ANNEX 1
Supporting documentation to the
Guidelines

he Guidelines for drinking-water quality are accompanied by separate texts that

provide background information substantiating the derivation of the Guidelines
and providing guidance on good practice towards effective implementation. These
are available as published texts, through the Internet (http://www.who.int/water_
sanitation_health/dwq/en/) and on CD-ROM. These can be ordered at http://www.
who.int/bookorders.

Published supporting documents

Assessing microbial safety of drinking water: Improving approaches and methods
Edited by A. Dufour et al.
Published in 2003 by IWA Publishing on behalf of the World Health Organization and the
Organisation for Economic Co-operation and Development
A state-of-the-art review of approaches and methods used in assessing the microbial safety
of drinking-water.
http://www.who.int/entity/water_sanitation_health/dwq/9241546301full.pdf

Calcium and magnesium in drinking-water: Public health significance
Edited by J. Cotruvo and J. Bartram
Published in 2009 by the World Health Organization
A review of the contribution of drinking-water to total daily intake of calcium and magne-
sium, and an assessment of possible health benefits, including reducing cardiovascular
disease mortality and osteoporosis.
http://whglibdoc.who.int/publications/2009/9789241563550_eng.pdf

Chemical safety of drinking-water: Assessing priorities for risk management
T. Thompson et al.
Published in 2007 by the World Health Organization
A tool to assist in undertaking a systematic assessment of water supply systems to priori-
tize, control or eliminate chemicals in drinking-water.
http://whglibdoc.who.int/publications/2007/9789241546768_eng.pdf
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Domestic water quantity, service level and health
G. Howard and J. Bartram
Published in 2003 by the World Health Organization
Requirements for water for health-related purposes to determine acceptable minimum
needs for consumption (hydration and food preparation) and basic hygiene.
http://www.who.int/water_sanitation_health/diseases/WSH03.02.pdf

Evaluating household water treatment options: Health-based targets and microbiological perform-
ance specifications
J. Brown and M. Sobsey
Published in 2011 by the World Health Organization
Establishes health-based targets and testing protocols for point-of-use water treatment ap-
proaches, including to inform development of country certification programmes.
http://www.who.int/water_sanitation_health/publications/en/

Evaluation of the H,S method for detection of fecal contamination of drinking water
M. Sobsey and F. Pfaender
Published in 2002 by the World Health Organization
The scientific basis, validity, available data and other information concerning the use of
“H,S tests” as measures or indicators of faecal contamination in drinking-water.
http://www.who.int/entity/water_sanitation_health/dwq/WSH02.08.pdf

Fluoride in drinking-water
J.K. Fawell et al.
Published in 2006 by IWA Publishing on behalf of the World Health Organization
Provides information on the occurrence of fluoride in drinking-water, its health effects, ways
of reducing excess levels and methods for analysis of fluoride in water.
http://www.who.int/water_sanitation_health/publications/fluoride_drinking_water_full.
pdf

Guide to hygiene and sanitation in aviation, 3rd edition. Module 1: Water; Module 2: Cleaning and
disinfection of facilities
Published in 2009 by the World Health Organization
Addresses water and cleaning and disinfection of facilities with the ultimate goal of as-
sisting all types of airport and aircraft operators and other responsible bodies in achiev-
ing high standards of hygiene and sanitation, to protect travellers.
http://www.who.int/water_sanitation_health/hygiene/ships/guide_hygiene_sanitation_
aviation_3_edition.pdf

Guide to ship sanitation, 3rd edition
Published in 2011 by the World Health Organization
Presents the public health significance of ships in terms of disease and highlights the im-
portance of applying appropriate control measures.
http://www.who.int/water_sanitation_health/publications/en/index.html

Hazard characterization for pathogens in food and water: Guidelines
Published in 2003 by the Food and Agriculture Organization of the United Nations and the
World Health Organization
A practical framework and structured approach for the characterization of microbial haz-
ards in food and water, to assist governmental and research scientists.
http://whglibdoc.who.int/publications/2003/9241562374.pdf
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Health aspects of plumbing
Published in 2006 by the World Health Organization and the World Plumbing Council
A description of the processes involved in the design, installation and maintenance of ef-
fective plumbing systems and consideration of the microbial, chemical, physical and
financial concerns associated with plumbing.
http://www.who.int/water_sanitation_health/publications/plumbinghealthasp.pdf

Heterotrophic plate counts and drinking-water safety: The significance of HPCs for water quality
and human health
Edited by J. Bartram et al.
Published in 2003 by IWA Publishing on behalf of the World Health Organization
Assessment of the role of the heterotrophic plate count measurement in drinking-water
safety management.
http://www.who.int/entity/water_sanitation_health/dwq/HPCFull.pdf

Legionella and the prevention of legionellosis

Edited by J. Bartram et al.

Published in 2007 by the World Health Organization

An overview of the sources, ecology and laboratory detection of Legionella bacteria, risk
assessment and risk management of susceptible environments, the necessary measures
to prevent or adequately control the risks and the policies and practices for outbreak
management.

http://www.who.int/water_sanitation_health/emerging/legionella.pdf

Managing water in the home: Accelerated health gains from improved water supply
M. Sobsey
Published in 2002 by the World Health Organization
A review of the various methods and systems for household water collection, treatment
and storage.
http://www.who.int/water_sanitation_health/dwq/WSH02.07.pdf

Pathogenic mycobacteria in water: A guide to public health consequences, monitoring and manage-
ment
Edited by J. Bartram et al.
Published in 2004 by IWA Publishing on behalf of the World Health Organization
A description of the distribution, routes of transmission and infection, and guidance on
the control of pathogenic environmental mycobacteria in water and other parts of the
environment.
http://www.who.int/water_sanitation_health/emerging/pathmycobact/en/

Protecting groundwater for health: Managing the quality of drinking-water sources
Edited by O. Schmoll et al.
Published in 2006 by the World Health Organization
An analysis of the hazards to groundwater quality and the risk they may present to a specif-
ic supply. This is a tool for developing strategies to protect groundwater for health by
managing the quality of drinking-water sources.
http://www.who.int/water_sanitation_health/publications/protecting_groundwater/en/

Quantifying public health risk in the WHO Guidelines for drinking-water quality: A burden of
disease approach
A.H. Havelaar and J.M. Melse
Published in 2003 by the National Institute for Public Health and the Environment of the
Netherlands
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A discussion paper on the concepts and methodology of disability-adjusted life years (DALY's)
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
Published in 2011 by the World Health Organization and the United Nations Children’s
Fund
A practical guide to rapidly monitor water quality and safety, incorporating statistical
methods, sanitary survey, and field approaches.
http://www.who.int/entity/water_sanitation_health and http://www.wssinfo.org

Review of latest available evidence on potential transmission of avian influenza (H5N1) through
water and sewage and ways to reduce the risks to human health
Published in 2006 by the World Health Organization
A summary of the latest available studies and findings on avian influenza (H5N1) per-
taining to water resources, water supplies, sanitation (human excreta, sewerage systems
and health-care waste) and hygiene.
http://www.who.int/water_sanitation_health/emerging/h5n1background.pdf

Risk assessment of Cryptosporidium in drinking water

G. Medema et al.

Published in 2009 by the World Health Organization

A text supporting the Guidelines for drinking-water quality by providing further data on
Cryptosporidium to assist country authorities in setting health-based targets and water
suppliers in determining required performance of water treatment processes as part of
a system-specific water safety plan.

http://whglibdoc.who.int/hq/2009/WHO_HSE_WSH_09.04_eng.pdf

Safe drinking-water from desalination
Published in 2011 by the World Health Organization
Highlights the principal health risks related to different desalination processes and pro-
vides guidance on appropriate risk assessment and risk management procedures in
order to ensure the safety of desalinated drinking-water.
http://www.who.int/water_sanitation_health/publications/en/index.html

Safe piped water: Managing microbial water quality in piped distribution systems
Edited by R. Ainsworth
Published in 2004 by IWA Publishing on behalf of the World Health Organization
A report on microbial contaminants and growth of microorganisms in distribution net-
works and the practices that contribute to ensuring drinking-water safety in piped
distribution systems.
http://www.who.int/entity/water_sanitation_health/dwq/en/safepipedwater.pdf

Scaling up household water treatment among low-income populations

T. Clasen

Published in 2009 by the World Health Organization

Examines the evidence to date regarding the scalability of household water treatment sys-
tems. Its primary aims are to review the development and evolution of leading house-
hold water treatment technologies in their efforts to achieve scale, identify the main
constraints that they have encountered and recommend ways forward.

http://whglibdoc.who.int/hq/2009/WHO_HSE_WSH_09.02_eng.pdf
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Toxic cyanobacteria in water: A guide to their public health consequences, monitoring and manage-
ment
Edited by I. Chorus and J. Bartram
Published in 1999 by E & FN Spon on behalf of the World Health Organization
A report on all aspects of risk management, detailing the information needed for pro-
tecting drinking-water sources and recreational water bodies from the health hazards
caused by cyanobacteria and their toxins.
http://www.who.int/entity/water_sanitation_health/resourcesquality/toxcyanobacteria.
pdf

Upgrading water treatment plants
E.G. Wagner and R.G. Pinheiro
Published in 2001 by Spon Press on behalf of the World Health Organization
A practical guide to improving the performance of water treatment plants.
http://www.who.int/water_sanitation_health/hygiene/om/treatplants/en/

Water quality—Guidelines, standards and health: Assessment of risk and risk management for
water-related infectious disease
Edited by L. Fewtrell and J. Bartram
Published in 2001 by IWA Publishing on behalf of the World Health Organization
Guidance on issues relating to microbial water quality and health, including environment-
al and public health scientists, water scientists, policy-makers and those responsible for
developing standards and regulations.
http://www.who.int/water_sanitation_health/dwq/whoiwa/en/index.html

Water safety in buildings

Edited by D. Cunliffe et al.

Provides guidance for managing water supplies in buildings (e.g. hospitals, schools, care
facilities, hotels) where people may drink water; use water for food preparation; wash,
shower, swim or use water for other recreational activities; or be exposed to aerosols
produced by water-using devices, such as cooling towers.

http://www.who.int/water_sanitation_health/publications/2011/9789241548106/en/
index.html

Water safety plan manual: Step-by-step risk management for drinking-water suppliers
J. Bartram et al.
Published in 2009 by the World Health Organization
Guidance on developing and implementing a water safety plan through 11 learning mod-
ules, each representing a key step in the water safety plan development and implemen-
tation process.
http://whglibdoc.who.int/publications/2009/9789241562638_eng.pdf

Water safety planning for small community water supplies
Published in 2011 by the World Health Organization
Step-by-step guidance for the planning, design and implementation of water safety plans
by and for rural and remote communities, including communities with piped schemes,
those served by point sources and community-wide water supply services using various
technical options.
http://www.who.int/water_sanitation_health/publications/en/index.html

Water safety plans: Managing drinking-water quality from catchment to consumer
A. Davison et al.
Published in 2005 by the World Health Organization

447


http://www.who.int/entity/water_sanitation_health/resourcesquality/toxcyanobacteria.pdf
http://www.who.int/entity/water_sanitation_health/resourcesquality/toxcyanobacteria.pdf
http://www.who.int/water_sanitation_health/publications/2011/9789241548106/en/index.html
http://www.who.int/water_sanitation_health/publications/2011/9789241548106/en/index.html
http://www.who.int/water_sanitation_health/hygiene/om/treatplants/en
http://www.who.int/water_sanitation_health/dwq/whoiwa/en/index.html
http://whqlibdoc.who.int/publications/2009/9789241562638_eng.pdf
http://www.who.int/water_sanitation_health/publications/en/index.html

GUIDELINES FOR DRINKING-WATER QUALITY

Guidance on improved strategies for the preventive management, control and monitoring
of drinking-water quality.
http://www.who.int/entity/water_sanitation_health/dwq/wsp170805.pdf

Water treatment and pathogen control: Process efficiency in achieving safe drinking-water
M.W. LeChevallier and K.K. Au
Published in 2004 by IWA Publishing on behalf of the World Health Organization
A critical analysis of the removal and inactivation of pathogenic microbes in water to aid
the water quality specialist and design engineer in making decisions regarding microb-
ial water quality.
http://www.who.int/entity/water_sanitation_health/dwq/en/watreatpath.pdf

Waterborne zoonoses: Identification, causes and control
Edited by J.A. Cotruvo et al.
Published in 2004 by IWA Publishing on behalf of the World Health Organization
An invaluable tool for all professionals concerned with assessing and managing water-
borne zoonoses, which are diseases caused by microorganisms of animal origin that
also infect humans.
http://www.who.int/entity/water_sanitation_health/diseases/zoonoses.pdf
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ANNEX 3

Chemical summary tables

Table A3.1 Chemicals excluded from guideline value derivation

Chemical

Reason for exclusion

Amitraz

Chlorobenzilate
Chlorothalonil
Cypermethrin
Deltamethrin
Diazinon

Dinoseb

Ethylene thiourea
Fenamiphos
Formothion

Hexachlorocyclohexanes
(mixed isomers)

MCPB?
Methamidophos
Methomyl

Mirex
Monocrotophos

Oxamyl

Phorate
Propoxur
Pyridate
Quintozene
Toxaphene
Triazophos
Tributyltin oxide
Trichlorfon

Degrades rapidly in the environment and is not expected to
occur at measurable concentrations in drinking-water supplies

Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water

Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water

Has been withdrawn from use in many countries and is unlikely
to occur in drinking-water

Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Not persistent and only rarely found in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water
Unlikely to occur in drinking-water

2 4-(4-chloro-o-tolyloxy)butyric acid.
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Table A3.2 Chemicals for which guideline values have not been established

Chemical Reason for not establishing a guideline value

Aluminium A health-based value of 0.9 mg/I could be derived, but this
value exceeds practicable levels based on optimization of the
coagulation process in drinking-water plants using aluminium-
based coagulants:0.1 mg/l or less in large water treatment
facilities and 0.2 mg/I or less in small facilities

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

Asbestos No consistent evidence that ingested asbestos is hazardous to
health

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

Beryllium Rarely found in drinking-water at concentrations of health
concern

Bromide Occurs in drinking-water at concentrations well below those of

Bromochloroacetate

Bromochloroacetonitrile

Bacillus thuringiensis israelensis

(Bti)
Carbaryl

Chloral hydrate

Chloride

Chlorine dioxide

Chloroacetones

2-Chlorophenol

Chloropicrin

Cyanide

Cyanogen chloride

Dialkyltins

Dibromoacetate

health concern

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

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

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

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

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

Not of health concern at levels found in drinking-water®

Rapidly breaks down to chlorite, and chlorite provisional guideline
value is adequately protective for potential toxicity from chlorine
dioxide

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

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

Available data inadequate to permit derivation of health-based
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

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

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

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

Reason for not establishing a guideline value

Dichloramine
1,3-Dichlorobenzene
1,1-Dichloroethane
1,1-Dichloroethene
2,4-Dichlorophenol
1,3-Dichloropropane
Di(2-ethylhexyl)adipate
Diflubenzuron

Diquat

Endosulfan

Fenitrothion

Fluoranthene
Formaldehyde

Glyphosate and AMPAP
Hardness

Heptachlor and heptachlor
epoxide

Hexachlorobenzene

Hydrogen sulfide

Inorganic tin

lodine

Iron

Malathion

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

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

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

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

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

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

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

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

May be used as an aquatic herbicide for the control of free-
floating and submerged aquatic weeds in ponds, lakes and
irrigation ditches, but rarely found in drinking-water

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

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

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

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

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

Not of health concern at levels found in drinking-water?

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

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

Not of health concern at levels found in drinking-water®

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

Available data inadequate to permit derivation of health-based
guideline value, and lifetime exposure to iodine through water
disinfection is unlikely

Not of health concern at levels causing acceptability problems in
drinking-water®

Occurs in drinking-water at concentrations well below those of
health concern
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Table A3.2 (continued)

Chemical Reason for not establishing a guideline value

Manganese Not of health concern at levels causing acceptability problems in
drinking-water®

Methoprene Not considered appropriate to set guideline values for pesticides

Methyl parathion

Methyl tertiary-butyl ether
(MTBE)

Molybdenum

Monobromoacetate

Monochlorobenzene

MX

Nitrobenzene

Novaluron

Parathion

Permethrin

Petroleum products

pH

2-Phenylphenol and its sodium
salt

Pirimiphos-methyl

Potassium

Propanil

Pyriproxyfen
Silver

Sodium

used for vector control in drinking-water

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

Any guideline that would be derived would be significantly higher
than concentrations at which MTBE would be detected by odour

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

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

Occurs in drinking-water at concentrations well below those of
health concern, and health-based value would far exceed lowest
reported taste and odour threshold

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

Rarely found in drinking-water at concentrations of health
concern

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

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

Not recommended for direct addition to drinking-water as part of
WHO's policy to exclude the use of any pyrethroids for larviciding
of mosquito vectors of human disease

Taste and odour will in most cases be detectable at
concentrations below those of health concern, particularly with
short-term exposure

Not of health concern at levels found in drinking-water*

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

Not recommended for direct application to drinking-water unless
no other effective and safe treatments are available

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

Readily transformed into metabolites that are more toxic; a guideline
value for the parent compound is considered inappropriate, and
there are inadequate data to enable the derivation of guideline
values for the metabolites

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

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

Not of health concern at levels found in drinking-water?
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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-water?

Temephos Not considered appropriate to set guideline values for pesticides

Total dissolved solids

Trichloramine

Trichloroacetonitrile

Trichlorobenzenes (total)

1,1,1-Trichloroethane

Zinc

used for vector control in drinking-water
Not of health concern at levels found in drinking-water?

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

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

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

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

Not of health concern at levels found in drinking-water?

2 May affect acceptability of drinking-water (see chapter 10).

> Aminomethylphosphonic acid.

¢An important operational water quality parameter.

Table A3.3 Guideline values for chemicals that are of health significance in drinking-water

Guideline value

Chemical mg/l ug/l Remarks

Acrylamide 0.000 5° 0.5°

Alachlor 0.02° 202

Aldicarb 0.01 10 Applies to aldicarb sulfoxide and
aldicarb sulfone

Aldrin and dieldrin 0.000 03 0.03 For combined aldrin plus dieldrin

Antimony 0.02 20

Arsenic 0.01 (A, T) 10(A,T)

Atrazine and its chloro-s- 0.1 100

triazine metabolites

Barium 0.7 700

Benzene 0.012 10°

Benzo[alpyrene 0.000 7° 0.7

Boron 24 2400

Bromate 0.012 (A, T) 102 (A,T)

Bromodichloromethane 0.06° 60°

Bromoform 0.1 100

Cadmium 0.003 3

Carbofuran 0.007 7

Carbon tetrachloride 0.004 4
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Guideline value

Chemical mg/I ug/l Remarks

Chlorate 0.7 (D) 700 (D)

Chlordane 0.000 2 0.2

Chlorine 5(Q) 5000 (C) For effective disinfection, there should
be a residual concentration of free
chlorine of > 0.5 mg/I after at least
30 min contact time at pH < 8.0.A
chlorine residual should be maintained
throughout the distribution system.
At the point of delivery, the minimum
residual concentration of free chlorine
should be 0.2 mg/I.

