
Guidelines for 
Drinking-water Quality

FOURTH EDITION 



WHO Library Cataloguing-in-Publication Data

http://www.who.int
mailto:bookorders@who.int
http://www.who.int/about/licensing/copyright_form/en/index.html
http://www.who.int/about/licensing/copyright_form/en/index.html


iii

Contents

Preface		  xv





v

CONTENTS

4.3.6 	 Quality assurance and quality control	 68
4.3.7 	 Verification of water safety plans	



vi

GUIDELINES FOR DRINKING-WATER QUALITY

6.14	



vii

CONTENTS

8.5	 Guideline values for individual chemicals, by source category	 176
8.5.1	 Naturally occurring chemicals	 176
8.5.2	



viii





x

GUIDELINES FOR DRINKING-WATER QUALITY

	 Heterotrophic plate counts	 297	



xi

CONTENTS

	 Cyanazine	 342
	 Cyanide	 342
	



xii

GUIDELINES FOR DRINKING-WATER QUALITY

	 Inorganic tin	 380
	 Iodine	 381
	 Iron	 381
	 Isoproturon	 382
	 Lead	 383
	 Lindane	 385
	 Malathion	 386
	 Manganese	 386
	 MCPA	 387
	 Mecoprop	 388
	



xiii

CONTENTS

	 Total dissolved solids 	 423
	 Trichloroacetic acid	 423
	





xv

Preface

A



GUIDELINES FOR DRINKING-WATER QUALITY

xvi

Chemical Safety providing input on chemical hazards and the Radiation and Environ-





xviii

Acknowledgements

T



xix

AcknowledgeMents

Dr E. Ohanian, Environmental Protection Agency, USA (Disinfectants and 
disinfection by-products)

Dr C.N. Ong, National University of Singapore, Singapore (Emerging chemical 













2

GUIDELINES FOR DRINKING-WATER QUALITY

under unsanitary conditions. Those who 
are generally at risk of waterborne illness 
may need to take additional steps to pro-
tect themselves against exposure to water-
borne pathogens, such as boiling their 
drinking-water. Safe drinking-water is 
required for all usual domestic purposes, 
including drinking, food preparation and personal hygiene. The Guidelines are ap-
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1. INTRODUCTION

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 
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Chemical disinfection of a drinking-water supply that is faecally contaminated will 
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1. INTRODUCTION
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1. INTRODUCTION





11

1. INTRODUCTION

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 
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1. INTRODUCTION
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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. 
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1. INTRODUCTION

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 
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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-
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1.3	 Supporting resources to the Guidelines 

1.3.1	 Published documents

http://www.who.int/water_sanitation_health/dwq/en/
http://www.who.int/water_sanitation_health/dwq/en/
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2
A conceptual framework for  

implementing03e Guidelines 
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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 


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 
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2. A ConCePtual fraMework for iMPleMenting tHe Guidelines

A guideline value represents the concentration of a constituent that does not 
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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;
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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 •	
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http://www.un.org/millenniumgoals/
http://www.un.org/millenniumgoals/
http://umn.edu/humanrts/gencomm/escgencom15.htm
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3. HEALTH-BASED TARGETS

 resources all contribute to drinking-water safety (Howard et al., 2002). Public health 
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3. HEALTH-BASED TARGETS

ance must be made for the incremental increase over levels found in water sources. 
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4
Water safety plans

T
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4. WATER SAFETY PLANS

It is recognized that it will not be possible to fully establish a WSP all at once, but 
the mapping of the system, the identifi cation 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 benefi t, thus optimizing resources and investment.
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An example of descriptors that can be used to rate the likelihood of occurrence 
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Resource and source protection provides the fi rst 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 
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Control of short-circuiting and prevention of stagnation in both storage and distri-
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4. WATER SAFETY PLANS

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

Improvement of the drinking-water system may encompass a wide range of 
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4. WATER SAFETY PLANS
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Faecal contamination will not be distributed evenly throughout a piped distribution 
system. In systems where water quality is good, this signifi cantly reduces the p robability 
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4. WATER SAFETY PLANS

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
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Incident response plans typically comprise: 

accountabilities and contact details for key personnel, often including several • 
o rganizations and individuals; 
lists of measurable indicators and limit values/conditions that would trigger • 
i ncidents, along with a scale of alert levels;
clear description of the actions required in response to alerts; • 
location and identity of the standard operating procedures and required • 
e quipment;
location of backup equipment; • 
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The success of general incident responses depends on the experience, judgement 
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collation of existing operational and management practices;• 
initial and, thereafter, periodic review and u pdating to continually i4c1413()-1vent practices;• 

• •  
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documentation of methods and procedures used; • 
records of employee training programmes.• 
By tracking records generated through operational monitoring and verifi cation, 

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 signifi cant incidents within the d rinking-• 
water supply, including notifi cation 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 • 
c omplaints in a timely fashion.

