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Background

The first WHO publication dealing specifically with drinking-water was published in 1958 as
International Standards for Drinking-water. It was subsequently revised in 1963 and 1971 under
the same title. In 1984–1985 the first edition of the Guidelines for drinking-water quality, which
replaced the previous international standards, was published. In 1989 work was started on the
second edition of the Guidelines for drinking-water quality which are being published in three
volumes: Volume 1: Recommendations, Volume 2: Health criteria and other supporting
information, and Volume 3: Surveillance and control of community supplies.

The primary aim of the Guidelines for drinking-water quality is the protection of public health.
The Guidelines provide an assessment of the health risk presented by microorganisms and
chemicals present in drinking-water. This assessment can then be applied to the development and
implementation of national standards for drinking-water quality. In addition, and in response to
demands from Member States, the Guidelines have always included guidance material
concerning the specific problems associated with small community supplies.

A Coordinating Committee meeting for the updating of the WHO Guidelines for drinking-water
quality was held in Geneva on 13–15 December 1995 to set the framework for the updating
process, including the development of an expanded scope and purpose to address the protection
and control of water quality. The meeting recommended that the coverage of the Guidelines be
expanded in the next edition to include provision of guidance addressing both risk assessment
and risk management. The meeting also recommended the establishment of three working groups
to support the process of rolling revision of the Guidelines, on microbiology, chemical aspects,
and protection and control of drinking-water supply and quality. It also recommended that a text
concerning cyanobacteria, drinking-water and health be finalized in 1996–1997.

The first meeting of the Working Group on Protection and Control of Water Quality for the
upgrading of the WHO Guidelines for drinking-water quality in Bad Elster on 17–19 June 1996
endorsed and adopted the Coordinating Committee’s recommendation to produce a monograph
on cyanobacteria, their toxins and impact on healthy drinking-water.

A group of authors for contributions to this volume was established and a writing frame
developed by the autumn of 1996. A small group meeting was held in Bad Elster in April 1997
to prepare in more detail the structure and content of the document.

Objectives

This second meeting dedicated to the finalization of a document concerning cyanobacteria, water
and health had the following objectives:

• to review and assess draft materials and comments received on them from both participants
and peer reviewers;

• to change the text to address the above so that the text is technically finalized preparatory to
text editing and layout;

• to discuss and agree illustrations recommended for each chapter; and
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• to draft, review and amend text concerning the “recommendations and conclusions” of the
document.

Opening

The meeting was opened by Professor Andreas Grohman, who welcomed participants to the
Institute for Water, Soil and Air Hygiene. He outlined the role of the Department of Water
Hygiene as a WHO collaborating centre for research on drinking-water hygiene and wished
participants a pleasant stay in Bad Elster.

Dr Jamie Bartram welcomed participants to the meeting on behalf of WHO. He thanked the
Institute for Water, Soil and Air Hygiene, Department of Water Hygiene, for hosting the meeting
and for the extensive preparatory work in coordinating inputs to the first draft of the document
for discussion.

Dr Ingrid Chorus was elected chairperson. Drs G. Jones, I. Falconer, W. Carmichael, G. Codd
and T. Kuiper-Goodman acted as Rapporteurs for different parts of the discussions.

The list of participants, agenda and list of working papers for the meeting are included as
Annexes 1, 2 and 3 to this report, respectively.

General recommendations

Participants noted that the development of this text had originated with the activities of rolling
revision of the WHO Guidelines for drinking-water quality (GDWQ). Participants considered
that the usefulness of the book would be considerably increased were it to address cyanobacteria,
their toxins, water and human health more broadly, and noted the need for an expert review of
toxicity and environmental aspects to complement and support the management and monitoring
emphasis of the proposed text.

The proposed target audience was discussed and was recommended to be “all those concerned
with cyanobacteria and health and in particular those directly concerned with management of the
health effects associated with these organisms, such as environmental and public health officers,
professionals and managers in the fields of water resource management, water supply and
recreational water management. It should also be of interest to those concerned with freshwater
ecology, post-graduate students in all of these fields and to special interest groups concerned.” In
order to maximize the readership, scientific “jargon” should be minimized and only used where
specifically justified. Use of abbreviations should be largely restricted to the lengthy names of
toxins.

