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ABSTRACT

The WHO Guidelines for drinking-water quality provide important
information for regulators, scientists and practitioners concerned with
drinking-water supply and quality worldwide. Since the second edition
of the Guidelines was published, a process of continuous updating
has been implemented, supported by three working groups
addressing microbiological aspects, chemical aspects and aspects of
protection and control. A WHO Working Group of 23 experts met to
discuss the progress to date and the future planning of the process of
revision. The Working Group reviewed the development of a series of
technical guidance documents and recommended publishing those
dealing with fluoride and cyanobacteria. It also adopted microbiology
review documents for Aeromonas, hepatitis viruses, Legionella,
protozoa and Vibrio cholerae and developed a future strategy for
revising the microbiological aspects of the Guidelines.

Keywords

DRINKING WATER – standards
WATER QUALITY
WATER MICROBIOLOGY
GUIDELINES

© World Health Organization
All rights in this document are reserved by the WHO Regional Office for Europe. The document may nevertheless be freely reviewed,
abstracted, reproduced or translated into any other language (but not for sale or for use in conjunction with commercial purposes) provided
that full acknowledgement is given to the source. For the use of the WHO emblem, permission must be sought from the WHO Regional
Office. Any translation should include the words: The translator of this document is responsible for the accuracy of the translation. The
Regional Office would appreciate receiving three copies of any translation. Any views expressed by named authors are solely the
responsibility of those authors.

This document was text processed in Health Documentation Services
WHO Regional Office for Europe, Copenhagen



LIST OF ABBREVIATIONS

AIT Asian Institute of Technology, Bangkok

AMRO WHO Regional Office for the Americas

AQC Analytical Quality Control

BGS British Geological Survey

CC Coordinating Committee for the Rolling Revision of the WHO Guidelines for
Drinking-water Quality

CEC Commission of the European Communities

EURO WHO Regional Office for Europe

GDWQ WHO Guidelines for Drinking-water Quality, Second Edition

GEMS/Water Global Environmental Monitoring System/Water
(WHO/UNESCO/UNEP/WMO)

GLV (WHO), Guideline Value

IFRC International Federation of Red Cross and Red Crescent Societies

ILC Inter-laboratory comparison

IPCS Joint International Programme of Chemical Safety

ISO International Organisation for Standardisation

MRD Microbiology Review Document

PAHO Pan-American Health Organization

RIVM National Institute of Public Health and the Environment

RIZA Institute for Inland Water Management and Waste Water Treatment

SEARO WHO Regional Office for South-east Asia

SPHERE The Sphere Project on Minimum Standards in Humanitarian Response

TF Task Force

TZW Technologie Zentrum Wasser; Research Foundation for the German
waterworks (DVGW).

UN/ECE United Nations Economic Commission for Europe, Geneva, Switzerland

UNHCR United Nations High Commission for Refugees

VKI Danish Water Quality Institute

WG Working Group

WRc Water Research Centre plc, Medmenham, United Kingdom



CONTENTS

Page

1. Background ........................................................................................................................................ 1

2. Objectives........................................................................................................................................... 2

3. Opening .............................................................................................................................................. 2

4. General ............................................................................................................................................... 3

5. Resource and source protection.......................................................................................................... 3

6. Materials and chemicals used in the production and distribution of drinking-water ......................... 4

7. Drinking-water treatment ................................................................................................................... 6

8. Monitoring and assessment of drinking-water supply and quality..................................................... 8

9. Promotion and dissemination of WHO working group products..................................................... 11

10. Microbiology Working Group.......................................................................................................... 12

11. Programme of work.......................................................................................................................... 20

Annex 1 List of participants ................................................................................................................. 22

Annex 2 Agenda ................................................................................................................................... 27

Annex 3 List of working papers ........................................................................................................... 28

Annex 4 Draft content of proposed monograph concerning water treatment....................................... 29

Annex 5 Draft content of proposed monograph concerning bankside filtration .................................. 30

Annex 6 Draft content of proposed monograph concerning attenuation of pathogens and
  indicators in groundwater and efficiency of source protection measures ............................ 31

Annex 7 Draft content of proposed monograph concerning drinking-water treatment efficiency....... 33

Annex 8 Draft content of the proposed monograph concerning the use of indicator organisms
  for microbiological quality/changes in quality .................................................................... 34



EUR/ICP/EHR0 03 01 02
page 1

1. Background

The first WHO publication dealing specifically with drinking-water quality was published in
1958 as International standards for drinking-water. It was subsequently revised in 1963 and in
1971 under the same title. In 1984–1985, the first edition of the WHO Guidelines for drinking-
water quality was published in three volumes: Vol. 1 – Recommendations; Vol. 2 – Health
criteria and other supporting information; and Vol. 3 – Surveillance and control of community
supplies. The second editions of the three volumes of the guidelines were published in 1993,
1996 and 1997 respectively.

The primary aim of the Guidelines for Drinking-water Quality (GDWQ) is the protection of
public health. The GDWQ provide an assessment of the health risk presented by microorganisms
and chemicals present in drinking-water. The guideline values recommended for individual
constituents of water are not mandatory limits – they are intended to be used in the development
of risk management strategies which include national or regional standards developed in the
context of local or national environmental, social, economic and cultural conditions that, if
properly implemented, will ensure the safety of drinking-water supplies through the elimination,
or reduction to a minimum concentration of constituents of water that are known to be hazardous
to health.

It was agreed in 1995 that the GDWQ would be subject to a rolling revision process. Through
this process microbes and chemicals are subject to periodic review and documentation related to
aspects of “protection and control” of drinking-water quality are progressively prepared. This
process was initiated at a Coordinating Committee for the Rolling Revision of the WHO
Guidelines for Drinking-water Quality meeting held in December 1995 at which three working
groups were established. These were to address microbiological aspects, chemical aspects and
aspects of protection and control of drinking-water quality.

Since the 1995 Coordinating Committee meeting a series of chemical review documents has
been prepared and submitted to an approval meeting.

The programme of work of the Microbiology Working Group was adopted directly by the 1995
Coordinating Committee meeting. For the period 1996–1998 it comprised preparation of selected
Microbiological Review Document (MRDs). Working group membership is ad hoc and relates to
the specific organisms under review. The coordinator of the Working Group is Dr Arie Havelaar
(RIVM, NDL) who works closely with the WHO secretariat in its coordination.

The Protection and Control Working Group met for the first time in Bad Elster, Germany,
17–19 June 1996. At the meeting the terms of reference of the Working Group were
established and five institutions agreed to assist in the coordination of the principal thematic
areas of work: resource and source protection (Research Department, Bad Elster of the Institute
for Water, Soil and Air Hygiene, Germany); materials and chemicals used in the production and
distribution of drinking-water (NSF-International, United States); water treatment (WRc plc,
United Kingdom) and Monitoring and Assessment (Robens Centre, United Kingdom and VKI,
Denmark). All of these institutions are WHO collaborating centres concerned with water. The
meeting also adopted a plan of work based upon the recommendations of the Coordinating
Committee. The plan of work had been pursued since that time and included development of a
series of documents and organization of meetings.
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In order to bring to a close certain areas of work, review progress to date and organize the future
programme of work, this meeting was convened of those involved with the development of the
Microbiology Review Documents and with the Protection and Control Working Group. Because
of the extensive overlap between the interests of the two areas these meetings were organized
consecutively and with some joint time between them.

The participants, agenda and working papers are included as Annexes 1, 2 and 3 to this report
respectively.

2. Objectives

The objectives of this meeting of the Microbiology Working Group were:

• To review drafts of the MRDs prepared for publication in 1996–1997 and to reconcile peer
review comments.

• To identify areas for interaction with the Protection and Control Working Group and needs
for microbiological information arising from the work of this group.

• To identify and recommend other areas of work for the Microbiology Working Group in
preparation for development of the third edition of the GDWQ.

 
 The objectives of this meeting of the Protection and Control Working Group were:

• To review products proposed for finalization in the 1996–1997 biennium including draft and
final documentation and the outcome of expert meetings and peer review comments
received; and to recommend publication or further development as appropriate.

• To review drafts of documents prepared for later publication, to assist in identifying areas of
them requiring further development, and to assist in the identification of peer reviewers and
opportunities for field testing as appropriate.

• To assess further documentation needs (based upon the report of the Coordinating
Committee, the previous Protection and Control Working Group meeting, reports of WHO
and other meetings and other sources) and to classify these needs according to priority.

• To adopt outline scope, purpose, content and general descriptions for products to be
finalized or drafted in the 1998–1999 biennium.