The right of consumers to health-related information on the water supplied to 
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5
Surveillance

Drinking-water sup-
ply surveillance is 

“the continuous and 
vigilant public health as-
sessment and review of 
the safety and accept-
ability of drinking-water 
supplies” (WHO, 1976). 
This surveillance contrib-
utes to the protection of 
public health by promot-
ing improvement of the 
quality, quantity, access-
ibility, coverage, afford-
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is little to be gained from surveillance of piped water supplies alone if these are avail-
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5. SURVEILLANCE
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5. SURVEILLANCE

5.4 Planning and implementation
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5. SURVEILLANCE

Advanced phase:• 
— Provide further or advanced training for staff involved in the programme.
— Establish routine surveillance for al
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5. SURVEILLANCE
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6. APPliCation of tHe Guidelines in
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6. APPliCation of tHe Guidelines in sPeCifiC CirCuMstanCes

water at kiosks or used on carts and tanker trucks should be protected from contam-
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and transfer of substances such as petroleum hydrocarbons could diminish the struc-
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6. APPliCation of tHe Guidelines in sPeCifiC CirCuMstanC



102

GUIDELINES FOR DRINKING-WATER QUALITY

Monitoring and reporting systems should be designed and managed to ensure 
that action is swiftly taken to protect health. Health information should also be mon-
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Temporary water supply systems can vary substantially in terms of their scale, per-
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Water quality and appearance should be routinely monitored at the service taps 
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quality of source water and the need for additional treatment;•	
design and construction of airport storage tanks and pipes;•	
design and construction of water servicing vehicles; •	
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6. APPliCation of tHe Guidelines in sPeCifiC CirCuMstanC

http://www.codexalimentarius.net/
http://www.codexalimentarius.net
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6.15 
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Infectious diseases caused by pathogenic 
bacteria, viruses, protozoa and helminths 



119

7. MICROBIAL ASPECTS

Table 7.1 Pathogens transmitted through drinking-water
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7. MICROBIAL ASPECTS
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symptoms can be longer lasting. However, 
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7. MICROBIAL ASPECTS

metric refl ects not only the effects of acute end-points (e.g. diarrhoeal illness) but also 
mortality and the effects of more serious end-points (e.g. Guillain-Barré syndrome as-
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Table 7.4 Linking tolerable disease burden and raw water quality for reference pathogens: 
example calculation

River water (human and 
livestock pollution) Units Cryptosporidium Campylobacter Rotavirusa

Raw water quality (C
R
) Organisms per litre 10 100 10

Treatment effect needed to 
reach tolerable risk (PT)

Log
10

 reduction value 5.89 5.98 5.96

Drinking-water quality (C
D
) Organisms per litre 1.3 × 10−5 1.05 × 10−4 1.1 × 10−5

Consumption of unheated 
drinking-water (V)

Litres per day 1 1 1
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Figure 7.2 illustrates the targets for treatment performance for a range of patho-
gens occurring in raw water. For example, 10 microorganisms per litre of raw water will 
lead to a performance target of 5.89 logs (or 99.999 87% reduction) for Cryptospor-
idium
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Figure 7.3  Performance targets for Cryptosporidium in relation to the daily consumption of 
unboiled drinking-water (to achieve 10−6 DALY per person per year)
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over a period of time, taking care to include consideration of seasonal variation and 
peak events such as storms. Direct measurement of pathogens and indicator organisms 
in the specifi
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However, there are a number of limitations and sources of uncertainty in these data, 
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in the document Preventing travellers’ diarrhoea: How to make drinking water safe 
(WHO, 2005).

  Disinfection of drinking-water with iodine, which is also a strong oxidant, is 
generally not recommended for extended use unless the residual concentrations 
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biodegradation. A household-scale fi lter with a biologically active surface layer 
that can be dosed intermittently with water has been developed.
Solar disinfection:•  There are a number of technologies using solar irradiation to 
disinfect water. Som28ia1ed.
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144

commercial single-use chemical products in the form of granules, powders or 
tablets containing a chemical coagulant, such as an iron or aluminium salt, and 
a disinfectant, such as chlorine. When added to water, these chemicals coagulate 
and fl
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Table 7.8 Reductions of bacteria, viruses and protozoa achieved by household water 
treatment technologies
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7. MICROBIAL ASPECTS

and other point-of-use and point-of-entry drinking-water supplies and their treat-
ment and storage technologies, just as they are for central systems (see sections 2.3 
and 5.2.3).

Non-piped water treatment technologies manufactured by or obtained from 
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7. MICROBIAL ASPECTS

However, increased attention has focused on the shortcomings of traditional indi-
cators, such as E. coli, as indicator organisms for enteric viruses and protozoa. Viruses 
and protozoa more resistant to conventional environmental conditions or treatment 
technologies, including fi ltration and disinfection, may be present in treated drinking-
water in the absence of E. coli
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s ources or to temporarily use alternative sources of drinking-water. It may be n ecessary 
to i ncrease disinfection at source, following treatment or during distribution.

If microbial quality cannot be maintained, it may be necessary to advise consum-
ers to boil the water during the emergency (see section 7.6.1). Initiating superchlor-
ination and undertaking immediate corrective measures may be preferable where the 
speed of response is suffi cient to prevent signifi cant quantities of contaminated water 
from reaching consumers.
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Provision of alternative supplies of drinking-water, such as bottled water or 
bulk water, should be considered when temporary boil water advisories are in place. 
The protocols should identify sources of alternative supplies and mechanisms for 
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8
Chemical aspects

Most chemicals aris-
ing in drinking- 

water are of health 
concern only after ex-



http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
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is a long list, and setting standards 
for, or including, all of them in 
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Categories may not always be clear-cut. The group of naturally occurring con-
taminants, for example, includes many inorganic chemicals that are found in drink-
ing-water as a consequence of release from rocks and soils by rainfall, some of which 
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phase of developing a water safety plan, a “health-based value” has been determined. 
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8. CHEMICAL  ASPECTS

