entering tanks, are recommended. If first-flush diverters are not available, a detachable
downpipe can be used manually to provide the same result.

In general, surface waters will require at least disinfection, and usually also filtra-
tion, to ensure microbial safety. The first barrier is based on minimizing contamination
from human waste, livestock and other hazards at the source.

The greater the protection of the water source, the less the reliance on treatment
or disinfection. Water should be protected during storage and delivery to consumers
by ensuring that the distribution and storage systems are enclosed. This applies to
both community piped systems and vendor-supplied water (section 6.3). For water
stored in the home, protection from contamination can be achieved by use of en-
closed or otherwise safely designed storage containers that prevent the introduction
of hands, dippers or other extraneous sources of contamination.

For control of chemical hazards, reliance may be placed primarily on initial
screening of sources and on ensuring the quality and performance of treatment chem-
icals, materials and devices available for this use, including water storage systems.

Model WSPs may be developed generically for the following types of water

supply:

groundwater from protected boreholes or wells with mechanized pumping;
conventional treatment of water;

multistage filtration;

storage and distribution through supplier-managed piped systems;
storage and distribution through community-managed piped systems;
water vendors;

water on conveyances (planes, ships and trains);

tubewells from which water is collected by hand;

springs from which water is collected by hand;

simple protected dug wells;

rainwater catchments.

Guidance is available regarding how water safety may be ensured for household
water collection, transport and storage (see the supporting document Managing water
in the home; Annex 1). This should be used in conjunction with hygiene education
programmes to support health promotion in order to reduce water-related disease.

4.1.7 Validation

For the WSP to be relied on for anticipating and managing the hazards and hazard-
ous events for which it was set in place, it needs to be supported by accurate and
reliable technical information. Validation is concerned with obtaining evidence on
the performance of control measures. Depending on the type of control, validation
can be done by site inspection, using existing data and literature or targeted

59



GUIDELINES FOR DRINKING-WATER QUALITY

monitoring programmes to demonstrate performance under normal and excep-
tional circumstances.

Validation of treatment pro-
cesses is required to show that the Validation is an investigative activity to identify the
treatment processes can operate effectiveness of a control measure. It is typically an

. . . intensive activity when a system is initially con-
as required and achieve required n - S 4
! ;! structed or rehabilitated. It provides information on

levels of hazard reduction. In the reliably achievable water quality in preference to
case of microbial hazards, these assumed values and also to define the operational
required levels commonly take the criteria required to ensure that the control meas-

form Ofperformance targets based ure contributes to effective control of hazards.

on the use of reference pathogens

(see section 7.2). Validation can be

undertaken during pilot stage studies or during initial implementation of a new or
modified water treatment system. It is also a useful tool in the optimization of existing
treatment processes.

The first stage of validation is to consider data and information that already exist.
Sources include the scientific literature, relevant industry bodies, partnering and
benchmarking with larger authorities, manufacturers’ specifications and historical
data. This stage will inform the testing requirements. It is important that data used
in validation are relevant for system-specific conditions, as variations in water com-
position and quality, for example, may have a large impact on the efficacy of control
measures.

Validation is not used for day-to-day management of drinking-water supplies;
as a result, microbial parameters that may be inappropriate for operational mon-
itoring can be used, and the lag time for return of results and additional costs from
pathogen measurements can often be tolerated. Parameters should be chosen to re-
flect the microorganisms being targeted by treatment (see section 7.2). Increasingly,
indicator parameters are being used in validation. For example, coliphage can be
used to assess the effectiveness of virus removal by filtration processes or to meas-
ure the effectiveness of disinfection processes, whereas Clostridium perfringens can
be used to measure the effectiveness of the removal of protozoa by filtration pro-
cesses.

Validation should not be confused with routine operational monitoring, which
is designed to show that validated control measures continue to work effectively (see
section 4.2). The validation process often leads to improvements in operating per-
formance through the identification of the most effective and robust operating modes.
Additional benefits of the validation process may include identification of more
suitable operational monitoring parameters for unit performance.

4.1.8 Upgrade and improvement

The assessment of the drinking-water system may indicate that existing practices and
control measures may not ensure drinking-water safety. In some instances, all that
may be needed is to review, document and formalize these practices and address any
areas where improvements are required; in others, major infrastructure changes may

60



4. WATER SAFETY PLANS

be needed. The assessment of the system should be used as a basis to develop a plan to
address identified needs for full implementation of a WSP.

Improvement of the drinking-water system may encompass a wide range of
issues, such as:

capital works;

training;

enhanced operational procedures;
community consultation programmes;
research and development;

developing incident protocols;
communication and reporting.

Upgrade and improvement plans can include short-term (e.g. 1 year) or long-
term programmes. Short-term improvements might include, for example, improve-
ments to community consultation and the development of community awareness
programmes. Long-term capital works projects could include covering of water
storages or enhanced coagulation and filtration.

Implementation of improvement plans may have significant budgetary implica-
tions and therefore may require detailed analysis and careful prioritization in accord
with the outcomes of risk assessment. Implementation of plans should be monitored
to confirm that improvements have been made and are effective. Control measures
often require considerable expenditure, and decisions about water quality improve-
ments cannot be made in isolation from other aspects of drinking-water supply that
compete for limited financial resources. Priorities will need to be established, and
improvements may need to be phased in over a period of time.

4.2 Operational monitoring and maintaining control

Operational monitoring is a planned and routine set of activities used to determine
that control measures continue to work effectively. In operational monitoring, the
drinking-water supplier monitors each control measure in a timely manner with the
objectives to enable effective system management and to ensure that health-based
targets are achieved.

4.2.1 Determining system control measures
The identity and number of control measures are system specific and will be de-
termined by the number and nature of hazards and hazardous events as well as the
magnitude of associated risks.

Control measures should reflect the likelihood and consequences of loss of control.
Control measures have a number of operational requirements, including the following:

® operational monitoring parameters that can be measured and for which limits
can be set to define the operational effectiveness of the activity;

® operational monitoring parameters that can be monitored with sufficient
frequency to reveal failures in a timely fashion;
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procedures for corrective action that can be implemented in response to deviation
from limits.

4.2.2 Selecting operational monitoring parameters

Operational monitoring can include measurement of parameters or observational ac-
tivities. The parameters selected for operational monitoring should reflect the effec-
tiveness of each control measure, provide a

timely indication of performance, be readily Operational monitoring assesses the
measured and provide the opportunity for performance of control measures at

an appropriate response. Examples include
measurable variables, such as chlorine resid-

appropriate time intervals. The inter-
vals may vary widely—for example,
from online control of residual chlorine

uals, pH and turbidity, or observable factors, to quarterly verification of the integrity
such as the integrity of vermin-proof of the plinth surrounding a well.
screens.

Enteric pathogens or indicator organisms are often of limited use for operational

monitoring, because the time taken to process and analyse water samples does not
allow operational adjustments to be made prior to supply.

A range of parameters can be used in operational monitoring:

For source waters, these include turbidity, ultraviolet absorbency, algal growth,
flow and retention time, colour, conductivity, local meteorological events and in-
tegrity of protective (e.g. fences) or abstraction infrastructures (e.g. well seals)

(see the supporting documents Protecting groundwater for health and Protecting

surface water for health; Annex 1).

For treatment, parameters may include disinfectant concentration and contact

time, ultraviolet intensity, pH, light absorbency, membrane integrity, turbidity

and colour (see the supporting document Water treatment and pathogen control;

Annex 1).

In piped distribution systems, operational monitoring parameters may include

the following:

— Chlorine residual monitoring provides a rapid indication of problems that will
direct measurement of microbial parameters. A sudden disappearance of an
otherwise stable residual can indicate ingress of contamination. Alternatively,
difficulties in maintaining residuals at points in a distribution system or a
gradual disappearance of residual may indicate that the water or pipework
has a high oxidant demand due to growth of bacteria.

— Oxidation-reduction potential (or redox potential) measurement can also be
used in the operational monitoring of disinfection efficacy. It is possible to
define a minimum level of oxidation-reduction potential necessary to ensure
effective disinfection. This value has to be determined on a case-by-case basis;
universal values cannot be recommended. Further research and evaluation of
oxidation-reduction potential as an operational monitoring technique are
highly desirable.

— Heterotrophic bacteria present in a supply can be a useful indicator of
changes, such as increased microbial growth potential, increased biofilm
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activity, extended retention times or stagnation and a breakdown of integrity
of the system. The numbers of heterotrophic bacteria present in a supply may
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reflect the presence of large contact surfaces within the treatment system,
such as in-line filters, and may not be a direct indicator of the condition
within the distribution system (see the supporting document Heterotrophic
plate counts and drinking-water safety; Annex 1).

— Pressure measurement and turbidity are also useful operational monitoring
parameters in piped distribution systems (see the supporting document
Turbidity: information for regulators and operators of water supplies; Annex 1).

Guidance for management of distribution system operation and maintenance
is available (see the supporting document Safe piped water; Annex 1) and includes
the development of a monitoring programme for water quality and other parameters
such as pressure.

Examples of operational monitoring parameters are provided in Table 4.3.

4.2.3 Establishing operational and critical limits

Control measures need to have defined limits for operational acceptability—termed
operational limits—that can be applied to operational monitoring parameters. Oper-
ational limits should be defined for parameters applying to each control measure. If
monitoring shows that an operational limit has been exceeded, then predetermined
corrective actions (see section 4.4) need to be applied. The detection of the deviation
and implementation of corrective action should be possible in a time frame adequate
to maintain performance and water safety.

For some control measures, a second series of “critical limits” may also be defined,
outside of which confidence in water safety would be lost. Deviations from critical
limits will usually require urgent action, including immediate notification of the ap-
propriate health authority.

Operational and critical limits can be upper limits, lower limits, a range or an
“envelope” of performance measures.

4.2.4 Non-piped, community and household systems
Generally, surface water or shallow groundwater should not be used as a source of
drinking-water without sanitary protection or treatment.

Monitoring of water sources (including rainwater tanks) by community oper-
ators or households will typically involve periodic sanitary inspection (for details, see
the 1997 volume entitled Surveillance and control of community supplies; WHO, 1997).
The sanitary inspection forms used should be comprehensible and easy to use; for
instance, the forms may be pictorial. The risk factors included should be preferably
related to activities that are under the control of the operator and that may affect water
quality. The links to action from the results of operational monitoring should be clear,
and training will be required.

Operators should also undertake regular physical assessments of the water, espe-
cially after heavy rains, to monitor whether any obvious changes in water quality have
occurred (e.g. changes in colour, odour, taste or turbidity).