The recommended title of the book, taking into account the proposed expanded coverage and
target audience, was: “Toxic Cyanobacteria in Water: A Guide to Public Health Significance,
Monitoring and Management”.

Participants discussed the preferred format for publication and recommended that the product be
published as a part of the WHO water management series and be explicitly linked to the GDWQ
through an explanatory foreword. They suggested that the book series would benefit from a
citation guide in each volume.
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Participants were concerned to ensure that the final document was structured and presented to
assist and guide readers and to present practical information structured in relation to user groups.
A revised flow and structure were therefore developed (Fig. 1.) The introduction would require
careful structuring and preparation in order to guide users to appropriate parts of the text. It was
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Fig. 1. Outline scheme for document
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considered important that the introduction be readily comprehensible and transmit the key
messages of the document for non-technical readers. It should explain clearly the relevance of
subsequent chapters to specific user groups.

Participants recommended the inclusion of a number of colour plates in the book in order to
explain and depict certain features adequately. The overall document also required significantly
increased illustration when compared to the draft available for review. Case studies would be
valuable and should be inserted as boxes wherever possible in order not to disrupt the flow of
text unnecessarily.

Given the rapid progress in the field, the group was concerned about quality control and about
ensuring the strength of the final document. Participants therefore recommended that the
scientific review parts of the document should be adequately referenced. Personal
communications should only be used where there was a clear justification. Disruption to text
flow should be minimized through, for example, referencing extended tables. Each chapter
should conclude with a list of recommended reading. Scientific review chapters should also
include a reference list.

Background materials and chapter finalization

Participants reviewed the background materials presented to the meeting. They recommended
the preparation of a revised text with the structure outlined in Annex 4 based upon these
contributions and some additional material. Many chapters were largely concluded; Chapters 7
and 11 required substantial new material, and Chapters 6 and 12 required some new material and
substantial reorganization.

Procedural guidelines

Participants reviewed in detail the derivation of procedural guidelines for good practice that
would provide safety or describe degrees of safety of a water supply or recreational water body
in relation to cyanobacterial toxin hazards.

They also noted that the expert consultation on safe recreational water environments had
requested that the issue of cyanobacteria and human health in recreational waters be reviewed
once more, and accepted this task.

Procedural guidelines were developed (Annex 5). They were strongly recommended for inclusion in
the volume on Toxic cyanobacteria in water. The contents of the Guidelines for safe recreational
water environments regarding cyanobacteria were also noted and recommendations made to the
section coordinator regarding finalization, including incorporation of these guidelines.

Other recommendations

The issue of quantification of microcystin variants is of importance to the WHO provisional
guideline value for microcystin in drinking-water which is defined in terms of microcystin-LR.
Microcystin-LR is a specific compound and is one of an extensive series of related microcystins. It
is the most easily available standard microcystin, and can be purchased from several commercial
suppliers, but it is not the most toxicologically important microcystin in all countries. Incidents of
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human poisoning and reported livestock deaths from microcystin poisoning have occurred where
microcystin-LR has either been absent or only a minor constituent of the total microcystin content.
The text on toxic cyanobacteria in water should include guidance on the interpretation of the
significance of analytical results in the absence of specific or provisional guideline values.

Plan of work

On several occasions during the meeting the urgent need for an authoritative text on the theme of
toxic cyanobacteria in water was noted. Participants therefore recommended that the volume be
finalized and published without undue delay. A target date of autumn 1998 was recommended
and the following programme of work adopted by group members in order to achieve this.

Outline agreement between WHO and publishers November 1997

Conclude full first draft of all chapters except those requiring substantial
origination. Individual chapters to be coordinated by persons as noted in
Annex 4.

20 December 1997

Round of informal review amongst chapter contributors, all chapters. To be
coordinated by persons as noted in Annex 4.

To be concluded by mid-
January 1998

All draft chapters to Ingrid Chorus and/or Jamie Bartram as hard and
electronic copy. All tables and figures to be included, figures acceptable as
drafts with high-quality originals to follow.

To be received by
20 January 1998

Chapters cross-edited and checked for major elements of consistency
internally and with WHO policy (Ingrid Chorus and Jamie Bartram). To
contact lead persons noted in Annex 4 in case of major problems.

28–30 January 1998

Full draft circulated to all contributors, WHO Regional Offices, Guidelines
for Drinking-water Quality – Protection and Control Working Group
members, and selected peer reviewers.