Tolerable daily intakeThe TDI is an estimate of the amount of a substance in food and drinking-water, expressed on a body weight basis (milligram or microgram per kilogram of body weight), that can be ingested over a lifetime without appreciable health risk, and with a margin of safety.Acceptable daily intakes (ADIs) are established for food additives and pesticide residues that occur in food for necessary technological purposes or plant protection reasons. For chemical contaminants, which usually have no intended function in drinking-water, the term “tolerable daily intake” is more appropriate than “acceptable daily intake”, as it signi�es permissibility rather than acceptability.Over many years, the Joint Food and Agriculture Organization of the United Na-tions (FAO)/World Health Organization (WHO) Expert Committee on Food Addi-tives (JECFA) and the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) have 
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produces a small increase (e.g. 5% or 10%) in the level of adverse effects. The BMDL 
is derived on a quantitative basis using data from the entire dose–response curve for 
the critical effect rather than from a single dose at the NOAEL or LOAEL and accounts 
for the statistical power and quality of the data (IPCS, 2009). 

Uncertainty factors
The application of uncertainty or safety factors has been traditionally and successfully 
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http://www.who.int/ipcs/en
http://www.who.int/ipcs/en
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circumstances. Unless there is evidence to the contrary, it is appropriate to assume that 
the toxic effects of these compounds are additive. 

8.2.9	 Adapting guideline values to local circumstances
In order to account for the variations in exposure from different sources in differ-
ent parts of the world, default values, generally between 20% and 80%, are used to 
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The tables in Annex 5 
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The tables in Annex 5 are provided to help inform decisions regarding the ability 
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Changing disinfectants
It may be feasible to change disinfectant in order to achieve guideline values for DBPs. 
The extent to which this is possible will be dependent on the raw water quality and 
installed treatment (e.g. for precursor removal).

It may be ef may 
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Some commercial water treatment technologies are available for small applica-
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products containing the chemicals. In some cases, inappropriate handling and dis-
posal may lead to contamination (e.g. degreasing agents that are allowed to reach 
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agriculture are pesticides, although their presence will depend on many factors, and 
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Table 8.12 	
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(e.g. salts, coagulant polymer residues or monomers). Chloramine and chlorine dis-
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many countries do not have or operate such systems. Governments and other organiz-
ations should consider establishing or adapting additive management systems and set-
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Table 8.15 	
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Chemical Reason for not establishing a guideline value

Contaminants from pipes and fittings

Asbestos No consistent evidence that ingested asbestos is hazardous to 
health

Dialkyltins Available data inadequate to permit derivation of health-based 
guideline values for any of the dialkyltins

Fluoranthene
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In all circumstances, disinfection efficiency should not be compromised in try-
ing to meet guidelines for DBPs, including chlorination by-products, or in trying to 
reduce concentrations of these substances. 

Contaminants from storage and generation of hypochlorite solutions
Sodium hypochlorite solutions slowly decompose—more rapidly at warmer temper-
atures—to produce chlorate and chlorite ions. As the solution ages and the available 
chlorine concentration decreases, it is necessary to dose more product to achieve the 
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8.7 	� Identifying local actions in response to chemical water quality 



http://who.int/whopes/quality/en
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This section of the Guidelines can be used to assist evaluation of the risks 
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8. CHeMical

M

ICAL8. CH

8. CH

http://www.who.int/water_sanitation_health/dwq/chemicals/en/#V
http://www.who.int/water_sanitation_health/dwq/chemicals/en/#V
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Health-based values for use in emergencies
Health-based values for short-term exposures can be derived for any chemicals that 
are used in significant quantities and are frequently involved in an emergency as a 
consequence of spills, usually to surface water sources. JMPR has provided guidance 
on the setting of acute reference doses (ARfDs) for pesticides (Solecki et al., 2005). 
These ARfDs can be used as a basis for deriving short-term health-based values for 
pesticides in drinking-water, and the general guidance can also be applied to derive 
ARfDs for other chemicals.

The ARfD can be defined as the amount of a chemical, normally expressed on 
a body weight basis, that can be ingested in a period of 24 hours or less without ap-
preciable health risk to the consumer. Most of the scientific concepts applicable to the 
setting of ADIs or TDIs for chronic exposure apply equally to the setting of ARfDs. 
The toxicological end-points most relevant for a single or 1-day exposure should be 
selected. For ARfDs for pesticides, possible relevant end-points include haematotox-
icity (including methaemoglobin formation), immunotoxicity, acute neurotoxicity, 

http://www.who.int/ipcs/food/jmpr/en/index.html
http://www.who.int/ipcs/food/jmpr/en/index.html
http://www.epa.gov/waterscience/criteria/drinking/
http://www.epa.gov/waterscience/criteria/drinking
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risks associated with contamination of drinking-water stored in the household with 
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9
Radiological aspects

D
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Naturally occurring radionuclides in dr
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9. RADIOLOGICAL ASPECTS

9.2 Rationale for screening levels and guidance levels 
The current Guidelines are based on the approach proposed by the ICRP in situations 
of prolonged radiation exposure of the public. According to the ICRP, in planned ex-
posure situations (see Box 9.2), it is prudent to restrict the prolonged component of 
the individual dose to 0.1 mSv in any 



GUIDELINES FOR DRINKING-WATER QUALITY

208

In the second edition of the Guidelines, the IDC of 0.1 mSv/year was based on 
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9. RADIOLOGICAL ASPECTS

9.3.1 Screening of drinking-water supplies 
The process of identifying individual radionuclides in drinking-water and determin-
ing their concentration is time-consuming and expensive. Because, in most circum-
stances, the concentrations are low, such detailed analysis is normally not justifi ed 
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beta activity of potassium-40 is 27.9 Bq/g of stable potassium, which is the factor that 
should be used to calculate the beta activity due to potassium-40.