Maintaining the quality of water during collection and manual transport is the re-
sponsibility of the household. Good hygiene practices are required and should be sup-
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ported through hygiene education. Hygiene education programmes should provide
households and communities with skills to monitor and manage their water hygiene.
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Table 4.3 Examples of operational monitoring parameters that can be used to monitor control

measures
Operational parameter 5
< S c c
5§ § o f ¢
s £ &8 £ 8§ 3¢
o (V] wv [ (=) Q&
pH v v v v
Turbidity (or particle count) v v v v v
Dissolved oxygen v
Stream/river flow v
Rainfall v
Colour v
Conductivity (total dissolved solids) v
Organic carbon v v
Algae, algal toxins and metabolites v v
Chemical dosage 4
Flow rate v v v v
Net charge v
Streaming current value v
Headloss v
Ct (disinfectant concentration x contact time) '
Disinfectant residual v v
Oxidation-reduction potential v
DBPs v v
Heterotrophic bacteria v
v

Hydraulic pressure

If treatment is applied to water from community sources (such as boreholes, wells
and springs) as well as household rainwater collection, then operational monitoring
is advisable. When household treatment is introduced, it is essential that information
(and, where appropriate, training) be provided to users to ensure that they understand
basic operational monitoring requirements.

4.3 Verification

Verification provides a final check on the overall performance of the drinking-water
supply chain and the safety of drinking-water being supplied to consumers. Verification
should be undertaken by the surveillance agency; water suppliers may also undertake
internal verification programmes.
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For microbial verification, testing is typically for faecal indicator bacteria in treat-
ed water and water in distribution. For verification of chemical safety, testing for
chemicals of concern may

be at the end of treatment, In addition to operational monitoring of the performance of

in distribution or at the the individual components of a drinking-water system, it is
point of consumption necessary to undertake final verification for reassurance that
(depending on whether the system as a whole is operating safely. Verification may

be undertaken by the supplier, by an independent authority

the concentrations are L . .
or by a combination of these, depending on the administra-

likely to change in distri- tive regime in a given country. It typically includes testing for
bution). Trihalomethanes faecal indicator organisms and hazardous chemicals, as well
and haloacetic acids are as auditing that WSPs are being implemented as intended

the most common DBPs and are working effectively.

and occur at among the

highest concentrations in drinking-water. Under many circumstances, they can serve
as a suitable measure that will reflect the concentration of a wide range of related
chlorinated DBPs.

Frequencies of sampling should reflect the need to balance the benefits and costs of
obtaining more information. Sampling frequencies are usually based on the population
served or on the volume of water supplied, to reflect the increased population risk.
Frequency of testing for individual characteristics will also depend on variability. Sam-
pling and analysis are required most frequently for microbial and less often for chem-
ical constituents. This is because even brief episodes of microbial contamination can
lead directly to illness in consumers, whereas episodes of chemical contamination that
would constitute an acute health concern, in the absence of a specific event (e.g. chem-
ical overdosing at a treatment plant), are rare. Sampling frequencies for water leaving
treatment depend on the quality of the water source and the type of treatment.

Plans should be developed to respond to results that do not meet water quality
targets. These should include investigation of the cause of non-compliance and, where
necessary, corrective action, such as boil water advisories. Repeated failure to meet
targets should lead to review of the WSP and development of improvement plans.

4.3.1 Microbial water quality

Verification of the microbial quality of drinking-water typically includes testing for Es-
cherichia coli as an indicator of faecal pollution. In practice, testing for thermotolerant
coliform bacteria can be an acceptable alternative in many circumstances. Although
E. coli is useful, it has limitations. Enteric viruses and protozoa are more resistant to
disinfection; consequently, the absence of E. coli will not necessarily indicate freedom
from these organisms. Under certain circumstances, the inclusion of more resistant
indicators, such as bacteriophages and/or bacterial spores, should be considered (see
section 7.4).

Verification of the microbial quality of water in supply must be designed
to ensure the best possible chance of detecting contamination. Sampling should
therefore account for potential variations of water quality in distribution. This will
normally mean taking account of locations and of times of increased likelihood of
contamination.
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Faecal contamination will not be distributed evenly throughout a piped distribution
system. In systems where water quality is good, this significantly reduces the probability
of detecting faecal indicator bacteria in the relatively few samples collected.

The chances of detecting contamination in systems reporting predominantly
negative results for faecal indicator bacteria can be increased by using more frequent
presence/absence testing. Presence/absence testing can be simpler, faster and less ex-
pensive than quantitative methods. Comparative studies of the presence/absence and
quantitative methods demonstrate that the presence/absence methods can maximize
the detection of faecal indicator bacteria. However, presence/absence testing is ap-
propriate only in a system where the majority of tests for indicator organisms provide
negative results.

The more frequently the water is examined for faecal indicator organisms, the more
likely it is that contamination will be detected. Frequent examination by a simple method
is more valuable than less frequent examination by a complex test or series of tests.

The nature and likelihood of contamination can vary seasonally, with rainfall
and with other local conditions. Sampling should normally be random but should
be increased at times of epidemics, flooding or emergency operations or following
interruptions of supply or repair work.

Recommended minimum sample numbers for verification of the microbial
quality of drinking-water are shown in Table 4.4.

4.3.2 Chemical water quality

Issues that need to be addressed in developing chemical verification include the
availability of appropriate analytical facilities, the cost of analyses, the possible
deterioration of samples, the stability of the contaminant, the likely occurrence of
the contaminant in various supplies, the most suitable point for monitoring and the
frequency of sampling.

For a given chemical, the location and frequency of sampling will be determined
by its principal sources (see chapter 8) and variability in its concentration. Substan-
ces that do not change significantly in concentration over time require less frequent
sampling than those that might vary significantly.

In many cases, analysis of source water quality once per year, or even less, may be
adequate, particularly in stable groundwaters, where the concentrations of naturally
occurring substances of concern will vary very slowly over time. Concentrations of
naturally occurring substances are likely to be more variable in surface waters, and
surface waters therefore may require a greater number of samples, depending on the
contaminant and its importance.

Sampling locations will depend on the water quality characteristic being exam-
ined. Sampling at the treatment plant or at the head of the distribution system may
be sufficient for constituents whose concentrations do not change during delivery.
However, for those constituents whose concentrations can change during distribu-
tion, sampling should be undertaken following consideration of the behaviour or
source of the specific substance. Samples should include points near the extremities of
the distribution system and taps connected directly to the mains in houses and large
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Table 4.4 Recommended minimum sample numbers for faecal indicator testing in distribution
systems®

Type of water supply Total number of samples per year
and population

Point sources Progressive sampling of all sources over 3- to 5-year cycles (maximum)
Piped supplies

<5000 12

5000-100 000 12 per 5000 population

> 100 000-500 000 12 per 10 000 population plus an additional 120 samples

> 500 000 12 per 50 000 population plus an additional 600 samples

2 Parameters such as chlorine, turbidity and pH should be tested more frequently as part of operational and verification
monitoring.

multioccupancy buildings. Lead, for example, should be sampled at consumers’ taps,
as the source of lead is usually service connections or plumbing in buildings.

For further information, see the supporting document Chemical safety of drinking-
water (Annex 1).

4.3.3 Source waters

Verification testing of source waters is particularly important where there is no water
treatment. It will also be useful following failure of the treatment process or as part
of an investigation of a waterborne disease outbreak. The frequency of testing will
depend on the reason for carrying out the sampling. Testing frequency may be:

® onaregular basis (the frequency of verification testing will depend on several fac-
tors, including the size of the community supplied, the reliability of the quality of
the drinking-water or degree of treatment and the presence of local risk factors);

® on an occasional basis (e.g. random or during visits to community-managed
drinking-water supplies);

® increased following degradation of source water quality resulting from predictable
incidents, emergencies or unplanned events considered likely to increase the poten-
tial for a breakthrough in contamination (e.g. following a flood, upstream spills).

Prior to commissioning a new drinking-water supply, a wider range of analyses
should be carried out, including parameters identified as potentially being present
from a review of data from similar supplies or from a risk assessment of the source.

4.3.4 Piped distribution systems

The choice of sampling points will be dependent on the individual water supply. The
nature of the public health risk posed by pathogens and the contamination potential
throughout distribution systems mean that collection of samples for microbial
analysis (and associated parameters, such as chlorine residual, pH and turbidity) will
typically be done frequently and from dispersed sampling sites. Careful consideration
of sampling points and frequency is required for chemical constituents that arise
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from piping and plumbing materials and that are not controlled through their direct
regulation and for constituents whose concentrations change in distribution, such as
trihalomethanes. The use of stratified random sampling in distribution systems has
proven to be effective.

4.3.5 Community-managed supplies

If the performance of a community drinking-water system is to be properly evalu-
ated, a number of factors must be considered. Some countries that have developed
national strategies for the surveillance and quality control of drinking-water systems
have adopted quantitative service indicators (i.e. quality, quantity, accessibility, cover-
age, affordability and continuity) for application at community, regional and national
levels. Usual practice would be to include the critical parameters for microbial qual-
ity (normally E. coli, chlorine, turbidity and pH) and for a sanitary inspection to be
carried out. Methods for these tests must be standardized and approved. It is recom-
mended that field test kits be validated for performance against reference or standard
methods and approved for use in verification testing.

Together, service indicators provide a basis for setting targets for community
drinking-water supplies. They serve as a quantitative guide to the adequacy of drink-
ing-water supplies and provide consumers with an objective measure of the quality of
the overall service and thus the degree of public health protection afforded.

Periodic testing and sanitary inspection of community drinking-water supplies
should typically be undertaken by the surveillance agency and should assess microb-
ial hazards and known problem chemicals (see also chapter 5). Frequent sampling is
unlikely to be possible, and one approach is therefore a rolling programme of visits
to ensure that each supply is visited once every 3-5 years. The primary purpose is to
inform strategic planning and policy rather than to assess compliance of individ-
ual drinking-water supplies. Comprehensive analysis of the chemical quality of all
sources is recommended prior to commissioning as a minimum and preferably every
3-5 years thereafter.

Advice on the design of sampling programmes and on the frequency of sam-
pling for community supplies is given in the 1997 volume, Surveillance and control of
community supplies (WHO, 1997).

4.3.6 Quality assurance and quality control
Appropriate quality assurance and analytical quality control procedures should be im-
plemented for all activities linked to the production of drinking-water quality data.
These procedures will ensure that the data are fit for purpose—in other words, that
the results produced are of adequate accuracy. Fit for purpose, or adequate accur-
acy, will be defined in the water quality monitoring programme, which will include
a statement about accuracy and precision of the data. Because of the wide range of
substances, methods, equipment and accuracy requirements likely to be involved in
the monitoring of drinking-water, many detailed, practical aspects of analytical qual-
ity control are concerned. These are beyond the scope of this publication.

The design and implementation of a quality assurance programme for analytical
laboratories are described in detail in Water quality monitoring: A practical guide to the
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design and implementation of freshwater quality studies and monitoring programmes (Bar-
tram & Ballance, 1996). The relevant chapter relates to standard ISO/IEC 17025:2005,
General requirements for the competence of testing and calibration laboratories, which
provides a framework for the management of quality in analytical laboratories.