• To identify lead and support institutions for each product to be finalized or developed in the
1998–1999 biennium or other means for their development; ensuring balanced geographical
and sectoral participation.

3. Opening

 The meeting was opened by John Fawell, WRc, who welcomed the participants to WRc. Jamie
Bartram welcomed the participants on behalf of WHO. He thanked WRc for hosting the meeting
and gratefully acknowledged the support of the WRc and USEPA in supporting the meeting.
 
 John Fawell was designated as Chairperson and Joe Cotruvo as Vice-Chairperson. Willie
Grabow acted as rapporteur.
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4. General

 The Terms of Reference of the Protection and Control Working Group as established at the 1995
Coordinating Committee meeting and adopted at the 1996 Working Group meeting were
reviewed as were the options for publication; the proposed approach to quality control of
working group outputs; and the criteria used for prioritization.
 
 It was recommended that the MRDs reviewed by the meeting be published as an addendum to
Volume 2 of the GDWQ. In preparing the MRDs for publication particular attention should be
paid to readability and consistency, for instance regarding the conclusions and recommendations
and implied relative priority. The addendum should include an introduction, placing the MRDs
in the context of the GDWQ.

5. Resource and source protection

 The coordinating institution for resource and source protection is the Research Department, Bad
Elster of the Institute for Water, Soil and Air Hygiene (WHO Collaborating Centre for Research
on Drinking-water Hygiene). Ingrid Chorus had been nominated as the Institute’s representative
on the working group and continued as the coordinator of this area. The coordinator summarized
the recommendations of the 1995 Coordinating Committee and 1996 working group meetings
and described developments since that time. These included the proposal to develop a monograph
concerning protection of springs as drinking-water sources.

Monograph on toxic cyanobacteria in water

 This document was recommended for finalization in 1996–1997 by the 1995 Coordinating
Committee meeting and this objective was adopted by the 1996 Working Group meeting. A first
draft was circulated for peer review in 1997 and an expert review meeting held in November
1997 (Report on Editorial meeting for the finalization of the document “Cyanobacteria, their
Toxins, Water, and Health”, Bad Elster, Germany, 10–15 November 1997). A revised draft was
circulated in final draft form to Working Group members and to selected peer reviewers in mid-
February 1998. First and second-round peer-review comments were submitted to the meeting.
 
 The meeting recommended that clear guidance be included for situations in which microcystin-
LR is not the dominating congener. For such cases, a worst-case estimate was advised which
would use the preliminary guideline value for microcystin-LR as an orientation for assessment of
the other congeners as well. An executive summary should be inserted; peer review comment,
(including that of IPCS on chapters concerning toxicological aspects) should be addressed; and
Chapter 9: treatment should be substantially improved.
 
 Upon completion of the above modifications, the document should submitted for publication as
soon as possible. The meeting recommended publication as a part of the WHO “Water
Management” series with specific reference to it being one of the GDWQ-associated documents.

Nitrate and nitrite in drinking-water and human health

 This monograph was recommended for finalization in 1996–1997 by the 1995 Coordinating
Committee meeting. The 1996 Working Group meeting endorsed its preparation as a draft in the
1996–1997 biennium, for finalization and publication in the 1998–1999 biennium. A report on
progress in preparation was made to the meeting and a revised contents list discussed. Meeting
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participants recommended that a full draft be prepared including reinsertion of the chapter
concerning monitoring and assessment; inverting the order of Chapter 4 and 5; addressing both
nitrate and nitrite; and inclusion of a “decision tree”. The revised draft should be reviewed by
Working Group members and other interested persons present at the WaBoLu conference in Bad
Elster, November 1998. The further-revised draft should be circulated for peer review and
revised final text submitted to the Working Group meeting in 2000. Potential peer reviewers
identified by meeting participants included Ioana Jacob (Romania), a representative from
Lithuania, RIVM (Netherlands), Ken Bailey (USEPA/WRc), Ed O’Hanian (USEPA), BGS
(United Kingdom), IPCS and additional developing countries representatives.

Control of health hazards related to problem source

 The 1996 Working Group meeting recommended preparation of a series of documents entitled
“Control of health hazards in drinking-water arising from ...” and suggested that four such areas
might be progressively addressed.
 
 The first document in this series was to cover the impact of human excreta and sewage as well as
the importance of sanitation for water resource protection. In order to achieve this it would be
necessary to identify and access information and experts in the fields of sanitation, microbiology,
and hydrology with the aim of networking in order to compile guidance on approaches available to
protect resources from faecal pollution in various geographic and demographic settings. The meeting
encouraged implementation of the proposed conference in Bad Elster from 24 to 28 November
1998 as a way forward.

Spring protection

 A suggestion had been received that there was a need for a simple guidebook on protection of
springs as drinking-water sources. No equivalent readily available text was known of. Meeting
participants considered the preparation of such a guidebook to be a high priority, noted the
likelihood of resources becoming available and recommended its preparation. The Robens
Centre agreed to act as lead institution for the preparation of the document and to ensure
availability of a peer reviewed draft for discussion at a Working Group meeting in 2000.

6. Materials and chemicals used in the production and distribution
of drinking-water

 The coordinating institution for materials and chemicals used in the production and distribution
of drinking-water is NSF-International (WHO Collaborating Centre for Drinking-water Safety
and Treatment). Gordon Bellen represented NSF-International at the 1996 Working Group
meeting. He had since been replaced by Joe Cotruvo who attended the meeting as coordinator of
this area and summarized the recommendations of the Coordinating Committee and 1996
Working Group meeting.

Monograph on control of materials and chemicals used in the production and
distribution of drinking-water

 The 1995 Coordinating Committee meeting had identified materials and chemicals used in the
production and distribution of drinking-water to be one of the principal thematic areas which
should be addressed by the Working Group. The development of a monograph on Control of
Materials and Chemicals used in Production and Distributions of Drinking-water was adopted by
the 1996 Working Group meeting and work had been initiated in January 1997 in a workshop



EUR/ICP/EHR0 03 01 02
page 5

planning meeting (report available as EUR/ICP/EHPM 07 01 05). This workshop outlined the
structure of the document, assigned chapters to lead writers and agreed the scope of the
document. The document was designed to primarily address the need to assure the quality and
safety of drinking-water direct and indirect additives, and the various management and
governmental and non-governmental regulatory approaches that could be used to assure the
quality and safety of commercial products.
 
 Meeting participants reviewed progress and endorsed the approach taken, emphasizing the need
for a practical document. It was recommended that the consolidated draft be submitted to
selected peer review in the late 1998 and an expert review meeting called in early 1999. The
overall objective remained unchanged (i.e. to have a peer reviewed text available for the
Working Group meeting 2000). It was recommended that Eva Sandberg (Sweden), IPCS and
Yasumoto Magara (Japan) be added to the list of contributors/reviewers.

Guidance concerning water in bottles for consumption

 The 1995 Coordinating Committee meeting identified guidance on this theme as a high priority
for finalization in the 1996–1997 biennium and two WHO Regional Offices (EURO and EMRO)
indicated particular interest. At the time of review of this recommendation by the 1996 Working
Group meeting it was noted that a number of initiatives were ongoing in this area and it was
decided to await the work of the Codex Alimentarius Commission (CAC) on bottled mineral
water and other waters before initiating the development of this document.
 
 The CAC has activities in relation to two types of waters: (i) natural mineral waters, and (ii)
bottled/packaged waters (other than natural mineral waters).
 
 CAC adopted a worldwide Standard for Natural Mineral Waters in 1997. This international
standard provides a definition of natural mineral waters, establishes limits for certain chemical
substances and microorganisms, and specifies permitted treatment and handling procedures.
CAC further recommends that mineral water covered by this international standard is prepared in
accordance with the Recommended International Code of Hygienic Practice for the Collecting,
Processing and Marketing of Natural Mineral Waters (CAC/RCP 33-1985, Codex Alimentarius
Volume 11, 1994. FAO, Rome). This code describes measures for the protection of natural
mineral waters sources, hygienic practice for its extraction, design of plant facilities, personnel
hygiene requirements, hygienic operation of the packing, storage and transport processes, and
sampling and laboratory control procedures of mineral water at the source and at critical control
points.
 
 CAC has initiated the development of a Code of Hygienic Practice for Bottled Waters Excluding
Natural Mineral Waters through the Codex Committee on Food Hygiene. The draft Code is
being prepared under the direction of the United States. Several items are being considered in the
elaboration of the proposed draft code including limits for protozoan contamination, treatment
methods, identification of water source, definition of validated method of analysis, surface water
contamination by algae and labelling provisions.
 
