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1. Background

The first WHO publication dealing specifically with drinking-water quality was
published in 1958 as International Standards for Drinking-water. 1t was subsequently
revised in 1963 and in 1971 under the same title. In 1984-85, 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.
Addenda to the first and second editions were published in 1998 and 1999, respectively,
addressing selected chemicals only. An addendum on microbiological aspects reviewing
selected microorganisms is in press.

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, chemicals and radionuclides 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, including national or regional standards developed in the context of local or
national environmental, social, economic and cultural conditions. Such strategies, 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.

Volume 3 of the GDWQ: Surveillance and Control of Community Supplies is
distinct in orientation and is a document oriented towards “good practice”. The present
edition is principally focused upon the situation in developing countries. Other “good
practice” guidance linked to GDWQ includes, for example, Toxic Cyanobacteria in
water.

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 is progressively prepared. This process was initiated at a meeting of the
Coordinating Committee for the Rolling Revision of the WHO Guidelines for Drinking-
water Quality, at which three working groups were established. These were to address
microbial aspects, chemical aspects and aspects of protection and control of drinking-
water quality.

The programme of work of the Microbial Aspects Working Group (WG) was
adopted directly by the 1995 Coordinating Committee meeting. The WG met in 1996
(Bad Elster, Germany) and in 1998 (Medmenham, UK). For the period 1996-98, it
comprised preparation of selected Microbial Review Documents (MRDs). In its first
phase of work, review documents on a number of specific microbes were prepared. A
future strategy for major revision of the microbial aspects of the WHO GDWQ), was also
developed. The development of an “umbrella approach” to the derivation of guidelines
for microbial hazards through water-related exposures including drinking-water, was
advanced at an expert consultation in Stockholm, Sweden, in September 1999.



Since the 1995 Coordinating Committee meeting, a series of chemical review
documents has been prepared, adopted and published through addenda to the GDWQ as
output of the work of the Chemical Aspects WG.

The Protection and Control WG met in 1996 (Bad Elster, Germany) and in 1998
(Medmenham, UK). The Terms of Reference of the WG have been established, and five
institutions assist in the coordination of the principal thematic areas of work: resource
and source protection (Research Department of the Institute for Water, Soil and Air
Hygiene, Bad Elster, Germany); materials and chemicals used in the production and
distribution of drinking-water (NSF-International); water treatment (WRg plc, UK) and
monitoring and assessment (Robens Centre, UK; VKI, Denmark). All of these
institutions are WHO Collaborating Centres concerned with water. A plan of work has
been pursued, based initially upon the recommendations of the Coordinating Committee,
which has included development of a series of documents principally concerning aspects
of “good practice” in achieving the safe conditions described in the GDWQ per se and
organization of meetings

The overall purpose of this meeting was to plan the process of development of the
GDWQ) to the third edition, scheduled for publication in 2003, including implications
relating to the proposal to apply an overall process of rolling revision thereafter.

The specific objectives of the meeting were:

e To recommend an overall framework for the process of rolling revision and
development of the third edition of the GDWQ, including a manual of procedures,
with the objective of increasing efficiency, responsiveness, clarity and transparency.

¢ To recommend an overall approach towards the microbial aspects component of the
GDWQ and regarding information and actions needed for the development of clear
guidelines in this area.

¢ To identify priority chemicals for review and prepare explanatory texts for all
chemicals considered (whether decided to review or not suitable) for public release.

e To identify technical support information essential to support the derivation of
guidelines on microbial aspects and guideline values for chemical constituents.

e To identify high-priority guidance on good practice required to support countries in
implementation of the GDWQ.

¢ To develop a realistic plan of work to lead towards publication of the third edition of
the GDWQ in 2003 and to lead into a process of subsequent “rolling revision™.

2. Introductory Session

The meeting was opened by Andreas Grohmann, Institute for Water, Soil and Air
Hygiene (WHO Collaborating Centre for Research on Drinking-water Hygiene), who
welcomed participants and outlined the work of the Institute. Jamie Bartram described
the background and objectives of the meeting and thanked the meeting sponsors, which
included the Institute for Water, Soil and Air Hygiene, USEPA and the Ministry of
Health and Welfare of Japan.