Guidance on sampling is given in the International Organization for
Standardization (ISO) standards listed in Table 4.5.

4.3.7 Water safety plans

In addition to testing of water quality, verification should include audits of WSPs
to demonstrate that the plans have been properly designed, are being implemented
correctly and are effective. Factors to consider include the following:

all significant hazards and hazardous events have been identified;
appropriate control measures have been included;

appropriate operational monitoring procedures have been established;
appropriate operational limits have been defined;

corrective actions have been identified;

appropriate verification monitoring procedures have been established.

Audits can be undertaken as part of internal or external reviews and may form
part of surveillance by independent authorities. Auditing can have both an assessment
and a compliance-checking function. Further information can be found in the sup-
porting document A practical guide to auditing water safety plans (Annex 1).

4.4 Management procedures for piped distribution systems

Much of a management plan will describe actions to be taken to maintain optimal oper-
ation under normal operating conditions. These will include both responses to normal
variations in operational moni-

toring parameters and responses Effective management implies definition of actions

when operational monitoring to be taken during normal operational conditions,

parameters reach critical limits. of actions to be taken in specific “incident” situations

All activities, including standard where a loss of control of the system may occur and of
>

procedures to be followed in unforeseen (emergency)

operating procedures apphed situations. Management procedures should be docu-

during normal conditions and mented alongside system assessment, monitoring
planned responses to incidents plans, supporting programmes and communication
and emergencies, should be required to ensure safe operation of the system.

bl
documented.

A significant deviation in
operational monitoring where a critical limit is exceeded (or in verification) is often re-
ferred to as an “incident” An incident is any situation in which there is reason to suspect
that water being supplied for drinking may be, or may become, unsafe (i.e. confidence
in water safety is lost). As part of a WSP, management procedures should be defined for
response to predictable incidents as well as unpredictable incidents and emergencies.

Incident response plans can have a range of alert levels. These can be minor early
warning, necessitating no more than additional investigation, through to emergency.
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Emergencies are likely to require the resources of organizations beyond the drinking-
water supplier, particularly the public health authorities.
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Table 4.5 International Organization for Standardization (ISO) standards for water quality
giving guidance on sampling®

ISO standard no. Title (water quality)

5667-1:2006 Sampling—Part 1: Guidance on the design of sampling programmes and
sampling techniques

5667-3:2003 Sampling—~Part 3: Guidance on the preservation and handling of water samples

5667-4:1987 Sampling—Part 4: Guidance on sampling from lakes, natural and man-made

5667-5:2006 Sampling—Part 5: Guidance on sampling of drinking water and water from
treatment works and piped distribution systems

5667-6:2005 Sampling—~Part 6: Guidance on sampling of rivers and streams

5667-11:2009 Sampling—Part 11: Guidance on sampling of groundwaters

5667-13:1997 Sampling—~Part 13: Guidance on sampling of sludges from sewage and water
treatment works

5667-14:1998 Sampling—Part 14: Guidance on quality assurance of environmental water
sampling and handling

5667-16:1998 Sampling—~Part 16: Guidance on biotesting of samples

5667-20:2008 Sampling—Part 20: Guidance on the use of sampling data for decision
making—Compliance with thresholds and classification systems

5667-21:2010 Sampling—~Part 21: Guidance on sampling of drinking water distributed
by tankers or means other than distribution pipes

5667-23:2011 Sampling—Part 23: Guidance on passive sampling in surface waters

5668-17:2008 Sampling—Part 17: Guidance on sampling of bulk suspended sediments

13530:2009 Guidance on analytical quality control for chemical and physicochemical

water analysis

17381:2003 Selection and application of ready-to-use test kit methods in water analysis

ISO has also established quality management standards relating to drinking-water supply, including 1SO 24510:2007,
Activities relating to drinking water and wastewater services—Guidelines for the assessment and for the improvement
of the service to users; and ISO 24512:2007, Activities relating to drinking water and wastewater services—Guidelines
for the management of drinking water utilities and for the assessment of drinking water services.

Incident response plans typically comprise:

® accountabilities and contact details for key personnel, often including several
organizations and individuals;

® lists of measurable indicators and limit values/conditions that would trigger
incidents, along with a scale of alert levels;
clear description of the actions required in response to alerts;

® Jocation and identity of the standard operating procedures and required
equipment;
location of backup equipment;

® relevant logistical and technical information;
checklists and quick reference guides.
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The plan may need to be followed at very short notice, so standby rosters, effective
communication systems and up-to-date training and documentation are required.

Staff should be trained in response procedures to ensure that they can manage
incidents or emergencies effectively. Incident and emergency response plans should
be periodically reviewed and practised. This improves preparedness and provides
opportunities to improve the effectiveness of plans before an emergency occurs.

Following any incident or emergency, an investigation should be undertaken
involving all concerned staft. The investigation should consider factors such as:

the cause of the problem;

how the problem was first identified or recognized;

the most essential actions required;

any communication problems that arose, and how they were addressed;
the immediate and longer-term consequences;

how well the emergency response plan functioned.

Appropriate documentation and reporting of the incident or emergency should
also be established. The organization should learn as much as possible from the inci-
dent or emergency to improve preparedness and planning for future incidents. Review
of the incident or emergency may indicate necessary amendments to the WSP and
existing protocols.

The preparation of clear procedures, definition of accountability and provision
of equipment for the sampling and storing of water in the event of an incident can
be valuable for follow-up epidemiological or other investigations, and the sampling
and storage of water from early on during a suspected incident should be part of the
response plan.

4.4.1 Predictable incidents (“deviations”)

Many incidents (e.g. exceedance of a critical limit) can be foreseen, and manage-
ment plans can specify resulting actions. Actions may include, for example, tempor-
ary change of water sources (if possible), increasing coagulation dose, use of backup
disinfection or increasing disinfectant concentrations in distribution systems.

4.4.2 Unplanned events
Some scenarios that lead to water being considered potentially unsafe might not be
specifically identified within incident response plans. This may be either because the
events were unforeseen or because they were considered too unlikely to justify prepar-
ing detailed corrective action plans. To allow for such events, a general incident re-
sponse plan should be developed. The plan would be used to provide general guidance
on identifying and handling of incidents along with specific guidance on responses
that would be applied to many different types of incident.

A protocol for situation assessment and declaring incidents would be provided in
a general incident response plan that includes personal accountabilities and categorical
selection criteria. The selection criteria may include time to effect, population affected
and nature of the suspected hazard.
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The success of general incident responses depends on the experience, judgement
and skill of the personnel operating and managing the drinking-water supply. How-
ever, generic activities that are common in response to many incidents can be incor-
porated within general incident response plans. For example, for piped systems, emer-
gency flushing standard operating procedures can be prepared and tested for use in
the event that contaminated water needs to be flushed from a piped system. Similarly,
standard operating procedures for rapidly changing or bypassing reservoirs can be
prepared, tested and incorporated. The development of such a “toolkit” of supporting
material limits the likelihood of error and speeds up responses during incidents.

4.4.3 Emergencies

Water suppliers should develop plans to be invoked in the event of an emergency.
These plans should consider potential natural disasters (e.g. earthquakes, floods, dam-
age to electrical equipment by lightning strikes), accidents (e.g. spills in the water-
shed, interruptions in electricity supply), damage to treatment plant and distribution
system and human actions (e.g. strikes, sabotage). Emergency plans should clearly
specify responsibilities for coordinating measures to be taken, a communication plan
to alert and inform users of the drinking-water supply and plans for providing and
distributing emergency supplies of drinking-water.

Plans should be developed in consultation with relevant regulatory authorities
and other key agencies and should be consistent with national and local emergency
response arrangements. Key areas to be addressed in emergency response plans
include:

response actions, including increased monitoring;

responsibilities of authorities internal and external to the organization;

plans for emergency drinking-water supplies;

communication protocols and strategies, including notification procedures (in-
ternal, regulatory body, media and public);

® mechanisms for increased public health surveillance.

Response plans for emergencies and unforeseen events involving microorgan-
isms or chemicals should also include the basis for issuing boil water advisories (see
section 7.6.1) and water avoidance advisories (see section 8.7.10). The objective of
the advisory should be taken in the public interest.. Therefore, the advisory should be
issued after rapid, but careful, consideration of available information and conclusion
that there is an ongoing risk to public health that outweighs any risk from the advice
to boil or avoid water. The advisory will typically be managed by public health au-
thorities. A decision to close a drinking-water supply carries an obligation to provide
an alternative safe supply and is very rarely justifiable because of the adverse effects,
especially to health, of restricting access to water. Specific actions in the event of a
guideline exceedance or an emergency are discussed in section 7.6 (microbial hazards)
and section 8.7 (chemical hazards); more general considerations are discussed in sec-
tion 6.7. “Practice” emergencies are an important part of the maintenance of readiness
for emergencies. They help to determine the potential actions that can be taken in
different circumstances for a specific water supply.
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4.4.4 Preparing a monitoring plan

Programmes should be developed for operational and verification monitoring and
documented as part of a WSP, detailing the strategies and procedures to follow for
monitoring the various aspects of the drinking-water system. The monitoring plans
should be fully documented and should include the following information:

parameters to be monitored;

sampling location and frequency;

sampling methods and equipment;

schedules for sampling;

references to corrective action procedures, including responsibilities;
qualifications and certification requirements for testing laboratories;
methods for quality assurance and validation of sampling results;
requirements for checking and interpreting results;

responsibilities and necessary qualifications of staff;

requirements for documentation and management of records, including how
monitoring results will be recorded and stored;

requirements for reporting and communication of results.

4.4.5 Supporting programmes

Many actions are important in ensuring drinking-water safety but do not directly af-
fect drinking-water quality and are therefore not control measures. These are referred
to as “supporting programmes” and should also be documented in a WSP. Supporting
programmes could involve:

controlling access to treatment plants, catch-
ments and reservoirs and implementing the Actions that are important in
appropriate security measures to prevent ensuring drinking-water safety

transfer of hazards from people when they do but do not directly affect drink-
ing-water quality are referred

enter source water; to as supporting programmes.

developing verification protocols for the use of

chemicals and materials in the drinking-water

supply—for instance, to ensure the use of suppliers that participate in quality as-

surance programmes;

using designated equipment for attending to incidents such as mains bursts

(e.g. equipment should be designated for potable water work only and not for

sewage work);

training and educational programmes for personnel involved in activities that

could influence drinking-water safety; training should be implemented as part of

induction programmes and frequently updated;

research and development to improve understanding of water quality, including

the quality of source waters, and treatment.