Chlorite 0.7 (D) 700 (D)

Chloroform 0.3 300

Chlorotoluron 0.03 30

Chlorpyrifos 0.03 30

Chromium 0.05 (P) 50 (P) For total chromium

Copper 2 2000 Staining of laundry and sanitary ware
may occur below guideline value

Cyanazine 0.000 6 0.6

2,4-DP 0.03 30 Applies to free acid

2,4-DB¢ 0.09 90

DDT“ and metabolites 0.001 1

Dibromoacetonitrile 0.07 70

Dibromochloromethane 0.1 100

1,2-Dibromo-3- 0.0012 12

chloropropane

1,2-Dibromoethane 0.000 42 (P) 0.4% (P)

Dichloroacetate 0.05% (D) 50? (D)

Dichloroacetonitrile 0.02 (P) 20 (P)

1,2-Dichlorobenzene 1(C) 1000 (Q)

1,4-Dichlorobenzene 0.3(Q) 300 (C)

1,2-Dichloroethane 0.03? 30°

1,2-Dichloroethene 0.05 50

Dichloromethane 0.02 20

1,2-Dichloropropane 0.04 (P) 40 (P)

1,3-Dichloropropene 0.022 20°

Dichlorprop 0.1 100

Di(2-ethylhexyl)phthalate 0.008 8

Dimethoate 0.006 6

1,4-Dioxane 0.05° 50? Derived using tolerable daily intake

approach as well as linearized
multistage modelling
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Guideline value

Chemical mg/I ug/l Remarks

Edetic acid 0.6 600 Applies to the free acid

Endrin 0.000 6 0.6

Epichlorohydrin 0.000 4 (P) 0.4 (P)

Ethylbenzene 0.3(Q) 300 (C)

Fenoprop 0.009 9

Fluoride 15 1500 Volume of water consumed and
intake from other sources should be
considered when setting national
standards

Hexachlorobutadiene 0.000 6 0.6

Hydroxyatrazine 0.2 200 Atrazine metabolite

Isoproturon 0.009 9

Lead 0.01 (A,T) 10 (A,T)

Lindane 0.002 2

MCPA® 0.002 2

Mecoprop 0.01 10

Mercury 0.006 6 For inorganic mercury

Methoxychlor 0.02 20

Metolachlor 0.01 10

Microcystin-LR 0.001 (P) 1(P) For total microcystin-LR (free plus cell-
bound)

Molinate 0.006 6

Monochloramine 3 3000

Monochloroacetate 0.02 20

Nickel 0.07 70

Nitrate (as NOB’) 50 50000 Short-term exposure

Nitrilotriacetic acid 0.2 200

Nitrite (as NO,") 3 3000 Short-term exposure

N-Nitrosodimethylamine 0.000 1 0.1

Pendimethalin 0.02 20

Pentachlorophenol 0.009? (P) 92 (P)

Selenium 0.04 (P) 40 (P)

Simazine 0.002 2

Sodium 50 50000 As sodium dichloroisocyanurate

dichloroisocyanurate 40 40 000 As cyanuric acid

Styrene 0.02 (Q) 20 (Q)

2,4,5-T 0.009 9

Terbuthylazine 0.007 7

Tetrachloroethene 0.04 40
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Table A3.3 [continued)

Guideline value

Chemical g/l ugll Remarks

Talusne Q7 (C) 700(C)

Trichlorcacetate 0.2 200

Trichlorcethens 002 iF 200F)

24.6-Trichlarophenal [ (a] 2000 ()

Trifluralin 002 20

Trihalomethanes - — The surm of the ratio of the
concentration of each to its respective
guideline value should not excesd 1

Uranium 0.03 (P 300P) Only chemical aspects of uranium
addressed

Winyl chlaride Q000 3= 0.3

Hylenes Q50 SO0iC)

A, prowklonal guideling value because cakulatad guideline value 1s below the achievable quantification leval; <,

concentrations of the substance at or balow the healh-tasad guideline value may affect the appearance, taste o

odiour of the watser, leading to corsumer complaints 0. provigonal guideling value because disinfection & lkely to

reault inthe quideline value being esceedad; B provisional guidaline value because of uncertainties In the heatth
database; T provlonal guidkline value because caboulatad guidaling value 1s below the level that can be achisved
through practical trestment rrethods source protection,ste.

* For substancas that are considerad o b2 carcinogenie the guidaline value 1s the corcantration in drinking-watar
assoclated with an upper-bound excess lifetima cancer risk of 1075 fone addittional case of cancer per 100000 of the
population Ingesting drinking-water containing the substance at the quideline value for 70 years). Concentrations
assoclated with u ppr-bound estimated excess lifetime cancer fsksof 104 and 10-* can be calculated by multiplying
and dividing, respectively; the guideline valus by 10

b 24-Dichlorophenoyacetic 2ok,

£ 24-Dkhlerophencaybutyric acid.

 pichleodiphenyltrichkomoethane.

* 4-{2-Methyl-4-<hloophenmeyacetic acid.

f 24 5-Trichlorophenceyaceti: acid.




ANNEX 4
Analytical methods and achievability

A4.1 Analytical methods

In volumetric titration, chemicals are analysed by titration with a standardized titrant.
The titration end-point is identified by the development of colour resulting from the
reaction with an indicator, by the change of electrical potential or by the change of
pH value.

Colorimetric methods are based on measuring the intensity of colour of a col-
oured target chemical or reaction product. The optical absorbance is measured using
light of a suitable wavelength. The concentration is determined by means of a cali-
bration curve obtained using known concentrations of the determinant. The ultra-
violet (UV) method is similar to this method except that UV light is used. For ionic
materials, the ion concentration can be measured using an ion selective electrode. The
measured potential is proportional to the logarithm of the ion concentration. Some
organic compounds absorb UV light (wavelength 190-380 nm) in proportion to
their concentration. UV absorption is useful for qualitative estimation of organic sub-
stances, because a strong correlation may exist between UV absorption and organic
carbon content.

Atomic absorption spectrometry (AAS) is used for the determination of metals. It
is based on the phenomenon that the atom in the ground state absorbs the light of
wavelengths that are characteristic to each element when light is passed through the
atoms in the vapour state. Because this absorption of light depends on the concen-
tration of atoms in the vapour, the concentration of the target element in the water
sample is determined from the measured absorbance. The Beer-Lambert law describes
the relationship between concentration and absorbance.

In flame atomic absorption spectrometry (FAAS), a sample is aspirated into a flame
and atomized. A light beam from a hollow cathode lamp of the same element as the
target metal is radiated through the flame, and the amount of absorbed light is meas-
ured by the detector. This method is much more sensitive than other methods and free
from spectral or radiation interference by co-existing elements. Pretreatment is either
unnecessary or straightforward. However, it is not suitable for simultaneous analysis of
many elements, because the light source is different for each target element.
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Electrothermal atomic absorption spectrometry (EAAS) is based on the same prin-
ciple as FAAS, but an electrically heated atomizer or graphite furnace replaces the
standard burner head for determination of metals. In comparison with FAAS, EAAS
gives higher sensitivities and lower detection limits, and a smaller sample volume is
required. EAAS suffers from more interference through light scattering by co-existing
elements and requires a longer analysis time than FAAS.

The principle of inductively coupled plasma atomic emission spectrometry (ICP-
AES) for determination of metals is as follows. An ICP source consists of a flow-
ing stream of argon gas ionized by an applied radio frequency. A sample aerosol
is generated in a nebulizer and spray chamber and then carried into the plasma
through an injector tube. A sample is heated and excited in the high-temperature
plasma. The high temperature of the plasma causes the atoms to become excited. On
returning to the ground state, the excited atoms produce ionic emission spectra. A
monochromator is used to separate specific wavelengths corresponding to different
elements, and a detector measures the intensity of radiation of each wavelength. A
significant reduction in chemical interference is achieved. In the case of water with
low pollution, simultaneous or sequential analysis is possible without special pre-
treatment to achieve low detection limits for many elements. This, coupled with the
extended dynamic range from three digits to five digits, means that multielement
determination of metals can be achieved. ICP-AES has similar sensitivity to FAAS
or EAAS.

In inductively coupled plasma mass spectrometry (ICP-MS), elements are atomized
and excited as in ICP-AES, then passed to a mass spectrometer. Once inside the mass
spectrometer, the ions are accelerated by high voltage and passed through a series of
ion optics, an electrostatic analyser and, finally, a magnet. By varying the strength of
the magnet, ions are separated according to mass/charge ratio and passed through a
slit into the detector, which records only a very small atomic mass range at a given
time. By varying the magnet and electrostatic analyser settings, the entire mass range
can be scanned within a relatively short period of time. In the case of water with low
pollution, simultaneous or sequential analysis is possible without special pretreatment
to achieve low detection limits for many elements. This, coupled with the extended
dynamic range from three digits to five digits, means that multielement determination
of metals can be achieved.

Chromatography is a separation method based on the affinity difference between
two phases, the stationary and mobile phases. A sample is injected into a column,
either packed or coated with the stationary phase, and separated by the mobile phase
based on the difference in interaction (distribution or adsorption) between com-
pounds and the stationary phase. Compounds with a low affinity for the stationary
phase move more quickly through the column and elute earlier. The compounds that
elute from the end of the column are determined by a suitable detector.

In ion chromatography, an ion exchanger is used as the stationary phase, and the
eluant for determination of anions is typically a dilute solution of sodium hydrogen
carbonate and sodium carbonate. Colorimetric, electrometric or titrimetric detectors
can be used for determining individual anions. In suppressed ion chromatography, an-
ions are converted to their highly conductive acid forms; in the carbonate—bicarbonate
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eluant, anions are converted to weakly conductive carbonic acid. The separated acid
forms are measured by conductivity and identified on the basis of retention time as
compared with their standards.

High-performance liquid chromatography (HPLC) is an analytical technique using
a liquid mobile phase and a column containing a liquid stationary phase. Detection
of the separated compounds is achieved through the use of absorbance detectors for
organic compounds and through conductivity or electrochemical detectors for metal-
lic and inorganic compounds.

Gas chromatography (GC) permits the identification and quantification of trace
organic compounds. In GC, gas is used as the mobile phase, and the stationary phase
is a liquid that is coated either on an inert granular solid or on the walls of a capil-
lary column. When the sample is injected into the column, the organic compounds
are vaporized and moved through the column by the carrier gas at different rates
depending on differences in partition coefficients between the mobile and station-
ary phases. The gas exiting the column is passed to a suitable detector. A variety of
detectors can be used, including flame ionization (FID), electron capture (ECD) and
nitrogen—phosphorus. As separation ability is good in this method, mixtures of sub-
stances with similar structure are systematically separated, identified and determined
quantitatively in a single operation.

The gas chromatography/mass spectrometry (GC-MS) method is based on the
same principle as the GC method, using a mass spectrometer as the detector. As
the gas emerges from the end of the GC column opening, it flows through a capil-
lary column interface into the MS. The sample then enters the ionization chamber,
where a collimated beam of electrons impacts the sample molecules, causing ion-
ization and fragmentation. The next component is a mass analyser, which uses a
magnetic field to separate the positively charged particles according to their mass.
Several types of separating techniques exist; the most common are quadrupoles
and ion traps. After the ions are separated according to their masses, they enter a
detector.

The purge-and-trap packed column GC-MS method or purge-and-trap packed
column GC method is applicable to the determination of various purgeable organic
compounds that are transferred from the aqueous to the vapour phase by bubbling
purge gas through a water sample at ambient temperature. The vapour is trapped with
a cooled trap. The trap is heated and backflushed with the same purge gas to desorb
the compounds onto a GC column. The principles of GC or GC-MS are as referred
to above.

The principle of enzyme-linked immunosorbent assay (ELISA) is as follows. The
protein (antibody) against the chemical of interest (antigen) is coated onto the solid
material. The target chemical in the water sample binds to the antibody, and a second
antibody with an enzyme attached is also added that will attach to the chemical of
interest. After washing to remove any of the free reagents, a chromogen is added that
will give a colour reaction due to cleavage by the enzyme that is proportional to the
quantity of the chemical of interest. The ELISA method can be used to determine
microcystin and synthetic surfactants.
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A4.2 Analytical achievability for chemicals for which guideline values

have been established

Analytical achievability for chemicals for which guideline values have been established

is given in Tables A4.1-A4.6.

Table A4.1 Analytical achievability for inorganic chemicals for which guideline values have

been established, by source category®

Field methods Laboratory methods

Col Absor IC FAAS EAAS ICP ICP-MS
Naturally occurring chemicals
Arsenic +++ # ++(H) + ++(H) +++
Barium ++ +++ +++ +++
Boron ++ +++ +++
Chromium # ++ ++ +++
Fluoride # + +++
Selenium # ++(H) ++ ++(H) +++
Uranium +++
Chemicals from industrial sources and human dwellings
Cadmium # ++ ++ +++
Mercury +++
Chemicals from agricultural activities
Nitrate/nitrite +++ +++ +++
Chemicals used in water treatment or materials in contact with drinking-water
Antimony +++(H) ++(H) +++
Copper # +++ +++ +++ +++ +++
Lead # + + +++
Nickel + + ++ ++ +++

2 For definitions and notes to Table A4.1, see below Table A4.6.
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ANNEX 5
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
in water, then mixed with the main supply. Chlorine, whether in the form of chlorine
gas from a cylinder, sodium hypochlorite or calcium hypochlorite, dissolves in water
to form hypochlorous acid (HOCI) and hypochlorite ion (OCI").

Different techniques of chlorination can be used, including breakpoint chlorina-
tion, marginal chlorination and superchlorination/dechlorination. Breakpoint chlor-
ination is a method in which the chlorine dose is sufficient to rapidly oxidize all the
ammonia nitrogen in the water and to leave a suitable free residual chlorine available to
protect the water against reinfection from the point of chlorination to the point of use.
Superchlorination/dechlorination is the addition of a large dose of chlorine to effect
rapid disinfection and chemical reaction, followed by reduction of excess free chlorine
residual. Removing excess chlorine is important to prevent taste problems. It is used
mainly when the bacterial load is variable or the detention time in a tank is not enough.
Marginal chlorination is used where water supplies are of high quality and is the simple
dosing of chlorine to produce a desired level of free residual chlorine. The chlorine
demand in these supplies is very low, and a breakpoint might not even occur.

Chlorination is employed primarily for microbial disinfection. However, chlorine
also acts as an oxidant and can remove or assist in the removal or chemical conversion
of some chemicals—for example, decomposition of easily oxidized pesticides, such as
aldicarb; oxidation of dissolved species (e.g. manganese(II)) to form insoluble prod-
ucts that can be removed by subsequent filtration; and oxidation of dissolved species
to more easily removable forms (e.g. arsenite to arsenate).
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A disadvantage of chlorine is its ability to react with natural organic matter to
produce trihalomethanes and other halogenated disinfection by-products. However,
by-product formation may be controlled by optimization of the treatment system.

A5.1.2 Ozonation

Ozone is a powerful oxidant and has many uses in water treatment, including oxidation
of organic chemicals. Ozone can be used as a primary disinfectant. Ozone gas (O,) is
formed by passing dry air or oxygen through a high-voltage electric field. The result-
ant ozone-enriched air is dosed directly into the water by means of porous diffusers
at the base of baffled contactor tanks. The contactor tanks, typically about 5 m deep,
provide 10-20 minutes of contact time. Dissolution of at least 80% of the applied
ozone should be possible, with the remainder contained in the off-gas, which is passed
through an ozone destructor and vented to the atmosphere.

The performance of ozonation relies on achieving the desired concentration after
a given contact period. For oxidation of organic chemicals, such as some oxidizable
pesticides, a residual of about 0.5 mg/l after a contact time of up to 20 minutes is
typically used. The doses required to achieve this vary with the type of water but are
typically in the range 2-5 mg/1. Higher doses are needed for untreated waters, because
of the ozone demand of the natural background organics.

Ozone reacts with natural organics to increase their biodegradability, measured
as assimilable organic carbon. To avoid undesirable bacterial growth in distribution,
ozonation is normally used with subsequent treatment, such as biological filtration
or granular activated carbon (GAC), to remove biodegradable organics, followed by a
chlorine residual, as ozone does not provide a disinfectant residual. Ozone is effective
for the degradation of a wide range of pesticides and other organic chemicals.

A5.1.3 Other disinfection processes

Other disinfection methods include chloramination, the use of chlorine dioxide and
UV radiation, as well as alternative disinfection techniques that may be used in small-
er-scale applications, such as for household water.

Chloramines (monochloramine, dichloramine and trichloramine, or nitrogen
trichloride) are produced by the reaction of aqueous chlorine with ammonia. Mono-
chloramine is the only useful chloramine disinfectant, and conditions employed for
chloramination are designed to produce only monochloramine. Monochloramine is
a less effective disinfectant than free chlorine, but it is persistent, and it is therefore an
attractive secondary disinfectant for the maintenance of a stable distribution system
residual.

Chlorine dioxide has been used in recent years because of concerns about disinfec-
tion by-product production associated with chlorine disinfection. Typically, chlorine
dioxide is generated immediately prior to application by the addition of chlorine gas
or an aqueous chlorine solution to aqueous sodium chlorite. Chlorine dioxide decom-
poses in water to form chlorite and chlorate.

UV radiation, emitted by a low-pressure or medium-pressure mercury arc lamp,
is biocidal between wavelengths of 180 and 320 nm. It can be used to inactivate proto-
z0a, bacteria, bacteriophage, yeast, viruses, fungi and algae. Turbidity can inhibit UV
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disinfection. UV radiation can act as a catalyst in oxidation reactions when used in
conjunction with ozone or hydrogen peroxide.

Numerous possible disinfection techniques are being developed and are typically
used in smaller-scale applications, such as household point-of-use and point-of-entry
water treatment systems. Some of these, including bromine and iodine, show prom-
ise for expanded use. Bromine and iodine are halogens, like chlorine, and they are
well-known biocides. Iodine is commonly used for short-term applications, such as by
travellers in areas where water quality is questionable. Some forms of silver may have
applications as bacteriostats or possibly as slow-acting disinfectants for some micro-
organisms; however, there are not good peer-reviewed published data to quantify the
latter. It will be necessary to develop a more thorough analysis of the biocidal efficacy,
potential disinfection by-products and risks from long-term exposures and applica-
tion conditions for these lesser-used treatment chemicals to provide appropriate guid-
ance as to their potential for wider applications.

A5.1.4 Filtration

Particulate matter can be removed from raw waters by rapid gravity, horizontal, pres-
sure or slow sand filters. Slow sand filtration is essentially a biological process, whereas
the others are physical treatment processes.

Rapid gravity, horizontal and pressure filters can be used for filtration of raw
water, without pretreatment. Rapid gravity and pressure filters are commonly used
to filter water that has been pretreated by coagulation and sedimentation. An alterna-
tive process is direct filtration, in which coagulation is added to the water, which then
passes directly onto the filter where the precipitated floc (with contaminants) is re-
moved; the application of direct filtration is limited by the available storage within the
filter to accommodate solids.

Rapid gravity filters

Rapid gravity sand filters usually consist of open rectangular tanks (usually < 100 m?)
containing silica sand (size range 0.5-1.0 mm) to a depth of between 0.6 and 2.0 m.
The water flows downwards, and solids become concentrated in the upper layers of
the bed. The flow rate is generally in the range 4-20 m*/m*h. Treated water is collected
via nozzles in the floor of the filter. The accumulated solids are removed periodically
by backwashing with treated water, sometimes preceded by scouring of the sand with
air. A dilute sludge that requires disposal is produced.

In addition to single-medium sand filters, dual-media or multimedia filters are
used. Such filters incorporate different materials, such that the structure is from coarse
to fine as the water passes through the filter. Materials of suitable density are used in
order to maintain the segregation of the different layers following backwashing. A
common example of a dual-media filter is the anthracite—sand filter, which typically
consists of a 0.2 m deep layer of 1.5 mm anthracite over a 0.6 m deep layer of silica
sand. Anthracite, sand and garnet can be used in multimedia filters. The advantage
of dual-media and multimedia filters is that there is more efficient use of the whole
bed depth for particle retention—the rate of headloss development can be half that of
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single-medium filters, which can allow higher flow rates without increasing headloss
development.

Rapid gravity filters are most commonly used to remove floc from coagulated
waters (see section A5.1.6). They may also be used to reduce turbidity (including
adsorbed chemicals) and oxidized iron and manganese from raw waters.

Roughing filters

Roughing filters can be applied as pre-filters prior to other processes such as slow sand
filters. Roughing filters with coarse gravel or crushed stones as the filter medium can
successfully treat water of high turbidity (> 50 nephelometric turbidity units). The
main advantage of roughing filtration is that as the water passes through the filter,
particles are removed by both filtration and gravity settling. Horizontal filters can be
up to 10 m long and are operated at filtration rates of 0.3-1.0 m*/m*h.