 The GDWQ “apply to bottled water and ice intended for human consumption”. Thus, many
aspects of the work of the Resource and Source Protection and Microbiology Working Groups
are of direct relevance to the Code of Hygienic Practice for Bottled Waters Excluding Natural
Waters. In order to avoid duplication of effort, relevant work of these Working Groups should be
made available to the Codex Committee on Food Hygiene.
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 The meeting recommended that an updated text based upon the above paragraphs be
incorporated into the third edition of GDWQ. No specific guidance material was considered
necessary, but efforts should be made to establish coordination with the officials responsible for
relevant Working Groups of the Codex Committee on Food Hygiene.

7. Drinking-water treatment

 The coordinating Institution for drinking-water treatment is WRc plc, United Kingdom (WHO
Collaborating Centre for Drinking-water and Water Pollution Control). Peter Jackson
represented WRc at the 1996 Working Group meeting. Peter Jackson summarized the
recommendations of the 1995 Coordinating Committee and 1996 Working Group meeting and
described major developments since that time. These included experience with “achievability” of
GLVs at the time of adoption of chemical review documents by the Chemical Working Group
and the proposals to develop guidance materials concerning bankside filtration and concerning
arsenic in groundwater.

Monograph on fluoride in drinking-water

 This document was recommended for finalization in the 1996–1997 biennium by the 1995
Coordinating Committee meeting and this objective was adopted by the first Working Group
meeting.
 
 A draft (pending the section on treatment) was submitted to the meeting and discussed. It was
recommended that reference be inserted to the impact of fluoride removal technology on other
parameters and in particular aluminium and microbial contamination. The meeting recommended
that the “decision tree” be fully revised and circulated to all Working Group members with a list
of proposed peer reviewers. It should be subsequently revised prior to circulation for peer review
with the full text. Proposed peer reviewers included NEERI (India), WHO (IPCS and Oral
Health Unit), WEDC (United Kingdom), Guy Howard (United Kingdom and Uganda),
representatives from Mexico, Tanzania, Zimbabwe and Chile (to be identified), Joyce Donohue
(USEPA), Gary Witford (Department of Oral Biology/Physiology, Medical College of Georgia,
United States) and Jim Fitzgerald (South Australian Health Commission).
 
 WRc agreed to continue to act as lead institution for this monograph. The overall objective
should be to ensure publication by end 1999.

Review of “achievability” aspects of chemical review documents

 The meeting of the chemical Working Group (Report of Working Group Meeting on Chemical
Substances for the Updating of WHO Guidelines for Drinking-water Quality, WHO/EOS/97.7,
Geneva, Switzerland, 22–26 April 1997) recommended that WHO ensure that information and
expertise on feasible treatment technology and analytical techniques be available at the meeting
at which the drinking-water guidelines (i.e. GLVs) were developed.
 
 According to the methodology outlined in the second edition of the GDWQ, GLVs are not set at
concentrations lower than the quantification limits achievable under routine laboratory operating
conditions. Moreover, guideline values are recommended only when control techniques are
available to remove or reduce the concentration of the contaminant to the desired level. In case
the calculated health-based value is below the quantification level, the guidelines value is raised
to the practical quantification limit and termed “provisional” (e.g. antimony, arsenic). On the
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other hand, where a health-based value is known not to be achievable because of the
unavailability of control techniques, the guideline value was maintained at the health-based value
but labelled “provisional” (e.g. di- and trichloroacetic acid). This is understandable since it is
difficult to identify a specific level which is technologically achievable (which is highly
dependent on concentration in raw water, process treatment train, efficiency of operation, etc.).
 
 In developing GLVs and provisional GLVs for the second edition of the GDWQ, a special
Consultation on Analytical and Water Treatment Methods was convened in Medmenham in
January 1992 to examine in detail the achievability of the proposed health-based guideline values
(Report EUR/ICP/CWS 025 A). A similar process was not followed in preparation for the
chemical Working Group Meeting held in April 1997. This deficiency became apparent at the
meeting and as a result, the Working Group recommended that WHO ensure in the future that
information and expertise on feasible treatment technology and analytical techniques be
available at the meeting at which the GLVs are developed. This lack of information was
particularly felt for aluminium, boron, uranium and diquat.
 
 No further chemicals had been identified for review prior to the preparation of the third edition
of the Guidelines for publication around 2003. However, it was strongly recommended that the
draft chemical review documents be reviewed by experts in analytical chemistry and control
technology and that selected experts be present at the meeting to finalise these documents and
adopt GLVs. Key contact persons from the Protection and Control Working Group in the first
instance would be thematic coordinators for monitoring and assessment and for drinking-water
treatment respectively.

Literature on water treatment systems

 At the 1996 Working Group meeting certain gaps in the available literature on water treatment
were noted, as was the availability of considerable literature on unit processes in drinking-water
treatment. However, there is little guidance available on specifying, selecting, operating and
controlling the processes that constitute a complete water treatment facility in order to achieve
defined water quality targets. The meeting agreed that there was a need for a monograph which
would address these more general issues concerned with water quality and treatment. An outline
description of the monograph is included as annex 4.
 
 Meeting participants recommended that this monograph be developed in close coordination with
the microbiology Working Group. WRc agreed to lead the preparation of this monograph in
coordination with NSF International, with the aim of having a first draft available for discussion
at a Working Group meeting in 2000.

Bankside filtration

 The 1996 Working Group meeting noted the possibility of development of a monograph
concerning bankside filtration. VITUKI agreed at that time to prepare a paper on this theme
demonstrating the need for its development, outlining its content and presenting a strategy for its
development. The paper was presented and discussed by meeting participants.
 
 The high priority of this document was emphasized by meeting participants. It was also noted
that resources to support its development were likely to become available. VITUKI offered to
coordinate and lead the development of this monograph with the objective of having a peer
reviewed draft ready for the Working Group meeting in 2000. VKI, RIVM, WRc (and their
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contacts with Lyonnaise des Eaux), the Cologne water works and TZW were suggested as
potential contributors. The monograph should include geographically-representative case studies.
 
 An outline of the monograph is included as Annex 5 to this report. The monograph should
emphasize microbiological aspects and the practical application of bankside filtration (what can
it achieve and cannot achieve? where can it be applied? and where not?) and major consideration
in its successful application.

Arsenic

 Arsenic in drinking-water is a theme of significant concern in several geographic areas and has
been recognized as a priority issue for health. It is of significance to all WHO regions and
specific interest has been noted in SEARO, EURO and AMRO.
 
 The preparation of a monograph on control of health hazards from arsenic in drinking-water was
given high priority in light of the magnitude of human health effects. Possibilities for treatment
at household method should be addressed (e.g. candle filters, clay materials and fly ash) as
should disposal of arsenic-rich treatment by-products. The monograph should include a
“decision-tree”. The monograph should be prepared as speedily as controls on quality allowed
with a format similar to that of the fluoride and nitrate monographs.
 
 A number of agencies had expressed possible interest in supporting its development and
application and would be further contacted by WHO. Interest in providing technical contribution
was expressed by VKI and the Robens Centre and the existence of further expertise in AIT
(Bangkok) and Finland was noted.
 
 The adopted target was to have a first full draft by March 1999 and a revised peer review text for
the next Working Group meeting in 2000.

8. Monitoring and assessment of drinking-water supply and quality

 Coordination of monitoring and assessment aspects is shared by two institutions: the Robens
Centre for Public and Environmental Health (RCPEH) (part of the WHO Collaborating Centre
for Water Quality and Human Health at the University of Surrey, United Kingdom) and the
Danish Water Quality Institute (VKI) (WHO Collaborating Centre for Water Quality Assessment
and Control).
 
 Guy Howard of RCPEH summarized the recommendations of the 1995 Coordinating Committee
and 1996 Working Group meetings; and work undertaken since that time.
 
 Two new items had been identified as important for the Working Group:

• analytical quality control/inter-laboratory comparison; and

• guidance on surveillance and control of small community supplies.

Monitoring of drinking-water supply and quality in urban areas

 The 1995 Coordinating Committee meeting recommended that guidance on this theme be
developed, field tested and revised by the time of preparation of the third edition of the
Guidelines. It noted that by that time that the resulting volume and the GDWQ Volume 3 should
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supersede the existing monograph Surveillance of Drinking-water Quality. The first 1996
Working Group meeting agreed to pursue drafting in the 1996–1997 biennium.
 