Supporting programmes will consist almost entirely of items that drinking-water

suppliers and handlers will ordinarily have in place as part of their normal operation.
For most, the implementation of supporting programmes will involve:
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collation of existing operational and management practices;

initial and, thereafter, periodic review and updating to continually improve practices;
promotion of good practices to encourage their use;

audit of practices to check that they are being used, including taking corrective
actions in case of non-conformance.

Codes of good operating and management practice and hygienic working prac-
tice are essential elements of supporting programmes. These are often captured within
standard operating procedures. They include, but are not limited to:

hygienic working practices in maintenance;

attention to personal hygiene;

training and competence of personnel involved in drinking-water supply;

tools for managing the actions of staff, such as quality assurance systems;
securing stakeholder commitment, at all levels, to the provision of safe drinking-
water;

education of communities whose activities may influence drinking-water quality;
calibration of monitoring equipment;

® record keeping.

Comparison of one set of supporting programmes with the supporting pro-
grammes of other suppliers, through peer review, benchmarking and personnel or
document exchange, can stimulate ideas for improved practice.

Supporting programmes can be extensive, be varied and involve multiple or-
ganizations and individuals. Many supporting programmes involve water resource
protection measures and typically include aspects of land use control. Some water
resource protection measures are engineered, such as effluent treatment processes and
stormwater management practices that may be used as control measures.

4.5 Management of community and household water supplies
Community-managed drinking-water supplies worldwide are more frequently con-
taminated than larger drinking-water supplies, may be more prone to operating
discontinuously (or intermittently) and break down or fail more frequently.

To ensure safe drinking-water, the focus in small supplies should be on:

¢ informing the public;

® assessing the water supply to determine whether it is able to meet identified
health-based targets (see section 4.1);

® monitoring identified control measures and training operators to ensure that all
likely hazards can be controlled and that risks are maintained at a tolerable level
(see section 4.2);

®  operational monitoring of the drinking-water system (see section 4.2);
implementing systematic water quality management procedures (see section 4.4),
including documentation and communication (see section 4.6);

® establishing appropriate incident response protocols (usually encompassing
actions at the individual supply, backed by training of operators, and actions
required by local or national authorities) (see sections 4.4.2 and 4.4.3); and
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® developing programmes to upgrade and improve existing water delivery (usu-
ally defined at a national or regional level rather than at the level of individual
supplies) (see section 4.1.8).

For small point sources serving communities or individual households, the em-
phasis should be on selecting source water of the best available quality and on pro-
tecting its quality by the use of multiple barriers (usually within source protection)
and maintenance programmes. Whatever the source (groundwater, surface water or
rainwater tanks), communities and householders should assure themselves that the
water is safe to drink. Generally, surface water and shallow groundwater under the dir-
ect influence of surface water (which includes shallow groundwater with preferential
flow paths) should receive treatment.

The parameters recommended for the minimum monitoring of community sup-
plies are those that best establish the hygienic state of the water and thus the risk of
waterborne disease. The essential parameters of water quality are E. coli—thermotol-
erant (faecal) coliforms are accepted as suitable substitutes—and chlorine residual (if
chlorination is practised). These should be supplemented, where appropriate, by pH
adjustment (if chlorination is practised) and measurement of turbidity.

These parameters may be measured on site using relatively unsophisticated testing
equipment, and improved and relatively low cost systems continue to be developed.
On-site testing is essential for the determination of turbidity and chlorine residual,
which change rapidly during transport and storage; it is also important for the other
parameters where laboratory support is lacking or where transportation problems
would render conventional sampling and analysis impractical.

Other health-related parameters of local significance should also be measured.
The overall approach to control of chemical contamination is outlined in chapter 8.

4.6 Documentation and communication
Documentation of a WSP should include:

®  description and assessment of the drinking-water system (see section 4.1), in-
cluding programmes to upgrade and improve existing water delivery (see
section 4.1.8);

® the plan for operational monitoring and verification of the drinking-water system
(see sections 4.2 and 4.3);

® water safety management procedures for normal operation, incidents (specific
and general) and emergency situations (see sections 4.4.1, 4.4.2 and 4.4.3),
including communication plans; and

®  description of supporting programmes (see section 4.4.5).

Records are essential to review the adequacy of the WSP and to demonstrate
the adherence of the drinking-water system to the WSP. Several types of records are
generally kept:

® supporting documentation for developing the WSP, including validation;
® records and results generated through operational monitoring and verification;
® outcomes of incident investigations;
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® documentation of methods and procedures used;
® records of employee training programmes.

By tracking records generated through operational monitoring and verification,
an operator or manager can detect that a process is approaching its operational or
critical limit. Review of records can be instrumental in identifying trends and in mak-
ing operational adjustments. Periodic review of WSP records is recommended so that
trends can be noted and appropriate actions decided upon and implemented. Rec-
ords are also essential when surveillance is implemented through auditing-based ap-
proaches.

Communication strategies should include:

®  procedures for promptly advising of any significant incidents within the drinking-
water supply, including notification of the public health authority;

® summary information to be made available to consumers—for example, through
annual reports and on the Internet;

® establishment of mechanisms to receive and actively address community
complaints in a timely fashion.

The right of consumers to health-related information on the water supplied to
them for domestic purposes is fundamental. However, in many communities, the
simple right of access to information will not ensure that individuals are aware of
the quality of the water supplied to them; furthermore, the probability of consum-
ing unsafe water may be relatively high. The agencies responsible for monitoring
should therefore develop strategies for disseminating and explaining the significance
of health-related information. Further information on communication is provided in
section 5.5.

4.7 Planned review

4.7.1 Periodic review

WSPs should not be regarded as static documents. They need to be regularly reviewed
and revised to ensure that they are functioning correctly and that they are kept up to date
in light of changes in water systems or new developments. Reviews should consider:

data collected as part of monitoring processes;

changes to water sources and catchments;

changes to treatment, demand and distribution;
implementation of improvement and upgrade programmes;
revised procedures;

emerging hazards and risks.

4.7.2 Post-incident review

WSPs should also be reviewed following incidents and emergencies to ensure that,
where possible, incidents do not recur and, where this is not possible (e.g. floods), to
reduce impacts. Post-incident reviews may identify areas for improvement and the
need for revision of WSPs.
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quality control function of the drinking-water supplier. Drinking-water supply sur-
veillance does not remove or replace the responsibility of the drinking-water supplier
to ensure that a drinking-water supply is of acceptable quality and meets predeter-
mined health-based targets.

All members of the population receive drinking-water by some means—includ-
ing the use of piped supplies with or without treatment and with or without pump-
ing (supplied via domestic connection or public standpipe), delivery by tanker truck
or carriage by beasts of burden or collection from groundwater sources (springs or
wells) or surface sources (lakes, rivers and streams). It is important for the surveillance
agency to build up a picture of the frequency of use of the different types of supply,
especially as a preliminary step in the planning of a surveillance programme. There
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is little to be gained from surveillance of piped water supplies alone if these are avail-
able to only a small proportion of the population or if they represent a minority of
supplies.

Information alone does not lead to improvement. Instead, the effective manage-
ment and use of the information generated by surveillance make possible the rational
improvement of water supplies—where “rational” implies that available resources are
used for maximum public health benefit.

Surveillance is an important element in the development of strategies for incre-
mental improvement of the quality of drinking-water supply services. It is important
that strategies be developed for implementing surveillance, collating, analysing and
summarizing data and reporting and disseminating the findings and that the strat-
egies are accompanied by recommendations for remedial action. Follow-up will be
required to ensure that remedial action is taken.

Surveillance extends beyond drinking-water supplies operated by a discrete
drinking-water supplier to include drinking-water supplies that are managed by com-
munities and includes assurance of good hygiene in the collection and storage of
household water.

The surveillance agency must have, or have access to, legal expertise in addition
to expertise on drinking-water and water quality. Drinking-water supply surveillance
is also used to ensure that any transgressions that may occur are appropriately inves-
tigated and resolved. In many cases, it will be more appropriate to use surveillance as a
mechanism for collaboration between public health agencies and drinking-water sup-
pliers to improve drinking-water supply than to resort to enforcement, particularly
where the problem lies mainly with community-managed drinking-water supplies.

The authorities responsible for drinking-water supply surveillance may be the
public health ministry or other agency (see section 1.2.1), and their roles encompass
four areas of activity:

1) public health oversight of organized drinking-water supplies;

2) public health oversight and information support to populations without access to
organized drinking-water supplies, including communities and households;

3) consolidation of information from diverse sources to enable understanding of
the overall drinking-water supply situation for a country or region as a whole
as an input to the development of coherent public health-centred policies and
practices;

4) participation in the investigation, reporting and compilation of outbreaks of
waterborne disease.

A drinking-water supply surveillance programme should normally include pro-
cesses for approval of water safety plans (WSPs). This approval will normally involve
review of the system assessment, of the identification of appropriate control measures
and supporting programmes and of operational monitoring and management plans.
It should ensure that the WSP covers normal operating conditions and predictable in-
cidents (deviations) and has contingency plans in case of an emergency or unplanned
event.
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The surveillance agency may also support or undertake the development of WSPs
for community-managed drinking-water supplies and household water treatment
and storage. Such plans may be generic for particular technologies rather than specific
for individual systems.

5.1 Types of approaches

There are two types of approaches to surveillance of drinking-water quality: audit-
based approaches and approaches relying on direct assessment. Implementation of
surveillance will generally include a mixture of these approaches according to supply
type and may involve using rolling programmes whereby systems are addressed pro-
gressively. Often it is not possible to undertake extensive surveillance of all community
or household supplies. In these cases, well-designed surveys should be undertaken in
order to understand the situation at the national or regional level.

5.1.1 Audit
In the audit approach to surveillance, assessment activities, including verification test-
ing, are undertaken largely by the supplier, with third-party auditing to verify compli-
ance. It is increasingly common that analytical services are procured from accredited
external laboratories. Some authorities are also experimenting with the use of such
arrangements for services such as sanitary inspection, sampling and audit reviews.
An audit approach requires the existence of a stable source of expertise and cap-
acity within the surveillance agency in order to:

review and approve new WSPs;

e undertake or oversee auditing of the implementation of individual WSPs as a
programmed routine activity;

® respond to, investigate and provide advice on receipt of reports on significant

incidents.

Periodic audit of the implementation of WSPs is required:

® atintervals (the frequency of routine audits will be dependent on factors such as
the size of the population served and the nature and quality of source water and
treatment facilities);

e following substantial changes to the source, the distribution or storage system or
treatment processes;

e following significant incidents.

Periodic audit would normally include the following elements:

® examination of records to ensure that system management is being carried out as
described in the WSP;

® ensuring that operational monitoring parameters are kept within operational
limits and that compliance is being maintained;

® ensuring that verification programmes are operated by the water supplier (either
through in-house expertise or through a third-party arrangement);
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® assessment of supporting programmes and of strategies for improving and up-
dating the WSP;

® in some circumstances, sanitary inspection, which may cover the whole of the
drinking-water system, including sources, transmission infrastructure, treatment
plants, storage reservoirs and distribution systems.