Pressure filters

Pressure filters are sometimes used where it is necessary to maintain head in order to
eliminate the need for pumping into supply. The filter bed is enclosed in a cylindrical
shell. Small pressure filters, capable of treating up to about 15 m*/h, can be manufac-
tured in glass-reinforced plastics. Larger pressure filters, up to 4 m in diameter, are
manufactured in specially coated steel. Operation and performance are generally as
described for the rapid gravity filter, and similar facilities are required for backwashing
and disposal of the dilute sludge.

Slow sand filters

Slow sand filters usually consist of tanks containing sand (effective size range 0.15-0.3
mm) to a depth of between 0.5 and 1.5 m. The raw water flows downwards, and tur-
bidity and microorganisms are removed primarily in the top few centimetres of the
sand. A biological layer, known as the “schmutzdecke”, develops on the surface of the
filter and can be effective in removing microorganisms. Treated water is collected in
underdrains or pipework at the bottom of the filter. The top few centimetres of sand
containing the accumulated solids are removed and replaced periodically. Slow sand
filters are operated at a water flow rate of between 0.1 and 0.3 m*/m*h.

Slow sand filters are more suitable for low-turbidity water or water that has been
pre-filtered. They are used to remove algae and microorganisms, including protozoa,
and, if preceded by microstraining or coarse filtration, to reduce turbidity (including
adsorbed chemicals). Slow sand filtration is effective for the removal of some organics,
including certain pesticides and also ammonia.

Bank filtration

Bank filtration is a process that produces an influx of surface water through the ground-
water, via the bed and banks of the surface water body. This is commonly achieved
through abstraction from boreholes adjacent to the surface water source. It is a rela-
tively simple and low-cost means for removing particulates and microorganisms from
surface water by placing pumping wells in alluvial sediments of the river or stream
banks. The sediments act as both a filter and biofilter, trapping and reducing the con-
centrations of microorganisms and many organic pollutants. Bank filtration wells can

488



ANNEX 5. TREATMENT METHODS AND PERFORMANCE

be either horizontal or vertical, depending upon the hydrogeological circumstances
and required production rate. Horizontal wells are often used where alluvial deposits
are shallow or where high pumping rates are required.

Bank filtration can remove particles, bacteria, viruses, parasites, heavy metals and
easily biodegradable compounds. Bank filtration attenuates concentration peaks, pro-
viding uniform quality of raw water feed to downstream treatment. The performance
of bank filtration can be highly dependent upon several factors, including soil and
geological conditions as well as the quality of the source water. Bank filters can be-
come clogged, resulting in pressure drops. Site-specific testing is needed to determine
whether the appropriate geology is present as well as the effectiveness and operational
parameters.

A5.1.5 Aeration

Aeration processes are designed to achieve removal of gases and volatile compounds
by air stripping. Transfer can usually be achieved using a simple cascade or diffusion
of air into water, without the need for elaborate equipment. Stripping of gases or vola-
tile compounds, however, may require a specialized plant that provides a high degree
of mass transfer from the liquid phase to the gas phase.

Cascade or step aerators are designed so that water flows in a thin film to achieve
efficient mass transfer. Cascade aeration may introduce a significant headloss; de-
sign requirements are between 1 and 3 m to provide a loading of 10-30 m*/m*h.
Alternatively, compressed air can be diffused through a system of submerged perfor-
ated pipes. These types of aerator are used for oxidation and precipitation of iron and
manganese.

Air stripping can be used for removal of volatile organics (e.g. solvents), some
taste- and odour-causing compounds and radon. Aeration processes to achieve air
stripping need to be much more elaborate to provide the necessary contact between
the air and water. The most common technique is cascade aeration, usually in packed
towers in which water is allowed to flow in thin films over plastic media with air blown
counter-current. The required tower height and diameter are functions of the volatil-
ity and concentration of the compounds to be removed and the flow rate. Increas-
ing the dissolved oxygen content of a water can increase its corrosivity towards some
metallic materials used in distribution pipes and plumbing, and this should be taken
into account when considering aeration as a treatment process.

A5.1.6 Chemical coagulation
Chemical coagulation-based treatment is the most common approach for treatment
of surface waters and is almost always based on the following unit processes.
Chemical coagulants, usually salts of aluminium or iron, are dosed to the raw
water under controlled conditions to form a solid flocculent metal hydroxide. Typical
coagulant doses are 2-5 mg/l as aluminium or 4-10 mg/l as iron. The precipitated floc
removes suspended and dissolved contaminants by mechanisms of charge neutraliza-
tion, adsorption and entrapment. The efficiency of the coagulation process depends
on raw water quality, the coagulant or coagulant aids used and operational factors,
including mixing conditions, coagulation dose and pH. The floc is removed from the
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treated water by subsequent solid—liquid separation processes such as sedimentation
or flotation and/or rapid or pressure gravity filtration.

Effective operation of the coagulation process depends on selection of the opti-
mum coagulant dose and also the pH value. The required dose and pH can be deter-
mined by using small-scale batch coagulation tests, often termed “jar tests”. Increasing
doses of coagulant are applied to raw water samples that are stirred and allowed to
settle. The optimum dose is selected as that which achieves adequate removal of col-
our and turbidity; the optimum pH can be selected in a similar manner. These tests
have to be conducted at a sufficient frequency to keep pace with changes in raw water
quality and hence coagulant demand.

Powdered activated carbon (PAC) may be dosed during coagulation to adsorb
organic chemicals, such as some hydrophobic pesticides. The PAC will be removed as
an integral fraction of the floc and disposed of with the waterworks sludge.

The floc may be removed by sedimentation to reduce the solids loading to the
subsequent rapid gravity filters. Sedimentation is most commonly achieved in hori-
zontal flow or floc blanket clarifiers. Alternatively, floc may be removed by dissolved
air flotation, in which solids are contacted with fine bubbles of air that attach to the
floc, causing them to float to the surface of the tank, where they are removed periodic-
ally as a layer of sludge. The treated water from either process is passed to rapid gravity
filters (see section A5.1.4), where remaining solids are removed. Filtered water may be
passed to a further stage of treatment, such as additional oxidation and filtration (for
removal of manganese), ozonation and/or GAC adsorption (for removal of pesticides
and other trace organics), prior to final disinfection before the treated water enters
the supply.

Coagulation is suitable for removal of particulates and bound microorganisms,
certain heavy metals and low-solubility organic chemicals, such as certain organo-
chlorine pesticides. For other organic chemicals, coagulation is generally ineffective,
except where the chemical is bound to humic material or adsorbed onto particulates.

A5.1.7 Activated carbon adsorption

Activated carbon is produced by the controlled thermalization of carbonaceous ma-
terial, normally wood, coal, coconut shells or peat. This activation produces a porous
material with a large surface area (500-1500 m?/g) and a high affinity for organic com-
pounds. It is normally used in either powdered (PAC) or granular (GAC) form. When
the adsorption capacity of the carbon is exhausted, it can be reactivated by burning off
the organics in a controlled manner. However, PAC (and some GAC) is normally used
only once before disposal. Different types of activated carbon have different affinities
for types of contaminants.

The choice between PAC and GAC will depend upon the relative cost-effective-
ness, frequency and dose required. PAC would generally be preferred in the case of
seasonal or intermittent contamination or where low dosage rates are required.

PAC is dosed as a slurry into the water and removed by subsequent treatment
processes, together with the waterworks sludge. Its use is therefore restricted to surface
water treatment works with existing filters. GAC in fixed-bed adsorbers is used much
more efficiently than PAC dosed into the water, and the effective carbon use per water
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volume treated would be much lower than the dose of PAC required to achieve the
same removal.

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
sand with GAC of a similar particle size. Although at most treatment works it would be
cheaper to convert existing filters rather than build separate adsorbers, use of existing
filters usually allows only short contact times, and they are not capable of facile reacti-
vation. It is therefore common practice to install additional GAC adsorbers (in some
cases preceded by ozonation) between the rapid gravity filters and final disinfection.
Most groundwater sources do not have existing filters, and separate adsorbers would
need to be installed.

The service life of a GAC bed is dependent on the capacity of the carbon used
and the contact time between the water and the carbon, the empty bed contact time,
controlled by the flow rate of the water. Empty bed contact times are usually in the
range 5-30 minutes. GACs vary considerably in their capacity for specific organic
compounds, which can have a significant effect upon their service life. A guide to
capacity can be obtained from published isotherm data. Carbon capacity is strongly
dependent on the water source and is greatly reduced by the presence of background
organic compounds. The properties of a chemical that influence its adsorption onto
activated carbon include the water solubility and octanol-water partition coefficient.
As a general rule, chemicals with low solubilities and high log octanol-water partition
coefficients are well adsorbed.

Activated carbon is used for the removal of pesticides and other organic chem-
icals, taste and odour compounds, cyanobacterial toxins and total organic carbon.

A5.1.8 lon exchange

Ion exchange is a process in which ions of like charge are exchanged between the water
phase and the solid resin phase. Water softening is achieved by cation exchange. Water
is passed through a bed of cationic resin, and the calcium ions and magnesium ions in
the water are replaced by sodium ions. When the ion exchange resin is exhausted (i.e.
the sodium ions are depleted), it is regenerated using a solution of sodium chloride.
The process of “dealkalization” can also soften water. Water is passed through a bed
of weakly acidic resin, and the calcium and magnesium ions are replaced by hydrogen
ions. The hydrogen ions react with the carbonate and bicarbonate ions to produce car-
bon dioxide. The hardness of the water is thus reduced without any increase in sodium
levels. Anion exchange can be used to remove contaminants such as nitrate, fluoride,
arsenate and uranium (as the uranyl anion), which are exchanged for chloride. Several
appropriate resins are available for this purpose.

An ion exchange plant normally consists of two or more resin beds contained in
pressure shells with appropriate pumps, pipework and ancillary equipment for re-
generation. The pressure shells are typically up to 4 m in diameter, containing 0.6-1.5
m depth of resin.

Cation exchange can be used for removal of certain heavy metals. Potential ap-
plications of anionic resins, in addition to nitrate removal, are for removal of arsenic
and selenium species.
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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
opposite direction, from the higher to the lower concentration, by increasing the pres-
sure on the higher-concentration solution. The required pressure differential is known
as the osmotic pressure, and the process is known as reverse osmosis.

Reverse osmosis results in the production of a treated water stream and a rela-
tively concentrated waste stream. Typical operating pressures are in the range 15-50
bar, depending on the application. Reverse osmosis rejects monovalent ions and or-
ganics of molecular weight greater than about 50 daltons (membrane pore sizes are
less than 0.002 pm). The most common application of reverse osmosis is desalination
of brackish water and seawater.

Nanofiltration uses a membrane with properties between those of reverse osmosis
and ultrafiltration membranes; pore sizes are typically 0.001-0.01 pm. Nanofiltration
membranes allow monovalent ions such as sodium or potassium to pass but reject a
high proportion of divalent ions such as calcium and magnesium and some higher
molecular weight organics. Operating pressures are typically about 5 bar. Nanofiltra-
tion may be effective for the removal of colour-forming organic compounds.

Lower-pressure processes

Ultrafiltration is similar in principle to reverse osmosis, but the membranes have much
larger pore sizes (typically 0.002—0.03 um) and operate at lower pressures. Ultrafiltra-
tion membranes reject organic molecules of molecular weight above about 800 dal-
tons and usually operate at pressures less than 5 bar.

Microfiltration is a direct extension of conventional filtration into the sub-
micrometre range. Microfiltration membranes have pore sizes typically in the range
0.01-12 pum and do not separate molecules but reject colloidal and suspended material
at operating pressures of 1-2 bar. Microfiltration is capable of sieving out particles
greater than 0.05 pm. It has been used for water treatment in combination with co-
agulation or PAC to remove particulates and some dissolved organic carbon prior to
reverse osmosis membranes and to improve permeate flux.

A5.1.10 Other treatment processes

Processes aimed at generating hydroxyl radicals are known collectively as advanced
oxidation processes and can be effective for the destruction of chemicals that are dif-
ficult to treat using other methods, such as ozone alone. Hydrogen peroxide with UV
is also a source of hydroxyl radicals. Chemicals can react either directly with molecular
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ozone or with the hydroxyl radical (HO-), which is a product of the decomposition
of ozone in water and is an exceedingly powerful indiscriminate oxidant that reacts
readily with a wide range of organic chemicals. The formation of hydroxyl radicals
can be encouraged by using ozone at high pH. One advanced oxidation process using
ozone or UV plus hydrogen peroxide involves dosing hydrogen peroxide simultan-
eously with ozone at a rate of approximately 0.4 mg of hydrogen peroxide per litre per
milligram of ozone dosed per litre (the theoretical optimum ratio for hydroxyl radical
production) and bicarbonate.
Other treatment processes that can be used in certain applications include:

e  precipitation softening (addition of lime, lime plus sodium carbonate or sodium
hydroxide to precipitate hardness at high pH);

ion exchange softening;

biological denitrification for removal of nitrate from surface waters;

biological nitrification for removal of ammonia from surface waters;

activated alumina (or other adsorbents) for specialized applications, such as
removal of fluoride and arsenic.

A5.2 Treatment performance for chemicals for which guideline
values have been established

Treatment performance for chemicals for which guideline values have been estab-
lished is given in Tables A5.1-A5.5.

A5.3 Corrosion of metals used in water treatment and distribution

A5.3.1 Brass
The main corrosion problem with brasses is dezincification, which is the selective dis-
solution of zinc from duplex brass, leaving behind copper as a porous mass of low
mechanical strength. Meringue dezincification, in which a voluminous corrosion
product of basic zinc carbonate forms on the brass surface, largely depends on the
ratio of chloride to alkalinity. Meringue dezincification can be controlled by main-
taining a low zinc to copper ratio (1:3 or lower) and by keeping pH below 8.3.
General dissolution of brass can also occur, releasing metals, including lead, into
the water. Impingement attack can occur under conditions of high water velocity with
waters that form poorly protective corrosion product layers and that contain large
amounts of dissolved or entrained air.

A5.3.2 Concrete and cement

Concrete is a composite material consisting of a cement binder in which an inert ag-
gregate is embedded. Cement is primarily a mixture of calcium silicates and alumin-
ates together with some free lime. Cement mortar, in which the aggregate is fine sand,
is used as a protective lining in iron and steel water pipes. In asbestos—cement pipe, the
aggregate is asbestos fibres, which are not of concern in drinking-water (see also asbes-
tos fact sheet in chapter 12). Cement is subject to deterioration on prolonged exposure
to aggressive water, due either to the dissolution of lime and other soluble compounds
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or to chemical attack by aggressive ions such as chloride or sulfate, and this may result
in structural failure. Newly installed cement materials will leach lime, with consequent
increases in pH, alkalinity and hardness. Cement contains a variety of metals that
can be leached into the water. Aggressiveness to cement is related to the “aggressivity
index”, which has been used specifically to assess the potential for the dissolution of
concrete. A pH of 8.5 or higher may be necessary to control cement corrosion.

A5.3.3 Copper

The corrosion of copper pipework and hot water cylinders can cause blue water, blue
or green staining of bathroom fittings and, occasionally, taste problems. Copper tub-
ing may be subject to general corrosion, impingement attack and pitting corrosion.

General corrosion is most often associated with soft, acidic waters; waters with
pH below 6.5 and hardness of less than 60 mg of calcium carbonate per litre are very
aggressive to copper. Copper, like lead, can enter water by dissolution of the corrosion
product, basic copper carbonate. The solubility is mainly a function of pH and total
inorganic carbon. Solubility decreases with increase in pH, but increases with increase
in concentrations of carbonate species. Raising the pH to between 8 and 8.5 is the
usual procedure to overcome these difficulties.

Impingement attack is the result of excessive flow velocities and is aggravated in
soft water at high temperature and low pH.

The pitting of copper is commonly associated with hard groundwaters having a
carbon dioxide concentration above 5 mg/l and high dissolved oxygen. Phosphates
have been used to suppress copper corrosion in those cases. Surface waters with
organic colour may also be associated with pitting corrosion. Copper pipes can fail by
pitting corrosion, which involves highly localized attacks leading to perforations with
negligible loss of metal. Two main types of attack are recognized. Type I pitting affects
cold water systems (below 40 °C) and is associated, particularly, with hard borehole
waters and the presence of a carbon film in the bore of the pipe, derived from the
manufacturing process. Tubes that have had the carbon removed by cleaning are im-
mune from Type I pitting. Type II pitting occurs in hot water systems (above 60 °C)
and is associated with soft waters. A high proportion of general and pitting corrosion
problems are associated with new pipe in which a protective oxide layer has not yet
formed. Calcium carbonate precipitation indices such as Langelier and Ryznar are not
good predictors of corrosion for copper systems.

A5.3.4 Iron

Iron (either cast or ductile) is frequently used in water distribution systems, and its
corrosion is of concern. While structural failure as a result of iron corrosion is rare,
water quality problems (e.g. “red water”) can arise as a result of excessive corrosion of
iron pipes. The corrosion of iron is a complex process that involves the oxidation of
the metal, normally by dissolved oxygen, ultimately to form a precipitate of iron(III).
This leads to the formation of tubercules on the pipe surface. The major water qual-
ity factors that determine whether the precipitate forms a protective scale are pH and
alkalinity. The concentrations of calcium, chloride and sulfate also influence iron cor-
rosion. Successful control of iron corrosion has been achieved by adjusting the pH to
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the range 6.8-7.3, hardness and alkalinity to at least 40 mg/I (as calcium carbonate),
oversaturation with calcium carbonate of 4-10 mg/1 and a ratio of alkalinity to chlor-
ide plus sulfate of at least 5 (when both are expressed as calcium carbonate).

Silicates and polyphosphates are often described as “corrosion inhibitors”, but
there is no guarantee that they will inhibit corrosion in water distribution systems.
However, they can complex dissolved iron (in the iron(II) state) and prevent its pre-
cipitation as visibly obvious red “rust”. These compounds may act by masking the ef-
fects of corrosion rather than by preventing it. Orthophosphate is a possible corrosion
inhibitor and, like polyphosphates, is used to prevent “red water”.

A5.3.5 Lead

Lead corrosion (plumbosolvency) is of particular concern. Lead piping is still com-
mon in old houses in some countries, lead solders have been used widely for jointing
copper tubing and brass fittings can contain substantial amounts of lead. Galvanized
iron pipe plumbing can accumulate incoming lead and release it at a later time as
particulates. The solubility of lead is governed by the formation of lead carbonates as
pipe deposits. Wherever practicable, lead pipework should be replaced. Lead can also
leach from lead-based solders and brass and bronze fittings.

The solubility of corrosion-related lead salts increases markedly as the pH in-
creases above or decreases below 8.3 because of the substantial decrease in the equi-
librium carbonate concentration. Thus, plumbosolvency tends to be at a maximum
in waters with a low pH and low alkalinity, and a useful interim control procedure,
pending pipe replacement, is to increase the pH to 8.0-8.5 after chlorination prior to
distribution. Orthophosphate and other phosphates are effective in suppressing dis-
solution of lead.

Lead concentrations increase with increasing standing time of water in lead pipe.
Flushing the pipework before drawing water for consumption can be used as an in-
terim measure to reduce exposure to lead. Showering, bathing and flushing the toilet
can be used to flush out the system.

Lead can corrode more rapidly when it is coupled to copper. The rate of such gal-
vanic corrosion is faster than that of simple oxidative corrosion, and lead concentra-
tions are not limited by the solubility of the corrosion products. The rate of galvanic
corrosion is affected principally by chloride concentration. Galvanic corrosion is less
easily controlled but can be reduced by dosing zinc in conjunction with orthophos-
phate and by adjustment of pH.

Treatment to reduce plumbosolvency usually involves pH adjustment. When
the water is very soft (calcium carbonate concentration less than 50 mg/l), the opti-
mum pH is about 8.0-8.5. Alternatively, dosing with orthophosphoric acid or sodium
orthophosphate might be more effective, particularly when plumbosolvency occurs
in non-acidic waters. Calcium carbonate precipitation indices such as Langelier and
Ryznar are not considered to be necessarily good predictors of corrosion for lead.