 Some draft material had been prepared and was described. A full draft was to be consolidated by
a small group of experts by late 1998. It was recommended that further pilot projects in addition
to that in Uganda be sought and that participation of representatives from developing and
developed countries in both the small expert group and in pilot projects secured. Pilot projects
may include UMGENI Water, South Africa. The objective remained to have a text revised on the
basis of experience in pilot projects by 2003.

Health-related monitoring of water quality in trans-boundary waters

 This possible document was identified at the 1996 Working Group meeting. A description of
activities in development by the UN/ECE Task Force  on water quality was provided by Martin
Adriaanse and on the activities of the UN/ECE Task Force on laboratory quality by Peter
Literathy.
 
 A series of documents on monitoring transboundary waters had been prepared by UN/ECE and
were now subject to a process of updating. The importance of public health related elements in
water quality in transboundary waters was noted as was the relevance of this for the ongoing
development of a “protocol for the prevention, control and reduction of water related disease in
Europe”. The Working Group recommended the establishment of a close working relationship
with the relevant UN/ECE Task Forces. VITUKI and RIZA offered to facilitate this with the
specific objective of ensuring the inclusion of health-related issues in documentation concerning
transboundary waters.

Water quality in relation to accidents and spillages

 In discussing the monitoring of transboundary waters, the Working Group noted the intention for
the third edition of the GDWQ to include GLVs for short-term exposure to chemicals and
activities in this regard are in hand by IPCS. Such exposure generally arose from accidents
(i.e. spillages) and sporadic events. The Working Group should ensure availability of
corresponding guidance on detection, early warning systems, investigation and response to such
occurrences. The meeting therefore recommended the review of existing documents,
identification of gaps and possible overlaps and identification of what additional documentation
may be needed. VITUKI with RIZA offered to prepare this review and follow-up if appropriate,
preparatory to further discussion at the Working Group meeting in 2000.

Provision and monitoring of drinking-water supply and quality in emergencies

 The 1995 Coordinating Committee meeting recommended the preparation of a monograph
concerning point-of-use treatment devices and efficiency of disinfectants, to be finalized during
the 1996–1997 biennium. It also recommended that the Protection and Control Working Group
consider the needs for information concerning drinking-water supply and quality in emergencies
and for travellers. The first Working Group meeting adopted the preparation of a monograph on
drinking-water supply and quality in emergencies which was to include point-of-use treatment
devices and disinfectant efficiency, to be coordinated jointly by the Robens Centre and NSF-
International. Progress with development had been slow, in part in response to recognition of
significant inter-agency initiatives in the field. The 1997 meeting of the chemical Working
Group had recommended that, as a priority, WHO assess the comparative disinfection efficacy
and toxicity of drinking-water disinfectants to be used in emergency situations.
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 The meeting recommended that a short list (e.g. two pages) of key issues in drinking-water in
emergencies and position statements on each be adopted by the Working Group. This should,
after revision, be integrated into the third edition of the GDWQ and in the interim be used to
support integration of health issues in other initiatives such as the SPHERE project; the
forthcoming WHO/IFRC/UNHCR monograph on environmental health in emergencies and the
forthcoming WHO/EURO booklet for local authorities on drinking-water in emergencies. This
should be developed initially through an informal meeting at the forthcoming NSF-International
Centre conference, May 1998, by a Working Group sub-group including NSF-International,
WRc, Robens and WHO.

Disinfection monograph

 In discussing the provision and monitoring of drinking-water supply and quality in emergencies,
the Working Group also recommended updating of the earlier WRc/WHO monograph on
disinfection of small community supplies. The objective of the revised monograph should be to
provide information concerning application of disinfection and disinfectants and on the
efficiency and use of household treatment in emergency situations. The risk assessment for
disinfectant chemicals for use in emergencies situation should be prepared by IPCS. Such an
updating could also incorporate the PAHO/Reiff and Witt disinfection technology monograph
(pending discussion). WRc with NSF-International offered to lead activities in this area and
would, with WHO, investigate the feasibility of its development.

Attenuation of microbiological pollution in groundwaters

 The issue of “minimum safe distances” had been raised at the 1996 Working Group meeting, but
activity had not been planned until 2000. Some advances had nevertheless been made by the
Robens Centre with BGS.
 
 Working Group participants emphasized the importance of this area which was discussed further
during the joint session with the Microbiology Working Group (see section 10 of this report).

Monitoring and assessment of small community supplies

 The 1995 meeting of the Coordinating Committee noted the recent revision of Volume 3 of the
GDWQ and that no new evidence or experience had been forthcoming that would alter the
substance or detail of this Volume. It decided that there was no need to initiate changes to
Volume 3 but recommended that the Working Group review this periodically.
 
 The meeting noted that all countries experienced special problems in the monitoring and
assessment of small community supplies and that adverse health outcomes were especially
associated with these types of supplies. A need for guidance in this field was increasingly
perceived in developed and in intermediate income countries. Particular concerns regarding
small-community supplies included:

• In some regions the target of replacing small supplies by connection to central supplies is
being reassessed in light of recognition of problems caused by transport over long distances
and small local supplies may be recognized as the most appropriate approach in some
situations.

• Monitoring of large numbers of small supplies has proven difficult and costly for
responsible authorities.
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• The few data sets available (e.g. Germany, United Kingdom) indicate that in developed
countries non-compliance with standards is a typical problem of small supplies (e.g. 40%
non-compliance in a United Kingdom study of private supplies; up to 80% in some regions
of Germany).

• The number and diversity of technologies for small supplies and point-of-use treatment is
increasingly rapidly. Guidance on assessing their performance, maintenance requirements,
and on the issue of licensing, etc. is needed.

The Working Group agreed that Volume 3 of the Guidelines should be slightly expanded to also
address monitoring, assessment and improvement of small community supplies in intermediate
and high-income countries to balance the low-resource orientation of the present volume. The
issue of testing and licensing of devices was addressed through the “materials and chemicals”
monograph and need only be briefly referred to in Volume 3.

The Institute for Water, Soil and Air Hygiene, Germany, and NSF-International offered to jointly
lead this process and to initiate this through informal discussion at the forthcoming NSF-
International Conference (November 1998) and to submit detailed proposals to the Working
Group meeting in 2000.

Laboratory quality

Problems associated with analytical quality and with inter-laboratory and international
comparability of analytical data are frequently raised in the context of drinking-water quality
control and water quality monitoring more broadly. Several water-related WHO collaborating
centres have reference to this issue in their title, terms of reference or programme of work. This
theme is also considered important by the UN/ECE Task Force(s) associated with the
Convention for the Protection and Use of Transboundary Waters and International Lakes.

Meeting participants emphasized the importance of analytical quality and inter-laboratory
comparability. They noted the range of ILC programmes existing, the range of guidance material
concerning AQC and ILC (and specifically a WHO guidebook associated with the GEMS/Water
Programme already-available), and the imbalance in favour of chemical rather than
microbiological aspects. Forthcoming EC documentation may contribute to resolving this but
would be regional in its orientation.

It was agreed to develop a Code of Good Practice (e.g. 4–5 pages) for laboratory health-related
water quality monitoring and to pursue options for promotion of AQC and ILC. These should
make maximum advantage of existing materials and initiatives, such as the GEMS/Water guide
on AQC, the UN/ECE Task Force on Laboratory Quality and Accreditation and ISO
recommendations. VITUKI offered to lead this activity and to have a draft code available for
review at the Working Group meeting in 2000.

9. Promotion and dissemination of WHO working group products

Meeting participants were concerned to ensure maximum dissemination of working group
products and in particular to reach selected target audiences. The range of publication options
was discussed and a number of potential activities supportive of wider dissemination discussed:

• Web site. It was suggested that the WHO/headquarters web site be expanded with regard to
water to serve as a source of information for instance concerning Working Group activities.
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Consideration should be given to making individual review documents (constituting
Volume 2) available through this means.

• Meetings and conferences. Conferences and similar events organized by Working Group
member institutions were effective in dissemination, but did not always reach key target
audiences. WHO-organized national and regional meetings where a very effective
mechanism and efforts were required to ensure participation from water and environment
secto-representatives in addition to those from the health sector. The possibility of
organizing a dedicated “road show” as a cost-effective mean of reaching target countries
was also discussed.

• It was considered urgent that a summary brochure outlining WHO guidance materials on
water and health be prepared in order to increase awareness of available guidance materials.

• Water Health Highlights. In order to speedily disseminate information on new or emerging
issues and to increase awareness of WHO and Working Group activities, it was suggested
that short briefing notes be developed. (Targets may include microbiological drinking-water
quality and arsenic in drinking-water.)