In response to reports of significant incidents, it is necessary to ensure that:

the event is investigated promptly and appropriately;

® the cause of the event is determined and corrected;
the incident and corrective action are documented and reported to appropriate
authorities;

® the WSP is reassessed to avoid the occurrence of a similar situation.

The implementation of an audit-based approach places responsibility on the
drinking-water supplier to provide the surveillance agency with information re-
garding system performance against agreed indicators. In addition, a programme of
announced and unannounced visits by auditors to drinking-water suppliers should
be implemented to review documentation and records of operational practice in or-
der to ensure that data submitted are reliable. Such an approach does not necessarily
imply that water suppliers are likely to falsify records, but it does provide an important
means of reassuring consumers that there is true independent verification of the activ-
ities of the water supplier. The surveillance agency will normally retain the authority
to undertake some analysis of drinking-water quality to verify performance or enter
into a third-party arrangement for such analysis.

5.1.2 Direct assessment
It may be appropriate for the drinking-water supply surveillance agency to carry out
independent testing of water supplies. Such an approach often implies that the agency
has access to analytical facilities with staff trained to carry out sampling, analysis and
sanitary inspection.

Direct assessment also implies that surveillance agencies have the capacity to as-
sess findings and to report to and advise suppliers and communities. A surveillance
programme based on direct assessment would normally include:

® specified approaches to large municipality/small municipality/community sup-
plies and individual household supplies;

® sanitary inspections to be carried out by qualified personnel;
sampling to be carried out by qualified personnel;

® tests to be conducted using suitable methods by accredited laboratories or using
approved field testing equipment and qualified personnel;

® procedures on reporting findings and follow-up to ensure that they have been
acted on.

For community-managed drinking-water supplies and where the development of
in-house verification or third-party arrangements is limited, direct assessment may be
used as the principal system of surveillance. This may apply to drinking-water supplies
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in small towns by small-scale private sector operators or local government. Direct as-
sessment may lead to the identification of requirements to amend or update the WSP,
and the process to be followed when undertaking such amendments should be clearly
identified.

Where direct assessment is carried out by the surveillance agency, it comple-
ments other verification testing of the water supplier. General guidance on verification
testing, which is also applicable to surveillance through direct assessment, is provided
in section 4.3.

5.2 Adapting approaches to specific circumstances

5.2.1 Urban areas in developing countries

Drinking-water supply arrangements in urban areas of developing countries are typ-
ically complex. There can often be one or more large piped supplies with household
and public connections, in combination with a range of alternative drinking-water
supplies, including point sources and vended water. In these situations, the surveil-
lance programme should take account of the different sources of drinking-water and
the potential for deterioration in quality during collection, storage and use. Further-
more, the population will vary in terms of socioeconomic status and vulnerability to
water-related disease.

In many situations, zoning the urban area on the basis of vulnerability and
drinking-water supply arrangements is required. The zoning system should include
all populations within the urban area, including informal and periurban settlements,
regardless of their legal status, in order to direct resources to where greatest improve-
ments (or benefits) to public health will be achieved. This provides a mechanism
to ensure that non-piped drinking-water sources are also included within drinking-
water supply surveillance activities.

Experience has shown that zoning can be developed using qualitative and quan-
titative methods and is useful in identifying vulnerable groups and priority commun-
ities where drinking-water supply improvements are required.

5.2.2 Community drinking-water supplies
Small community-managed drinking-water supplies are found in most countries
and may be the predominant form of drinking-water supply for large sections of the
population. The precise definition of a “community drinking-water supply” will vary,
but administration and management arrangements are often what set community
supplies apart, especially in developing countries. Community-managed supplies may
include simple piped water systems or a range of point sources, such as boreholes with
hand pumps, dug wells and protected springs.

The control of water quality and implementation of surveillance programmes for
such supplies often face significant constraints. These typically include:

® limited capacity and skills within the community to undertake process control
and verification; this may increase the need both for surveillance to assess the
state of drinking-water supplies and for surveillance staft to provide training and
support to community members;
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® the very large number of widely dispersed supplies, which significantly increases
overall costs in undertaking surveillance activities.

Furthermore, it is often small community-managed water supplies that present the
greatest water quality problems.

Experience from both developing and developed countries has shown that sur-
veillance of community-managed drinking-water supplies can be effective when well
designed and when the objectives are geared more towards a supportive role to en-
hance community management than towards enforcement of compliance.

Surveillance of community drinking-water supplies requires a systematic pro-
gramme of surveys that encompass all aspects of the drinking-water supply to the
population as a whole, including sanitary inspection (including catchment inspec-
tions) and institutional and community aspects. Surveillance should address variabil-
ity in source water quality, treatment process efficacy and the quality of distributed or
household-treated and household-stored water.

Experience has also shown that the role of surveillance may include health edu-
cation and health promotion activities to improve healthy behaviour towards man-
agement of drinking-water supply and sanitation. Participatory activities can include
sanitary inspection by communities and, where appropriate, community-based test-
ing of drinking-water quality using affordable field test kits and other accessible test-
ing resources.

In the evaluation of overall strategies, the principal aim should be to derive over-
all lessons for improving water safety for all community supplies, rather than relying
on monitoring the performance of individual supplies.

Frequent visits to every individual supply may be impractical because of the very
large numbers of such supplies and the limitations of resources for such visits. How-
ever, surveillance of large numbers of community supplies can be achieved through a
rolling programme of visits. Commonly, the aim will be to visit each supply periodic-
ally (once every 3-5 years at a minimum) using either stratified random sampling or
cluster sampling to select specific supplies to be visited. During each visit, sanitary
inspection and water quality analysis will normally be done to provide insight to con-
tamination and its causes.

During each visit, testing of water stored in the home may be undertaken in a
sample of households. The objective for such testing is to determine whether con-
tamination occurs primarily at the source or within the home. This will allow evalua-
tion of the need for investment in supply improvement or education on good hygiene
practices for household treatment and safe storage. Household testing may also be
used to evaluate the impact of a specific hygiene education programme.

5.2.3 Household treatment and storage systems

Where water is handled during storage in households, it may be vulnerable to contam-
ination, and sampling of household-stored water is of interest in independent surveil-
lance. It is often undertaken on a “survey” basis to develop insights into the extent and
nature of prevailing problems. Surveillance systems managed by public health author-
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ities for drinking-water supplies using household treatment and household storage
containers are therefore recommended.

The principal focus of surveillance of household-based interventions will be as-
sessment of their acceptance and impact through sample surveys so as to evaluate
and inform overall strategy development and refinement. Systematic determination
of continued, correct and effective use and management is recommended so that
deficiencies in use and management can be identified and corrected by those respon-
sible.

5.3 Adequacy of supply
As the drinking-water supply surveillance agency has an interest in the population at
large, its interest extends beyond water quality in isolation to include all aspects of the
adequacy of drinking-water supply for the protection of public health.

In undertaking an assessment of the adequacy of the drinking-water supply, the
following basic service parameters of a drinking-water supply should normally be
taken into consideration:

®  Quality: whether the supply has regularly verified water quality and an approved
WSP (see chapter 4) that has been validated and is subject to periodic audit to
demonstrate compliance with relevant regulations (see chapters 3 and 4);

®  Quantity (service level): the proportion of the population with access to different
levels of drinking-water supply (e.g. no access, basic access, intermediate access
and optimal access) as a surrogate for health impacts in relation to quantity of
water used;

®  Accessibility: the percentage of the population that has reasonable access to an
improved drinking-water supply;
Affordability: the tarift paid by domestic consumers;

®  Continuity: the percentage of the time during which drinking-water is available
(daily, weekly and seasonally).

5.3.1 Quantity (service level)
The quantity of water collected and used by households has an important influence
on health. There is a basic human physiological requirement for water to maintain
adequate hydration and an additional requirement for food preparation. There is a
further requirement for water to support hygiene, which is necessary for health.
Estimates of the volume of water needed for health purposes vary widely. In
deriving World Health Organization (WHO) guideline values, it is assumed that
the daily per capita consumption of drinking-water is approximately 2 litres for
adults, although actual consumption varies according to climate, activity level and
diet. Based on currently available data, a minimum volume of 7.5 litres per capita
per day will provide sufficient water for hydration and incorporation into food for
most people under most conditions. In addition, adequate domestic water is needed
for food preparation, laundry and personal and domestic hygiene, which are also
important for health. Water may also be important in income generation and amen-
ity uses.
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Table 5.1 Service level and quantity of water collected

Service Likely volumes of Public healthrisk Intervention priority
level Distance/time water collected  from poor hygiene and actions
No access More than 1km/  Very low: 5 litres Very high Very high
more than 30 min  per capita perday  Hygiene practice  Provision of basic level
round-trip compromised of service
Basic consumption Hygiene education
may be Household water
compromised treatment and safe
storage as interim
measure
Basic access ~ Within 1 km/ Approximately 20  High High
within 30 min litres per capita per Hygiene may be Provision of improved
round-trip day on average compromised level of service
Laundry may occur  Hygiene education
off-plot Household water

treatment and safe
storage as interim

measure

Intermediate Water provided Approximately Low Low

access on-plot through 50 litres per Hygiene should not Hygiene promotion still
at least one tap capitaperdayon pe compromised yields health gains
(yard level) average Laundry likely to Encourage optimal

occur on-plot access

Optimal Supply of water 100-200 litres per  Very low Very low

access throug.h rpultiple capita per day on Hygiene should not Hygiene promotion still
tapswithinthe  average be compromised yields health gains
house

Laundry will occur
on-plot

Source: Domestic water quantity, service level and health (supporting document in Annex 1)

The quantities of water collected and used by households are primarily a func-
tion of the distance to the water supply or total collection time required. This broad-
ly equates to the level of service. Four levels of service can be defined, as shown in
Table 5.1.

Service level is a useful and easily measured indicator that provides a valid sur-
rogate for the quantity of water collected by households and is the preferred indicator
for surveillance. Available evidence indicates that health gains accrue from improving
service level in two key stages: the delivery of water within 1 km or 30 minutes of to-
tal collection time; and when supplied to a yard level of service. Further health gains
are likely to occur once water is supplied through multiple taps, as this will increase
water availability for diverse hygiene practices. The volume of water collected may also
depend on the reliability and cost of the water. Therefore, collection of data on these
indicators is important.
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5.3.2 Accessibility

From the public health standpoint, the proportion of the population with reliable ac-
cess to safe drinking-water is the most important single indicator of the overall success
of a drinking-water supply programme.