A5.3.6 Nickel
Nickel in water may arise due to the leaching of nickel from new nickel/chromium-
plated taps. Low concentrations may also arise from stainless steel pipes and fittings.
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Nickel leaching falls off over time. An increase of pH to control corrosion of other
materials should also reduce leaching of nickel.

A5.3.7 Zinc

Galvanized pipes will release zinc (from the galvanizing layer) and can also leach cad-
mium and lead. Corrosion can be a particular problem where galvanized steel or iron
piping is connected to dissimilar materials, such as brass, in taps and fittings.

The solubility of zinc in water is a function of pH and total inorganic carbon
concentrations; the solubility of basic zinc carbonate decreases with increase in pH
and concentrations of carbonate species. For low-alkalinity waters, an increase of pH
to 8.5 should be sufficient to control the dissolution of zinc.

With galvanized iron, the zinc layer initially protects the steel by corroding prefer-
entially. In the long term, a protective deposit of basic zinc carbonate forms; however,
galvanized pipe is also prone to uncontrolled deposition and clogging. Recent findings
have shown that lead can accumulate on galvanized pipe particulates and become
resuspended by physical disruption, such as water hammer. Protective deposits do
not form in soft waters where the alkalinity is less than 50 mg/l as calcium carbonate
or waters containing high carbon dioxide concentrations (> 25 mg/l), and galvanized
steel is unsuitable for these waters. Electrolytic corrosion can occur where galvanized
steel or iron pipes or fittings are connected with copper tube or brass fittings.
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Supporting information on radionuclides

A6.1 Guidance levels for radionuclides in drinking-water

Table A6.1 Guidance levels for radionuclides in drinking-water

Radio- Guidance Radio- Guidance Radio- Guidance Radio- Guidance
nuclide level (Bq/l)* nuclide level (Bg/l)* nuclide level (Bg/l)* nuclide level (Bg/l)*
*H 10 000 1Ge 10 000 1%5Rh 1000 129Cs 1000
Be 10 000 3As 1000 105pd 1000 131Cs 1000
1C 100 "As 100 1%Ag 100 132Cs 100
2Na 100 ®As 100 1omAg 100 134Cs 10
32p 100 77As 1000 MAg 100 135Cs 100
3p 1000 *Se 100 1%Cd 100 136Cs 100
S 100 82Br 100 "5Cd 100 137Cs 10
el 100 8Rb 100 1smCd 100 3Ba 1000
*Ca 100 &Sy 100 Min 1000 140Ba 100
YCa 100 89Sr 100 14m|n 100 “0La 100
4Sc 100 20Sr 10 "3Sn 100 39Ce 1000
YSc 100 2y 100 12Sn 100 “Ce 100
“Sc 100 Y 100 122Sb 100 3Ce 100
8y 100 SZr 100 124Sh 100 4Ce 10
*1Cr 10 000 SZr 100 ) 100 43Py 100
2Mn 100 SmNb 1000 123mTe 100 Nd 100
5Mn 10 000 %“Nb 100 127Te 1000 47Pm 1000
Mn 100 *Nb 100 127mTe 100 49Pm 100
*Fe 1000 “Mo 100 12Te 1000 ¥1Sm 1000
Fe 100 “Mo 100 129mTe 100 53Sm 100
*Co 100 *Tc 100 B1Te 1000 52Ey 100
*’Co 1000 Tc 1000 131mTe 100 %%Eu 100
8Co 100 mTc 100 132Te 100 155Eu 1000
“Co 100 *Tc 100 12 10 %3Gd 1000
*Ni 1000 “Ru 1000 12] 10 1€Th 100
SNi 1000 103Ry 100 129) 1 169Er 1000
%Zn 100 106Ry 10 13 10 7Tm 1000
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Table A6.1 (continued)

Radio- Guidance Radio- Guidance Radio- Guidance Radio- Guidance
nuclide level (Bq/l)* nuclide level (Bg/l)* nuclide level (Bg/l)* nuclide level (Bg/l)*

Yb 1000 210ppP 01 #WU 1000 23Am 1
82Ta 100 206Bj 100 32y 1 22Cm 10
W 1000 27Bj 100 23y 1 23Cm 1
BW 1000 210Bje 100 24Yp 1 24Cm 1
'86Re 100 210pob 0.1 U°P 1 25Cm 1
1805 100 2Rab 1 26P 1 26Cm 1
910s 100 229RaP 1 =7y 100 27Cm 1
%0s 100 2Ra 1 B8Ybe 10 248Cm 0.1
190l 100 226Rab 1 Z'Np 1 249Bk 100
92|r 100 228RaP 0.1  *Np 100 246Cf 100
91pt 1000 27The 10 5Py 1 28Cf 10
193mpt 1000 28ThP 1 7Py 1000 29Cf 1
%Au 100 29Th 0.1  *%Pu 1 0Cf 1
Au 1000 BOThe 1 9Py 1 BI1Cf 1
¥Hg 1000 B1ThP 1000 240py 1 »2(Cf 1
3Hg 100 BIThP 1 1Py 10 =3Cf 100
2007] 1000 B4The 100 242py 1 BaCt 1
27 1000 20pg 100 24Py 1 3 10
2077] 1000 21pgP 0.1 *'Am 1 »4Es 10
2047] 100 #3pa 100 22Am 1000 24mEg 100
203pp 1000 =0y 1 242mAm 1

2 Guidance levels are rounded according to averaging the log scale values (to 10" if the calculated value was below
3 x 10" and above 3 x 10™").

° Natural radionuclides.

<The provisional guideline value for uranium in drinking-water is 30 pg/l based on its chemical toxicity for the kidney
(see section 8.5).

505



GUIDELINES FOR DRINKING-WATER QUALITY

A6.2 References for further information about radionuclides

ICRP (1989) Individual monitoring for intakes of radionuclides by workers. ICRP Publication
54. Annals of the ICRP, 19(1-3).

ICRP (2006) Human alimentary tract model for radiological protection. ICRP Publication 100.
Annals of the ICRP, 36(2).

ICRP (2008) Nuclear decay data for dosimetric calculations. ICRP Publication 107. Annals of
the ICRP, 38(3).

A6.3 References for further information about analytical methods

and treatment technologies for radionuclides

Annanmiki M, ed. (2000) Treatment techniques for removing natural radionuclides from drinking
water. Final report of the TENAWA Project. Helsinki, Radiation and Nuclear Safety Author-
ity (STUK-A169).

APHA, AWWA, WEF (2005) Standard methods for the examination of water and wastewater,
21st ed. Washington, DC, American Public Health Association, American Water Works
Association and Water Environment Federation, pp. 7-15.

ASTM (1998) ASTM annual book of standards. Vol. 11.02. Philadelphia, PA, American Society
for Testing and Materials.

Bring R, Miller AG (1992) Direct detection of trace levels of uranium by laser induced kinetic
phosphorimetry. Analytical Chemistry, 64:1413—1418.

Chiu NW, Dean JR (1986) Radioanalytical methods manual. Ottawa, Ontario, Canadian Gov-
ernment Publishing Centre, Canadian Centre for Mineral and Energy Technology, Na-
tional Uranium Tailings Program (CANMET Report 78-22).

Crawford-Brown DJ (1989) The biokinetics and dosimetry of radon-222 in the human body
following ingestion of groundwater. Environmental Geochemistry and Health, 11:10-17.

Department of National Health and Welfare (1977) Chemical procedures for the determination of
88, *Sr, and '’ Cs in surface waters, fresh-water algae and fresh-water fish. Ottawa, Ontario,
Department of National Health and Welfare (Report 77-EHD-14).

Health Canada (2000) Environmental radioactivity in Canada 1989-1996. Available from En-
vironmental Radiation Hazards Division, Radiation Protection Bureau, Health Canada,
Ottawa, Ontario [see also earlier editions of Environmental radioactivity in Canadal.

Health Canada (2004) Point-of-use and point-of-entry treatment technologies for the removal of
lead-210 and uranium from drinking water. Richmond Hill, Ontario, Senes Consultants
Ltd.

Igarashi Y, Kawamura H, Shiraishi K (1989) Determination of thorium and uranium in bio-
logical samples by inductively coupled plasma mass spectrometry using internal standard-
ization. Journal of Analytical Atomic Spectrometry, 4:571-576.

ISO (2003) Standard ISO 5667-3: Water quality—Sampling—DPart 3: Guidance on the preserva-
tion and handling of water samples. Geneva, International Organization for Standardiza-
tion.

ISO (2006) Standard ISO 5667-1: Water quality—Sampling—Part 1: Guidance on the design of
sampling programmes and sampling techniques. Geneva, International Organization for
Standardization.

ISO (2006) Standard ISO 5667-5: Water quality—Sampling—Part 5: Guidance on sampling of
drinking water from treatment works and piped distribution systems. Geneva, International
Organization for Standardization.

ISO (2007) Standard ISO 9696: Water quality—Measurement of gross alpha activity in non-saline
water—Thick source method. Geneva, International Organization for Standardization.

506



ANNEX 6. SUPPORTING INFORMATION ON RADIONUCLIDES

ISO (2007) Standard ISO 10703: Water quality—Determination of the activity concentration of
radionuclides—Method by high resolution gamma-ray spectrometry. Geneva, International
Organization for Standardization.

ISO (2008) Standard ISO 9697: Water quality—Measurement of gross beta activity in non-saline
water—Thick source method. Geneva, International Organization for Standardization.

ISO (2009) Standard ISO 5667-11: Water quality—Sampling—Part 11: Guidance on sampling of
groundwaters. Geneva, International Organization for Standardization.

ISO (2009) Standard ISO 10704: Water quality—Measurement of gross alpha and gross beta activ-
ity in non-saline water—Thin source deposit method. Geneva, International Organization
for Standardization.

ISO (2010) ISO 969: Water quality—Determination of tritium activity concentration—Liquid
scintillation counting method. Geneva, International Organization for Standardization.

ISO (2010) Standard ISO 11704: Water quality—Measurement of gross alpha and beta activity
concentration in non-saline water—Liquid scintillation counting method. Geneva, Inter-
national Organization for Standardization.

ISO (in preparation) Standard ISO 13160: Water quality—Measurement of strontium 90 and
strontium 89. Geneva, International Organization for Standardization.

ISO (in preparation) Standard I1SO 13161: Water quality—Measurement of polonium 210 activ-
ity concentration in water by alpha spectrometry. Geneva, International Organization for
Standardization.

ISO (in preparation) Standard ISO 13162: Water quality—Determination of carbon 14 activity—
Liquid scintillation counting method. Geneva, International Organization for Standardiza-
tion.

ISO (in preparation) Standard ISO 13163-1: Water quality—Measurement of lead 210 activity
concentration—Part 1: Liquid scintillation counting method. Geneva, International Organ-
ization for Standardization.

ISO (in preparation) Standard ISO 13164-1: Water quality—Measurement of the activity concentra-
tion of radon-222 and its short-lived decay products—Part 1: Radon origins and measurement
methods. Geneva, International Organization for Standardization.

ISO (in preparation) Standard ISO 13164-2: Water quality—Measurement of the activity con-
centration of radon-222 and its short-lived decay products—Part 2: Direct measurement by
gamma spectrometry. Geneva, International Organization for Standardization.

ISO (in preparation) Standard ISO 13164-3: Water quality—Measurement of the activity concen-
tration of radon-222 and its short-lived decay products—Part 3: Indirect measurement with
degassing. Geneva, International Organization for Standardization.

ISO (in preparation) Standard ISO 13165-1: Water quality—Measurement of radium 226 activity
concentration—Part 1: Liquid scintillation counting method. Geneva, International Organ-
ization for Standardization.

Lariviere D et al. (2009) Rapid and automated analytical technologies for radiological nuclear
emergency preparedness. In: Koskinen AN, ed. Nuclear chemistry: New research. Nova Sci-
ence Publishers, Inc., pp. 99-154.

NSF International (2005) Contaminant guide. Ann Arbor, MI, NSF International (http://www.
nsf.org/consumer/drinking water/dw_contaminant_guide.asp?program=WaterTre).

NSF International (2005) Contaminant testing protocols. Ann Arbor, MI, NSF International
(http://www.nsf.org/consumer/drinking_water/dw_contaminant_protocols.asp).

Prichard HM, Gesell TF (1977) Rapid measurements of *?Rn concentrations in water with a
commercial liquid scintillations counter. Health Physics, 33:577-581.

Prichard HM, Venso EA, Dodson CL (1991) Liquid scintillation analysis of ??Rn in water by
alpha/beta discrimination. Radioactivity and Radiochemistry, 3:28-26.

507


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

GUIDELINES FOR DRINKING-WATER QUALITY

USEPA (1980) Prescribed procedures for measurement of radioactivity in drinking water.
Washington, DC, United States Environmental Protection Agency (EPA 600/4-80-032).

USEPA (1987) Two test procedures for radon in drinking water. Appendix D. Analytical test proced-
ure. Washington, DC, United States Environmental Protection Agency, p. 22 (EPA/600/2-
87/082).

USEPA (1999) National primary drinking water regulations; radon-222. Washington, DC,
United States Environmental Protection Agency. Federal Register, 64(211).

USEPA (2000) National primary drinking water regulations; radionuclides; final rule. Washington,
DC, United States Environmental Protection Agency (40 Code of Federal Regulations Parts
9, 141 and 142).

USEPA (2000) Radionuclides notice of data availability technical support document. Prepared
by Office of Groundwater and Drinking Water, United States Environmental Protection
Agency, in collaboration with Office of Indoor Air and Radiation, USEPA, and United
States Geological Survey.

USEPA (2008) Approved methods for radionuclides. Washington, DC, United States Environ-
mental Protection Agency (http://www.epa.gov/ogwdw/methods/pdfs/methods/methods_
radionuclides.pdf).

Vitz E (1991) Toward a standard method for determining waterborne radon. Health Physics,
60:817-829.

Volchok HL, de Planque G, eds (1983) EML procedures manual, 26th ed. New York, NY, United
States Department of Energy, Environmental Measurements Laboratory (HASL-300).
WHO (2002) Establishing a dialogue on risks from electromagnetic fields. Geneva, World Health

Organization.

WHO (2009) WHO handbook on indoor radon: A public health perspective. Geneva, World

Health Organization.

508


http://www.epa.gov/ogwdw/methods/pdfs/methods/methods_radionuclides.pdf
http://www.epa.gov/ogwdw/methods/pdfs/methods/methods_radionuclides.pdf

ANNEX 7
Contributors to the development of the
fourth edition of the Guidelines for
drinking-water quality

his 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.
The list of contributors begins with the first meeting at which the fourth edition was
discussed, held in Berlin, Germany, in 2007. All those who contributed to the third
edition of the Guidelines as well as the first and second addenda to the third edition,
which constitute a major portion of this fourth edition, are listed in Annex 2 of the
third edition incorporating the first and second addenda, available on the WHO web
site at http://www.who.int/entity/water_sanitation_health/dwq/GDWAN2revland?2.
pdf. Sincere apologies are extended to any contributors whose names have inadver-
tently been omitted from these lists.

C. Abbot, United Utilities, Warrington, England

H. Abouzaid, World Health Organization, Cairo, Egypt

L. Achene, Istituto Superiore di Sanita, Rome, Italy

J. Adams, Liverpool School of Tropical Medicine, Liverpool, England

A. Adin, Hebrew University of Jerusalem, Jerusalem, Israel

S. Adrian, Environmental Protection Agency, Washington, DC, USA

R. Aertgeerts, World Health Organization European Centre for Environment and
Health, Rome, Italy

E. Ahmed, Bangladesh University of Engineering and Technology, Dhaka, Bangladesh

A. Aitio, World Health Organization, Geneva, Switzerland

H. Al-Hasni, Public Authority for Electricity and Water, Muscat, Oman

N. Al-Hmoud, Princess Sumaya University for Technology, Amman, Jordan

G. Allgood, The Procter & Gamble Company, Cincinnati, USA

B.M. Altura, New York Downstate Medical Center, New York, USA

B.T. Altura, New York Downstate Medical Center, New York, USA

509


http://www.who.int/entity/water_sanitation_health/dwq/GDWAN2rev1and2.pdf
http://www.who.int/entity/water_sanitation_health/dwq/GDWAN2rev1and2.pdf

GUIDELINES FOR DRINKING-WATER QUALITY

L. Alves Campos, National Sanitary Control Agency (ANVISA), Brasilia, Brazil

S. Al-Wahaibi, Ministry of Health, Muscat, Oman

M. Amazonas, The Coca-Cola Company, Atlanta, USA

R. Anderson, World Health Organization, Geneva, Switzerland

K.B. Andrus, Air Transport Association of America, Inc., Washington, DC, USA

G. Ardon, Ministry of Housing, Spatial Planning and Environment, the Netherlands

M. Asami, National Institute of Public Health, Saitama, Japan

N. Ashbolt, Environmental Protection Agency, Cincinnati, USA

S. Atkinson, McMaster University, Hamilton, Canada

H. Bakir, WHO Regional Centre for Environmental Health Activities, Amman,
Jordan

L. Barrott, MWH, High Wycombe, England

J. Barrow, Centers for Disease Control and Prevention, Atlanta, USA

J. Bartram, University of North Carolina, Chapel Hill, USA

R. Bastos, University of Vicosa, Vigosa, Brazil

H.K. Bates, Research Association, Durham, USA

A. Bathija, Environmental Protection Agency, Washington, DC, USA

J. Baumgartner, University of Wisconsin, Madison, USA

A.S. Baweja, Health Canada, Ottawa, Canada

P. A. Bawono, Ministry of Health, Jakarta, Indonesia

D. Bennitz, Health Canada, Ottawa, Canada

M. Berglund, Karolinska Institute of Environmental Medicine, Stockholm, Sweden

S. Bish, United Nations Children’s Fund, New York, USA

M. Blokker, Kiwa Water Research, Nieuwegein, the Netherlands

L. Bonadonna, Istituto Superiore di Sanita, Rome, Italy

R. Bos, World Health Organization, Geneva, Switzerland

M. Bowman, Water Corporation, California, USA

E. Briand, Ministere du Travail, de PEmploi et de la Santé, Paris, France

T. Brooks, Health Canada, Ottawa, Canada

J. Brown, London School of Hygiene & Tropical Medicine, London, England

C. Browne, Ministry of Health, St Michael, Barbados, West Indies

G. Brundrett, Brundett Associates, Kingsley, England

T. Bruursema, NSF International, Ann Arbor, USA

P. Byleveld, New South Wales Department of Health, Sydney, Australia

E. Calderon, Agua y Saneamientos Argentinos, Buenos Aires, Argentina

R. Calderon, Environmental Protection Agency, Durham, USA

P. Callan, National Health and Medical Research Council, Canberra, Australia

D. Calmet, International Organization for Standardization and Nuclear Advisor of
the Permanent Mission of France at United Nations, Vienna, Austria

D. Campbell-Lendrum, World Health Organization, Geneva, Switzerland

Z. Carr, World Health Organization, Geneva, Switzerland

V. Casey, WaterAid, London, England

C. Castell-Exner, German Technical and Scientific Association for Gas and Water,
Bonn, Germany

510



ANNEX 7. CONTRIBUTORS TO THE DEVELOPMENT OF THE FOURTH EDITION

P. Charles, Centre International de Recherche Sur 'eau et 'Environnement — Suez
Environnement, Le Pecq, France

R. Charron, Health Canada, Ottawa, Canada

Y. Chartier, World Health Organization, Geneva, Switzerland

J. Chen, Health Canada, Ottawa, Canada

C.K. Chew, World Health Organization, Geneva, Switzerland

M.L. Chong, World Health Organization, Manila, Philippines

I. Chorus, Federal Environment Agency, Berlin, Germany

D. Chuckman, International Flight Services Association, Mississauga, Canada

G. Cissé, Swiss Tropical and Public Health Institute, Basel, Switzerland

T. Clasen, London School of Hygiene and Tropical Medicine, London, England

L. Coccagna, consultant, Italy

J. Colbourne, Drinking Water Inspectorate, London, England

A. Colgan, International Atomic Energy Agency, Vienna, Australia

G. Combs, United States Department of Agriculture, Grand Forks, USA

L. Corrales, Centers for Disease Control and Prevention, Atlanta, USA

R. Costello, National Institutes of Health, Bethesda, USA

P. Costrop, Syngenta Crop Protection, Basel, Switzerland

J. Cotruvo, Joseph Cotruvo & Associates/NSF International Collaborating Centre,
Washington, DC, USA

M. Couper, World Health Organization, Geneva, Switzerland

D. Cunliffe, Department of Health, Adelaide, Australia

T. Darlow, MWH, Edinburgh, Scotland

D. Davidson, Center for Food Safety and Applied Nutrition, Food and Drug
Administration, College Park, USA

A. Davison, Water Futures Pty Ltd, Dundas Valley, Australia

D. Deere, Cooperative Research Centre for Water Quality and Treatment, Salisbury,
Australia

J. De France, NSF International, Zaventem, Belgium

M. Del Rosario Perez, World Health Organization, Geneva, Switzerland

J. Dennis, Thames Water Utilities, England

A.M. de Roda Husman, National Institute of Public Health and the Environment,
Bilthoven, the Netherlands