9.3.2 Strategy for assessing drinking-water if screening levels are exceeded
If either of the screening levels is exceeded, then the specifi c radionuclides should 
be identifi ed and their individual activity concentrations measured. This will allow 
the contribution from each radionuclide to the IDC to be calculated. If the following 
a dditive formula is satisfi ed, then no further action is required:

∑ ≤
i i

i

GL
C 1

where:

C
i  

=   the measured activity concentration of radionuclide i, and 
GL
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9. RADIOLOGICAL ASPECTS

Table 9.2 Guidance levels for commona
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9. RADIOLOGICAL ASPECTS



GUIDELINES FOR DRINKING-WATER QUALITY

216



217

9. RADIOLOGICAL ASPECTS

9.7.4 Measuring radon in drinking-water
There are diffi
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10
Acceptability aspects:

Taste, odour and appearance

T
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10. ACCEPTABILITY ASPECTS: TASTE, ODOUR AND APPEARANCE
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louse [Asellus aquaticus], snails, zebra mussel [Dreissena polymorpha], other bivalve 
molluscs and the bryozoan Plumatella sp.) or inhabit slimes (e.g. Nais spp., nematodes 
and the larvae of chironomids). In warm weather, slow sand fi lters can sometimes 
discharge the larvae of gnats (Chironomus and Culex spp.) into the water. In certain 
circumstances, these can reproduce parthenogenetically (i.e. asexual reproduction), 
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than 0.1 mg/l are achievable in many circumstances. Available evidence does not sup-
port the derivation of a health-based guideline value for aluminium in drinking-water 
(see sections 8.5.4 and 12.1). 

Ammonia
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10. ACCEPTABILITY ASPECTS: TASTE, ODOUR AND APPEARANCE

centration than a fully fl ushed sample. High concentrations can interfere with the 
intended domestic uses of the water. Staining of sanitary ware and laundry may occur 
at copper concentrations above 1 mg/l. At levels above 5 mg/l, copper also imparts a 
colour and an undesirable bitter taste to water. Although copper can give rise to taste, 
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noticeable in some groundwaters and in stagnant drinking-water in the distribution 
system, as a result of oxygen depletion and the subsequent reduction of sulfate by 
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 material. No health-based guideline value has been proposed for zinc in drinking-
water (see sections 8.5.4 and 

appeaen 1 Tmcn 1 ebeen7(oblemssee )
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Signifi cance in drinking-water
Despite frequent isolation of Aeromonas spp. from drinking-water, the body of 
 evidence does not provide signifi
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Routes of exposure
Infection with Bacillus
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infections occur in infancy and early childhood. The incubation period is usually 2–4 
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is truly the cause of these conditions remains unclear. The majority of H. pylori infec-
tions are initiated in childhood and without treatment are chronic. The infections are 
more prevalent in developing countries and are associated with overcrowded living 
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spp. consists of a large polysaccharide capsule that distinguishes the organisms from 
other members of the family. Approximately 60–80% of all Klebsiella
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General description
The genus Legionella
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into drinking-water systems should be considered as a possibility, and control meas-
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Human health effects
Leptospirosis occurs globally, affecting pe
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with recreational exposure to water contaminated with urine from infected animals. 
Outbreaks have also been associated with natural disasters involving fl
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Covert TC et al. (1999) Occurrence of nontuberculous mycobacteria
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the remaining non-typhoidal species/serovars. Symptoms of non-typhoidal gastro-
enteritis appear from 6 to 72 hours after ingestion of contaminated food or water. 
Diarrhoea lasts 3–5 days and is accompanied by fever and abdominal pain. Usually the 
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252General descriptionShigella spp. are Gram-negative , non-spore-for ming , non-motile, rod-like members of the family Enterobacter i aceae, which g row in the presence or absence of oxygen. Members of the genus have a complex antigenic patter n, and classiÞ  cation is based on their somatic O antigens, many of which are shared w ith other enter ic bacilli, includ-ing E. coli. There are four species: S. dys e nter iae,  exner i, S. boydii and S. sonne i
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 multiplication of S. aureus and the release of toxins. The consumption of foods con-
taining S. aureus toxins can lead to enterotoxin food poisoning within a few hours. 

Signifi cance in drinking-water
Although S. aureus
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fatality rates vary according to facilities and preparedness. As many as 60% of un-
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Yersinia
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Selected bibliography
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Human health effects
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considered important because they are exceptionally resistant to some water treat-
ment and disinfection processes, notably ultraviolet (UV) light irradiation. Human 
adenoviruses have been detected in drinking-water supplies that met accepted speci-
fi cations for treatment, disinfection and conventional indicator organisms. Within a 
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Source and occurrence
Infected individuals generally excrete large numbers of human astroviruses in faeces; 
hence, the viruses will be present in sewage. Human astroviruses have been detected 
in water sources and in drinking-water supplies. 