10. Microbiology Working Group

MRD review

Following the 1995 Coordinating Committee meeting, Arie Havelaar agreed to assist in the
rolling revision of the GDWQ as Coordinator of the Microbiology Working Group. Arie
Havelaar summarized the recommendations of the Coordinating Committee meeting and
described major developments since that time.

The production of Microbiology Review Documents (MRDs) had resulted in valuable
documents, containing authoritative summaries of current knowledge and practical
recommendations on control of specific hazards. A great number of individuals and
organizations had participated in writing or reviewing these documents. The process had taken
more time than initially planned. The format adopted by the Coordinating Committee had
resulted in more extensive reviews when compared to the information in the second edition of
GDWQ Volume 2. There had been comments on this approach, and suggestions had been
received to aim for less comprehensive documents with more condensed information.

Specific information on monitoring aspects was received from the RCPEH in the framework of
the Protection and Control Working Group as background information for the preparation of the
documents and then provided to MRD lead authors. This approach had proven cumbersome and
for some MRDs, the RCPEH has also been included in the list of peer reviewers and asked to
pay specific attention to monitoring aspects.

The need for horizontal standardization of the MRDs was discussed. Meeting participants
recommended that different MRDs should be consistent in the organization of the information
and the amount of detail offered on different topics to the extent feasible.

Several peer-reviewers had expressed a concern on the usefulness of the present drafts for
practical purposes. Meeting participants considered that the principal roles of the MRDs would
be as a source of reference; for information; for instance for those investigating outbreaks of
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disease or interpreting water quality data; and in informing the preparation of the microbiological
aspects of the third edition of the GDWQ.

MRD for Aeromonas

The MRD for Aeromonas had been prepared by David Sartory and circulated for peer review.
Peer review comments had been received from Michael Janda (United States), Peter Gosling
(United Kingdom), Dick van der Kooij (Netherlands), Lucia Bonadonna (Italy) and Jean Marie
Delattre (France). The majority of the comments resulted in clarification and improvement of the
text and had been incorporated. Three comments had either not incorporated or only partially
addressed.

• Reference to possession of siderophores. No statement was incorporated concerning the
putative role of siderophores as virulence factors. There are numerous other factors which
may play a role in pathogenesis and expressed by aeromonads which were uncited in the
MRD. Although possession of siderophores may prove to be significant in the future, the
listing of virulence factors had been restricted to those that had been shown to play a major
role.

• Useful information concerning the frequency of aeromonad diarrhoea compared to other
diseases could not be identified. Although carriage rates for aeromonads may be high in
some parts of the world, isolation from cases of gastroenteritis is often confounded by the
presence of other well-recognized enteric pathogens making ascertainment of the causative
agent of the gastroenteritis problematic.

• The taxonomic status of those species assigned by Carnahan to DNA HG groups 13–16 is an
area of debate. They had been retained as listed to ensure a complete list of those species so
far described, with a footnote to the bottom of the table concerning their taxonomic status.

It was agreed to insert text concerning measures to limit concentrations of biodegradable
compounds in drinking-water.

With the above mentioned changes the MRD was considered technically finalized and should be
submitted for editing and publication.

MRD for Hepatitis A and E viruses

The MRD for Hepatitis A and E viruses had been prepared by Willie Grabow and circulated for
peer review. Peer review comments had been received from Edward Clayson (United States),
Andrew L. Corvin (Indonesia), Graziella Morace (Italy), R. Paramasivam (India), Stephen
Pedley (United Kingdom) and Geoff Stanfield (United Kingdom). Peer review comment had
been addressed and a revised MRD was discussed.

The meeting adopted the revised MRD, recommending that the following issues be addressed in
finalization:

• In the section concerning control, reference should be made to sections of the GDWQ
dealing with resource and source protection, protection and control and emergency
treatment. Details should be included on efficiency of removal in treatment processes.

• Details should be included on conditions of disinfection by chlorine with reference to
recommendations for chlorination outlined for viruses in Volumes 1 and 2 of the GDWQ.
The wording on page 7 should be revised to indicate that levels of chlorine sufficient to
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inactivate many bacteria may not be sufficient to satisfactorily inactivate hepatitis viruses
and that outbreaks of disease had been associated with (short-term) disinfection failure.

MRD for Legionella

The MRD had been prepared by Konrad Botzenhart and circulated for peer review. Peer review
comments have been received from: Jay C. Butler (United States); Maddalena Castellani Pastoris
(Italy); Arie Havelaar (Netherlands); P.J. Dennis (United Kingdom);  John V. Lee (United
Kingdom); Thomas J. Marrie (Canada); Joseph F. Plouffe (United States); Stephen Pedley
(United Kingdom); Friedrich Tiefenbrunner (Germany); Victor L. Yu (United States).

The peer review comments had been addressed and the revised MRD was discussed.

The meeting adopted the revised MRD, recommending that the following issues be addressed in
finalization:

It was agreed that the revised MRD did not require shortening. The following issues should be
addressed in finalization:

• The MRD should contain a statement to the effect that legionellae may be present in low
concentrations in drinking-water supplies but ingestion of this water does not pose a risk to
health. The distribution and use of water derived from public supplies into domestic
plumbing systems and devices attached to them can result in increase in numbers of
legionellae so that a risk to health may result if this water is aerosolized. The risk of
amplification of legionellae can be controlled by maintaining the temperature of the water at
levels which do not permit their growth.

• It was agreed that the control of legionellae in cooling towers was not within the remit of the
MRD.

• There is no clear agreement on the necessity for routine monitoring of water systems for
legionellae.  However, monitoring is advisable for the validation of control measures
particularly after cases have been associated with a system.

• A reference to the use of swabs for sampling taps should be included, noting that this will
not necessarily be appropriate for all designs of tap.

• In the section on control the use of disinfectants for emergency disinfection and their
continuous use for long-term control should be differentiated.

• The use of stabilized chlorine dioxide for emergency disinfection and long-term control
should be included.

• It was agreed that there should be no GLV for legionellae in water in the MRD.

Owen Hydes and John Lee agreed to assist in finalizing this MRD in cooperation with Arie
Havelaar. After addressing the above issues it should be considered technically finalized and
submitted for editing and publication.

MRD for Protozoa

The MRD for protozoa had been prepared by Gertjan Medema, Huw Smith and Colin Fricker
and circulated for peer review. Comments had been received from Yasumoto Magara (Japan),
Ynes Ortega (United States), Edoardo Pozio (Italy), Morteza Abbaszadegan (United States),
David Cunliffe (Australia), S. Shaw (United States), Berger S. Schaub (United States), Stig Regli
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(United States), Mark LeChevallier (United States) and Joan Rose (United States). The majority
of the comments had an editorial nature: inclusion of references, additional information,
typographical or grammatical errors. Most of these had been incorporated in the revised draft
discussed at the meeting. Major comments that were discussed were:

Incorporation of other protozoan parasites, including Toxoplasma, microsporidia,
Naegleria and Acanthamoeba

Although the available information on (potential) transmission through drinking-water is limited,
it was decided to incorporate that concerning Toxoplasma and microsporidia briefly; and to
indicate that the measures taken to control the drinking-waterborne transmission of
Cryptosporidium and Giardia would probably also control the drinking-waterborne transmission
of Toxoplasma and microsporidia.

Naegleria should be mentioned as a potential but rare hazard in drinking-water.

Acanthamoeba should be mentioned as a waterborne pathogen that may cause conjunctivitis in
contact lens wearers and which may act as a vehicle for Legionella (to be cross-referenced to the
Legionella MRD). Both Naegleria and Acanthamoeba are regrowth problems unlike other
parasites that derive from source waters.

Entamoeba histolytica/dispar is maintained in the MRD through cross-reference to the second
edition of the GDWQ and the informal consultation document on protozoa causing diarrhoea
(1994).

Recommendations for immunocompromised persons

Cryptosporidium poses a serious health risk to immunocompromised persons and especially
AIDS patients. In several countries, these patients are advised to boil drinking-water before
consumption. Since boiling of water is not economically achievable in some parts of the world
where a great burden of AIDS lies, the GDWQ should not specifically recommend boiling, but
suggest boiling as one of the effective means of control, noting that there should be local health
policies.

The recommendations for public health control and advice to hospitals and susceptible persons
prepared by the United Kingdom group of experts should be modified and utilized where
necessary.