H. Dieter, Federal Environment Agency, Dessau, Germany

P. Donlon, Water Services Association, Victoria, Australia

J. Donohue, Environmental Protection Agency, Washington, DC, USA

T. Dooley, United Nations Children’s Fund, New York, USA

E Douchin, DASS de Seine Maritime, Rouen, France

N. Dowdall, British Airways, Harmondsworth, England

P. Drechsel, International Water Management Institute, Colombo, Sri Lanka

D. Drury, Independent Consultant, London, United Kingdom

I. Dublineau, Institut de Radioprotection et de Streté Nucléaire, Fontenay-aux-
Roses, France

C. Edgar, Cranfield University, Bedford, England

P. Edmondson, Medentech Ltd, Wexford, England

511



GUIDELINES FOR DRINKING-WATER QUALITY

R. Elin, University of Louisville, Louisville, USA

T. Endo, Ministry of Health, Labour and Welfare, Tokyo, Japan

J. Escamilla, World Health Organization, Panama

A. Evans, International Civil Aviation Organization, Montreal, Canada

M. Exner, Institute for Hygiene and Public Health, University of Bonn, Bonn,
Germany

A. Eyring, Philadelphia Water Department, Philadelphia, USA

Z. Fang, Department of Health Quarantine, General Administration of Quality
Supervision, Inspection and Quarantine of the People’s Republic of China,
Beijing, China

J. Fawell, Independent Consultant, Buckingham, England

D. Fayzieva, Uzbekistan Academy of Science, Uzbekistan

E. Ferretti, Istituto Superiore di Sanita, Rome, Italy

I. Feuerpfeil, Federal Environment Agency, Germany

L. Fewtrell, Aberystwyth University, Aberystwyth, Wales

K. Ford, Rio Tinto, London, England

P. Fosselard, European Federation of Bottled Water, Brussels, Belgium

D. Frost, Aqua Focus Ltd, Newport, England

D. Gamper, Airports Council International, Geneva, Switzerland

D. Gatel, EUREAU, Brussels, Belgium

R.J. Gelting, Centers for Disease Control and Prevention, Atlanta, USA

M. Giddings, Health Canada, Ottawa, Canada

S. Godfrey, United Nations Children’s Fund, Bhopal, India

C. Gollnisch, Akkreditierte Hygieneinspektionsstelle fiir Trinkwassersysteme,
Germany

R. Goossens, Compagnie Intercommunale Bruxelloise des Eaux, Belgium

B. Gordon, World Health Organization, Geneva, Switzerland

E. Gore, World Health Organization, Geneva, Switzerland

W. Grabow, retired (formerly of University of Pretoria, Pretoria, South Africa)

J. Grace, Air Safety, Health and Security Department, Association of Flight
Attendants-CWA, Washington, DC, USA

A.C. Grandjean, Center for Human Nutrition, Omaha, USA

C. Giiler, Hacettepe University, Turkey

C. Hadjichristodoulou, University of Thessaly, Larissa, Greece

S. Harris, International Life Sciences Institute, Washington, DC, USA

P. Hartemann, Faculté de Médicine de Nancy, France

T. Hasan, Pacific Islands Applied Geoscience Commission, Suva, Fiji Islands

S. Hauswirth, Public Health Service, North Rhine—Westphalia, Germany

R.P. Heaney, Creighton University, Omaha, USA

H. Heijnen, World Health Organization, Kathmandu, Nepal

S. Herbst, Institute for Hygiene and Public Health, University of Bonn, Germany

A. Hirose, National Institute of Health Sciences, Tokyo, Japan

E.J. Hoekstra, Institute for Health and Consumer Protection, Ispra, Italy

C. Hollister, Air Transport Association of Canada, Mississauga, Canada

L. Hope, World Health Organization, Geneva, Switzerland

512



ANNEX 7. CONTRIBUTORS TO THE DEVELOPMENT OF THE FOURTH EDITION

G. Howard, Department for International Development, East Kilbride, Scotland

S. Hrudey, University of Alberta, Edmonton, Canada

L.C. Hsiang, National Environment Agency, Singapore, Singapore

J. Huff, National Institute of Environmental Health Sciences, Research Triangle Park,
USA

P. Hunter, University of East Anglia, Norwich, England

E Husson, Solar Solutions LLC, San Diego, USA

P. Illig, Centers for Disease Control and Prevention, Anchorage, USA

T. Inoue, Japan Water Forum, Tokyo, Japan

M. Ttoh, National Institute of Public Health, Japan

S. Itoh, Kyoto University, Kyoto, Japan

D. Jackson, MWH, Melbourne, Australia

P. Jackson, WRc-NSF Ltd, Reading, England

E. Jesuthasan, World Health Organization, Geneva, Switzerland

H.E. Jianzhong, National University of Singapore, Singapore

B. Jiménez Cisneros, Institute of Engineering, Mexico City, Mexico

R. Johnston, Eawag, Duebendorf, Switzerland

H. Jones, Loughborough University, Leicestershire, England

P.S. Joshi, National Environment Agency, Singapore

T. Jung, German Federal Office for Radiation Protection, Oberschleissheim,
Germany

M. Kanazawa, Ministry of Health, Labour and Welfare, Tokyo, Japan

P. Karani, African Development Bank, Tunis, Tunisia

G.Y.-H. Karina, National University of Singapore, Singapore

H. Kasan, Rand Water, Johannesburg, South Africa

A. Kasuya, Ministry of Health Labour and Welfare, Tokyo, Japan

H. Katayama, University of Tokyo, Tokyo, Japan

D. Kay, University of Wales, Ceredigion, Wales

N.R. Khatri, World Health Organization, Kathmandu, Nepal

T. Kistemann, University of Bonn, Germany

K. Komatsu, National Institute for Environmental Studies, Ibaraki, Japan

K. Kosaka, National Institute of Public Health, Saitama, Japan

N.O. Kotei, Public Utilities Regulatory Commission, Accra, Ghana

P. Kozarsky, Centers for Disease Control and Prevention, Atlanta, USA

E. Kozisek, National Institute of Public Health, Prague, Czech Republic

R. Kryschi, Germany

Y. Kubo, Ministry of Health, Labour and Welfare, Tokyo, Japan

P. Kubon, Federal Environment Agency, Germany

Y. Kudo, Japan Water Works Association, Tokyo, Japan

S. Kumar, University of Malaya, Kuala Lumpur, Malaysia

S. Kunikane, University of Shizuoka, Shizuoka, Japan

S. Kurebayashi, Ministry of the Environment, Tokyo, Japan

H. Lahav, Makhshim Chemical Works Ltd, New York, USA

H.K. Lee, National University of Singapore, Singapore

J. Lee, Health Protection Agency, London, England

513



GUIDELINES FOR DRINKING-WATER QUALITY

P. Lennon, PATH, Seattle, USA

K. Levy, Rollins School of Public Health, Atlanta, USA

M.H. Lim, Public Utilities Board, Singapore

J.-E. Loret, Centre International de Recherche Sur 'eau et 'Environnement — Suez
Environnement, Le Pecq, France

P. Lotz, MINTEK, Randburg, South Africa

A. Lovell, Water Services Association of Australia, Sydney, Australia

S. Luby, International Centre for Diarrhoeal Disease Research, Dhaka, Bangladesh

L. Lucentini, Istituto Superiore di Sanita, Rome, Italy

Y. Magara, Hokkaido University, Sapporo, Japan

B. Magtibay, Department of Health, Manila, Philippines

S.G. Mahmud, World Health Organization, Dhaka, Bangladesh

D. Maison, World Health Organization, Geneva, Switzerland

D. Mara, University of Leeds, Leeds, England

K.J. Marienau, Centers for Disease Control and Prevention, Minneapolis, USA

P. Marsden, Department for Environment, Food and Rural Affairs, London, England

T. Matsuda, Ministry of Health, Labour and Welfare, Tokyo, Japan

Y. Matsui, Hokkaido University, Sapporo, Japan

K. Matsumoto, Ministry of Health, Labour and Welfare, Tokyo, Japan

A. May, Drinking Water Inspectorate, London, England

S. McFadyen, Health Canada, Ottawa, Canada

C. McLaren, Drinking Water Quality Regulator for Scotland, Edinburgh, Scotland

D. Medeiros, Health Canada, Ottawa, Canada

G. Medema, Kiwa Water Research, Nieuwegein, the Netherlands

R. Meierhofer, Eawag, Duebendorf, Switzerland

K. Meme, Lifewater International, San Luis Obispo, USA

J. Mercer, Health Canada, Ottawa, Canada

D.L. Menucci, World Health Organization, Lyon, France

R. Meyerhoff, Lilly Research Laboratories, Eli Lilly and Company, Greenfield, USA

E Miranda da Rocha, National Sanitary Control Agency, Brasilia, Brazil

H.G.H. Mohammad, Ministry of Health, Rumaithiya, Kuwait

D. Mokadam, Association of Flight Attendants-CWA, Washington, DC, USA

D. Moir, Health Canada, Ottawa, Canada

M. Mons, Kiwa Water Research, Nieuwegein, the Netherlands

M. Montgomery, World Health Organization, Geneva, Switzerland

A. Mooijman, Independent Consultant, Meerssen, the Netherlands

H. Morii, Osaka City University, Osaka, Japan

V. Morisset, Health Canada, Ottawa, Canada

T. Morita, Japan Water Forum, Tokyo, Japan

N. Moritani, Ministry of Health, Labour and Welfare, Tokyo, Japan

R. Morris, University College London, London, England

B. Mouchtouri, University of Thessal, Larissa, Greece

M. Moussif, Mohamed V Airport, Casablanca, Morocco

J. Nadeau, Health Canada, Ottawa, Canada

K.J. Nath, Institution of Public Health Engineers, India

514



ANNEX 7. CONTRIBUTORS TO THE DEVELOPMENT OF THE FOURTH EDITION

R. Neipp, Ministry of Health and Social Policy, Madrid, Spain

A.V.E. Ngowi, Muhimbili University of Health and Allied Sciences, Dar-Es-Salaam,
United Republic of Tanzania

C. Nicholson, Sydney Water, Sydney, Australia

EH. Nielsen, United States Department of Agriculture, Grand Forks, USA

J.W. Nieves, Columbia University, New York, USA

C. Nokes, Environmental Science and Research Ltd, Christchurch, New Zealand

O. Odediran, United Nations Children’s Fund, New York, USA

M. Ogoshi, National Institute for Land and Infrastructure Management, Ibaraki,
Japan

E. Ohanian, Environmental Protection Agency, Washington, DC, USA

S. Okamoto, Public Works Research Institute, Ibaraki, Japan

C.N. Ong, National University of Singapore, Singapore

S.L. Ong, National University of Singapore, Singapore

L. Onyon, World Health Organization, Geneva, Switzerland

P. Osborn, 300in6 initiative, Uithoorn, the Netherlands

W. Oswald, Rollins School of Public Health, Atlanta, USA

A. Paoli, Atkins Limited, Epsom, England

T. Paux, Ministere de la santé, de la jeunesse et des sports, Paris, France

G.L. Peralta, World Health Organization, Manila, Philippines

S. Perry, State of Washington Office of Drinking Water, Tumwater, USA

S. Petterson, Water & Health Pty Ltd, Parramatta, Australia

B. Pilon, International Air Transport Association, Geneva, Switzerland

M. Plemp, Centre for Infectious Disease Control, Amsterdam, the Netherlands

B. Plotkin, World Health Organization, Geneva, Switzerland

T. Pohle, Air Transport Association, Washington, DC, USA

K. Pond, University of Surrey, Guildford, England

K. Porter, Environmental Protection Agency, Washington, DC, USA

E Properzi, World Health Organization, Geneva, Switzerland

T. Pule, World Health Organization, Brazzaville, Republic of Congo

W. Qu, Fudan University, Shanghai, China

H. Quinones, Scientific and Technical Translator, Madrid, Spain

V. Ramnath, National Environment Agency, Singapore, Singapore

T. Rapp, Federal Environment Agency, Germany

S. Regli, Environmental Protection Agency, Washington, DC, USA

P. Regunathan, Regunathan & Associates Inc., Wheaton, USA

A. Rinehold, Centers for Disease Control and Prevention, Atlanta, USA

J. Ringo, Bio-Cide International, Inc., Norman, USA

S. Risica, National Institute of Health, Rome, Italy

W. Robertson, retired (formerly Health Canada, Ottawa, Canada)

G. Rodier, World Health Organization, Geneva, Switzerland

J.W. Rosenboom, Water and Sanitation Program of the World Bank (WSP), Phnom
Penh, Cambodia

K. Rotert, Environmental Protection Agency, Washington, DC, USA

515



GUIDELINES FOR DRINKING-WATER QUALITY

H. Sanderson, Danish National Environmental Research Institute, Roskilde, Denmark

B. Schaefer, Federal Environment Agency, Bad Elster, Germany

S. Schaub, Environmental Protection Agency, Washington, DC, USA

O. Schmoll, Federal Environment Agency, Bad Elster, Germany

S. Seki, Ministry of the Environment, Tokyo, Japan

C. Sevenich, Hamburg Port Health Center, Hamburg, Germany

G. Shaghaghi, Ministry of Health, Tehran, Islamic Republic of Iran

N. Shah, Unilever R & D Laboratory, Bangalore, India

E Shannoun, World Health Organization, Geneva, Switzerland

N. Shaw, International Shipping Federation, London, England

D. Sheehan, Department of Human Services, Adelaide, Australia

M. Shefter, Editor, Ottawa, Canada

E. Sheward, University of Central Lancashire, West Sussex, England

D. Shrestha, United Nations High Commissioner for Refugees, Geneva, Switzerland

D. Simazaki, National Institute of Public Health, Saitama, Japan

J. Simmonds, Health Protection Agency, Didcot, England

J. Sims, retired (formerly World Health Organization, Geneva, Switzerland)

M. Sinclair, Monash University, Melbourne, Australia

C. Skak, Danish Toxicology Centre, Denmark

D. Smith, Melbourne Water, Melbourne, Australia

S. Smith, Wessex Water, Bath, England

M. Sobsey, University of North Carolina, Chapel Hill, USA

J. Soller, Soller Environmental, LLC, Berkeley, USA

B. Sontia, University of Ottawa, Ottawa, Canada

T.-A. Stenstrom, Swedish Institute for Infectious Disease Control, Stockholm, Sweden

M. Stevens, Melbourne Water Corporation, Melbourne, Australia

N. Stewart, Carnival UK, London, England

K. Sudo, Japan International Cooperation Agency, Tokyo, Japan

S. Surman-Lee, Health Protection Agency, London, England

D. Sutherland, Independent Consultant, Epsom, England

A. Suzuki, Ministry of the Environment, Tokyo, Japan

M. Takahashi, Hokkaido University, Hokkaido, Japan

H. Tanaka, Kyoto University, Shiga, Japan

R. Tanner, consultant, Belgium

M. Taylor, Ministry of Health, Wellington, New Zealand

P. Teixeira, World Health Organization, Washington, DC, USA

P. Teunis, National Institute for Public Health and the Environment, Bilthoven, the
Netherlands

C. Thibeault, International Air Transport Association, Montreal, Canada

T. Thompson, World Health Organization, Manila, Philippines

S.M. Tibatemwa, International Water Association, Nairobi, Kenya

D. Till, consultant, New Zealand

R. Tomisaka, Ministry of the Environment, Tokyo, Japan

R.M. Touyz, University of Ottawa, Ottawa, Canada

B. Tracy, Health Canada, Ottawa, Canada

516



ANNEX 7. CONTRIBUTORS TO THE DEVELOPMENT OF THE FOURTH EDITION

A. Trevett, World Health Organization, Kathmandu, Nepal

D.M. Trindade, Centre for Disease Control and Prevention, Macao Special
Administrative Region, China

A. Tritscher, World Health Organization, Geneva, Switzerland

S. Tuite, Health Canada, Ottawa, Canada

T. Udagawa, Japan Water Works Association, Tokyo, Japan

P. Undesser, Water Quality Association, Lisle, USA

S. Vajpeyee, Government Medical College and New Civil Hospital, Surat, India

J.P. van der Hoek, Amsterdam Water Supply, Amsterdam, the Netherlands

P. Van Maanen, United Nations Children’s Fund, New York, USA

L. Vazquez-Coriano, Environmental Protection Agency, Washington, DC, USA

G. Velo, University of Verona,Verona, Italy

E. Venter, University of Pretoria, Pretoria, South Africa

E. Veschetti, Istituto Superiore di Sanita, Rome, Italy

C. Vickers, World Health Organization, Geneva, Switzerland

J.M.P. Vieira, University of Minho, Braga, Portugal

L. Vijselaar, Danish Committee for Aid to Afghan Refugees (DACAAR), Kabul,
Afghanistan

C. Viljoen, Rand Water, Johannesburg, South Africa

G. Vivas, World Health Organization, Bridgetown, Barbados

N. Wang, World Health Organization, Lyon, France

C. Weaver, Purdue University, West Lafayette, USA

W. Weglicki, George Washington University Medical Center, Washington, DC, USA

S. Westacott, Southampton City Council, Southampton, England

I. Wienand, University of Bonn, Bonn, Germany

A. Wiklund, DG Energy, European Commission, Luxembourg

T. Williams, International Water Association, The Hague, the Netherlands

D. Wilusz, Department of State, Washington, DC, USA

C. Witkowski, Association of Flight Attendants-CWA, Washington, DC, USA

K.-M. Wollin, Niederséchsisches Landesgesundheitsampt, Hanover, Germany

J. Yap, National Environment Agency, Singapore

R. Yuen, International Water Association, Singapore

R. Zhang, National Center for Rural Water Supply Technical Guidance, Center for
Disease Control and Prevention, Beijing, China

G. Ziglio, University of Trento, Trento, Italy

517



Index

Page numbers in bold indicate main discussions.
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Acceptability 7-8, 219-230
biologically derived contaminants 221-
222
chemical contaminants 156, 222-230
in emergencies and disasters 101, 199
guideline values for chemicals affecting
167
setting standards 28
Acceptable daily intake (ADI) 161
allocation to drinking-water 163-164,
195-196, 197
derivation of guideline values 164
uncertainty factors 162-163
Access to water (accessibility) 83,85
definition of reasonable 85
equitability 101
policies 33
Acids, household water treatment 142
Acinetobacter 107, 120, 121, 232-234, 298
Acrylamide 307-308
analysis 483
guideline value 188,308, 472
Actinomycetes 221
Activated alumina 493
Activated carbon
adsorption 490-491
granular (GAC) 176, 490-491
powdered (PAC) 490-491
Acute reference doses (ARfDs) 197
Additives 26, 182—-185
Adenoviruses 119, 258-260, 305, 306
Adequacy of supply, surveillance 83-86