Routes of exposure
Human astroviruses are transmitted by the faecal–oral route. Person-to-person spread 
is considered the most common route of transmission, and clusters of cases are seen 
in child-care centres, paediatric wards, families, homes for the elderly and military 
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and possibly even differences in serotypes of the virus, whereas human HAV consists 
of only one clearly defi
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should also be protected from contamination during distribution. Owing to the like-
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 generally used for the disinfection of water and in some cases can be diffi cult to remove 
by fi ltration processes. Some of these organisms cause “emerging diseases”. In the last 
30 years, the most notable example of an emerging disease caused by a  protozoan 
pathogen is cryptosporidiosis. Other examples are diseases caused by microsporidia 
and Cyclospora
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Human health effects
Infections in humans are relatively rare, and most are asymptomatic. The trophozoites 
invade the mucosa and submucosa of the large intestine and destroy the host cells 
when multiplying. The multiplying parasites form nests and small abscesses that break 
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Routes of exposure
Cryptosporidium is transmitted by the faecal–oral route. The major route of infec-
tion is person-to-person contact. Other sources of infection include the consump-
tion of contaminated food and water and direct contact with infected farm animals 
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8–10 µm in diameter that are excreted in the faeces of infected individuals. 
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Source and occurrence
Giardia can multiply in a wide range of animal species and humans, which excrete 
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I. belli include prevention of source water contamination by human waste, followed 
by adequate treatment and disinfection and protection of water during distribution. 
Owing to the likely resistance of the oocysts to disinfectants, 
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Source and occurrence
The sources of microsporidia infecting humans are uncertain. Spores are likely to be 
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Joynson DHM (1999) Emerging parasitic infections in man. The Infectious Disease Review, 
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Signifi





285

11. MICROBIAL FACT SHEETS

Selected bibliography
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be ingested by many species of Cyclops (cyclopoid Copepoda, Crustacea). The larvae 
penetrate into the haemocoelom, moult twice and are infective to a new host in about 
2 weeks. If the Cyclops
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Routes of exposure 
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hosts. There are about 20 species of Schistosoma, and adult fl ukes are found in hu-
mans, other mammals and birds. Unlike other trematode species, Schistosoma has two 
distinct sexual forms. In the most important human schistosomes, adult fl ukes are 
12–20 mm in length and 0.3–0.6 mm in width; male fl ukes are shorter and thicker 
than the females. Adult worms of schistosomes reside in the mesenteric blood vessels 
of the defi nitive host. Once the worms mature, they mate, and the females produce 
eggs that are round or oval and vary in length from 50 to 200 µm. Depending on the 
infecting species, a large number of eggs released by the females reach either the intes-
tine or the bladder and are  excreted in faeces or urine, respectively. The eggs hatch in 
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11.5 Toxic cyanobacteria
Detailed information on toxic cyanobact
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conditions, including sunlight, high nutrient levels, low turbulence and warm weather, 
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 Filtration processes designed to remove enteric viruses or protozoa should also re-
move 
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Indicator value
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as simple, because the culture of host bacteria has to be in the logarithmic growth 
phase at a temperature above 30 °C to ensure that F-fi mbriae are present. Plaque 
assays using large petri dishes have been designed for the quantitative enumeration 
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group includes a substantially wider spectrum of phages, occurring in the faeces of 
humans and many animals. The numbers of these phages in sewage are generally sub-
stantially higher than those of B. fragilis HSP40 phages. 

Indicator value
Bacteroides
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in wastewater. However, the prevalence of individual members may vary to a large ex-
tent as a result of variations in rates of infection and excretion. Much higher numbers 
would be present during outbreaks. 

Application in practice
Practical methods are not yet available for the routine monitoring of water  supplies 
for a broad spectrum of enteric viruses. Viruses that are more readily detectable 
include members of the enterovirus, adenovirus and orthoreovirus groups. These 
 viruses occur in polluted environments in relatively high numbers and can be 
 detected by  reasonably practical and moderate-cost techniques based on cytopatho-
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12
Chemical fact sheets

http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
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Guideline value 0.0005 mg/l (0.5 µg/l)

Occurrence Concentrations up to a few micrograms per litre occasionally detected in 
tap water

Basis of guideline value 
derivation
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in maize and a number of other crops. It is lost from soil mainly through volatilization, 
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Additional comments
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Additional comments Aldrin and dieldrin are listed under the Stockholm Convention on 
Persistent Organic Pollutants. Hence, monitoring may occur in addition to 
that required by drinking-water guidelines.