Mail out by express mail
by mid-February

Draft and peer review comments tabled at GDWQ Joint Microbiology and
Protection and Control Working Group Meeting; publication endorsed.

Late March 1998

Finalized figures to be received by Ingrid Chorus and/or Jamie Bartram 23rd March 1998

Text revised to address peer review and Working Group comments (Ingrid
Chorus and Jamie Bartram plus contact with chapter contributors as
required).

1–3 April 1998

Delivery of electronic text and figures to Editor (Deborah Chapman). Second week April 1998

Rolling language editing of chapters. Edited chapters to be sent to all
chapter contributors once edited for final checking. Turn-around period of
two weeks maximum.

April–June 1998

Rolling desktop publishing. Proofs of each chapter to go to all chapter
contributors as each chapter finalized. Turn-around period of one week
maximum.

June–August 1998

Camera-ready copy to publishers. August 1998

Launch at North Carolina Conference. September 1998

Other “launches” ? Brazil, Australia. November 1998–March
1999
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Annex 2

AGENDA

1. Welcome

2. Background to the initiative

3. Election of Chairperson and Rapporteur

4. Introduction of participants

5. Progress and process to date

6. Presentation of chapters and review of comments received:

• section 1 (Carmichael): Chapters 1–2.2

• section 2 (Kuiper-Goodman): Chapters 2.3–2.5

• section 3 (Falconer): Chapter 2.6

• section 4 (Kuiper-Goodman): Chapter 2.7

• section 5 (Chorus): Chapter 3

• section 6 (Falconer): Chapters 4.1–4.2.3

• section 7 (Codd): Chapters 4.3–5

7. Working groups for text revision

8. Revision of draft recommendations, including development of procedural guidelines

9. Closure
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Annex 3

LIST OF WORKING PAPERS

Draft contributions (main text)

1. Cyanobacteria, their Toxins, Water and Health (first compilation of draft chapters) (various)

Draft contributions (additional text)

2a. Foreword and Section 1: Introduction (Bartram)

2b. Section 1.0: Toxic cyanobacteria – A recent issue of concern (Carmichael)

3. Section 2.0: Introduction to the current state of knowledge on the hazards of toxic cyanobacteria
(Jones and Burch)

4. Section 2.2: Cyanobacterial toxins (Sivonen and Jones)

5. Section 2.6: Exposure to cyanotoxins: in which water resources must cyanotoxins be expected
(Falconer)

6. Section 2.6.1: Worldwide occurrence, regional and seasonal variations and environmental
concentrations (Sivonen, Jones, Yu and Marsalek)

7. Section 4.2.3: Guideline vales for cyanotoxins in bathing waters and their derivation (Falconer)

8. Section 4.3: Monitoring and surveillance in water sources, drinking-water and recreational waters
(Codd)

9. Section 4.4.2: Drinking-water treatment (Hrudey)

10. Section 5: Risk communication (Codd)

Additional background papers

11. Case Study – Primary liver cancer and cyanotoxins in China (Yu)

12. Human fatalities from microcystins (Azevedo and Carmichael)

13. Toxic cyanobacteria in Brazil and the Caruaru tragedy (Azevedo)

14. Toxin production of cyanobacteria (Sivonen)
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Annex 5

SAFETY AND GOOD PRACTICE GUIDELINES

5a. Rapid Assessment of Health Hazard of a Drinking-Water Supply System with possible
Toxic Cyanobacteria at Source (draft)

Relative risk of
health effects

 

Yes

Yes

Yes

No

No

Conditions which can
lead to cell lysis:
• use of algaecides
• pre-chlorination
• senescent (e.g. late

summer) bloom
• pumping regimes

If cyanobacteria
present, could
conditions lead to cell
lysis or rupture?

Do you have advanced
water treatment
facilities with ozonation
and/or
granular activated
carbon filtration?

Do you have regular
monitoring information
to indicate potential for
cyanobacteria in your
water supply source?

Very high

No

No

Is there likely to be
effective removal of
cells by the water
treatment system in
place?

Are the species
present likely to
produce saxitoxins or
anatoxins?

Yes

No

Moderate

Yes

Is chlorination
practised?

No

Is chlorination being
operated adequately
to destroy
microcystins?