ADI see Acceptable daily intake
Advanced oxidation processes 492-493
Aeration 489
radon removal 217
Aeromonas 107,120, 121, 234-235, 298
Aerosols 120
Aesthetic acceptability see Acceptability
Affordability 83, 85-86
Aggressivity index, cement 501
Agricultural activities, chemicals from 158,
179-182
analysis 481-482
guideline values 183-184
treatment performance 497-499
AIDS 120,280
Air, radon in 215-216
Air stripping 489
Aircraft 109-112
Airports 109-112
Alachlor 308-309
analysis 481
guideline value 183,309, 472
treatment performance 497
Aldicarb 309-310
analysis 481
guideline value 183,309, 472
treatment performance 497
Aldrin 310-311
analysis 481
guideline value 183,310, 472
treatment performance 497
Algae 221
Alkalinity



corrosion and 175, 501, 502, 503
see also pH
Alkyl benzenes 226, 409
Alkyl naphthalenes 409
Alpha radiation activity
measurement 213, 214
screening levels 208,209
Alumina, activated 493
Aluminium 311-313, 469
acceptability 222-223,311
coagulants 489
dialysis water 107
optimal values 186,311, 312, 313
Alzheimer disease (AD) 311-312
Americium-241 211, 215
Aminomethylphosphonic acid (AMPA) 182,
374,470
Amitraz 181,468
Ammonia 173, 182, 313, 469
taste and odour 223
treatment to remove 230
Amoebae 57
Legionella ingestion 244
routes of transmission 120
see also Acanthamoeba; Entamoeba
histolytica; Naegleria fowleri
Amoebiasis 276
Amoebic encephalitis, granulomatous 269,
270
Amoebic meningoencephalitis, primary
(PAM) 282
AMPA 182,374, 470
Anabaena spp. 293, 344
Analytical achievability 479-484
Analytical methods
chemicals 168-170, 476-478
radionuclides 213-214
Ancylostoma (duodenale) 120, 289, 290
Animals
in drinking-water 221-222
rainwater collection systems 58-59
toxicological studies 159
Anion exchange 176
Anthracite-sand filters 487-488
Anthrax 236
Antimony 314-315
analysis 479
guideline value 188,314,472
Aphanizomenon spp. 293
Aphelenchus 289

INDEX

519

Appearance 7-8,219-230
biologically derived contaminants
221-222
chemical contaminants 222-230
treatments for improving 230
see also Colour; Turbidity
Aquifers see Groundwaters
Argyria 415
Arsenic 315-318
analysis 318,479
guideline value 178, 315,317-318, 472
household treatment 176
priority 29
treatment performance 494
Asbestos 187, 318, 469
Asbestos—cement pipes 493
Ascaris 120,290
Asellus aquaticus 222
Aspergillus 107
Astroviruses 119, 260-261, 305
Atomic absorption spectrometry (AAS)
476-477
Atomic emission spectrometry (AES) 477
Atrazine 319-320
analysis 481
guideline value 183,319,472
treatment performance 497
Audit
approach to surveillance 78-79
water safety plans 69, 78, 87

Bacillus 235-236
Bacillus cereus 235
Bacillus thuringiensis israelensis (Bti) 191,
193, 434-435, 469
Backflow 105
prevention 99
Bacteria
pathogenic 119, 121, 232-258
reference pathogens 127
treatment efficacy 139-140, 145-146
Bacteriophages 148, 301-305
Bacteroides fragilis phages 148, 303-305
Balantidium coli (balantidiasis) 120, 121,
270-271
Bank filtration 488-489
Barium 320-321
analysis 479
guideline value 178, 320, 472
BDCM see Bromodichloromethane
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Becquerel (Bq) 205
Benchmark dose (BMD) 161-162
lower confidence limit (BMDL) 160,
161-162
uncertainty factors 162
Bentazone 182, 321-322, 469
Benzene 322
analysis 480
guideline value 180, 322,472
treatment performance 495
Benzo[a]pyrene 411,412
analysis 483
guideline value 188,411,472
Beryllium 179, 322-323, 469
Beta radiation activity
due to potassium-40 209-210, 213
measurement 213, 214
screening levels 208,209
f3,-microglobulin, urinary 327-328
Bilharzia see Schistosomiasis
Biofilms 57
atypical mycobacteria 247-248
desalinated water 99
Klebsiella 243
Legionella 244,245
Biologically derived contaminants 221-222
Blastocystis (hominis) 121,271-273
Bleach, household 110, 141
Blooms, cyanobacterial 221,294, 345
Blue-baby syndrome see
Methaemoglobinaemia
Blue-green algae see Cyanobacteria
Body weight, guideline value calculations
164
Boil water advisories 72,151-153
Boiling of water
households 143, 146
travellers 108,110
Bone char 176
Borehole waters 96,215
Boron 323-324
analysis 479
guideline value 178,323,472
Bottle-fed infants 196, 398, 399, 400,
402-403
Bottled water 101, 108, 114-115
Brass corrosion 493
Bromate 172, 324-325
analysis 482
guideline value 187,324,472
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strategies for reducing 173
in water treatment products 189, 324
Bromide 177, 325-326, 469
Brominated acetic acids 326
Bromine 487
Bromochloroacetate 186, 326, 469
Bromochloroacetonitrile 186, 375-376, 469
Bromodichloromethane (BDCM) 427-430
analysis 482
guideline value 187,427,472
Bromoform 427-430
analysis 482
guideline value 187,427,472
Buildings
large 104-107, 245
plumbing systems 16—17
Bulk water supply 97-98
Burkholderia pseudomallei 119, 236-237

Cadmium 327-328
analysis 479
guideline value 180, 327, 472
treatment performance 495
Caesium 215
Caesium-134 211
Caesium-137 211
Calcium
hard water 377
taste threshold 225
Calcium carbonate
saturation status 175
scale 225
see also Hardness
Calcium hypochlorite 110, 141, 485
decomposition products 188
Calcium sulfate 227
Caliciviruses 261-263, 305
Campylobacter 237-239
in faeces, wastewater and raw water 136
health-based targets 134
as reference pathogen 127
risk assessment 130, 132
Campylobacter coli 119,237
Campylobacter jejuni 119, 237-238
Cancer
arsenic-related 316-317
radiation-induced 207
radon-related risk 216
see also Carcinogens
Capacity-building networks 18



Carbaryl 182, 328, 469
Carbofuran 328-329
analysis 481
guideline value 183,329,472
treatment performance 497
Carbon, activated see Activated carbon
Carbon-14 211
Carbon block technologies 176
Carbon filters 108,109, 111
Carbon tetrachloride 329-330
analysis 480
guideline value 180, 329, 472
treatment performance 495
Carcinogens
derivation of guideline values 159-160,
165
genotoxic 159, 165
guideline values 184
health effects of acute exposure 196
IARC classification 160
non-genotoxic 159
Cascade aeration 489
Catchments
control measures 54-55
hazard identification 53-54
management 53-55
new systems 50
performance targets 43
roles and responsibilities 11, 12-13
see also Source waters
Cation exchange 176,491
Cement, corrosion 493-501
Ceramic filters, porous 109, 111, 142, 145
Certification 15-16
agencies 15-16
chemicals in water 42-43
household treatment and storage 146—
147
Cheilobus 289
Chemical-specific adjustment factors
(CSAF) 160,163
Chemicals 6-7, 155-201
acceptability aspects 222-230
acute reference doses 197
agricultural activities see Agricultural
activities, chemicals from
analytical achievability 479-484
analytical methods 168-170, 476—478
carcinogenic risk categories 160
categorization by source 157-158
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emergencies involving see Emergencies,
chemical contamination
of emerging concern 189-190
fact sheets 307—442
guideline values see Guideline values
health-based targets 40, 42-43, 156
health-based values for use in
emergencies 197-198
health hazards 5,156-158
industrial sources and human dwellings
see Industrial sources and
human dwellings, chemicals
from
information sources 30
mixtures 167-168
spills involving 199-200
naturally occurring see Naturally
occurring chemicals
non-threshold 159
derivation of guideline values 165
not included in Guidelines 167
piped distribution systems 56
priority setting 29-30
“short-listing” 30
summary tables 468-475
threshold 159, 160-165
treatment to remove 170-176
verification 26-27, 65, 66—67
Chemicals used in water treatment/materials
in contact with water 158, 182—
189
analysis 479, 482-483
guideline values 187-188
with no guideline values 186-187
process control measures 171-174
see also Disinfection by-products
Children
guideline value calculations 164
radionuclide guidance levels 212-213
see also Infants
Chironomus larvae 222
Chloral hydrate (trichloroacetaldehyde)
186, 330-331, 469
Chloramination 57, 486
by-products 185, 405
effects on acceptability 220
nitrite formation 399
Chloramines 331-332, 486
taste and odour 223
see also Monochloramine



GUIDELINES FOR DRINKING-WATER QUALITY

Chlorate 172,335-336

analysis 482

guideline value 187,335,473

in water treatment products 188, 189
Chlordane 333

analysis 481

guideline value 183,333,473

treatment performance 333, 497
Chloride 177, 333-334, 469

acceptability 223,334
Chlorinated acetic acids 352-353, 395,

423-424

Chlorination 485-486

alternatives to 174

breakpoint 485

by-products 172, 184, 185

indicators for monitoring 185-188

chemical contaminants 188-189

in emergencies 151

household use 141-142, 145

marginal 485

microbial reduction 140

for travellers 108, 110
Chlorine 6, 334-335

acceptable levels 223

analysis 482

gas, liquefied 485

guideline value 187,334,473

residual, monitoring 62

treatment see Chlorination
Chlorine dioxide 186, 469, 486

by-products 172, 185, 335

see also Chlorate; Chlorite

chemical contaminants 189

health effects 336

household use 141

microbial reduction 140

water treatment 174
Chlorite 172, 335-336

analysis 483

guideline value 187,335,473

in water treatment products 188, 189
3-Chloro-4-dichloromethyl-5-hydroxy-2-

(5H)-furanone see MX

Chloroacetones 186, 337, 469
Chlorobenzenes 223-224
Chlorobenzilate 181, 468
Chloroform 427-430

analysis 483

guideline value 187,427,473
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2-Chlorophenol 186, 224, 337-338, 469
Chlorophenols 224, 337-338
Chlorophenoxy herbicides 348-349, 360—
361, 369-370, 387-389, 419-420
Chloropicrin 186, 338, 469
Chlorothalonil 181, 468
Chlorotoluron 338-339
analysis 481
guideline value 183,338,473
treatment performance 497
Chlorpyrifos 339-340
analysis 483
guideline value 183,339,473
Cholera 255, 256
Chromatography 477-478
Chromium 340
analysis 479
guideline value 178,340, 473
Chydorus sphaericus 221
Citrobacter 295,296
Citrus fruit juices 142
Clarification
microbial reduction 139
for travellers 108—109
Climate change 34, 94
Clostridium perfringens 148, 300-301
Cloudiness 221,228
Co-precipitation method, measuring
radioactivity 213,214
Coagulation (chemical) 55, 489-490
household use 143
microbial reductions 139
Codex Alimentarius Commission (CAC)
115
Cold water systems 105
Coliform bacteria
in faeces, wastewater and raw water 136
thermotolerant see Thermotolerant
coliforms
total 294-296
use in monitoring 148
see also Escherichia coli
Coliphages 301-303
F-RNA 301, 302-303
somatic 301, 302
use in monitoring 148
Collaborative multiagency approach 8
Colorimetric methods 476
Colour 221,224
Communication 25
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radiation risk 217-218
surveillance information 89-92
water safety plans 46,76
Community
communication with 25, 89-90
organizations 12, 90
participation 89-90
Community drinking-water systems 58-59
control measures 58—59
grading schemes 90-91
hazard identification 58
management 74-75
operation and maintenance 87
operational monitoring 63-64
roles and responsibilities 11-12, 14-15
surveillance 80, 81-82
verification 68
Composite filters 142, 145
Concrete, dissolution 493-501
Conjunctivitis, adenovirus 259
Consumers
acceptability to see Acceptability
communication with 25
informing about chemical emergencies
195
interaction with 89-90
radiation risk communication 217-218
roles and responsibilities 15
Consumption of drinking-water, per capita
83
assessing exposure to pathogens 129
guideline value calculations 164
local variations 31, 168
performance target setting and 134, 135
Contact, transmission via 120, 123
Contact lenses 270
Containers, water
breeding of disease vectors 190
bulk supplies 97
in emergencies and disasters 101
household storage 146
packaged drinking-water 114
pesticide use see Pesticides, used in water
for vector control
rainwater 95
vended water 96-97
Continuity of supply 83, 86
emergencies and disasters 101
Control measures 23, 46
assessment and planning 52-53
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defined 52
determining 61-62
monitoring performance see
Operational monitoring
non-piped, community and household
systems 58-59
operational and critical limits 63
piped distribution systems 57-58
resource and source protection 54-55
treatment stage 55-56
validation see Validation
Cooling towers 244, 245
Copper 184, 340-342
acceptability 224-225, 341
analysis 479
corrosion 501
guideline value 188,341,473
health effects of acute exposure 196
impingement attack 501
pitting 501
Corrosion 174-175
control strategies 175
desalinated water 98
galvanic 502
inhibitors 502
pH and 174-175, 226-227
pitting 501
potential, characterizing 175
treatment and distribution systems
493-503
Cosmic radiation 204, 206
Costs
water supply 85-86
water treatment 171
Coxsackieviruses 263
Crangonyx pseudogracilis 221
Critical limits 63
Crustaceans 221
Cryptosporidiosis 273
Cryptosporidium 119, 273-274
in faeces, wastewater and raw water 136
performance targets 133—134
as reference pathogen 127-128
risk assessment 132
treatment efficacy 145-146, 174
Cryptosporidium hominis 273
Cryptosporidium parvum 273
Ct concept 56
Culex larvae 222
Cyanazine 342
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analysis 481

guideline value 183,342,473

treatment performance 497
Cyanide 179, 342-344, 346-347, 469
Cyanobacteria 176,293-294

acceptability 221

blooms 221,294, 345

toxins see Cyanotoxins

treatment performance 500
Cyanogen chloride 186, 343-344, 346-347,

469

Cyanotoxins 176, 293-294, 344-346

analysis 484

treatment 346, 500

see also Microcystin-LR
Cyanuric acid 417
Cyclops 221,222,286
Cyclospora cayetanensis 119, 274-276
Cyclosporiasis 275
Cylindrospermum spp. 293
Cypermethrin 181, 468

2,4-D (2,4-dichlorophenoxyacetic acid)
347-348
analysis 481
guideline value 183,347, 473
treatment performance 497
DALY see Disability-adjusted life years
Data
derivation of guideline values 165-166
fitness for purpose 68
regional use 90-92
system assessment and design 51-53
2,4-DB 183, 348-349, 473, 481
DBCP see 1,2-Dibromo-3-chloropropane
DBPs see Disinfection by-products
DCBs see Dichlorobenzenes
DDT and metabolites 191, 349-350
analysis 483
guideline value 192, 349, 473
treatment performance 500
“Dealkalization” 491
Dechlorination 485
DEHA see Di(2-ethylhexyl)adipate
DEHP see Di(2-ethylhexyl)phthalate
Deltamethrin 181, 468
Demineralized water 115
Denitrification, biological 493
Dental surgeries 107
Desalination systems 98-99
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Detergents, synthetic 227
Developing countries
urban areas 81
vended water 96
“Deviations” 71
Dezincification of brass 493
Di(2-ethylhexyl)adipate (DEHA) 179, 361,
470
Dialkyltins 187, 350, 469
Dialysis, renal 107
Diarrhoea
Campylobacter 238
Cryptosporidium 273
Escherichia coli 240
Isospora 279
rotavirus 267
travellers’ 107-108
see also Gastroenteritis
Diazinon 181, 468
1,2-Dibromo-3-chloropropane (DBCP)
350-351
analysis 481
guideline value 183,351,473
treatment performance 497
Dibromoacetate 186, 326, 469
Dibromoacetonitrile 187, 375-376, 473, 483
Dibromochloromethane (DCBM) 427-430
analysis 483
guideline value 187,427,473
1,2-Dibromoethane 351-352
analysis 481
guideline value 183,351,473
treatment performance 498
Dichloramine 331-332, 486
acceptability 223
lack of guideline value 186, 332,470
Dichloroacetic acid (dichloroacetate) 187,
352-353, 473, 483
1,1-Dichloroacetone 337
Dichloroacetonitrile 187, 375-376, 473, 483
3,4-Dichloroaniline 413
1,2-Dichlorobenzene 353-354
acceptable levels 224
analysis 480
guideline value 180, 353, 473
treatment performance 495
1,3-Dichlorobenzene 179, 353-354, 470
1,4-Dichlorobenzene 180, 353-354
acceptable levels 224
analysis 480



guideline value 353,473
treatment performance 495
Dichlorobenzenes (DCBs) 353-354
Dichlorodiphenyltrichloroethane see DDT
and metabolites
1,1-Dichloroethane 179, 354-355, 470
1,2-Dichloroethane 355
analysis 480
guideline value 180, 355,473
treatment performance 495
1,1-Dichloroethene 179, 355-356, 470
1,2-Dichloroethene 356-357
analysis 480
guideline value 180, 356,473
treatment performance 495
Dichloromethane 180, 357-358, 473, 480
2,4-Dichlorophenol 186,224, 337-338, 470
2,4-Dichlorophenoxyacetic acid see 2,4-D
1,2-Dichloropropane (1,2-DCP) 358-359
analysis 481
guideline value 183,358,473
treatment performance 498
1,3-Dichloropropane 182, 359, 470
1,3-Dichloropropene 183, 359-360, 473, 481
Dichlorprop (2,4-DP) 183, 360-361, 473,
481
Dieldrin 310-311
analysis 481
guideline value 183,310, 472
treatment performance 497
Diflubenzuron 191, 193, 435-436, 470
Dimethoate 362-363
analysis 481
guideline value 183,362,473
treatment performance 498
Dinoseb 181, 468
1,4-Dioxane 363-364
analysis 480
guideline value 180, 363,473
treatment performance 495
Di(2-ethylhexyl)phthalate (DEHP) 180,
361-362, 473, 480
Diplogaster 289
Diquat 182,364, 470
Disability-adjusted life years (DALYs)
37-38, 39
microbial hazards 130-131
Disasters 57, 100-102
see also Emergencies
Disease burden
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reference pathogens 130-131, 132
tolerable 37-38
Diseases, infectious see Infectious diseases
Disinfectants
analysis 482
changing 174
guideline values 187
with no guideline values 186
residual, piped distribution systems 57
see also specific disinfectants
Disinfection 5-6, 56
desalinated water 98, 99
emergencies and disasters 101
household based 141-142, 145
limitations 6
methods 485-487
microbial reduction 140
monitoring 62
non-chemical 174
packaged drinking-water 114
solar 143, 146
temporary water supplies 103
for travellers 108-109, 110-111
turbidity and 228
vended water 96
verification 65
Disinfection by-products (DBPs) 6, 155,
184, 185
analysis 482-483
control strategies 171-174
guideline values 187-188
indicators for monitoring 185-188
with no guideline values 186
removal prior to distribution 174
see also specific chemicals
Displaced populations 100-101
Dissolved air flotation 490
Distilled water 115
Documentation 24-25
incidents and emergencies 25,71
supporting 443-448
water safety plans 75-76
Domestic systems see Household drinking-
water systems
Dose, infectious 130
Dose-response assessment, waterborne
pathogens 130
Dracunculus Eradication Programme 285
Dracunculus medinensis (guinea worm) 119,
122,285-287
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intermediate host 222
Dreissena polymorpha 222
Droughts 94
Dual piped water supply systems 99
Dysentery