Assessment date 2003

Principal references FAO/WHO (1995) 
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On the whole, the positive relationship between aluminium in drinking-water and AD 
[Alzheimer disease], which was demonstrated in several epidemiological studies, cannot 
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Several approaches are available for minimizing residual aluminium concen-
trations in treated water. These include use of optimum pH in the coagulation pro-
cess, avoiding excessive aluminium dosage, good mixing at the point of application 
of the coagulant, optimum paddle speeds for flocculation and efficient filtration of 
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Antimony
Elemental antimony forms very hard alloys with copper, lead and tin. Antimony com-
pounds have various therapeutic uses. Antimony is used in solders as a replacement 
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chronic oral uptake of potassium antimony tartrate may not be associated with an 
additional carcinogenic risk, as antimony after inhalation exposure was carcinogenic 
only in the lung but not in other organs and is known to cause direct lung damage fol-
lowing chronic inhalation as a consequence of overload with insoluble particulates. Al-
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Assessment date 2011

Principal references FAO/WHO (2011) 
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Atrazine and its metabolites 
Atrazine is a selective systemic herbicide of the chlorotriazine class, used for the control 
of annual broadleaf and grassy weeds. Atrazine and its chloro-s-triazine metabolites—
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NOAEL in humans 7.3 mg/l in the most sensitive epidemiological study conducted to date, 
in which there were no significant differences in blood pressure or in the 
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an ADI of 0–0.1 mg/kg body weight established by JMPR, based on haematological 
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females) of 4 mg/kg body weight per day, giving an ADI of 0–0.4 mg/kg body weight, 
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than 5.24 µg of cadmium per gram creatinine was not associated with an increased 
excretion of β
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Guideline value
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TDI1.4 µg/kg body weight, based on a NOAEL of0 1mg/kg body weight per day for hepatotoxic effects in a 12-week oral gavage study in rats,  
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Chloral hydrate is used as an intermediate in the production of insecticides, 
herbicides and hypnotic drugs. It has also been widely used as a sedative or hypnotic 
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Chlordane 
Chlordane (CAS No. 57-47-9) is a broad-spectrum insecticide that has been used since 
1947. Its use has recently been increasingly restricted in many countries, and it is now 
used mainly to destroy termites by subsurface injection into soil. Chlordane may be a 
low-level source of contamination of groundwater when applied by subsurface injec-
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The main source of human exposure to chloride is the addition of salt to food, and 
the intake from this source is usually greatly in excess of that from drinkinhY
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Limit of detection 0.1 µg/l by separation by reversed-phase HPLC followed by UV and 
electrochemical detection

Treatment performance 0.1 µg/l shoul
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Assessment date 2003

Principal references FAO/WHO (2000) Pesticide residues in food—1999 evaluations 

WHO (2003) Chlorpyrifos in drinking-water 

JMPR concluded that chlorpyrifos is unlikely to pose a carcinogenic risk to hu-
mans. Chlorpyrifos was not genotoxic in an adequate range of studies in vitro and 
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response. The data on the gastrointestinal effects of copper must be used with cau-
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Reason for not establishing 
a guideline value

Occurs in drinking-water at concentrations well below those of health 
concern, except in emergency situations following a spill to a water source
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Prevention and treatment Actions to decrease the probability of bloom occurrence include 
catchment and source water management, such as reducing nutrient 
loading or changing reservoir stratification and mixing. Treatment 
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Epidemiological studies have suggested an association between exposure to 
chlorophenoxy herbicides, including 2,4-D, and two forms of cancer in humans: soft 
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Chlorophenoxy herbicides, as a group, have been classified in Group 2B (pos-
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Assessment date 2003

Principal references FAO/WHO (2001) Pesticide residues in food—2000 evaluations

WHO (2003) DDT and its derivatives in drinking-water
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Guideline value 0.001 mg/l (1 µg/l)

Occurrence Limited survey found levels of up to a few micrograms per litre in drinking‑ 
water

Basis of guideline value 
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Treatment performance 0.1 µg/l should be achievable using GAC

Assessment date 2003

Principal references IPCS (1995) 
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Assessment date 2004

Principal reference WHO (2005) Dichloroacetic acid in drinking-water 

IARC reclassified DCA as Group 2B (possibly carcinogenic to humans) in 2002, 
based on the absence of data on human carcinogenicity and sufficient evidence of its 
carcinogenicity in experimental animals. This classification was based primarily on 
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In view of the very limited database on toxicity and carcinogenicity, it was 
concluded that no guideline value should be proposed.

1,2-Dichloroethane
1,2-Dichloroethane is used mainly as an intermediate in the production of vinyl chlor-
ide and other chemicals and to a lesser extent as a solvent. It was used as a scavenger 
for tetraethyl lead in gasoline. It may enter surface waters via effluents from industries 
that manufacture or use the substance. It may also enter groundwater, where it may 
persist for long periods, following disposal in waste sites. It is found in urban air.
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Reason for not establishing 
a guideline value

Occurs in drinking-water at concentrations well below those of health 
concern

Assessment date 2004

Principal references IPCS (2003) 1,1-Dichloroethene (vinylidene chloride)

WHO (2005) 
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3-month study, and effects in a 2-year study included hepatocellular swelling, mild 
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Assessment date 2003

Principal references
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Additional comments Similar guideline values were derived using the TDI approach (assuming 
1,4-dioxane is not genotoxic in humans at low doses) and linear 
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where it is manufactured or formulated, as well as in surface water and groundwater 
samples collected from hazardous waste sites in the USA. Surface water samples in the 
USA generally contain less than 1 µg/l. The main source of exposure of the general 
population is food, but residues have generally been found to be well below the FAO/
WHO maximum residue limits. Another important route of exposure to endosulfan 
for the general population is the use of tobacco products.

Reason for not establishing 
a guideline value

Occurs in drinking-water at concentrations well below those of health 
concern

Assessment date 2003

Principal references FAO/WHO (1999) Pesticide residues in food—1998 evaluations 
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Additional comments Endrin is listed under the Stockholm Convention on Persistent Organic 
Pollutants. Hence, monitoring may occur in addition to that required by 
drinking-water guidelines.