More information and guidance should be give on source protection, especially waste
stabilization ponds, sanitary surveys and monitoring

The considerations that are specific for Cryptosporidium, Giardia and Cyclospora should be
incorporated in the MRD, especially regarding waste stabilization ponds and guidance for
control and reduction of contamination of source water with agricultural wastes. This should
include information on the risk and management of liquid wastes and the effect of composting.
The guidance on sanitary surveys is not specific for protozoan parasites and should be cross-
referenced to Volume 3 of the GDWQ and the Groundwater Source Protection document.

More information and guidance on treatment efficiency and optimization

It was decided that the level of detail in the present revision is adequate, but that the information
should be made more readily accessible by tabulation of the efficiency of unit processes. The
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information on the optimization of particle removal by treatment systems should be expanded
with considerations that are specific for protozoan (oo)cysts, identifying that particle
breakthrough is important.

Information on the significance of continuous turbidity monitoring as an indicator to identify
best practice to reduce the risk of (oo)cyst breakthrough should be included, together with the
turbidity levels that have proven useful in this respect in several countries (0.1–0.5 NTU/0.1
Kaolin mg/l).

Include and emphasize statements on groundwater and disinfection efficiency

It was agreed that a statement to the effect that a well-protected groundwater system, not under
the influence of surface water, is not likely to be a risk, should be included. In addition, a
statement should be included indicating that for less-protected groundwater sources, disinfection
offers no protection against Cryptosporidium. These statements should be addressed early in the
document.

Clarify “Watershed monitoring should therefore include the protozoa” (p. 17, l. 2)

The meaning of the word “monitoring” was questioned and it was agreed to replace it with “risk
assessment to define the amount of treatment necessary”.

Should discuss measurement and detection problems differentiating between infective and non-
infective cells, and cell concentration difficulties leading to very large quantitation uncertainty.

Risk assessment

It was recommended that no quantitative guidelines for drinking-water quality or treatment goals
be included in the document, given the uncertainties and gaps in the current knowledge on
source water quality and treatment efficiency. A statement to address the significance of low
numbers of (oo)cyst in drinking-water should be included.

Once these issues had been addressed the MRD should be considered technically finalized and
submitted for editing and publication.

MRD for Vibrio cholerae

This MRD had been drafted and circulated for peer review. Peer review comments had been
received from Jose Hueb (WHO), Fritz Mooi (Netherlands) and Luzzi (Italy). Points of
substance raised at the meeting were:

• More information should be given on chlorination as an effective method for cholera
control; incorporating recommendations from other WHO documents. There is little
published information on the effectiveness of other treatment processes because of the high
efficiency of chlorine.

• No reference should be made to iodine in view of lack of information on its toxicity.

• Some reference should be made to other routes of transmission, cross-referencing other
WHO documents for prevention and control.

• The section on the importance of diarrhoeal disease control programmes should be retained
as it is of particular importance in relation to cholera but re-titled.
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• The conclusions and recommendations should be prepared and should clearly state that
V. cholerae should not be present in drinking-water.

• The section on infectious dose is short and seemingly in contradiction with epidemiological
data. For example work in ICDDR, Bangladesh has demonstrated that secondary
transmission of cholera requires a dose in the order of 100–1000 bacteria. Protection of the
organism from gastric acid is assumed to be an important factor.

• Survival depends strongly on ionic composition. Given appropriate concentration of sodium
and magnesium ions, growth is possible. Reference to published evidence for climate,
temperature and environmental factors should be included.

• The paragraph on monitoring should be restricted to monitoring of water.
 
 John Lee offered to submit detailed comments to Arie Havelaar, who will coordinate revision
with the lead authors.
 
 Once these issues had been addressed the MRD should be considered technically finalized and
submitted for editing and publication.

MRDs to be prepared

 The transmission of E. coli 0157, as well as other pathogenic strains of E. coli, has to date rarely
been associated with drinking-water supplies. Information presently available would seem to
suggest that infections with pathogenic strains of E. coli are predominantly associated with
contaminated food, such as hamburgers. Other means of transmission may include personal
contact, raw milk and recreational water. In only one or two outbreaks has drinking-water been
identified as the potential source of infection. Cattle would seem to be the principal reservoir of
verotoxin-producing E. coli, including E. coli 0157 strains. These pathogens may, therefore,
constitute a meaningful risk in rural, unchlorinated private drinking-water supplies. There is no
evidence that pathogenic strains of E. coli may be more resistant than non-pathogenic strains to
water treatment and disinfection processes. Recommendations in the GDWQ should, therefore,
adequately control the transmission of pathogenic E. coli strains.
 
 The meeting agreed that a MRD specifically for E. coli 0157 was not needed at present and
should be addressed if a MRD for enteropathogenic E. coli as a group was required.
 
 No other organisms were identified for which a revised MRD was required for the coming period
and there would therefore be no need for a second microbiological addendum to the second
edition of the GDWQ. The need for further MRDs should be re-considered at the Working
Group meeting in 2000.

Third edition of the GDWQ

Current microbiological standards for drinking-water were developed early in the 20th century to
monitor treatment processes (slow sand filtration, chlorination) that had proven successful in
controlling bacterial pathogens causing diseases such as cholera and typhoid. These problems are
still real in large parts of the world, and the standards remain valid, but, they have also been used
outside their historical context and have evolved to become end-product standards that are used
in their own right. Meeting participants recommended that a process control approach be pursued
for the third edition of the GDWQ. This would lead to a differentiated system of targets,
processes to reach these targets, monitoring methods and compliance criteria. The GDWQ
should provide guidance on how to make the appropriate choices, taking regional or national



EUR/ICP/EHR0 03 01 02
page 18

factors into account. It was anticipated that the process-oriented approach would first impact
upon the improvement of water protection, treatment and distribution practices and may
subsequently impact upon regulatory systems.

The tasks to be accomplished in developing microbiological aspects of the third edition of the
GDWQ, as adopted at the meeting, are summarized in Fig. 1.

The “lower half” of Fig. 1 can be addressed relatively quickly. The major hazards are known,
and much information on the fate of key pathogens in the environment and in treatment
processes is available.

There is also a substantial body of information on different monitoring parameters
(microbiological, chemical and physical). This information may be brought together in a
coherent manner, and fed into the exposure assessment phase of the risk assessment in the upper
half of Fig. 1 which would take a longer time. Public health should govern the definition of
acceptable risk, taking into account the disease burden on the local population from other
pathogens that may be transmitted through drinking-water. National and local decisions on
tolerable risk would also take economic, social and environmental aspects into account and
would require public consultation. The acceptable risk would more accurately define water
quality targets, expressed as maximum allowable concentrations of pathogens and measures of
overall exposure.

Fig. 1. Principal tasks to be accomplished in the further development
of microbiological aspects of the GDWQ
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All steps can be taken at different levels of detail. Decision trees, based on sanitary surveys and
observation can be useful in many situations. Data can be derived from appropriate indicator
organisms or from direct measurements of pathogens. They can be integrated using simple point
estimates or mathematical/statistical models that take account of uncertainty and variability.

Meeting participants identified five key building blocks that would be required in order to
develop this process. For each of these the adopted objective was a draft product available for
discussion at a Working Group meeting in the year 2000. The overall framework within which
these building blocks would be deployed would be an important area of work and both this and
the development of the “building blocks” would require close liaison between the two Working
Groups.

Attenuation of pathogens and indicators in groundwater systems and efficiency of source
protection measures required development of an expert review of the state of knowledge and
available information, emphasizing quantitative aspects to the extent possible. The Robens
Centre (Stephen Pedley) offered to lead this activity which will be coordinated as an activity of
the Microbiology Working Group and integrated with the activity of the Protection and Control
Working Group concerning protection of groundwater sources. The possibility of this review
becoming a free-standing product, as well as a source of information for development of
microbiological guidelines was noted. An outline of the product and proposed potential
contributors is included as Annex 6.

Treatment efficiency required development of an expert review of the state of knowledge and
available information. This should be developed in two parts concerning technical aspects
(coordinated as part of the treatment area of the Protection and Control Working Group); and
microbiological efficiency. Both should include disinfection as well as other types of process.
Both should emphasize quantitative aspects to the extent possible. The possibility of this review
becoming a free-standing product, as well as a source of information for development of
microbiological guidelines was noted. An outline of the review and proposed potential
contributors is included as Annex 7.

Distribution and storage. The meeting agreed that relevant information concerning water quality
changes in distribution and storage was restricted to a limited number of aspects. These
concerned leakage/low pressure/discontinuous supply in relation to recontamination; good
hygiene practice during repair and installation; and re-growth. WRc (as coordinator for treatment
aspects for the Protection and Control Working Group) offered to oversee the preparation of a
brief text summarizing these issues as background for the Working Group meeting in 2000.
David Sartory offered to contribute text on the first two of these aspects. Information concerning
the third would be derived from the ongoing work lead by NSF-International on “materials and
chemicals used in the production and distribution of drinking-water” (see section 6 of this
report).