amoebic 276

bacillary 252

Echinococcus 120
Echoviruses 263
Edetic acid (EDTA) 364-365
analysis 480
guideline value 180, 365, 474
treatment performance 495
EDTA see Edetic acid
Education programmes 12, 14, 63
building owners and managers 106
establishing 87
Electron capture detection (ECD) 478
Electrothermal atomic absorption
spectrometry (EAAS) 477
ELISA (enzyme-linked immunosorbent
assay) 478
Emergencies 72, 100-102
chemical contamination 192-201
consumer acceptability 199
determining appropriate action
198-199
evaluating health significance 195-
198
health-based values 197-198
informing public 195
investigation 194
liaison with key authorities 194-195
mixtures 199-200
sensitive subpopulations 198
trigger for action 194
updating water safety plan 199
water avoidance advisories 200-201
documentation and reporting 25, 71
follow-up investigation 71
longer-term planning 101
microbial quality problems 150-153
response plans 69-70, 72
verification testing 67
water safety plan review after 76
see also Incidents
Emerging diseases 122-123, 269
Encephalitis, granulomatous amoebic 269,
270
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Encephalitozoon 280, 281
Endosulfan 182, 365-366, 470
Endrin 366-367
analysis 481
guideline value 183,366, 474
treatment performance 498
Entamoeba histolytica 119, 276-277
Enteric fever 250-251
Enteric viruses 258, 305-306
coliphages as indicator 302
indicator organisms for 149
use in monitoring 148, 305
Enterobacter 295, 296
Enterobacter sakazakii 121,239-240
Enterococci, intestinal 298-300
Enterococcus spp. 299
Enterocolitis, Staphylococcus aureus 253
Enterocytozoon 280
Enteroviruses 119, 263-264, 305, 306
in faeces, wastewater and raw water 136
as reference pathogens 126-127
Enzyme-linked immunosorbent assay
(ELISA) 478
Epichlorohydrin (ECH) 188, 367-368, 474,
483
Epidemiological studies 11, 124-125
Equitability, access to water 101
Escherichia coli 43,295
detection methods 150
diffusely adherent (DAEC) 240
enteroaggregative (EAEC) 240
enterohaemorrhagic (EHEC) 119, 127,
240, 241
enteroinvasive (EIEC) 240, 241
enteropathogenic (EPEC) 240, 241
enterotoxigenic (ETEC) 240
as indicator of faecal pollution 26,
296-297
0O157:H7 serotype 127, 240, 241
pathogenic 119, 240-241
phages (coliphages) 148, 301-303
piped distribution systems 57
in source waters 136, 137-138
use in monitoring 148-149
verification of microbial quality 65, 149
see also Coliform bacteria
Ethylbenzene 368
analysis 480
guideline value 180, 368, 474
odour and taste thresholds 225



treatment performance 495

Ethylene dibromide see 1,2-Dibromoethane

Ethylene thiourea 181, 468
Evaporation method, measuring
radioactivity 213,214

Exposure assessment, waterborne pathogens

129
Eye infections
Acanthamoeba 269,270
adenovirus 259

Faecal contamination 4, 120
control measures 6, 54
in emergencies 100, 150-151
indicator organisms see Indicator
organisms
on ships 113
temporary water supplies 103
Faecal-oral route of transmission 120
Faeces, numbers of microorganisms 136,
137
Fasciola 120, 122,287-288
Fascioliasis 287-288
Fasciolopsis 120
Fenamiphos 181, 468
Fenitrothion 182, 368-369, 470
Fenoprop 183, 369-370, 474, 481
Field test kits 170
Filtration 55-56,487-489
bank 488-489
household 142-143, 145
microbial reductions 139
pressure 488
rapid gravity 487-488
roughing 488
slow sand 488
for travellers 108-109, 111
turbid water 228
First-flush diverters 59, 95
Flame atomic absorption spectrometry
(FAAS) 476
Flame ionization detection (FID) 478
Flavobacterium 120, 298
Floc removal 489-490
Flocculant-chlorine tablets/sachets 110
Flocculation 55, 489-490
microbial reduction 139
Floods 94
Flotation, dissolved air 490
Flow diagrams 50
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Fluoranthene 187,410, 412, 470
Fluoride 370-373
analysis 373,479
desalinated water 99
guideline value 178,371,474
health-based target 42
priority 29
treatment performance 494
treatment technologies 176, 373
Fluorosis 372-373
Food
intake of chemicals 163-164
production and processing 116
safety, travellers 108
Food and Agriculture Organization of the
United Nations (FAO) 161
Food poisoning
Bacillus cereus 235,236
Campylobacter 238
Salmonella 251
Staphylococcus aureus 253-254
Formaldehyde 186,373-374, 470
Formothion 181, 468
Framework for safe drinking-water,
conceptual 3—4,19-33
developing quality standards 30-31
identifying priority concerns 27-30
key components 19-25
regulations and supporting policies and
programmes 31-33
verification of quality 25-27
Francisella tularensis 119
Fulvic acids 224
Fungi 221

B-Galactosidase 295
Galvanized iron 503
Gammarus pulex 221
Gas chromatography (GC) 478
Gas chromatography/mass spectrometry
(GC-MS) 478

Gastroenteritis

adenovirus 259

astrovirus 260

calicivirus 262

rotavirus 267

Salmonella 250,251

Yersinia 257

see also Diarrhoea
Geosmin 221
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Geothermal waters 282
Giardia (intestinalis) 119,277-278
in faeces, wastewater and raw water 136
as reference pathogen 127-128
Giardiasis 277
B-Glucuronidase 296
Glyphosate 182,374, 470
Gnat larvae 222
Grading schemes, safety of drinking-water
25,90-91
Granular activated carbon (GAC) 176,
490-491
Granular media filters 142-143, 145
Granulomatous amoebic encephalitis 269,
270
Groundwaters
control measures 54-55, 58
effects of climate change 94
hazard identification 53, 54
radon 215,216
Guideline values 2,7, 27
acceptability and 220
adaptation to local conditions 31, 168
chemicals affecting acceptability 167
chemicals by source category 176-190
chemicals of health significance 472—
475
chemicals without established 469472
criteria for establishing 158
derivation 158-168
approaches 159-160
assessment, in emergencies 195-196
data quality 165-166
non-threshold chemicals (non-TDI-
based) 165
relative source allocation 163-164
significant figures 164-165
sources of uncertainty 162-163
threshold chemicals (TDI-based)
160-165
see also Tolerable daily intake
deviations from 192-201
excluded chemicals 468
health-based targets based on 156
mixtures of chemicals 167-168
provisional 158,166
radionuclides see Radionuclides,
guidance levels
treatment performance 171-172
for use in emergencies 197-198
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as water quality targets 42
Guinea worm see Dracunculus medinensis

Haemolytic uraemic syndrome (HUS) 240
Hafnia 295
Haloacetic acids (HAAs) 155,172,173, 185
Halogenated acetonitriles 375-376
Hardness 177,376-377, 470
acceptability 225
corrosion and 175, 502
treatment to reduce 230
see also Softening
Hazard(s)
definition 50
non-piped, community and household
systems 58
piped distribution systems 56-57
prioritizing, for control 51-52
source waters 53-54
treatment 55
Hazardous events 50
Health-based targets 20-21, 35-44
benefits 37
chemical hazards 40, 42-43, 156
identifying priorities 27-28
incremental improvement concept 3,
36, 37
microbial hazards 41, 43, 124-136
selection 40-41
setting 36-37
short-term variations and 40
types 38-44
use of DALYs 38, 39
see also Health outcome targets;
Performance targets;
Specified technology targets;
Water quality targets
Health-care facilities 107
Health education 82
see also Education programmes
Health outcome targets 20-21, 41
application 40, 41
infectious diseases 135-136
Health promotion 82
Heat technologies
household water treatment 143, 146
see also Boiling of water
Helicobacter pylori 121, 241-242
Helminths 119, 122,285-292
routes of transmission 120



Hepatitis A virus (HAV) 119, 264-265, 305
Hepatitis E virus (HEV) 119, 265-267, 305
Heptachlor 182, 377-378, 470
Heptachlor epoxide 182,377-378, 470
Heterotrophic microorganisms 57, 62—63
Heterotrophic plate counts (HPC) 148,
297-298
Hexachlorobenzene (HCB) 179, 378-379,
470
Hexachlorobutadiene (HCBD) 379-380
analysis 480
guideline value 180, 379, 474
treatment performance 495
Hexachlorocyclohexanes 181, 468
High-income countries, performance targets
133,134,135
High-performance liquid chromatography
(HPLC) 478
Holistic approach 3—4
Hookworms 289, 290
Hoses, transfer 96-97, 98
Hospital-acquired (nosocomial) infections
Acinetobacter 232,233
Klebsiella 243
Pseudomonas aeruginosa 249
Hospitals 107
Hot water systems 105, 244-245
Hotels 105
Household(s)
disposal of chemicals 178
quantity of water collected 83-84
Household drinking-water systems
control measures 58—59
hazard identification 58
management 74-75
operational monitoring 63-64
roles and responsibilities 11-12, 15
water safety plans 58-59
Household treatment and storage 15,
140-147
certification 146-147
microbial reductions 144, 145-146
programmes to promote 87-88
removal of chemicals 175-176
surveillance 82-83, 146-147
technologies 140, 141-144, 487
use of data 91-92
validation 146-147
Human activities, potentially polluting
12-13,53
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Human dwellings, chemicals originating
from see Industrial sources and
human dwellings, chemicals from

Humic acids 224

Hydrocarbons

petroleum 226, 408—409

polynuclear aromatic (PAHs) 410-412
Hydrogen peroxide 173,492-493
Hydrogen sulfide 177, 380, 470

acceptable levels 225-226

treatment to remove 230
Hydroxyatrazine 319, 320

analysis 481

guideline value 183,319,474

treatment performance 498

Hydroxyl radicals 492-493

Hygiene education programmes see
Education programmes

Hypochlorite 141, 485

by-products 185

decomposition products 188
Hypochlorous acid 141, 485

by-products 185

Ice 108,115
IDC see individual dose criterion
Immunity, acquired 124, 131
Immunocompromised persons 107,
120-122
Aeromonas infections 234
atypical mycobacteria infections 247
disease burden estimates 131
isosporiasis 279
Klebsiella infections 243
Pseudomonas aeruginosa 249
travellers 109
Tsukamurella infections 254
Improved drinking-water sources 85
Improvement, drinking-water systems
60-61, 87
Incidents 69-72
actions following 153, 199
chemical contamination see
Emergencies, chemical
contamination
documentation and reporting 25, 71
follow-up investigation 71
predictable 71
response plans 69-72
unplanned events 71-72
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verification testing 67
water safety plan review after 76
see also Emergencies
Incremental improvement concept 3, 36, 37
Indicator organisms 294-306
criteria 147-148
detection methods 150
grading water quality 90,91
presence/absence testing 66
in source waters 136, 137-138
use in monitoring 24, 147-149
validation 60
verification 26, 65, 66, 67
see also specific organisms
Individual dose criterion (IDC) 206, 207
contribution of each radionuclide to
210
remedial measures 214
screening levels and 207-208
screening of supplies and 209
Inductively coupled plasma atomic emission
spectrometry (ICP-AES) 477
Inductively coupled plasma mass
spectrometry (ICP-MS) 477
Industrial sources and human dwellings,
chemicals from 158,177-179
analysis 479, 480
guideline values 179, 180
treatment performance 495-496
Infants
bottle-fed 196,398,399, 400, 402-403
radionuclide guidance levels 212-213
see also Children
Infectious diseases 117,118-123
asymptomatic 124, 130
emerging issues 122-123
health outcome targets 135-136
public health aspects 11, 124
routes of transmission 5, 120, 123
vulnerable subpopulations 1-2, 120,
124
see also Microbial hazards; Pathogens
Infectious dose 130
Influenza viruses 121, 122
Information channels, establishing 87
Inhalation
adapting guideline values 31, 168
microbial pathogens 120, 123
radionuclides 206
radon 204,215

Inorganic tin 187, 380-381, 470
Insect vectors 190-191
Insecticides, aquatic see Pesticides, used in
water for vector control
Intermittent water supply 57, 86
International Agency for Research on
Cancer (IARC) 160, 166
International Commission on Radiological
Protection (ICRP) 204, 207,214
International Organization for
Standardization (ISO) standards
69,70, 150
International Programme on Chemical
Safety (IPCS) 166
International standards 2
Interspecies variation 162
Invertebrate animals 221-222
Iodine 186, 381, 470
household use 142,487
use by travellers 108, 111
Iodine-131 211,215
Ion chromatography 477-478
Ion exchange 491, 493
Ion selective electrode 476
Iron 177,381-382, 470
acceptable levels 226
coagulants 489
coloration of water 224
corrosion 501-502
galvanized 503
priority 29
Iron bacteria 222,226
Isoproturon 382-383
analysis 481
guideline value 183,382,474
treatment performance 498
Isospora belli 121,279-280
Isosporiasis 279

Jar tests 490

Joint FAO/WHO Expert Committee on
Food Additives (JECFA) 161, 164,
166

Joint FAO/WHO Meeting on Pesticide
Residues (JMPR) 161, 164, 166,
197

Katayama fever 291
Keratoconjunctivitis, epidemic 259
Klebsiella 121,242-243



as indicator organism 295, 296, 298
pathogenicity 120, 243

Laboratories
analysis of chemicals 169
in emergencies and disasters 102
Lactose fermentation 295, 296
Land use 12-13,53
Langelier index 175
Larson ratio 175
Larvicides, aquatic 190-191, 193, 434-442
Latrines 178
Lead 184,383-384
analysis 479
corrosion 502
guideline value 188,383,474
priority 29
sampling locations 67
Lead-210 211
Legionella spp. 57, 119, 244-245
growth in water 123
health-care facilities 107
large building systems 105
route of transmission 120
Legionellosis 244
Legionnaires’ disease 244
Leptospira 119, 245-247
Leptospirosis 246, 247
Lindane 385-386
analysis 481
guideline value 183, 385, 474
treatment performance 498
Liver flukes see Fasciola
LOAEL see Lowest-observed-adverse-effect
level
Local authorities 11-12
Low-income countries, performance targets
133,134
Lowest-observed-adverse-effect level (LOAEL)
160, 161
uncertainty factors 162
Lyngbya spp. 293

Magnesium 225, 377
Malathion 182, 386, 470
Management
community and household supplies
74-75
piped distribution systems 69-74
plans 24, 46, 69-75
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roles and responsibilities 8-17
water resource 12-13
Manganese 177, 386-387, 471
acceptability 226
priority 29
treatment to remove 230
Mass spectrometry (MS) 477
MCPA (4-(2-methyl-4-chlorophenoxy)
acetic acid) 387-388
analysis 481
guideline value 183,388,474
treatment performance 498
MCPB 181, 468
MCPP see Mecoprop
Mecoprop 388-389
analysis 482
guideline value 183,388,474
treatment performance 498
Melioidosis 236,237
Membrane filters 109, 111, 142, 145
Membrane treatment processes 492
Meningoencephalitis, primary amoebic
(PAM) 282
Mercury 389-390
analysis 479
guideline value 180, 389, 474
treatment performance 495
Meringue dezincification 493
Methaemoglobinaemia 176, 196, 399, 400,
405
Methamidophos 181, 468
Methomyl 181, 468
Methoprene 191, 193, 436-437, 471
Methoxychlor 390-391
analysis 482
guideline value 183,390, 474
treatment performance 498
4-(2-Methyl-4-chlorophenoxy)acetic acid
see MCPA
2-(2-Methyl-chlorophenoxy)propionic acid
see Mecoprop
2-Methyl isoborneol 221
Methyl parathion 182,391-392, 471
Methyl tertiary-butyl ether (MTBE) 179,
392-393, 471
Methylcyclopentadienyl manganese
tricarbonyl (MMT) 386-387
Methylene chloride see Dichloromethane
Methylmercury 389
Metolachlor 393
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analysis 482
guideline value 183,393
treatment performance 498
Microbial aspects 4-5, 117-153
Microbial fact sheets 231-306
Microbial growth 123
desalinated water 99
piped distribution systems 105, 120
Microbial hazards 117-124
health-based targets 41, 43, 124-136
health outcome targets 135-136
identification 128
risk assessment see Quantitative
microbial risk assessment
risk-based performance target setting
131-135
turbidity as indicator 228-229
Microbial monitoring 147-149
Microbial pathogens see Pathogens
Microbial quality
assessing priorities 29
community supplies 75
grading schemes based on 90-91
responses to problems and emergencies
150-153
verification 26, 65-66, 149
Microcystin-LR 176, 344-346
analysis 484
guideline value 178,344, 474
Microcystins 176, 344
Microcystis spp. 293, 344
Microfiltration 492
Microsporidia 121, 280-282
Millennium Development Goals 33, 85
Mineral waters, natural 115
Mirex 181, 468
Molinate 184,393-394, 474,482
Molluscs 222
Molybdenum 177, 394, 471
Monitoring
dissolved radionuclides 208-212
in emergencies and disasters 101-102
microbial 147-149
operational see Operational monitoring
plans, preparing 73
temporary water supplies 104
see also Sanitary inspection; Surveillance
Monobromoacetate 186, 326,471
Monochloramine 331-332
acceptability 223

analysis 482
by-products 172,174
disinfectant activity 486
guideline value 187,331,474
Monochloroacetic acid (monochloroacetate)
395
analysis 483
guideline value 188,395,474
Monochlorobenzene (MCB) 179, 223-224,
395-396, 471
Monocrotophos 181, 468
Moraxella 298
Mosquitoes
breeding in containers 95, 190
pesticides for control 190-191, 193,
434-442
Multiagency approach, collaborative 8
Multiple-barrier principle 4, 52, 143-144
MX (3-chloro-4-dichloromethyl-5-hydroxy-
2-(5H)-furanone) 186,396, 471
Mpycobacterium (mycobacteria) 247-249
atypical (non-tuberculous) 119, 120—
122,247-248
in free-living nematodes 289
health-care facilities 107
Mycobacterium avium complex 247, 248
Mpycobacterium kansasii 248

Naegleria fowleri 119, 120, 282-283
control measures 57
growth in water 123
Nais worms 222
Nanofiltration 492
National priorities, supply improvement 87
National standards and regulations 30-33
chemical contaminants 156-157
developing 2-3, 30-31
periodic review and revision 31
supporting policies and programmes 33
Natural disasters 57
Natural mineral waters 115
Naturally occurring chemicals 158, 176-177
analysis 479
guideline values 177, 178
with no guideline values 177
treatment performance 494
Naturally occurring radionuclides 203-204,
205
Necator (americanus) 120, 289, 290
Nematodes



free-living 122,222, 288-290

parasitic 285,289

see also Dracunculus medinensis
Nephelometric turbidity units (NTU) 229
Networks, capacity-building 18
New drinking-water supply systems 50-51
Nickel 396-397

analysis 479

guideline value 188,397,474

leaching 502-503
Nitrate 398-403

agricultural sources 179

analysis 399, 479

guideline value 183,196, 398,401, 474

health effects of acute exposure 196

priority 29

treatment performance 399, 497

treatment technologies 176, 403
Nitrification, biological 493
Nitrilotriacetic acid (NTA) 403-404

analysis 480

guideline value 180, 403, 474

treatment performance 496
Nitrite 398-403

analysis 399, 479

guideline value 183,398, 402, 474

treatment performance 399, 497

treatment technologies 176, 403
Nitrobenzene 179, 404—405, 471
Nitrogen trichloride see Trichloramine
N-Nitroso compounds 400-401
N-Nitrosodimethylamine (NDMA) 405-406

analysis 483

guideline value 188,428,474

treatment performance 496
No-observed-adverse-effect level (NOAEL)

160, 161

acute exposures 197

uncertainty factors 162
NOAEL see No-observed-adverse-effect level
Nocardia 289
Nodularia spp. 293
Non-piped water systems 58-59

control measures 5859

hazard identification 58

operational monitoring 63-64

roles and responsibilities 15
Non-piped water treatment see Household

treatment and storage

Non-potable piped supplies 99
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Norms, drinking-water 10
Noroviruses 119,261-262
as reference pathogens 127
Nosema 280
Nosocomial infections see Hospital-acquired
infections
Nostoc spp. 293
Novaluron 191, 193, 437, 471