Assessment date 2003

Principal references FAO/WHO (1995) Pesticide residues in food—1994 evaluations

IPCS (1992) Endrin 

WHO (2003) Endrin in drinking-water 

Toxicological data are insufficient to indicate whether endrin is a carcinogenic 
hazard to humans. The primary site of action of endrin is the central nervous system. 

Epichlorohydrin
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used for the control of flies, mosquitoes and cockroaches in public health programmes 
and indoor use. Fenitrothion is stable in water only in the absence of sunlight or 
microbial contamination. In soil, biodegradation is the primary route of degrada-
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fluorosis. The value is higher than that recommended for artificial fluoridation of 
water supplies, which is usually 0.5–1.0 mg/l.

In setting national standards or local guidelines for fluoride or in evaluating the 
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Halogenated acetonitriles (dichloroacetonitrile, dibromoacetonitrile,  
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No increased incidence of tumours was observed in long-term carcinogenicity 
studies conducted in mice and rats fed tin(II) chloride. Tin has not been shown to be 
teratogenic or fetotoxic in mice, rats or hamsters. In rats, the NOAEL in a long-term 
feeding study was 20 mg/kg body weight per day.

The main adverse effect on humans of excessive levels of tin in canned beverages 
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Limit of detection
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Lindane 
Lindane (G-hexachlorocyclohexane; G-HCH) (CAS No. 58-89-9) is used as an insecti-
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enhancer in petrol in North America. Manganese greensands are used in some loca-
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Guideline value 0.006 mg/l (6 µg/l)

Occurrence Concentrations in water rarely exceed 1 µg/l

TDI
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of non-resistant material in wells or of water that has come into contact with nickel- 
or chromium-plated taps, the nickel contribution from water may be significant.

Guideline value 0.07 mg/l (70 µg/l)

Occurrence Concentration in drinking-water normally less than 0.02 mg/l, although 
nickel released from taps and fittings may contribute up to 1 mg/l; in 
special cases of release from natural or industrial nickel deposits in the 
ground, concentrations in drinking-water may be higher
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Nitrate and nitrite1
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compounds and in gastric physiology. Higher mean levels of N-nitroso compounds, 
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There is conclusive evidence that NDMA is a potent carcinogen in experimental 
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Reason for not establishing 
a guideline value
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roasting, frying or baking. For the general population, the major routes of exposure 
to PAHs are from food and ambient and indoor air. The use of open fires for heat-
ing and cooking, which is common especially in developing countries, may increase 
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When high-risk individuals have been advised by a physician to avoid elevated 
potassium intake from water, the recommended strategy is to limit the addition of 
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Basis of guideline value 
derivation

An allocation of 20% of the upper tolerable intake of 400 µg/day to 
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Assessment date 2007

Principal references FAO/WHO (2004) Evaluation of certain food additives and contaminants 

WHO (2008) 
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Guideline value 0.009 mg/l (9 µg/l)

Occurrence
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12. CHEMICAL FACT SHEETS

Limit of detection 0.1 µg/l by HPLC with UV detection

TmSHEE4(tmenE4(t pec)(er)-L)3formanc(mSHon)]TJ
11.733 0 Td
[(0.1 µg/should/l c)(e achie)2(v)14(able using GACT)1Con
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12. CHEMICAL FACT SHEETS

and mice, there is no evidence for carcinogenicity of toluene. Genotoxicity tests in 
vitro were negative, whereas in vivo assays showed conflicting results with respect to 
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Treatment performance Concentrations may be reduced by installing or optimizing coagulation 
to remove precursors or by controlling the pH during chlorination.

Guideline value derivation

allocation to waterv�
weightv�
consumptionv�
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12. CHEMICAL FACT SHEETS

found mainly in the atmosphere, although it is mobile in soils and readily migrates 
to groundwaters. 1,1,1-Trichloroethane has been found in only a small proportion of 
surface waters and groundwaters, usually at concentrations of less than 20 µg/l; higher 
concentrations (up to 150 µg/l) have been observed in a few instances. There appears 
to be increasing exposure to 1,1,1-trichloroethane from other sources.

Reason for not establishing 
a guideline value

Occur in drinking-water at concentrations well below those of health 
concern

Assessment date 2003

Principal reference WHO (2003) 1,1,1-Trichloroethane in drinking-water
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Limit of detection
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12. CHEMICAL FACT SHEETS

Guideline value derivation

v  consumption 2 litres/day

Additional comments Where supplies exceed 30 µg/l, it is important that precipitate action be 
avoided. Consideration should first be given to exposure from all sources 
and the availability of alternative safe sources. 