Indicators of microbiological quality/changes in quality. Meeting participants noted the absence
of an authoritative review of microbiological indicators in relation to health concerns in
drinking-water quality; and also noted the material present in Volume 2 of the second edition of
the GDWQ. It was agreed essential that such a review be prepared and it was considered
appropriate to target its publication as a free-standing product. An outline of the review and
proposed potential contributors is included as Annex 8. WRc (Geoff Stanfield) and KIWA
(Gertjan Medema) offered to investigate possibilities for the development of this as an activity of
the Microbiology Working Group.
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Expert reviews of selected microbes emphasizing information concerning their attenuation and
removal; and quantitative to the extent possible would be required. The MRDs prepared for the
first addendum to the second edition of the GDWQ and in particular those concerning protozoa
and Hepatitis A and E viruses satisfied this need and no further activity was considered
necessary at this stage.

11. Programme of work

Microbiology Working Group

 Revised draft MRDs were to be received by Jamie Bartram at WHO headquarters by 1 August
1998.
 
 Jamie Bartram and Arie Havelaar agreed to undertake preparation of the introduction and final
editing of MRDs for the first microbiology addendum to the second edition of the GDWQ in
September 1998.
 
 Documents to be developed in the next period are a review of removal and inactivation of
pathogens by treatment and a review of indicator organisms. Both require close interaction with
the Protection and Control Working Group. To facilitate this, a workshop was recommended for
the end of 1999 involving individuals who are actively involved in the production of these
documents, and relevant members of the Protection and Control Working Group. Shortly after
this workshop drafts for external review should be produced. A major output of the workshop
would be further development of the overall framework for the development of microbiological
guidelines for the third edition of the GDWQ.

Protection and Control Working Group

 May 1998 NSF-International conference at which:

• informal review group to discuss updating of Volume 3 of the
GDWQ; and

• informal review group to prepare “issues and position” paper on
water quality in emergencies.

Mid-1998 Establish contact with officials responsible for relevant Working
Groups of the Codex Committee on Food Hygiene.

 Mid-1998  WRc, NSF-International and WHO to investigate feasibility and
options for the “disinfection monograph”.

 Mid-1998 • Consolidated draft of manual on monitoring of drinking-water
supply and quality in urban areas available.

• “decision tree” and proposed list of peer reviewers for Fluoride
monograph circulated to Working Group members.

• WHO to investigate possibility of support for “arsenic
monograph” preparation.
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November 1998 WaBoLu Conference on drinking-water and sanitation at which
informal review group to review monograph on nitrate and nitrite in
drinking-water.

Late 1998 Publication of monograph on toxic cyanobacteria in water.

Late 1998 Consolidated draft of “Materials and chemicals ...” monograph
submitted to peer review.

Late 1998 (Tentative) review meeting for consolidated draft of monograph on
“urban monitoring”.

Late 1998 Full draft “fluoride monograph” submitted for peer review.

Early 1999 (Tentative) review meeting of consolidated draft of monograph on
control of materials and chemicals used in the production and
distribution of drinking-water.

Peer review of monograph of nitrate and nitrite.

March 1999 First full draft of arsenic monograph available.

End 1999 Publication target for fluoride monograph.

Late 2000 or early 2001 Joint meeting of the Microbiology Working Group and the Protection
and Control Working Group.
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Annex 2

AGENDA

1. Welcome
 
2. Introduction to meeting
 
3. Nomination of chair, rapporteurs; introduction of participants
 
4. Adoption of agenda
 
5. Background to the Protection and Control Working Group
 
6. Protection and Control Working Group – Resource and Source Protection
 
7. Protection and Control Working Group – Materials and Chemicals used in the Production and

Distribution of Drinking-water
 
8. Protection and Control Working Group – Drinking-water Treatment
 
9. Protection and Control Working Group – Monitoring and Assessment of Drinking-water Supply

and Quality
 
10. Background to the Microbiology Working Group
 
11. Joint session of the Microbiology and the Protection and Control Working Groups
 
12. Protection and Control Working Group – Future priorities and programme of work
 
13. Microbiology Review Documents
 
14. Microbiology Working Group – Future Priorities Programme of Work
 
15. Closure
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Annex 3

WORKING PAPERS

General Working Papers

GL/GLO/PCS/011/VD/96/1 Working papers

GL/GLO/PCS/011/VD/96/2 Scope and purpose

GL/GLO/PCS/011/VD/96/3 Provisional agenda

GL/GLO/PCS/011/VD/96/4 Annotated agenda

GL/GLO/PCS/011/VD/96/5 Timetable

GL/GLO/PCS/011/VD/96/6 List of participants

Resource and source protection documents

1. Final draft of the monograph toxic cyanobacteria and water
 
2. Background note regarding the monograph nitrate in drinking-water and human health
 
3. Paper presenting need for and proposal regarding documentation concerning protection of springs as

drinking-water sources.

Water treatment

4. First draft of the Monograph on Fluoride in Drinking-water
 
5. Paper presenting need for and proposal regarding the need for documentation concerning unit

processes in water treatment
 
6. Paper presenting need for and proposal regarding the need for documentation concerning bankside

filtration including detailed product description

7. Paper regarding the need to initiate updating of surveillance and control of community supplies.

Microbiology Working Group

8. Revised MRD – Aeromonas
 
9. Revised MRD – Hepatitis A and E viruses
 
10. Revised MRD – Legionella
 
11. Revised MRD – protozoa (Giardia, Cryptosporidium, Cyclospora)
 
12. Draft MRD – Vibrio cholerae
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Annex 4

DRAFT CONTENT OF PROPOSED MONOGRAPH CONCERNING

WATER TREATMENT

The target audience would be water engineers and scientists, planners, and managers responsible for
protection and improvement of water supplies.

The principal aim would be to provide guidance on how to meet the WHO Guidelines for Drinking-water
Quality for both rural and urban supplies. The monograph would provide information not readily
available from other sources (e.g. how to select a combination of processes to meet specific treatment
objectives) and not repeat information (e.g. on specific unit processes) which is widely available.

The monograph would run to approximately 200–300 pages.

Chapter Scope Contents

General principles The purpose of drinking-water
treatment and overall philosophy

Properties and contaminants of
water; overview of treatment
principles; unit processes as part of a
treatment system; the “Barrier”
concept; investment planning

Process applications Guidance on selecting appropriate
treatment on technical and economic
criteria

Process application and selection
including; disinfection, removal of
protozoa, DBP control, nitrate
removal, algae and algal toxins,
fluoride; planning and cost
estimation, small water supplies
(package plants, point of use and
point of entry treatment)

Process monitoring and control Guidance on available techniques for
controlling critical processes

Test methods (e.g. coagulation
testing); within-plant monitoring of
treatment efficiency; troubleshooting;
on-line monitoring and control (an
introduction)

Water quality in distribution Guidance on maintaining water
quality in distribution

Conditioning water for distribution,
biostability and “shelf-life”, corrosion
control
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Annex 5

DRAFT CONTENT OF PROPOSED MONOGRAPH CONCERNING

BANKSIDE FILTRATION

Objective To describe and provide authoritative guidance to the target audience based
upon existing understanding on advantages and shortcomings of using
bankside filtration wells for drinking-water production.

Scope To be used as framework for studying feasibility of establishment a
bankside filtration system and for helping the design, operation and control
of such raw water production for drinking-water supply.

Target audience Decision makers and staff at regulatory authorities and water works,
designers and operators of water works, water treatment plants.

Potential contributors VITUKI, WRc, RIVM, VKI, TZW (Karlsruhe), Lyonnaise des Eaux.