There are a number of definitions of access (or coverage), many with qualifica-
tions regarding safety or adequacy. Access to safe drinking-water for the Millennium
Development Goals is currently measured by the WHO/ United Nations Children’s
Fund (UNICEF) Joint Monitoring Programme for Water Supply and Sanitation
through a proxy that assesses the use of improved drinking-water sources by house-
holds. An improved drinking-water source is one that by the nature of its construction
and design adequately protects the source from outside contamination, in particular
by faecal matter. The underlying assumption is that improved sources are more likely
to supply safe drinking-water than unimproved sources. Improved and unimproved
water supply technologies are summarized below:

o  Improved drinking-water sources:
— piped water into dwelling, yard or plot
— public tap or standpipe
— tubewell or borehole
— protected dug well
— protected spring
— rainwater collection.
®  Unimproved drinking-water sources:
— unprotected dug well
— unprotected spring
— cart with small tank or drum provided by water vendor
— tanker truck provision of water
— surface water (river, dam, lake, pond, stream, canal, irrigation channel)
— bottled water.!

Determining the proportion of a population with reliable access to drinking-
water is an important function of a drinking-water surveillance agency. This task can
be facilitated by establishing a common defi nition for reasonable access, appropriate
to a local context, which may describe a minimum quantity of water supplies per
person per day together with a maximum tolerable distance/time to a source (e.g. 20
litres, and within 1 km/30 minutes, respectively, for basic access).

5.3.3 Affordability

The affordability of water has a significant influence on the use of water and selec-
tion of water sources. Households with the lowest levels of access to safe water supply
frequently pay more for their water than do households connected to a piped water
system. The high cost of water may force households to use alternative sources of
water of poorer quality that represent a greater risk to health. Furthermore, high costs

! Bottled water is considered to be improved only when the household uses drinking-water from an
improved source for cooking and personal hygiene.
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of water may reduce the volumes of water used by households, which in turn may
influence hygiene practices and increase risks of disease transmission.

When assessing affordability, it is important to collect data on the price at the
point of purchase. Where households are connected to the drinking-water supplier,
this will be the tariff applied. Where water is purchased from public standpipes or
from neighbours, the price at the point of purchase may be very different from the
drinking-water supplier tariff. Many alternative water sources (notably vendors) also
involve costs, and these costs should be included in evaluations of affordability. In
addition to recurrent costs, the costs for initial acquisition of a connection should also
be considered when evaluating affordability.

5.3.4 Continuity

Interruptions to drinking-water supply, either because of intermittent sources or re-
sulting from engineering inefficiencies, are a major determinant of the access to and
quality of drinking-water. Analysis of data on continuity of supply requires the con-
sideration of several components. Continuity can be classified as follows:

® year-round service from a reliable source with no interruption of flow at the tap
or source;
® year-round service with frequent (daily or weekly) interruptions, of which the
most common causes are:
— restricted pumping regimes in pumped systems, whether planned or due to
power failure or sporadic failure;
— peak demand exceeding the flow capacity of the transmission mains or the
capacity of the reservoir;
— excessive leakage within the distribution system;
— excessive demands on community-managed point sources;
® seasonal service variation resulting from source fluctuation, which typically has
three causes:
— natural variation in source volume during the year;
— volume limitation because of competition with other uses, such as irriga-
tion;
— periods of high turbidity when the source water may be untreatable;
e compounded frequent and seasonal discontinuity.

These classifications reflect broad categories of continuity, which are likely to affect
hygiene in different ways. Any interruption of service is likely to result in degradation of
water quality, increased risk of exposure to contaminated water and therefore increased
risk of waterborne disease. Daily or weekly discontinuity results in low supply pressure
and a consequent risk of in-pipe recontamination. Other consequences include reduced
availability and lower volume use, which adversely affect hygiene. Household water
storage may be necessary, and this may lead to an increase in the risk of contamination
during such storage and associated handling. Seasonal discontinuity often forces users
to obtain water from inferior and distant sources. As a consequence, in addition to the
obvious reduction in quality and quantity, time is lost in water collection.
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5.4 Planning and implementation

For drinking-water supply surveillance to lead to improvements in drinking-water
supply, it is vital that the mechanisms for promoting improvement are recognized and
used.

The focus of drinking-water supply-related improvement activities (whether these

are establishment of regional or national priorities, hygiene education programmes or
enforcement compliance) will depend on the nature of the drinking-water supplies
and the types of problems identified. A list of mechanisms for drinking-water supply
improvement based on the output of surveillance is given below:

Establishing national priorities: When the most common problems and shortcom-
ings in the drinking-water system have been identified, national strategies can
be formulated for improvements and remedial measures; these might include
changes in training (of managers, administrators, engineers or field staff), rolling
programmes for rehabilitation or improvement or changes in funding strategies
to target specific needs.

Establishing subnational/regional priorities: Regional offices of drinking-water sup-
ply agencies can decide in which communities to work and which remedial activities
are priorities; public health criteria should be considered when priorities are set.
Establishing hygiene education programmes: Not all of the problems revealed by
surveillance are technical in nature, and not all are solved by drinking-water sup-
pliers; surveillance also looks at problems involving community and household
supplies, water collection and transport and household treatment and storage.
The solutions to many of these problems are likely to require educational and
promotional activities.

Auditing of WSPs and upgrading: The information generated by surveillance can
be used to audit WSPs and to assess whether these are in compliance. Drink-
ing-water systems and their associated WSPs should be upgraded where they are
found to be deficient, although feasibility must be considered, and enforcement
of upgrading should be linked to strategies for progressive improvement.
Ensuring community operation and maintenance: Support should be provided by a
designated authority to enable community members to be trained so that they are
able to assume responsibility for the operation and maintenance of community
drinking-water supplies.

Establishing public awareness and information channels: Publication of informa-
tion on public health aspects of drinking-water supplies, water quality and the
performance of suppliers can encourage suppliers to follow good practices, mo-
bilize public opinion and response and reduce the need for regulatory enforce-
ment, which should be an option of last resort.

Implementing programmes for household water treatment and safe storage: If infor-
mation from surveillance reveals no or only basic access to water service, as de-
fined in Table 5.1, or unsafe supplied water, the implementation of programmes to
promote household water treatment and safe storage may be advised to improve
water quality and promote hygienic water management at the household level.
These may be effective interim measures for provision of safer water supported
by appropriate outreach, education and training activities and creating supply
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chains for appropriate household water treatment and safe storage technologies.
Further information is available in section 7.3.2 and the 1997 volume, Surveil-
lance and control of community supplies (WHO, 1997).

In order to make best use of limited resources where surveillance is not yet prac-
tised, it is advisable to start with a basic programme that develops in a planned man-
ner. Activities in the early stages should generate enough useful data to demonstrate
the value of surveillance. Thereafter, the objective should be to progress to more ad-
vanced surveillance as resources and conditions permit.

The activities normally undertaken in the initial, intermediate and advanced stages
of development of drinking-water supply surveillance are summarized as follows:

o  [Initial phase:

Establish requirements for institutional development.

Provide training for staff involved in the programme.

Define the role of participants (e.g. quality assurance/quality control by
supplier, surveillance by public health authority).

Develop methodologies suitable for the area.

Commence routine surveillance in priority areas (including inventories).
Limit verification to essential parameters and known problem substances.
Establish reporting, filing and communication systems.

Advocate improvements according to identified priorities.

Establish reporting to local suppliers, communities, media and regional
authorities.

Establish liaison with communities; identify community roles in surveillance
and means of promoting community participation.

®  [ntermediate phase:

Train staff involved in the programme.

Establish and expand systematic routine surveillance.

Expand access to analytical capability (often by means of regional laboratories,
national laboratories being largely responsible for analytical quality control
and training of regional laboratory staft).

Undertake surveys for chemical contaminants using wider range of analytical
methods.

Evaluate all methodologies (sampling, analysis, etc.).

Use appropriate standard methods (e.g. analytical methods, fieldwork
procedures).

Develop capacity for statistical analysis of data.

Establish national database.

Identify common problems and improve activities to address them at regional
and national levels.

Expand reporting to include interpretation at the national level.

Draft or revise health-based targets as part of a framework for safe drinking-
water.

Use legal enforcement where necessary.

Involve communities routinely in surveillance implementation.
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®  Advanced phase:

— Provide further or advanced training for staff involved in the programme.

— Establish routine surveillance for all health and acceptability parameters at
defined frequencies.

— Use a full network of national, regional and local laboratories (including
analytical quality control).

— Use national framework for drinking-water quality.

— Improve water services on the basis of national and local priorities, hygiene
education and enforcement of standards.

— Establish regional database archives compatible with national database.

— Disseminate data at all levels (local, regional and national).

— Involve communities routinely in surveillance implementation.

5.5 Reporting and communicating

An essential element of a successful surveillance programme is the reporting of results
to stakeholders. It is important to establish appropriate systems of reporting to all
relevant bodies. Proper reporting and feedback will support the development of ef-
fective remedial strategies. The ability of the surveillance programme to identify and
advocate interventions to improve water supply is highly dependent on the ability to
analyse and present information in a meaningful way to different target audiences.
The target audiences for surveillance information will typically include:

public health officials at local, regional and national levels;

water suppliers;

local administrations;

communities and water users;

local, regional and national authorities responsible for development planning and
investment.

5.5.1 Interaction with community and consumers

Community participation is a desirable component of surveillance, particularly for
community and household drinking-water supplies. As primary beneficiaries of im-
proved drinking-water supplies, com-
munity members have a right to take part
in decision-making. The community
represents a resource that can be drawn
upon for local knowledge and experi-
ence. They are the people who are likely
to first notice problems in the drinking-water supply and therefore can provide an
indication of when immediate remedial action is required. Communication strategies
should include:

The right of consumers to information on
the safety of the water supplied to them for
domestic purposes is fundamental.

® provision of summary information to consumers (e.g. through annual reports or
the Internet);

® establishment and involvement of consumer associations at local, regional and
national levels.
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In many communities, however, the simple right of access to information will not
ensure that individuals are aware of the quality or safety of the water supplied to them.
The agencies responsible for surveillance should develop strategies for disseminating
and explaining the significance of results obtained.

It may not be feasible for the surveillance agency to provide feedback informa-
tion directly to the entire community. Thus, it may be appropriate to use community
organizations, where these exist, to provide an effective channel for providing feed-
back information to users. Some local organizations (e.g. local councils and com-
munity-based organizations, such as women’s groups, religious groups and schools)
have regular meetings in the communities that they serve and can therefore provide a
mechanism of relaying important information to a large number of people within the
community. Furthermore, by using local organizations, it is often easier to initiate a
process of discussion and decision-making within the community concerning water
quality. The most important element in working with local organizations is to ensure
that the organization selected can access the whole community and can initiate discus-
sion on the results of surveillance (see sections 7.6.1 and 8.7).