Chlorination conditions
adequate to destroy
microcystins require
0.5mg/l free chlorine
residual after a full 30
minutes contact time Low

Yes

No

Yes

To be inserted
information on species
likely to produce
saxitoxins or anatoxins

Very low

High
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5b. Proposed Guidelines for Cyanobacteria in Bathing Waters

Guidance level or
situation

How guidance level
derived Health risks Recommended action

Cyanobacterial scum
formation in bathing areas

• Inference from oral
animal lethal poisonings

• Actual human illness
case histories

• Severe, with potential for
lethal acute poisoning

• Potential for long-term
illness with some
species of cyanobacteria

• Short term adverse
health outcomes,
e.g. skin irritations,
gastrointestinal illness

• Immediate action to
prevent contact with
scums; possible
prohibition of swimming
and other “immersion”
activities

• Public health follow-up
investigation

*100 000 cells
cyanobacteria /mL

or

*50 µg chlorophyll a/L with
dominance of
cyanobacteria

From drinking-water
guideline for microcystin LR,
and data concerning other
cyanotoxins

• Potential for long-term
illness with some
species of cyanobacteria

• Short-term adverse
health outcomes,
e.g. skin irritations,
gastrointestinal illness,

• Intervention
recommended

• Restrict bathing and
further investigate hazard

• Inform relevant health
authorities

*20 000 cells
cyanobacteria/mL

or

*10 µg chlorophyl a/L with
dominance of
cyanobacteria

From human bathing
epidemiological study

• Short-term adverse
health outcomes
e.g. skin irritations,
gastrointestinal illness,
probably at low
frequency

• Intervention
recommended, e.g. on-
site risk advisory signs

• Inform relevant authorities
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REVISED CONTENTS LIST FOR DOCUMENT

Section Notes Pages, figures

Title and table of contents Total: 8 pages

Foreword and acknowledgements Model on water quality analysis (WQA)
and water quality monitoring (WQM)

Total: 3 pages

Chapter 1. Introduction Total: 12 pages
including 4 figures

Chapeau What are they and why are we interested in them

1.1 Background

1.1.1 Water resources

1.1.2 Water quality

1.1.3 Impact of human activity

1.1.4 Eutrophication

1.1.5 Cyanobacteria in water resources

1.2 Water and human health

1.2.1 Water-related disease

1.2.2 Cyanobacteria and human health

1.3 History

1.4 Purpose and structure of the book

1.4.1 Figure of structure and statement of
purpose

1.4.2/3/4/5 Sequential sections outlining
content of chapters and to whom 
of interest

1.5 Present state of knowledge

1.6 Source literature and further reading

To be based on contributions from Bartram and
Carmichael and discussions at meeting

?? Introduce table with anecdotal case reports
(some statements from 2.6.4, toxin intake via
drinking-water)

Further reading to include IOC and GEMS/Water



Section Notes Pages, figures

Chapter 2. Cyanobacteria in the environment Cross-refer WQA Total: 21 pages

2.1 Status of knowledge on toxic cyanobacteria Former 2.0 4 pages

2.2 Cyanobacteria – nature and diversity Former 2.1 9 pages including 5 figures

2.3 Proliferation of toxic cyanobacteria Former “ecotypes” after 2.1 and 2.6.2 6 pages including 4 figures

2.4 Further reading

2.5 References 3 pages

Chapter 3. Cyanobacterial toxins Total: 43 pages

3.1 The cyanotoxins Former 2.2 15 pages including 5 figures

3.2 Global occurrence of cyanotoxins Former 2.6.1 9 pages including 5 figures

3.3 Cyanotoxin production and regulation Former 2.6.2 b 7 pages including 3 figures

3.4 Fate of cyanotoxins in the environment Former 2.6.3 9 pages including 2 figures

3.5 Further reading

3.6 References 3 pages

Chapter 4. Human health aspects

4.1 Introduction to the issues 3 pages including 1 figure

4.2 Evidence for adverse health effects Mainly human health (epidemiological
information), short subsection on animal health

5 pages including 1 table and two
boxed case studies

4.3 Cyanotoxins and safe levels for public health Chapeau explains types of evidence and its use
in deriving TDI and GLVs