Following the introduction of the participants, Ingrid Chorus and Guy Howard
were elected as chair and rapporteur, respectively. For separate WG sessions, Will



Robertson and Mario Snozzi (Microbiological Aspects); and Kunnath Subramanian and
John Fawell with Herman Dieter (Chemical Aspects) were elected as chairs and
rapporteurs, respectively. A list of meeting participants is included in Annex 1.

The coordinators of each working group (WG) gave an overview of the status of
current work and the progress with the development of materials and documents within
the group. In addition to the specific issues within each group, the importance of further
developing a transparent approach to the guidelines development in line with WHO
policy was emphasized.

3 General recommendations

It was emphasized that the development of end product quality guidelines
alone was insufficient to protect public health. Good practice in relation to safe
processes is also essential. WHO guidelines should be developed with due
consideration to their implementation, and guidance on aspects of good practice is an
essential component of this.

Meeting participants recommended that guidelines for health-related water-
quality should be placed in the overall context of public health policy and prevention
of disease transmission.

3.1 Procedures and "transparency"

The need to further develop transparency in development of the GDWQ was
endorsed by the Committee and a procedure to ensure this was reviewed and is
documented separately. An important development to support both this and also
dissemination and promotion will be use of the WWW, including use to support
public domain consultation.

3.2 Format and content

It was recommended that third edition of volume two not be a printed, but that
supporting information be made available on the WWW. Recommendations regarding
publication format are included as Annex 2 and should be subject to further review as
updating proceeds.

The preparation of sections in the GDWQ/Vol. 1 on the application of the
guidelines in specific circumstances was considered to be important (Annex 2).

3.3  Materials and chemicals used in production and distribution of drinking
water

The 1995 Coordinating Committee meeting identified materials and chemicals
used in the production and distribution of drinking-water as one of the principal
thematic areas which should be addressed by the Protection and Control WG. The
development of a monograph on this theme was adopted by the 1996 WG meeting
and work was initiated at a workshop planning meeting in 1997 (report available as



EURO/CP/EHPM 07 01 05). The 1998 WG meeting reviewed progress and endorsed
the approach taken, recommending that a consolidated draft be submitted to selected
peer-review in late 1998 and an expert meeting be called in early 1999, with the
overall objective of peer-reviewed text being available to the next WG meeting.

Meeting participants noted that wider policy discussion was required concermning the
approach to contaminants derived principally from materials and chemicals used in the
production and distribution of dnnkmg-water The GDWQ/Z“ edition noted that such
chemicals were not addressed, since this should be achieved by direct control over the
materials and chemicals concerned; nevertheless, guideline values (GVs) were presented
for some “additive chemicals”.

Meeting participants noted that, in general, the quality and safety of products used in
drinking water production and distribution should be managed by controlling quality and
the dosage so that guideline values (GVs) for listed chemicals are not exceeded in the
finished drinking water. Thus, it was felt that certain additive chemicals should become
candidates for drinking water guidelines in order to guide standard-setting for materials.

In presenting such GVs it should be clear whether material quality and/or water quality
should be the focus of regulation. Selection of these would be determined on a case-by-
case basis, applying usual criteria for selection of chemicals for consideration and would
be overseen by the chemical aspects WG.

The draft monograph on the theme was reviewed at the meeting. It provided general
guidance on establishment of programmes and background information on some schemes
which govemments or purchasers might wish to recognize. Meeting participants endorsed
the need for such guidance and recommended that the document be aimed at countries
that lack a programme of product licensing and wish to develop one. It should not
promote particular programmes. It was agreed that a description of selected available
programmes in which health concerns were appropriately dealt with be included in the
document. It was recommended that the draft document proceed to peer review and a list
of reviewers was recommended as: Owen Hydes (DWT, UK), Joyce Donohue, (USEPA,
USA); Russ Chaney (World Plumbing Council, USA), Professor Y. Magara (Hokkaido
University, Japan), Ans Versteegh, (RIVM/KIWA/Ministry of Environment,
Netherlands); German Umweltbundesamt and all WHO Regional Offices.