Section title Contents Pages

Introduction 3

Sources for drinking-water supplies − Quality aspects of different water resources for drinking-
water

− Availability of water
− Cost comparison

10

Bankside filtration − Recharge water in bankside wells
− Water quality characteristics of bankside filtered water
− Relation between river water and bankside filtered water
− Effectiveness of bankside filtration

20

Process influencing water quality
during bankside filtration

− Characteristics and forms of contaminants
− Driving and modifying forces in the filtration media
− Physical, chemical and biological processes
− Pollution potential of recharge water and sediment

associated pollutants
− Mobilization potential of recharge water
− Specific analytical approaches

50

Evaluation of bankside filtration
systems

− Modelling of recharge water movement
− Chemical fate modelling
− Vulnerability to pollution incidents

25

Use of bankside filtration for drinking-
water supply

− Expectations: advantages and disadvantages
− Production of bankside filtered water
− Water treatment requirements
− Emergency situation: prediction and actions

25

Drinking-water supply based on
bankside filtration

− Budapest, Hungary
− Berlin, Germany
− In the Netherlands
− As alternative to surface water intakes in Romania

20–40

Conclusions 5
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Annex 6

DRAFT CONTENT OF PROPOSED MONOGRAPH CONCERNING

ATTENUATION OF PATHOGENS AND INDICATORS IN GROUNDWATER AND

EFFICIENCY OF SOURCE PROTECTION MEASURES

Objective: The document will review the current literature regarding the attenuation of
pathogens and indicators in groundwater, and draw from current research
and experience of the contributing institutions, and others, to establish
criteria for the adequate protection of water resources from pollutants of
public health concern. The document will provide guidance to the target
audience about identifying and evaluating pollutant inputs to water
resources, making an assessment of the potential impact of individual and
combined pollutant sources, and developing monitoring strategies to validate
the assessment. Guidance will be given also on mechanisms for the
protection of resources.

Target audience: Decision makers in the water and health sectors, in particular: water resource
managers, land use planners, water treatment engineers and water
surveillance programme managers.

Potential contributors: RCPEH, VKI (C. Jorgensen), Delft University (J. Schijven), RIVM, BGS,
WRc (G.Stanfield), KIWA (G.J. Medema), University of Pretoria (W.
Grabow). Other collaborators will be identified and invited to participate.

Potential reviewers: Appropriate institutions will be invited to review the final document prior to
submission. These may include: IAWQ, IWSA, Geological Societies, EC,
USEPA.
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Proposed Contents

Section Scope Contents
No. of
pages

(approx.)

Introduction To describe the
background to the review
and the main issues that
will be discussed

5

Groundwater To describe the role of
groundwater in the
transport of pollutants and
attenuation of pollutants in
the sub-surface
environment

Principal sources of rural and urban
contamination

Role of the vadous zone and saturated zone in
the attenuation and transport of pollutants

Potential for the desorption of pollutants and the
implications for transport in the subsurface

Minimum safe distances between sanitation and
water supply and protection zoning for
groundwater quality protection

Cost benefit analysis of protection against
treatment

Impact of over abstraction and rising
groundwater

25–35

Surface water To describe the role of
surface water and
sediments in the transport
and attenuation of
pollutants

Attenuation/survival and transport of pollutants
in surface water sediments

Impact of flooding and drought on transport and
attenuation in the subsurface environment

5

Monitoring, assessment
and control

To describe the methods
of monitoring, assessment
and control in groundwater
and surface water

Sanitary inspections

Risk inventories

Review of hydrogeological conditions

Guidance on likely pathogens, principal
pollutants and monitoring strategies using
quality indicators

Use of tracers to assess risks

Use of mathematical models

Development of water resource protection
strategies

25

Conclusions and
recommendations

5

Guidance note A brief summary of the
main review document that
will highlight the main
issues and principal
recommendations

5
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Annex 7

DRAFT CONTENT OF PROPOSED MONOGRAPH CONCERNING

DRINKING-WATER TREATMENT EFFICIENCY

Aim: critical review of the literature on removal and inactivation of key pathogens and indicators
(focusing on protozoan parasites and viruses) by unit processes in the drinking-water treatment chain:

− to support the choice of appropriate treatment chains in relation to raw water quality;
− to estimate pathogen concentrations in drinking-water; and
− to identify critical control points in process operation.

Technical content

The document should give quantitative information on the removal and/or inactivation of pathogenic
micro-organisms and indicators from source waters by unit processes for drinking-water production. It is
assumed that the effect from a complete treatment chain is estimated by summation of the effects of the
individual units. Interactions between the effect of unit treatment processes will be identified and where
possible quantified.

The information will be given at different levels of detail. At the first level, an order of magnitude estimate
of the expected effect is given, assuming typical process conditions and proper operating conditions. This
level will allow the construction of simple decision trees for the choice of a treatment chain.

At the second level, the process parameters (both design parameters and monitoring parameters) that are
of major relevance to the treatment effect are identified and the effect is quantified in relation to these
parameters. Where possible, mathematical models are used to describe these relations. This level will
allow the identification of critical control parameters and their operational limits. Emphasis will be on
physical and chemical parameters, microbiological parameters will be discussed in a parallel review. At
the third level, variability and uncertainty in the treatment effect that is not explained by the above
parameters is identified and quantified, preferably in a statistical model. This level will allow for exposure
assessment in the framework of a formal risk assessment procedure.

Unit processes to be considered:

− storage (surface reservoirs)
− simple filtration
− coagulation/flocculation/filtration
− disinfection (chlorination, ozonation, chlorine dioxide, UV irradiation)
− slow sand filtration
− advanced processes such as membrane filtration
 
 Possible lead author:
 Mark Lechevallier, AWWARF, Voorhees, NJ, USA
 
 Possible contributors:
 WRc, Medmenham, England, also co-lead for review on microbiological indicators
 KIWA, Nieuwegein, The Netherlands, also co-lead for review on microbiological indicators
 CINARA, Cali, Columbia
 CEHE, Guildford, England
 Martin Wegelin, IRCWD, Switzerland
 Huw Smith, Glasgow, Scotland
 Willie Grabow, Pretoria, South Africa
 Endo, NID, Tokyo, Japan
 RIVM, Bilthoven, Netherlands.
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Annex 8

DRAFT CONTENT OF THE PROPOSED MONOGRAPH

CONCERNING THE USE OF INDICATOR ORGANISMS FOR

MICROBIOLOGICAL QUALITY/CHANGES IN QUALITY

 Objective To give authoritative guidance on the applicability of indicator organisms of
indicator organisms for:

• catchment surveys
• source water quality assessment
• assessment of treatment efficiency
• drinking-water quality monitoring and
• assessment of distribution system integrity.

The document is to be based on critical review of the literature, giving
possibilities and shortcomings of indicator organisms for the selected
purposes.

Scope To be used by target audience to select appropriate strategy for
microbiological monitoring for the selected objectives.

Target audience Authorities, scientists, engineers, microbiological laboratories,
environmental and sanitary health officials involved in planning, designing
and safe-guarding drinking-water systems.

Potential contributors KIWA (Medema), WRc (Stanfield), University of Surrey (Lloyd, Pedley),
PHLS (Lee), US EPA (Reasoner), AWWASC (LeChevallier), RIVM
(Havelaar).

Contents

Indicator organisms
Fact sheets with definition and relevant facts concerning taxonomy, biology, detection methods in water,
survival, resistance to disinfectants about the following micro-organisms: E.coli and coliforms,
Enterococci, aerobic spores, clostridia spores, somatic phages, F-specific RNA phages, bacteroides
phages. Other indicator organisms (Bifidobacterium) and also non-microbiological indicators of faecal
pollution (cafein, borium, steroids, 85) and treatment efficiency (particles, disinfection surrogates) will be
mentioned briefly.

Catchment surveys
Description of the purpose of catchment surveys.
How to perform catchment surveys without analysis (cross-referenced to Protection and Control Working
Group outputs).
Appropriate indicator organisms for a basic (low cost/technology) catchment survey.
Appropriate indicator organisms for an advanced catchment survey.

Source water quality assessment (SWQA)
Description of the purpose of source water quality assessment.
Appropriate indicator organisms for a basic (low cost/technology) SWQA.
Appropriate indicator organisms for an advanced SWQA.
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Treatment efficiency assessment (TEA)
Description of the purpose of assessment of treatment efficiency.
How to determine treatment efficiency without indicator organisms (cross-referenced to Treatment
Monograph).
Appropriate indicator organisms for a basic TEA.
Appropriate indicator organisms for assessing the removal/inactivation of protozoan parasites, viruses and
bacteria, the use of statistical models and large volume sampling for an advanced TEA.

Drinking-water quality monitoring (DWQM)
Description of the purpose of drinking-water quality monitoring.
Frequency and volume of sampling.
Appropriate indicator organisms for a basic (low cost/technology) DWQM.
Appropriate indicator organisms for an advanced DWQM.
What to do in case of non-compliance?

Assessment of distribution system integrity (ADSI)
Description of the purpose of assessment of distribution system integrity.
How to determine integrity without indicator organisms.
Appropriate indicator organisms for a basic ADSI.
Appropriate indicator organisms for an advanced ADSI.
What to do in case of non-compliance?