3 pages including 1-page table of
toxins and effects

4.3.1 Microcystins 7 pages

4.3.2 Nodularin 1 page

4.3.3 Anatoxin A 1 page

4.3.4 Anatoxin A(S) 1 page

4.3.5 Saxitoxins 3 pages including 1 figure



Section Notes Pages, figures

4.3.6 Cylindrospermopsin 1 page

4.3.7 Other toxins 1 page

4.4 Further reading

4.5 References 9 pages

Chapter 5. Safe levels and practices Chapeau 1/2 pages

5.1 Drinking-water 3 pages including 1 box

5.2 Recreational water 3 pages including 2 tables

5.3 Irrigation water 2 pages

5.4 Other media Dialysis water, foodstuffs, diet pills 3 pages including 1 box

5.5 The significance of tastes and odours 2 pages

5.6 Further reading 1/2 pages

5.7 References 1/2 pages

Chapter 6. Management/situation assessment and
planning for management

Total: 18 pages

Chapeau Why plan for management? Proactive versus
reactive, problems already recognized, global
trends, refer Chapters 2 and 3; old 2.7 and old
chapeau to 2.6

1 page

6.1 Situation assessment Do I have a potential problem? Is my problem
caused by CB? Relevance of chapter to
local/regional/national SA

1/2 pages

6.1.1 Health information What information is available to me? Would my
surveillance system detect the events if they
were occurring?

2 pages

6.1.2 Water supply information Groundwater-surface water; treatment adequacy;
taste-odour; water quality data; links to Chapter 8

4 pages

6.1.3 Environmental information Eutrophication potential; bloom history;
cyanobacterial detection; toxin detection, links to
Chapters 7, 12 and 13

2 pages



Section Notes Pages, figures

6.2 Management options and actions Relates assessment to Chapters 7, 8 and 9 and
to policy chapter

2 pages

6.3 Capacities and resources Relates assessment to capacities chapter 2 pages

6.4 Preventive management plans Refers sections 7 and 8 1 page

6.5 Contingency plans Refers sections 8, 9 and 4.2 3 pages

Chapter 7. Capacities for monitoring and
management

Contributors may include Vapnek, Falconer,
Skulberg and Enderlein

Total: 20 pages

7.1 Policy frameworks 3 pages including box case study

7.1.1 Integration into national sector policy 
frameworks and documents

7.1.2 International lakes and transboundary 
waters

2 pages

7.1.3 Policy tools Brief list with commentary of legislation-
regulation, voluntary agreements, conflict
resolution, economic instruments, individual
behaviours, industry codes, and note on private-
public information access issues

7.2 Agency involvement and coordination Note link to communication chapter 3 pages including box case study

7.2.1 The need for multi-agency involvement

7.2.2 Role of national and regional coordinating 
groups

7.3 Legislation and regulation – the role of standards
and guidelines

To include Brake O’Day case study and others to
include drinking-water supply

3 pages including box case study

7.4 Institutional capacity and development Chapeau 2 pages including box case study

7.4.1 Sector and agency roles and capacities One paragraph each on water resources, water
supply, health, EPA/pollution control, agriculture

2 pages including box case study

7.4.2 Capacities for monitoring 2 pages including box case study

7.5 Professional education and training 2 pages including box case study
7.6 Awareness-raising, communication and public

participation include box case study
3 pages including box case study

7.7 Further reading 1 page



Section Notes Pages, figures

7.x.x Boxed case studies

Note this chapter to be supported by case study as
follows:

Meuse – Mur
Baltic – Skulberg
Douro – Carmichael
Spain-Portugal and Brazil-Argentina-Paraguay –
Azevedo
Great Lakes – Kuiper-Goodman
Murray-Darling – Jones and Burch
? Africa/SE Asia – Chapman to check with
Gwynne

Chapter 8. Water body and catchment management
for avoiding cyanobacterial blooms

Flow of text starting with emphasis on phosphate
loading, critical phosphate thresholds, need of
evaluation of each individual situation, need of
careful planning, and then moving on to methods
addressing specific ecotypes
Cross-refer Water Pollution Monitoring and to
assessment of land-based sources book

Total: 20 pages
including 2 figures, 3 tables and
10 boxes

8.1 Target values for total phosphorus Concluding with the need to assess the expected
impact of measures on the phosphorus
concentration in each case