Further discussion concerned the need for international certification and the
appropriateness or otherwise of WHOQO playing a role in this. Roger Aertgeerts
(WHO/EURQ) will analyse the options available for WHO to approach certification and
make proposals on how to address this at the next meeting of the P&C WG to be taken
up by the DWQC if appropriate.

3.4  Toxic cyanobacteria and cyanotoxins

The preparation of a monograph on Toxic Cyanobacteria in Water was
recommended by the 1995 Coordinating Committee meeting and its development
overseen by the 1996 and 1998 Protection and Control (P&C) WG meetings. An expert
consultation was held in 1997, to support its finalization. The final text was released as
a WHO co-publication with E&FN Spon in January 1999 and has been well received.



Since publication of the monograph, a significant body of new information has become
available. The need for an updated second edition was recognized. The meeting endorsed
the proposal of the P&C WG to discuss document updating with selected experts
in 2001 informally at the fifth international conference on toxic cyanobacteria in Australia
and to develop a programme of work.

It was emphasized that the approach to risk management for ¢cyanobacteria/
cyanotoxins should be similar to that for microbial contaminants, with the emphasis on
critical control points and prevention of excessive growth of these organisms.

Guideline values for toxins were are not the key element in the control strategies.
Nevertheless, it was recognized that there was a need for tolerable daily intakes/GVs to
be determined for certain toxins to provide support for actions in some circumstances.
This aspect will be managed through the chemicals working group, applying usual
selection criteria (further discussed in section 5.1 of this report). The issue of approach
to control should be included as a footnote in the table that incorporates any GVs for
cyanobacterial toxins.

3.5 Dissemination and promotion

In addition to hard copy publication, text of the GDWQ has recently been made
available on the WWW. Meeting participants recommended that the GDWQ and
associated guidance be made available through the WWW in addition to conventional
publication, including translation, wherever appropriate. Meeting participants further
recommended that the WWW be used to facilitate access to information on the process
of updating of the GDWQ.

Dissemination of the guidelines and of information on the process of their
development is important. Developing countries need to have ready access to the
guidelines on the web and/or through the WHO Regional Offices.

Dissemination may be further supported by development of the link to the
International Water Association and through the development of an electronic newsletter.

Two initiatives have focused on the provision of seminar/teaching materials to
support dissemination of the GDWQ, including significant support from the Industry
Council for Development (ICD). Meeting participants recommended that they be merged
and further developed in response to the revision of the GDWQ.

Considerable legitimate interest in the GDWQ process and products exists in a
number of interest groups including, for instance, the water supply industry. Specific
outreach activities to enable such interest groups to understand the purpose, process and
products, and how to interact with these, should be pursued. Professional and trade
associations may be able to provide a suitable interface.



4. Microbial Aspects
4.1 Background

In the present GDWQ (1993), guidelines have not been developed for individual
pathogens, and at present, specific information on pathogens is not used for guideline
derivation. Instead, general principles are followed: prevention of faecal pollution, and
safe practices verified by faecal indicator testing and “sanitary inspection”. The GDWQ
emphasize the multiple barrier approach: source water protection, treatment related to
source water quality, and maintenance of quality in the distribution system. However,
they are often interpreted as end-product standards for E. coli only.

The present GDWQ (1993) give end-product standards for faecal indicators (in
particular E. coli) and turbidity, and operational guidelines for source protection and
treatment in general terms. The GDWQ give unequivocal endorsement of disinfection.
They indicate that water-quality analysis and sanitary inspection are complementary and
that when resources are scarce, it is more important to examine drinking-water frequently
by means of a simple test than less often by several tests or a more complicated test.

An outline approach to the updating of microbiological aspects of the GDWQ
was developed at a meeting of the Microbial Aspects WG, Medmenham, 1998.
Development of a harmonized approach to risk assessment and guideline derivation for
microbiological hazards related to water including drinking-water was further advanced
at an expert consultation in Stockholm, Sweden, in 1999.