Odour 7-8,220-221
biologically derived contaminants 221—
222
chemical contaminants 222-230
treatments for removing 230
Operational limits 63
Operational monitoring 23-24, 46, 60,
61-64
parameters 62-63, 64
plans, preparing 73
use of indicator organisms 148
Organolead compounds 383
Organotins 350
Orthoreoviruses 267-268, 305, 306
Oscillatoria spp. 293
Osmosis 492
see also Reverse osmosis
Oxamyl 181,468
Oxidation processes, advanced 492-493
Oxidation—-reduction potential 62
Oxygen, dissolved 225
Ozonation 486
advanced oxidation processes 492-493
alternatives to 174
by-products 172, 185
household use 142
microbial reduction 140
Ozone 486
chemical contaminants 189

Packaged drinking-water 114-115
in emergencies and disasters 101
see also Bottled water

Parasites 268-292
secondary hosts 222
see also Helminths; Protozoa

Parathion 182, 406-407, 471

Parechoviruses 127

Particulate matter 221,228

Pathogens 118-122,231-232
bacterial 119, 121,232-258
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detection methods 147 corrosion and 174-175, 226-227, 501—
dose-response assessment 130 502, 503
emerging 122-123, 269 disinfection by-products and 173
exposure assessment 129 optimum range 226-227
fact sheets 232-292 Phages see Bacteriophages
health-care facilities 107 Pharmaceuticals 189-190
helminth 285-292 Pharyngoconjunctival fever 259
monitoring 147 2-Phenylphenol (and its sodium salt) 182,
occurrence 136-137 409-410, 471
persistence and growth in water 123 Phorate 181, 468
piped distribution systems 56-57 Phosphates 501, 502
protozoan 119,121, 268-285 Piped distribution systems 56-58
reference see Reference pathogens control measures 57-58
routes of transmission 5, 120, 123 corrosion of metals used 493-503
treatment 138-147 dual 99
viral 119, 121, 258-268 hazard identification 5657
zoonotic 122 management procedures 69-74
see also Infectious diseases microbial hazards 120
Pendimethalin 184, 407, 474, 482 operational monitoring 62—63
Pentachlorophenol (PCP) 407-408 plumbing within buildings 16-17
analysis 480 sampling locations 66—67
guideline value 180, 408, 474 on ships 113
treatment performance 496 verification testing 67—68
Performance targets 21,40, 43 Pipes (and fittings) 17
adaptation to local conditions 134-135, bulk water supplies 97-98
136 cement linings 493-501
application 40, 41 chemical contaminants from 184, 187,
pathogens in raw water 133-134 188
risk-based development 131-135 corrosion 493-503
Permethrin 191,438, 471 galvanized 503
Pesticides lead exposure 383, 384
acute reference doses 197 vended water 96-97
used in agriculture 180 Pirimiphos-methyl 191, 193, 438-439, 471
analysis 481-482 Pitting corrosion 501
guideline values 183-184 Planktothrix spp. 293, 344
with no guideline values 182 Pleistophora 280
treatment performance 497-499 Plumatella 222
used in water for vector control 158, Plumbing 16-17
190-191, 434-442 lead exposure 383, 384
analysis 483 on ships 113
formulations and doses 193 Plumbosolvency 502
guideline values 192 Plutonium-239 (*°Pu) 211,215
with no guideline values 191 Point-of-use treatment see Household
treatment performance 500 treatment and storage
see also Agricultural activities, chemicals Poisson distribution 130
from; specific compounds Policy
Petroleum products 179, 408-409, 471 development, wider 10
source contamination 178 national 33
taste and odour 226, 409 water resource management 13
pH 177,409, 471 Poliovirus 127,263
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Polonium-210 (*°Po) 211
Polyacrylamides 307, 308
Polynuclear aromatic hydrocarbons (PAHs)
410412
Polyomaviruses 258
Polyphosphates 502
Polyvinylchloride (PVC) 431
Pontiac fever 244
Porous ceramic filters 109, 111, 142, 145
Port authority 113
Potassium 177, 412-413, 471
Potassium-40 (*°K) 209-210, 213
Potassium bromate 324
Potassium chloride 412
Potassium permanganate 412
Powdered activated carbon (PAC) 490-491
Precipitation 143
softening 493
see also Coagulation
Presence/absence testing 66
Pressure, water 57, 58
large buildings 105
monitoring 63
Pressure filters 488
Pretreatment 55
microbial reductions 139
Preventive integrated management
approach 8
Priorities
identifying 27-30
national 87
setting 28, 51-52
subnational/regional 87
Propanil 182,413,471
Propoxur 181, 468
Protozoa
cysts and oocysts, removal 56
indicator organisms for 149
pathogenic 119, 121, 268-285
reference pathogens 127-128
treatment efficacy 139-140, 145-146
Pseudomonas 298
Pseudomonas aeruginosa 107,120, 121,
249-250
Public awareness, establishing 87
Public health
policy context 36-37
surveillance 10-11,78
waterborne infections and 124
Public health authorities

INDEX

chemical emergencies 194-195
roles and responsibilities 10-11, 13
Purge-and-trap packed-column GC method
478
Purge-and-trap packed-column GC-MS
method 478
Pyridate 181,468
Pyriproxyfen 439-440
as aquatic larvicide 193,439, 440
lack of guideline value 181, 191, 440,
471

QMRA see Quantitative microbial risk
assessment
Quality, drinking-water 83
assessment 28-29
climate change effects 94
monitoring see Monitoring
regulations 32-33
standards see Standards
verification see Verification
see also Guideline values
Quality assessment 28-29
Quality assurance 68—69
Quality control 8-10, 68—69
Quantitative microbial risk assessment
(QMRA) 118, 124, 125, 128-131
dose-response assessment 130
exposure assessment 129
hazard identification 128
problem formulation 128
risk characterization 130-131, 132
Quantitative service indicators 68
Quantity of supply
assessing adequacy 83-84
climate change effects 94
emergencies and disasters 101
Quintozene 181, 468

Radiation
effective dose 205
exposure situations 207
exposure through drinking-water 205
health risks 206
individual dose criterion see Individual
dose criterion
risk communication 217-218
sources 204-205, 206
Radioactivity
measurement 213, 214
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screening 42, 209-210
screening levels 207-208, 209
assessment when levels exceed 210
units 205
Radiological aspects 7, 203-218
Radionuclides 7,203-218
analytical methods 213-214
in drinking-water 205
effective half-life 205
guidance levels 207-208, 504-505
assessment when levels exceed 210—
212
calculation 213
common radionuclides 211, 212—
213
human-made 205
monitoring and assessment for dissolved
208-212
naturally occurring 203-204, 205
remedial measures 214, 215
sampling frequency 212
screening for 42,209-210
sources 205
supporting information 504-508
Radium 215
Radium-226 (***Ra) 211
Radium-228 (**Ra) 211
Radon (**’Rn) 204,214-217
in air and water 214-216
guidance and screening levels 216
health risks 216
measurement 217
reduction in drinking-water 217
Rainfall, heavy 26, 94
Rainwater harvesting systems 94-96
contaminants 95
control measures 58—59
Raphidiopsis curvata 293
Records see Documentation
“Red water” 501, 502
Redox potential 62
Reference level of risk 37-38
Reference pathogens 125-128
bacteria 127
protozoa 127-128
quantitative microbial risk assessment
128
risk characterization 130-131, 132
selection 126
setting performance targets 133—135,
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136
viruses 126-127
Regional level
establishing priorities 87
use of data for priority setting 90-92
Regulations 32-33
see also National standards and
regulations
Reporting
incidents and emergencies 25,71
radioactivity analysis 217
surveillance information 89-92
Reservoirs 54, 139
Resource protection 53-55
control measures 54-55
hazard identification 53-54
Respiratory viruses 258, 259
Reverse osmosis 492
household use 176
use by travellers 109, 111
Rhabditis 289
Risk
characterization, infectious diseases
130-131, 132
communication, radiation 217-218
defined 50
reference level 37-38
scoring and ranking 51-52, 53
Risk assessment
chemical emergencies 195-198
holistic approach 3—4
quantitative microbial see Quantitative
microbial risk assessment
Stockholm Framework 3
Risk—benefit approach 2
Roles and responsibilities, management
8-17
Roof materials, rainwater harvesting 95
Rotaviruses 119,267-268, 305
in faeces, wastewater and raw water 136
performance target setting 133, 134-135
as reference pathogens 126
risk assessment 131, 132
Roughing filters 488

Salmonella (salmonellae) 119, 250-251
as reference pathogens 127

Salmonella Enteritidis 251

Salmonella Paratyphi 250-251

Salmonella Typhi 119, 127, 250-251



Salmonella Typhimurium 251
Sample numbers, minimum 67
Sampling
community-managed supplies 82
home-stored water 82-83
ISO guidance 70
locations 66—68
Sampling frequency
radiological monitoring 212
for verification 65, 66, 68
Sand filters
rapid gravity 487
slow 488
Sanitary inspection 63, 80
community-managed supplies 68, 82
temporary water supplies 104
use of data 91-92
Sanitary survey 49
Sapoviruses (Sapporo-like viruses) 119,261
Scale, calcium carbonate 225
Scarcity, water 94
Schistosoma spp. 119, 290-292
Schistosome cercarial dermatitis 292
Schistosomiasis 120, 291, 292
Schmutzdecke 142-143, 488
Schools 105
Scum, soap 225
Seasonal discontinuity of supply 86
Sedimentation 55, 490
household use 143, 146
microbial reduction 139
Selenium 413-415
analysis 479
guideline value 178,413,474
priority 29
treatment performance 494
Septata 280
Septic tanks 178
Serratia 120,295,298
Service indicators, quantitative 68
Service level 84
Severe acute respiratory syndrome (SARS)
coronavirus 121, 122
Shigella 119, 127,252-253
Shigellosis 252
Ships 112-114
“Shipyard eye” 259
Sievert (Sv) 205
Signs, temporary water supplies 103
Silicates 502

INDEX

Silver 415
disinfection 108, 487
lack of guideline value 186,415,471
Simazine 415-416
analysis 482
guideline value 184,416,474
treatment performance 498
Single-hit principle 130
Snails 120, 222,291
SODIS system 143
Sodium 177, 416, 471
taste threshold 227
Sodium bromate 324
Sodium cyanurate 418
Sodium dichloroisocyanurate 110, 141,
417-418
analysis 482
by-products 185
guideline value 187,417,474
Sodium hypochlorite 110, 141, 485
bromate residue 189
decomposition products 188
Sodium sulfate 227
Sodium trichloroisocyanurate 141
Softening 377
household use 176
methods 491,493
microbial reduction 139
see also Hardness
Solar disinfection 143, 146
Solids, total dissolved see Total dissolved
solids
Source protection 53-55, 101
Source waters
community and household systems 63,
75
hazard identification 53-54
microbial hazards 120
naturally occurring chemicals 176-177
new systems 50
operational monitoring 62, 63
pathogen occurrence 136-137
performance targets 43
radioactive contamination 214
radon 214-215
verification testing 66, 67
see also Catchments
Spas 244, 248, 282
Specified technology targets 21, 40, 43-44
application 40, 41
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Spinosad 191, 193, 440-441, 472
Spirometra 120
Standard operating procedures (SOPs) 72,
74
Standards 10
bottled/packaged water 115
certification 16
developing 30-31
international 2
periodic review and revision 31
see also National standards and
regulations
Standpipes 96-97
Staphylococcus aureus 121,253-254
Step aerators 489
Stockholm Framework 3
Storage
after disinfection 56

household see Household treatment and

storage
see also Containers, water
Streptococci, faecal 298-299
Strongyloides 120, 289, 290
Strontium-90 (*°Sr) 211,215
Styrene 418-419
analysis 480
guideline value 180,418, 474
odour threshold 227
treatment performance 496
Sulfate 177,419, 472
acceptable level 227,419
Superchlorination/dechlorination 485
Supply, drinking-water
adequacy 83-86
improved sources 85
intermittent 57, 86
planning and implementing
improvement 87-89
unimproved sources 85
Supply agencies, drinking-water
independent surveillance 8-10
management plans see Water safety
plans
roles and responsibilities 8,13-14
Supporting programmes 73-74
Surface waters
control measures 54, 59
hazard identification 53-54
verification 66
Surveillance 8-10, 25, 77-92

adapted to specific circumstances 81-83
adequacy of supply 83-86
agencies 9-10,78
approaches 79-81
audit approach 79-80
community drinking-water supplies 80,
81-82
definition 9,77
direct assessment approach 80-81
household treatment and storage 82-83,
146-147
planning and implementation 87-89
public health 10-11
reporting and communicating 89-92
stages of development 88-89
urban areas in developing countries 81
use of indicator organisms 148
see also Monitoring
Swimming pools 259, 270, 282
System assessment and design 22-23, 46,
49-61
data collection and evaluation 51-53
new systems 50-51
team members 49
Systems, drinking-water
description 50
new 50-51
non-piped see Non-piped water systems
operational monitoring see Operational
monitoring
piped see Piped distribution systems
upgrade and improvement 60-61, 87
validation see Validation
verification see Verification

2,4,5-T (2,4,5-trichlorophenoxy acetic acid)
419-420

analysis 482
guideline value 184,420,474
treatment performance 499

Taenia solium 120

Tankers, water 96, 97

Targets see Health-based targets

Taste 7-8,220-221
biologically derived contaminants 221—

222

chemical contaminants 222-230
treatments for removing 230

TBA see Terbuthylazine

TDI see Tolerable daily intake



Temephos 191, 193, 441-442, 472
Temperature, water
acceptable levels 230
Legionella growth/survival 105, 245
Naegleria growth/survival 282
Temporary water supplies 102-104
Terbuthylazine (TBA) 420-421
analysis 482
guideline value 184,420, 474
treatment performance 499
3,3',4,4"-Tetrachloroazobenzene 413
Tetrachloroethene 421-422
analysis 480
guideline value 180, 421,474
treatment performance 496
Tetraethyl lead 383
Tetramethyl lead 383
Thermal technologies
household water treatment 143, 146
see also Boiling of water
Thermotolerant coliforms 295, 296-297
detection methods 150
use in monitoring 148
verification testing 149
THMs see Trihalomethanes
Thorium-228 211
Thorium-230 211
Thorium-232 211
Threadworms 289, 290
Tin, inorganic 187, 380-381, 470
Titration, volumetric 476
Tobrilus 289
Tolerable daily intake (TDI) 160, 161
allocation to drinking-water 163-164,
195-196, 197
calculation of guideline values 160
chemical-specific adjustment factors
163
uncertainty factors 162-163
Tolerable disease burden 37-38
Toluene 422-423
acceptability 228
analysis 480
guideline value 180, 422,475
treatment performance 496
Total coliform bacteria 294-296

Total dissolved solids (TDS) 177, 228, 423,

472
Toxaphene 181, 468
Toxicological studies 159

INDEX

Toxocara 120

Toxoplasma gondii 121, 283-285
Toxoplasmosis 283-284
2,4,5-TP see Fenoprop
Trachipleistophora 280
Transport, vended water 96
Travellers 107-109, 110-111
Treatment 55-56

central 138-140
chemicals used in see Chemicals used in
water treatment/materials
in contact with water
control measures 55-56
for corrosion control 175
corrosion of metals used in 493-503
desalinated water 98,99
hazard identification 55
household see Household treatment and
storage
membrane processes 492
methods 485-493
microbial reductions 139-140
ranking of complexity/costs 171
see also specific treatments
microbial reduction 138-147
operational monitoring 62, 64
performance 493, 494-500
performance targets 43, 132-135
pharmaceuticals 190
plants, design of new 50-51
radioactive contamination 214,215
removal of chemicals 170-176
household use 175-176
process performance 171-172
stored rainwater 95-96
taste, odour and appearance problems
230
for travellers 108—-109, 110-111
turbidity 228, 229
validation 60
water quality targets 42—43
see also Disinfection

Triazophos 181, 468

Tributyltin oxide (TBTO) 181, 468
Tricaprylin 376

Trichloramine 331-332, 486

lack of guideline value 186,332,472
taste and odour 223

Trichlorfon 181,468
Trichloroacetaldehyde see Chloral hydrate
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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 2,4,5-T

2,4,5-Trichlorophenoxy propionic acid see
Fenoprop
Trichuris 120,290
Trifluralin 426-427
analysis 482
guideline value 184,426,475
treatment performance 499
Trihalomethanes (THMs) 155, 171-172,
427-430
analysis 483
guideline value 188,475
monitoring 185
strategies for reducing 172,173
Trimethylbenzene 226
Tritium (*H) 211, 215
True colour units (TCU) 224
Tsukamurella 121, 254-255
Turbidity 228-229
measurement 229
monitoring 63
Turner diagram 175
Typhoid fever 250-251

Ultrafiltration 492
Ultraviolet (UV) absorption 476
Ultraviolet (UV) irradiation 140, 174,
486-487
household methods 143, 146
Umezakia natans 293
Uncertainty factors (UF) 160, 162-163
data-derived see Chemical-specific
adjustment factors
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Unimproved drinking-water sources 85
United Nations Scientific Committee on
the Effects of Atomic Radiation
(UNSCEAR) 204-205
Unplanned events 71-72

Upgrading, drinking-water systems 60—61, 87

Uranium 215, 430-431
analysis 479
guideline value 178,430, 475
priority 29
treatment performance 494
Uranium-234 (**U) 211
Uranium-238 (*%U) 211
Urban areas
in developing countries 81
zoning 81

Validation 22, 59-60, 138
household treatment and storage 146—
147
use of indicator organisms 148
Vector control 190-191
see also Pesticides, used in water for
vector control
Vended water 96-97
Vendors, water 15, 96
Verification 20, 25-26, 64—69
chemical quality 26-27, 65, 66-67
community-managed supplies 68
microbial quality 26, 65-66, 149
piped distribution systems 67-68
plans, preparing 73
quality assurance and quality control
68—-69
source waters 67
use of indicator organisms 148
water safety plans 69
Vibrio 255-256
Vibrio cholerae 119, 123,255-256

in faeces, wastewater and raw water 136

point-of-use treatment 142

as reference pathogen 127
Vinyl chloride 431-432

analysis 483

guideline value 188,432,475
Vinylidene chloride see 1,1-Dichloroethene
Viruses

enteric see Enteric viruses

pathogenic 119, 121, 258-268

reference pathogens 126-127



treatment efficacy 139-140, 145-146
Visible organisms 221
Vittaforma 280
Volatile substances, adapting guideline
values 31,168
Volumetric titration 476

Wastewater
chemicals in 178
pathogens and indicator organisms 136,
137-138
temporary water supplies and 103
Water avoidance advisories 72,200-201
Water quality see Quality, drinking-water
Water quality targets (WQTs) 21, 40, 42-43
application 40, 41
see also Guideline values
Water resource management 12-13
see also Resource protection
Water safety plans (WSPs) 20, 22-25, 45-76
aircraft and airports 109, 112
approval and review 78-79
audit 69,78, 87
benefits of using 47
buildings 104, 105
communication 25, 46, 76
documentation 24-25,75-76
health-care facilities 107
key components 46
management plans 24, 46, 69-75
model 59
operational monitoring 23-24, 46, 61-64
planned review 76
post-incident actions 199
ships 113-114
in specific circumstances 93-94
steps in developing 48
supporting programmes 73-74
surveillance see Surveillance
system assessment and design 22-23,
46, 49-61

INDEX

temporary water supplies 102, 104
vended water 97
verification see Verification
Water sources see Source waters
Water suppliers see Supply agencies,
drinking-water
Water treatment see Treatment
Water vendors 15
Waterborne infections see Infectious diseases
Weil disease 246
Wells 96, 215, 402
WHO Pesticide Evaluation Scheme
(WHOPES) programme 158, 190
WHO/UNICEEF Joint Monitoring
Programme for Water Supply and
Sanitation 85
Winter vomiting disease 262
Worms, parasitic see Helminths
WQTs see Water quality targets
WSPs see Water safety plans

Xanthomonas 298

Xylenes 432-433
analysis 480
guideline value 180, 433,475
odour threshold 229
treatment performance 496

Yersinia 257-258

Yersinia enterocolitica 121,257
Yersinia pseudotuberculosis 257
Yersiniosis 257

Zebra mussel 222
Zinc 187,433-434, 472
acceptable level 229-230
corrosion 503
dissolution from brass 493
Zoning, urban areas 81
Zoonotic pathogens 122
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