5.5.2 Regional use of data

Strategies for regional prioritization are typically of a medium-term nature and have
specific data requirements. While the management of information at a national level is
aimed at highlighting common or recurrent problems, the objective at a regional level
is to assign a degree of priority to individual interventions. It is therefore important
to derive a relative measure of health risk. Although this information cannot be used
on its own to determine which systems should be given immediate attention (which
would also require the analysis of economic, social, environmental and cultural fac-
tors), it provides an extremely important tool for determining regional priorities. It
should be a declared objective to ensure that remedial action is carried out each year
on a predetermined proportion of the systems classified as high risk.

At the regional level, it is also important to monitor the improvement in (or de-
terioration of) both individual drinking-water supplies and the supplies as a whole.
In this context, simple measures, such as the mean sanitary inspection score of all
systems, the proportion of systems with given degrees of faecal contamination, the
population with different levels of service and the mean cost of domestic consump-
tion, should be calculated yearly and changes monitored.

As shown in Table 7.10 in section 7.4, the aim should be to provide drinking-
water that contains no faecal indicator organisms, such as Escherichia coli. However, in
many developing and developed countries, a high proportion of household and small
community drinking-water systems, in particular, fail to meet requirements for water
safety, including the absence of E. coli. In such circumstances, it is important that
realistic goals for progressive improvement are agreed upon and implemented. It is
practical to classify water quality results in terms of an overall grading for water safety
linked to priority for action, as illustrated in Table 5.2.

Grading schemes may be of particular use in community supplies where the
frequency of testing is low and reliance on analytical results alone is especially in-
appropriate. Such schemes will typically take account of both analytical findings

90



5. SURVEILLANCE

Table 5.2 Example of categorization of drinking-water systems on the basis of population size
and quality rating in order to prioritize actions (see also Table 7.10)

. R .
Quality of drinking- Proportion (%) of samples negative for E. coli

water system?® <5000 population 5000-100 000 population > 100 000 population
A 90 95 99
B 80 90 95
C 70 85 90
D 60 80 85

2 Quality decreases from A to D.

Table 5.3 Example of assessment of priority of remedial actions of community drinking-water
supplies based on a grading system of microbial quality and sanitary inspection
rating or score®

Sanitary inspection risk score
(susceptibility of supply to contamination from human and animal faeces)
0-2 3-5 6-8 9-10
a A
c
.0 B
5%
a| C
©
o
D
Low risk: Intermediate risk: low High risk:
no action required action priority higher action priority

2 Where there is a potential discrepancy between the results of the microbial water quality assessment and the sanitary
inspection, further follow-up or investigation is required.

b Classifications based on those shown in Table 5.2. Quality decreases from A to D.

Source: Adapted from Lloyd & Bartram (1991). See also the supporting document Rapid assessment of drinking-water

quality (Annex 1).

and results of the sanitary inspection through matrices such as the one illustrated
in Table 5.3.

Combined analysis of sanitary inspection and water quality data can be used to
identify the most important causes of and control measures for contamination. This
is important to support effective and rational decision-making. For instance, it will
be important to know whether on-site or off-site sanitation could be associated with
contamination of drinking-water, as the remedial actions required to address either
source of contamination will be very different. This analysis may also identify other
factors associated with contamination, such as heavy rainfall. As the data will be non-
parametric, suitable methods for analysis include chi-square, odds ratios and logistic
regression models.

Combined analysis of sanitary inspection and water quality data is especially use-
ful in assessing household water management systems. Microbial water quality data
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Table 5.4 Example of assessment of priority of remedial action for household drinking-water
systems based on a grading system of microbial quality and sanitary inspection
rating or scores?®

Sanitary inspection risk score
(susceptibility of supply to contamination from human and animal faeces)

0-2 3-5 6-8 9-10

(as decimal
concentration/100)

E .coli classification

Low risk: no action Intermediate risk: low High risk: higher Very high risk: urgent
required action priority action priority action required

2 Where there is a potential discrepancy between the results of the microbial water quality assessment and the sanitary
inspection, further follow-up or investigation is required.

are often limited, and sanitary inspection risk scoring therefore becomes an important
consideration in assessing household water systems, their management and priority
for remedial actions. An example of a combined system to assess risk and prioritize
remedial actions for household water systems is shown in Table 5.4.
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more comprehensive supporting documents that provide detailed guidance. In all the
specific circumstances described below, the principles enshrined in water safety plans
(WSPs) apply. However, the WSP should be tailored to the type of supply in each cir-
cumstance; for example, routine chemical and microbiological monitoring of rainwater
may not be feasible at a household level, but preventive barriers are both applicable and

achievable.

As indicated in chapter 4, WSPs require careful consideration of possible hazards,
and forward planning is one of the important requirements in ensuring that both the
quantity and quality of water supplies are maintained. One of the significant concerns
for the future is climate change, but there remains considerable uncertainty as to its
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impact on a local or even subregional level. Nevertheless, it is expected that all types of
supply will be affected, including the specific circumstances discussed below.

6.1 Climate change, water scarcity and heavy rainfall

Regional or localized droughts and heavy precipitation events and floods have always
occurred, but they appear to be increasing in frequency, and greater extremes of cli-
mate should be expected. Anticipating and planning for these events, such that suf-
ficient quantities of safe water can be delivered to consumers without disruptions, are
not only key responsibilities of water suppliers, but a growing challenge. The effects of
these climate extremes on water quality and quantity will be especially acute in areas
with growing populations. In such areas, existing water supplies typically are already
stressed, and there is little, if any, water supply margin available to them in the event
of a major or extended duration weather event. This is especially true in regions with
desert-like climates, such as parts of the Mediterranean, the Middle East, Australia and
the south-western United States of America.

Over an extended period of time, climate change may foster greater extremes in
weather, including more frequent and longer spells with much higher peak temper-
atures, droughts, greater frequency of heavy precipitation and violent storms. Changes
in sea level from melting ice can affect coastal groundwater, causing salination, which
may also occur as a result of over-abstraction. With changes in water quantity come
changes in water quality: greater or lesser runoff affects the sediment loading, chem-
ical composition, total organic carbon content and microbial quality. These changes
require modifications in water storage capacity and water treatment to ensure safe
drinking-water. Changes in groundwater levels may also lead to altered mineral com-
position, and moves to deeper groundwater may tap into aquifers with high mineral
content or high levels of specific constituents of concern for health.

To provide for adequate water quantity and quality in the event of these changes
and extremes, natural supplies may need to be augmented in some areas, together
with use of more climate-resilient technologies and processes. Water treatment sys-
tems may need to be upgraded and obtain greater storage capacity to be able to cope
with greater microbial, turbidity and chemical loadings. New sources of water may
need to be developed, such as recycled wastewater or desalinated brackish water or
seawater, and new strategies may need to be implemented, such as aquifer storage and
recovery.

6.2 Rainwater harvesting
Rainwater harvesting is widely practised at a household level but is increasingly be-
ing used on a larger community scale. Rainwater can provide an important source of
drinking-water in some circumstances as well as a useful source of water for blending
with other sources to reduce the levels of contaminants of health concern, such as
arsenic and fluoride.

The development of formal WSPs at the household level may not always be prac-
tical, but promotion of sanitary inspection with simple good practice is important.
Well-designed rainwater harvesting systems with clean catchments, covered cisterns
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and storage tanks, and treatment, as appropriate, supported by good hygiene at point
of use, can offer drinking-water with very low health risk.

Rainwater is initially relatively free from impurities, except those picked up by the
rain from the atmosphere. However, the quality of rainwater may subsequently deteri-
orate during harvesting, storage and household use. Wind-blown dirt, leaves, faecal
droppings from birds and other animals, insects and litter on the catchment areas,
such as roofs and in cisterns, can contaminate rainwater, as can particles from the
atmosphere, such as soot from burning materials such as old tyres. Regular cleaning of
catchment surfaces and gutters should be undertaken to minimize the accumulation
of debris. Wire meshes or inlet filters should be placed over the top of downpipes to
prevent leaves and other debris from entering storage containers and cleaned regularly
to prevent clogging.

Materials used in the catchment and storage tank should be approved for use in
contact with drinking-water and should not leach contaminants or cause taste, odour
or discoloration. As rainwater is slightly acidic and very low in dissolved minerals, it
can dissolve metals and other impurities from materials of the catchment and stor-
age tank, resulting in unacceptably high concentrations of contaminants in the water.
Most solid roof materials are suitable for collecting rainwater, but roofs with bitumen-
based coatings are generally not recommended, as they may leach hazardous substan-
ces or cause taste problems. Care should be taken to ensure that lead-based paints are
not used on roof catchments. Thatched roofs can cause discoloration or deposition of
particles in collected water.

Poor hygiene in water storage and abstraction from storage containers or at the
point of use can also represent a health concern, but risks can be minimized by good
design and practice. Faecal contamination is quite common, particularly in samples
collected shortly after rainfall, but can be minimized by good practice. Higher mi-
crobial concentrations are generally found in the first flush of rainwater, decreasing as
the rain continues; therefore, microbial contamination is less in rainy seasons when
catchments are frequently washed with fresh rainwater. A system to divert the contam-
inated first flow of rainwater from roof surfaces is necessary, and automatic devices
that prevent the first flush of runoff from being collected in storage are recommended.
If diverters are not available, a detachable downpipe can be used manually to provide
the same result.

Storage tanks can present breeding sites for mosquitoes, including species that
transmit dengue virus (see section 8.6). Covers discourage mosquito breeding and
help to prevent faecal contaminants and sunlight, which will promote algal growth,
from reaching the water. Covers should be fitted, and openings need to be protected
by mosquito-proof mesh. Cracks in the tank can result in contamination of stored
water, whereas water withdrawal using contaminated containers is a potential cause
of both faecal and chemical contamination. Storage containers should preferably be
fitted with a mechanism such as a tap or outlet pipe that enables hygienic abstraction
of water.

Further treatment at the point of consumption may be applied to ensure better
quality of drinking-water and reduce health risk. Solar water disinfection and point-
of-use chlorination are examples of low-cost disinfection options for the treatment
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of stored rainwater. These and other household water treatment technologies are dis-
cussed in more detail in sections 7.3.2 (microbial) and 8.4.4 (chemical).

6.3 Vended water

Vended water is common in many parts of the world where scarcity of supplies or lack
of infrastructure limits access to suitable quantities of safe drinking-water. Although
water vending is more common in developing countries, it also occurs in developed
countries.

In the context of these Guidelines, water vending implies private vending of
drinking-water, but does not include bottled or packaged water (which is considered
in section 6.14) or water sold in bottles through vending machines.

Water vending may be undertaken by formal bodies, such as water utilities or
registered associations, by contracted suppliers or by informal and independent sup-
pliers. Where formal vending is practised, the water typically comes from treated util-
ity supplies or registered sources and is supplied in tankers or from standpipes and
water kiosks. Informal suppliers tend to use a range of sources, including untreated
surface water, dug wells and boreholes, and deliver small volumes for domestic use,
often in containers loaded onto small carts or tanker trucks.