For the derivation and documentation of the guidelines, a number of background
documents are needed including those in-hand, described below. The progress with, and
approach to needed background documents was reviewed at the meeting and in
subsequent discussions with meeting participants; and is summarized below:

4.2 General recommendations

The further development of guidelines on the microbial aspects of water-
quality will involve developing an updated approach to the control of microbial
contaminants reflecting the significant increase in knowledge within the field since
the second edition. This should include the principles of a risk assessment approach,
the multiple barrier principle and the development of a HACCP type approach to
microbial water quality management throughout the supply chain, from resource to
point of use.

Updated microbial guidelines should not consist of a set of compliance values,
but the requirement to go through a process of evaluation of the system from the water
resources to the point of use. This risk analysis would directly inform assessment of
process adequacy. The guidelines would require that, based upon this risk analysis,
critical control points and appropriate verifications be identified. Finally, the
guidelines would require periodic auditing of procedures and assessment of
verifications at appropriate levels. While a customised analysis may be undertaken in
some circumstances, under many conditions “model examples” would be required to
support implementation and should be included within the GDWQ. The guideline
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documents should therefore provide examples of the identification of control points
and verifications in a number of scenarios. The scenarios should be selected to ensure
wide representativity of the world-wide circumstances.

Microbial aspects of the guidelines should be based on lifetime protection of a
normal individual, noting that sensitive sub-populations may require specific guidance.

Risk analysis should be appropriate for stepwise implementation and can start,
using simple catchment/source surveys and reasonable assumptions about pathogen
levels in the source water, their removal within the treattment process, and reintroduction
during distribution, storage and handling. This will lead to a first estimate of the
drinking-water quality. This process can be refined by including more detailed
information about individual pathogens, if available (Figure 1).

Information sources on health risk include epidemiological studies, QMRA, and
outbreak investigations. A common exchange unit (such as DALYS) is needed to address
tolerable (acceptable) risk in guidelines derivation. Best estimates of risk should be
preferred to the use of conservative safety factors in order to better support use of
information in economic analysis and local decision-making.

A draft outline document should be prepared and then be reviewed by a small
group of experts covering different fields of expertise (microbiology, sanitary or
environmental engineering, epidemiology, environmental health, risk assessment,
regulation) selected with regional representation. The revised draft should be available
for discussion at the meeting scheduled for May 2001 in Australia. (Suggested reviewers:
Gerardo Galvis; CINARA, Colombia; Paul Hunter (PHLS, UK); Stig Regli (EPA,
USA); Phil Callan (DOH, Australia); Guy Howard (WEDC, UK) and WHO Regional
Offices and Regional Environment Centres

11



Figure 1. WHO Guidelines for Drinking Water Quality Proposed Outline scheme
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4.3  Pathogen risk assessment

The initial group of waterborne pathogens for which risk assessment documents
will be developed was selected because each pathogen has been the cause of drinking-
water related disease outbreaks associated with a significant disease burden and because
each has certain key typical characteristics that may be used as a reference for
understanding risk, risk factors and effective control measures associated with similar
pathogens.

e FE. coli O157/Shigella — bacterial pathogen with unknown but presumed moderate
infectivity, low environmental persistence, sensitive to disinfection, particularly
severe in young children. Measures to control E. coli 0157 are assumed to be
equally effective in controlling Shigella, a bacterial pathogen with a high global
burden of disease.

e Cryptosporidium — relatively small particle, environmentally persistent protozoan
pathogen with moderate infectivity and high resistance to chemical disinfection.
Cryptosporidum is one of the smaller of the protozoan pathogens and the most
resistant to chemical disinfection; therefore, measures to control Cryptosporidium
would also control other protozoan pathogens.

o Enteric hepatitis virus (HAVand HEV) — very small particles, environmentally
persistent, moderately resistant to disinfection, with unknown, but presumably high
infectivity; HAV assumed to be similar to other enteric viruses, and high severity of
disease in the susceptible adult population..

e Legionella pneumophila — naturally occurring non-faecal bacterial pathogen that
grows rapidly in plumbing systems under the right environmental conditions and
poses a health threat via inhalation exposure.