5 pages including 1 figure,
5 boxes

8.2 Eutrophication due to domestic wastewater 3 pages

8.3 Eutrophication due to agriculture 3 pages including 1 box

8.4 Interventions within the water body Reduction of internal loading; precipitation of
phosphate and/or phytoplankton

2 pages

8.5 Hydrophysical measures to reduce specific
ecotypes of cyanobacteria (artificial mixing,
withdrawal of bottom water, flushing)

Reference to reactions of different cyanobacterial
ecotypes to interventions; emphasis on need of
careful design and engineering; warning of
unsuccessful investments with examples of
poorly planned projects

3 pages including 1 box with
examples

8.6 Measures addressing biota Biomanipulation 1 page including 1 box

8.7 Other methods Barley straw, enzymes, dyes, et al. 1 page

8.8 Further reading

8.9 References

Chapter 9. Remedial measures in water supply
systems

Chapeau to indicate that resource and reservoir
management covered in Chapter 6 but impinges
greatly

Total: 29 pages



Section Notes Pages, figures

9.1 Management of abstraction 2 pages including 1 figure

9.2 Use of algicides 1 page

9.3 Drinking-water treatment processes

9.3.1 Aeration/air stripping/dissolved air flotation

9.3.2 Floculation/coagulation/sedimentation or 
direct filtration

9.3.3 Rapid sand filtration

9.3.4 Slow sand filtration and roughing pre-
filtration

9.3.5 Adsorption of organics

9.3.6 Affect of disinfectants

20 pages including 1 figure,
1 table, 4 boxes

9.4 Overall effect of conventional treatment
combinations

Refer to safety GL in Chapter 5 1 page

9.5 Further reading ½ page

9.6 References 1 page

Chapter 10. Emergencies and incidents Planning and implementation of structures for
responses; algaecide treatment and alternative
supplies

Total: 15 pages

10.1 Investigating an incident

10.1.1 Issues in incident investigation Case studies in boxes (Caruaru, R. Darling,
Bahia UK ‘89), note links 4.1 and Chapter 9

6 pages

10.1.2 A model investigation plan 2 pages

10.2 Response planning 2 pages

10.3 Technical interventions Refer to Chapters 7 and 8 plus describe fully
interventions not covered there

4 pages

10.4 Further reading ½ page

10.5 References ½ page
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Chapter 11. Design of monitoring programmes Cross-refer Water Quality Monitoring

Chapeau emphasizes monitoring for
management

Total: 12 pages

Chapeau 1

11.1 Objectives of a monitoring programme Refer WQM 2 pages

11.2 Reactive and programmed monitoring strategies Cross-refer alert levels in Chapter 4 1 page

11.3 Sample site selection 1 page including figure

11.4 Sampling frequency 1 page

11.5 Method selection Refer on to Chapter 12 1 page

11.6 Quality control Refer WQM, general overview, emphasize
special cyanobacterial aspects

2 pages

11.7 Data interpretation and presentation Refer WQA and WQM, general overview,
emphasize cyanobacterial aspects

2 pages including figure

11.8 Further reading ½ page

11.9 References ½ page

Chapter 12. Fieldwork: site inspection and sampling NB WQM covers temperature, secchi, nitrate,
phosphorus, chlorophyll

Total: 11 pages
including 4 figures

12.1 Planning for fieldwork

12.2 Site inspection procedures

12.3 Sampling procedures

12.4 On-site analysis

12.5 Sample preservation and transport

12.6 Further reading ½ page

12.7 References ½ page

Chapter 13. Laboratory aspects/analysis Cross-refer Water Quality Monitoring Total: 30 pages

12.1 Sample storage and handling



Section Notes Pages, figures

12.2 Microscopy and cyanobacterial identification and
enumeration

12.3 Sample preparation and clean-up for toxin analysis

12.4 Chlorophyll analysis Overview methods and adaptations and cross-
refer WQM; specific cyanobacterial aspects

12.5 Toxicity tests/bioassays Mouse, bioactive, ELISA, PPase

12.6 Toxin analytical methods Physico-chemical methods

12.7 Further reading

12.8 References

Colour plates 4 plates cyanobacterial species
4 plates cyanobacterial species preserved with
lugols
4 plates views of scums and eutrophic lakes, etc.

8 pages

Index 12 pages