Only chemical, not radiological, aspects of uranium toxicity have been 
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Guideline value 0.0003 mg/l (0.3 µg/l) 

Occurrence
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recent studies on humans, the derivation of a formal guideline value is not required at 
this time. However, drinking-water containing zinc at levels above 3 mg/l may not be 
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The ADI determined by JMPR in 2001 was 0–0.02 mg/kg body weight. The maximum 
dosage in drinking-water of 0.25 mg/l would be equivalent to approximately 40% 
of the upper limit of the ADI allocated to drinking-water for a 60 kg adult drinking 
2 litres of water per day. For a 10 kg child drinking 1 litre of water, the exposure would 
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Permethrin 
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insufficiently robust to serve as the basis for establishing an ADI, for the purposes 
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A discussion paper on the concepts and methodology of disability-adjusted life years (DALYs) 
as a common public health metric and its usefulness for drinking-water quality.

http://www.who.int/entity/water_sanitation_health/dwq/rivmrep.pdf

Rapid assessment of drinking-water quality: A handbook for implementation

http://www.who.int/entity/water_sanitation_health/dwq/rivmrep.pdf
http://www.who.int/entity/water_sanitation_health
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Chemical Reason for not establishing a guideline value

Spinosad Not considered appropriate to set guideline values for pesticides 
used for vector control in drinking-water

Sulfate Not of health concern at levels found in drinking-watera

Temephos Not considered appropriate to set guideline values for pesticides 
used for vector control in drinking-water

Total dissolved solids Not of health concern at levels found in drinking-watera

Trichloramine Available data inadequate to permit derivation of health-based 
guideline value

Trichloroacetonitrile Available data inadequate to permit derivation of health-based 
guideline value

Trichlorobenzenes (total) Occur in drinking-water at concentrations well below those of 
health concern, and health-based value would exceed lowest 
reported odour threshold

1,1,1-Trichloroethane Occurs in drinking-water at concentrations well below those of 
health concern

Zinc Not of health concern at levels found in drinking-watera

a
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 24

Guideline value 
Chemical  mg/l µg/l Remarks 
Simazine 0.002 2  

50 50 000 As sodium dichloroisocyanurate Sodium 
dichloroisocyanurate 40 40 000 As cyanuric acid 
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Analytical methods and achievability

A4.1 Analytical methods
In volumetric titration, chemicals are analysed by titration with a standardized titrant. 
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eluant, anions are converted to weakly conductive carbonic acid. The separated acid 
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Treatment methods and performance

A5.1  Treatment methods

A5.1.1  Chlorination
Chlorination can be achieved by using liquefied chlorine gas, sodium hypochlorite 
solution or calcium hypochlorite granules and on-site chlorine generators. Lique-
fied chlorine gas is supplied in pressurized containers. The gas is withdrawn from the 
cylinder and dosed into water by a chlorinator, which both controls and measures the 
gas flow rate. Sodium hypochlorite solution is dosed using a positive-displacement 
electric dosing pump or gravity feed system. Calcium hypochlorite has to be dissolved 
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volume treated would be much lower than the dose of PAC required to achieve the 
GAC is used for taste and odour control. It is normally used in fixed beds, either 

in purpose-built adsorbers for chemicals or in existing filter shells by replacement of -
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A5.1.9  Membrane processes
The membrane processes of most significance in water treatment are reverse osmosis, 
ultrafiltration, microfiltration and nanofiltration. These processes have traditionally 
been applied to the production of water for industrial or pharmaceutical applications, 
but are now being applied to the treatment of drinking-water. 

High-pressure processes
If two solutions are separated by a semipermeable membrane (i.e. a membrane that 
allows the passage of the solvent but not of the solute), the solvent will naturally pass 
from the lower-concentration solution to the higher-concentration solution. This 
process is known as osmosis. It is possible, however, to force the flow of solvent in the 
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the range 6.8–7.3, hardness and alkalinity to at least 40 mg/l (as calcium carbonate), 
oversaturation with calcium carbonate of 4–10 mg/l and a ratio of alkalinity to chlor-
ide plus sulfate of at least 5 (when both are expressed as calcium carbonate).
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Table A6.1  (continued)
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A6.2  References for further information about radionuclides 
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http://www.nsf.org/consumer/drinking_water/dw_contaminant_guide.asp?program=WaterTre
http://www.nsf.org/consumer/drinking_water/dw_contaminant_guide.asp?program=WaterTre
http://www.nsf.org/consumer/drinking_water/dw_contaminant_protocols.asp
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USEPA (1980) 

http://www.epa.gov/ogwdw/methods/pdfs/methods/methods_radionuclides.pdf
http://www.epa.gov/ogwdw/methods/pdfs/methods/methods_radionuclides.pdf
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This annex lists the names of those who have contributed to the development of 
the fourth edition of the Guidelines for drinking-water quality, through participa-

tion at relevant meetings, through authorship or peer review of text in the Guidelines 
themselves or its supporting documents or through provision of intellectual advice. 

http://www.who.int/entity/water_sanitation_health/dwq/GDWAN2rev1and2.pdf
http://www.who.int/entity/water_sanitation_health/dwq/GDWAN2rev1and2.pdf
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 screening levels  207–208, 209
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Sand filters



538

GUIDELINES FOR DRINKING-WATER QUALITY

Spinosad  191, 193, 





540

GUIDELINES FOR DRINKING-WATER QUALITY

Trichloroacetic acid (trichloroacetate)  
423–424

 analysis  483
 guideline value  188, 423, 475
Trichloroacetonitrile  186, 375–376, 472
Trichlorobenzenes (TCBs)  179, 424, 472
 acceptable levels  224
1,1,1-Trichloroethane  179, 424–425, 472
Trichloroethene  425–426
 analysis  480
 guideline value  180, 425, 475
 treatment performance  496
Trichloronitromethane see Chloropicrin
2,4,6-Trichlorophenol  337–338
 acceptable level  224
 analysis  483
 guideline value  188, 337, 475
2,4,5-Trichlorophenoxy acetic acid see
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