The outline of the risk assessment on Cryptosporidium was recognized as an
example of the type of information required to inform guideline derivation. There is a
need for such documents for a number of selected pathogens only. The documents should
follow a common template (Annex 3) to the extent possible.

Suggested lead authors were: John Lee (Legionella), Willie Grabow (Hepatitis
A or other suitable enteric virus), Peter Teunis, Gertjan Medema et al.
(Cryptosporidium), Paul Gale (E. coli O157/Shigella).

Suggested reviewers were:

e Robin Oshiro (USEPA); Christine Moe (University of North Carolina, USA); Pierre
Payment (Canada). HAV/Enteric Viruses

e Patrick Grimont (Inst. Pasteur, Paris, France) Paul Berg (USEPA). E.coli
0157/Shigella

o Bill Keevil (UK), Gene Rice (USEPA, Cincinatti, USA). Legionella

13



o Dennis Juraneck (CDC, USA); Kim Fox (USEPA, Cincinatti, USA).
Cryptosporidium

4.4  Microbial testing and indicators

At the GDWQ Working Group on Microbiological Aspects, Medmenham 1998,
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 2™ Edition of the guidelines. The participants
recommended that a review be prepared and it was considered appropriate to target its
publication as a free-standing product.

A document is currently being prepared in collaboration with OECD. The
document under preparation will aid investigative assessment as well as routine
management and covers both new developments in analytical methods and the classical
approaches to indicator analysis. The link to the broader context of microbiological
quality control through sanitary inspection and physico-chemical monitoring will be
noted but not addressed substantively, and was considered to be of importance by the
group.

The next stage in guidance development is an expert review in July 2000 at a
UK/DWI organised seminar at Basingstoke, UK, then a peer-review process followed by
a public domain consultation through an electronic discussion group hosted by OECD.

A WHO/OECD expert consultation for technical finalization was scheduled for
November 2000. Support for the meeting was to be provided by the Industry Council for
Development (ICD) and was gratefully acknowledged.

Many of those involved in the preparation of the document and its peer-review
were members of the microbial aspects WG. Ray Morris, Christine Moe (UNC, USA),
Paul Beyer (USEPA) and Patrick Grimont (Inst. Pasteur, Paris, France) were proposed
as additional peer-reviewers. The roles of HPC testing and of the HyS test were the topic
of frequent enquiries and should be properly addressed.

45  Treatment efficiency in pathogen removal and surface water source
characterization

At the GDWQ meeting in Medmenham (1998), the need for an expert review of
the state of knowledge and available information on treatment efficiency and pathogen
removal was identified. It was recommended that the review address disinfection and
other treatment processes and that it should emphasize quantitative aspects to the extent
possible. It was also noted that the review could become a free-standing publication and
serve as a source of information for the development of revisions to the microbial
guidelines.

The meeting participants reviewed the draft background document developed by
Mark LeChevallier, which provides a review of treatment efficiency in pathogen removal
and inactivation. The paper was felt to be of high quality and to have taken this guidance
substantially forward.
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A few issues were raised as being of importance for inclusion. These included
identification of case studies with global applicability, the need to have a section that
provides guidance on the integration of processes into a treatment chain, the need for
applicability to small and medium supplies, quantitative assessment of reductions in
efficiency after filter cleaning and the inclusion of non-conventional forms of treatment.
It was agreed that these would be covered and comments should be sent to the author for
inclusion. For each process, a list of potential critical control points and, where
applicable, monitoring/verification tools should be included.

A revised draft is expected for review at the May 2001 meeting in Australia. The
review will be followed by formal peer-review and subsequent review in the public
domain.

Peer-reviewers for the document should reflect regional differences and were
suggested to include: CINARA, Colombia; VITUKI, Hungary; Prof Ohgaki, University
of Tokyo with AIT; NEERI, India; Peter Huck, University of Waterloo, Canada; Chuck
Haas, Drexel University, USA; Malay Chauduri, Indian Institute of Technology, Kanpur,
India; Dr Endo, NIID, Japan and Dr Dan Smith, University of Alberta, Canada.