Both the quality and adequacy of vended supplies can vary significantly, and
vended water has been associated with outbreaks of diarrhoeal disease (Hutin, Luby
& Paquet, 2003). Water supplied to users should be suitable for drinking and comply
with national or regional guidelines and regulatory requirements. The chemical and
microbial quality of untreated or private sources of water should be tested to deter-
mine their suitability for use and to identify appropriate control measures, including
treatment requirements. Surface water and some dug well and borehole waters are not
suitable for drinking without treatment; disinfection is the minimum requirement,
and filtration is often required when surface water is used.

In many developing countries, consumers purchase water from kiosks and then
carry the water home in a variety of containers of varying size. Measures should be
taken to protect vended water from contamination during transport as well as storage
in the home, including transporting and storing water in containers that are clean,
free from both faecal and chemical contamination and either enclosed or with narrow
openings, ideally fitted with a dispensing device such as a spigot that prevents hand
access and other sources of extraneous contamination. Good hygiene is required and
should be supported by educational programmes.

In other cases, particularly in developed countries, vendors transport and deliver
the water to users in tanker trucks. If large volumes are being transported, the addition
of chlorine to provide a free residual concentration of at least 0.5 mg/1 at the point of
delivery to users is desirable. Tankers should also be used solely for water or, if this is
not possible, should be thoroughly cleaned prior to use.

All components of systems associated with supplying and delivering vended
water need to be designed and operated in a manner that protects water quality. Water
storage containers, pipework and fittings should not include defects such as structural
faults that allow leakage and permit the entry of contaminants. Cleanliness of storage
containers, standpipes, taps and hoses needs to be maintained. Hoses used to transfer
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water at kiosks or used on carts and tanker trucks should be protected from contam-
ination (e.g. by preventing contact of the ends with the ground) and drained when
not in use. The area around standpipes should include drainage or be constructed in
a manner to prevent pooling of water. Materials used in all components, including
pipework, containers and hoses, need to be suitable for use in contact with drinking-
water and should not result in contamination of the water with hazardous chemicals
or with substances that could adversely affect its taste.

All components of water vending, including sources, methods of abstraction and
transport, should be incorporated into a WSP. Where vendors are registered or have
a contract with a water utility, implementation and operation of the WSP should be
regularly checked by the utility. WSPs and the operation of water vendors should also
be subject to independent surveillance.

6.4 Bulk water supply

Bulk water supplies can be either untreated or treated water, but usually there is lim-
ited or no choice in the provision of such supplies. They may be provided where one
agency or company controls a large raw water source, usually surface water, and pro-
vides water to one or several other water suppliers. Bulk water supplies can be deliv-
ered by pipeline or tanker or using ships or fleets of road or rail tankers.

In all cases, it is important that the bulk supply is incorporated into the WSP of
the receiving supply and treated as another source. Where bulk supplies of treated
water have been used to provide support during a drought or emergency; it is vital that
the receiving supplier takes steps to ensure that the water is safe before it is introduced
into the receiving distribution system. At all stages, it is important that there is close
communication between all parties involved and that the procedures and require-
ments are documented, understood and carried out with appropriate monitoring and
verification.

The potential hazards from bulk water are similar to those from any water supply,
but there are additional sources of contamination, such as inappropriate containers
and materials and lack of sanitation and hygiene at bulk water filling connections or
transfer points. Pipelines may be vulnerable to contamination along the transmis-
sion route, particularly if there is the potential for unapproved connections into the
system.

Many of the requirements for bulk supply are the same as for any piped supply,
such as using approved materials that will not adversely affect water quality. Where
tankers are used, these should be of a suitable material and be clean and free from
microbial and chemical contamination. To minimize contamination during filling of
bulk water containers or water tankers and charging of water transmission pipelines,
sanitary inspections and maintenance of sanitary conditions for water filling stations
are necessary. These sites should have proper drainage to avoid standing water and
flooding, should not be exposed to sources of contamination and should be secure,
with access restricted to authorized personnel. At water filling and delivery points,
nozzles and couplings should be protected from sources of contamination, including
animals. Installation of protective coverings for filling and receiving connectors would
help in this respect. Some plastic pipe materials are permeable to organic chemicals,
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and transfer of substances such as petroleum hydrocarbons could diminish the struc-
tural integrity of the pipe materials or render the water unpalatable to consumers.
Such piping is most likely to be found in transfer hoses, so the cleanliness of the trans-
fer points where tankers are used is vital, as is protection of the transfer area from spills
of petroleum fuels.

Implementation of security measures to guard against intentional contamination
and theft may also be warranted.

6.5 Desalination systems

Desalination is used to remove salts from brackish or saline surface water and ground-
water in order to render it acceptable for human consumption or other uses. It is
increasing employed to provide drinking-water because of a growing scarcity of
fresh water driven by population growth, overexploitation of water resources and cli-
mate change. Desalination facilities exist all over the world, particularly in the eastern
Mediterranean region, with use increasing on all continents. Small-scale desalination
is used to supply fresh water on ships and to provide additional fresh water in some
hot and arid regions.

These Guidelines are fully applicable to desalinated water supply systems; how-
ever, desalination presents certain differences in emphasis, as summarized below.

Desalinated water has a very low total organic carbon content and low disinfect-
ant demand, so disinfection by-products are generally of little concern, although bro-
minated organics may occur owing to the presence of bromide in seawater. Membrane
and distillation desalination processes are very efficient at removing higher molecular
weight organic chemicals and virtually all inorganic chemicals, and volatile organic
compounds are vented during thermal desalination processes. Where membranes are
used, boron and some smaller molecular weight organic substances may not be exclud-
ed, so it is important to establish the membrane capability. Because of the apparently
high effectiveness of some of the processes used (especially distillation and reverse os-
mosis) in removing both microorganisms and chemical constituents, these processes
may be employed as single-stage treatments or combined with only a low level of
residual disinfectant. For further information, see the supporting document Water
treatment and pathogen control (Annex 1). Pretreatment is largely in place to protect
the desalination process, but it will also remove certain hazards present in brackish or
saline waters.

Water produced by desalination is low in minerals and usually aggressive towards
materials with which it comes into contact, such as materials used for distribution pipes,
storage and plumbing. During post-treatment, the water must be stabilized or remin-
eralized prior to distribution to reduce its corrosive nature. Stabilization is commonly
achieved by adding chemical constituents such as calcium and magnesium carbonate
along with pH adjustment or through blending with small volumes of mineral-rich wat-
ers. Seawater and spent seawater that has undergone electrolysis to form hypochlorite
have been used for this purpose, but the latter practice has essentially ended because of
the formation of bromate in the distributed water. Blending waters should be pretreated
to ensure their microbial safety, because the post-desalination residual disinfectant level
may be insufficient to control pathogens present in the blending water.
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Desalinated water contains lower than usual concentrations of dissolved solids
and essential elements such as calcium and magnesium, which are commonly found
in water (see the supporting document Calcium and magnesium in drinking-water;
Annex 1). Drinking-water typically contributes a small proportion to the recom-
mended daily intake of essential elements, with most of the intake occurring through
food. Fluoride would also be missing from desalinated water unless it were added
prior to distribution, which may be considered by countries in which sugar consump-
tion is high (WHO, 2005b).

High temperatures of distributed water in warm climate areas and difficulty in
maintaining disinfectant residuals during transport over long distances may lead to
microbial aftergrowth, depending on nutrient availability. Although such growth is
likely to be without health significance (see the supporting document Heterotrophic
plate counts and drinking-water safety; Annex 1), it can contribute to problems of ac-
ceptability. The use of chloramines constitutes an advantageous alternative to free
chlorine in distribution systems with long residence times and elevated temperatures,
although nitrite formation by organisms in biofilms needs to be considered where
chloramination is practised and excess ammonia is present.

Extensive information on desalination for safe drinking-water supply is available
in the book Desalination technology: Health and environmental impacts (Cotruvo et al.,
2010) and the supporting document Safe drinking-water from desalination (Annex 1).

6.6 Dual piped water supply systems
In some locations, households and buildings served with a piped drinking-water sup-
ply may also receive piped water from an alternative source for non-potable purposes,
creating a dual piped water supply system. The alternative water source is usually pro-
vided to reduce the use of high-quality water resources for non-potable uses (e.g. toi-
lets, washing clothes, irrigation) or simply to conserve scarce water resources.
Non-potable piped supplies can potentially introduce health hazards, commonly
through accidental cross-connections between potable and non-potable piped sup-
plies. Measures to control health risks from dual piped supply systems include:

® use of good design practices that prevent cross-connections;

¢ unambiguous labelling of both systems to ensure that the non-potable supply is
not mistaken for the potable supply;
installation of the non-potable piped system only by qualified plumbers;
regulation of non-potable piped systems by the authority responsible for drink-
ing-water surveillance;

® public communication about the potential health risks from exposure to non-
potable water through cross-connections and the dangers of modifying systems
by inexperienced and non-certified individuals.

Increasingly in developed countries, dual systems are being installed at a house-
hold level or in public buildings. Guidance should be provided on installation, par-
ticularly where this is by non-certified individuals. Potable water supplied into the
building should be fitted with a non-return valve in order to prevent backflow into
the public water supply.
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6.7 Emergencies and disasters

Safe drinking-water is one of the most important public health requirements in most
emergencies and disasters, along with adequate sanitation. The greatest waterborne
risk to health comes from the transmission of faecal pathogens as a result of inadequate
sanitation, hygiene and protection of drinking-water sources. Some disasters, includ-
ing those caused by or involving damage to chemical or nuclear industrial installations,
spillage in transport or volcanic activity, may result in contamination by chemical or
radiological hazards of concern. The circumstances of most large-scale emergencies
will vary, and each will present its own peculiar problems and challenges.

Where a number of agencies are involved in disaster relief or overseeing an emer-
gency, it is vital that there is good communication between the agencies and coordina-
tion of their activities. It is also important that the overall coordinators take advice
from the experts in a particular field, such as water supply and sanitation. This sec-
tion considers primarily large-scale disasters and emergencies, although much of the
information will apply to smaller-scale emergencies as well. For microbiological and
chemical emergencies on a smaller scale in piped supplies, the relevant sections in
chapters 7 and 8 should be consulted.

When people are displaced by conflict and natural disaster, they may move to an
area where unprotected water sources are contaminated. When population density is
high and sanitation is inadequate, unprotected water sources in and around the tem-
porary settlement are highly likely to become contaminated. A displaced population
with low immunity due to malnutrition as a consequence of food shortages or the
burden of other diseases is at an increased risk of an outbreak of waterborne disease.

Emergency planning initiatives should include three phases:

1) vulnerability assessments (which should be part of a WSP for any large supply) to
identify the critical elements of the existing systems that, if comprom