Surface source water characterization

It was agreed that a text should be developed that would complement the
treatment review by providing guidance for determining the appropriate level of
treatment (or the need for intervention in the catchment area) for different source waters,
based on easily obtainable information on the characteristics of the watershed.

In addition to an understanding of catchment hydrology and its effect on water
quality variability, the framework for assessing source water quality will rely on
information from sanitary surveys of the watershed focused on identifying sources of
pathogens and the results of research into relevant areas such as the effectiveness of
pathogen removal in wastewater processes and characteristics of pathogens that affect
their survival in the environment.

The guidance will focus on pathogens that define drinking-water treatment levels,
and to the extent that specific information is available also on the reference pathogens
with the goal of developing realistic “default” values for pathogen occurrence in a
number of scenarios for use in risk assessment and water quality management.

Coordination with the treatment and indicators guidance was seen as essential to
ensure consistency.

An initial outline is appended (Annex 4) which was reviewed by members of the
microbial aspects WG and the P&C WG following the meeting.

For publication purposes, it was recommended that the possibility of this material
being merged with the above on treatment efficiency be considered. A revised draft is
expected for review at the May 2001 meeting in Australia. The review will be followed
by formal peer-review and subsequent review in the public domain.
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Preparation of this text is being lead by Susan Shaw. Peer-reviewers for the
document should reflect regional differences and were suggested to include: CINARA,
Colombia; VITUKI, Hungary; University of Tokyo with AIT; NEERI, India; Judith
Isaac-Renton, University of British Columbia, Canada; Louis Schwarzbrod, Université
de Nancy, France; Joan Rose, University of South Florida, USA; Desmond Till, New
Zealand and M.LeChevalier, AWWASC, USA.

4.6  Pathogen and indicator attenuation in groundwaters and the efficiency of
source protection measures

The development of this text was agreed at the joint meeting of the Microbiology and
the Protection and Control Working Groups (Medmenham, 1998). Discussion focused
on its importance for the preparation of the 3" edition of the GDWQ and the need to
merge this with the broader guidance on resource protection in preparation by the
Protection and Control Working Group. This is further discussed in section 6 (Control
of health hazards related to problem source).

4.7  Water quality changes in piped distribution

At the GDWQ Working Group on Microbiological Aspects, (Medmenhan 1998),
it was recommended that an issue paper be developed concerning water-quality changes
in piped distribution and storage. Relevant issues identified included leakage, low
pressure, discontinuous pressure, and discontinuous supply in relation to recontarnination
of water in the distribution system; good hygiene practice during repair and installation;
and microbial growth.

Meeting participants discussed the content requirements of this document and noted
that public health-oriented monitoring of microbiological water-quality should be based
on that consumed, (i.e. collected from the tap), and not simply water in supply. In
addition to the numerous problems noted about water-quality deterioration in distribution
caused by system failures, it was important also to consider the problems of maintaining
water-quality within drinking-water storage tanks and containers within the home.
Recent data had highlighted health impacts and contamination through cross connections,
back-siphonage, etc., in addition to ingress.

The following points were noted as critical in the development of this guideline:

o the opportunities for, and development of, sanitary inspection for piped systems;
o identification of critical control points within distribution systems; and

o the approaches to verification of quality.

It was recommended that a draft be ready for the meeting scheduled for May 2001
in Australia, and should when completed be released as a free-standing monograph.

It was agreed that IWA would continue to lead this area and this would be followed
up by WHO/HQ. In addition, a number of possible contributors or reviewers were
identified: Ray Morris, IWA, UK; Guy Howard, WEDC,UK; Mark LeChevallier
(AWWSC, USA); Dick van der Kooij (KIWA, the Netherlands); Ed Geldreich (retired
EPA, USA); Ann Kamper, (Montana State University, USA); Stig Regli (EPA, USA);
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