GUIDELINES FOR THE SAFE USE OF
WASTEWATER, EXCRETA AND GREYWATER

Volume 4
Excreta and greywater use in agriculture

7 7@\ World Health

a2t/

WY Organization




WHO Library Cataloguing-in-Publication Data

il

WHO guidelines for the safe use of wastewater, excreta and greywater / World
Health Organization.

v. 1. Policy and regulatory aspects -— v. 2. Wastewater use in agriculture
— v. 3. Wastewater and excreta use in aquaculture — v. 4. Excreta and
greywater use in agriculture.

1. Water supply. 2. Water supply - legislation. 3. Agriculture. 4. Aquaculture.
5. Sewage. 6. Wastewater treatment plants. 7. Guidelines. I. World Health
Organization. II. Title: Safe use of wastewater, excreta and greywater. III
Title: Policy and regulatory aspects. IV. Title: Wastewater use in agriculture.
V. Title: Wastewater and excreta use in aquaculture. VI. Title: Excreta and
greywater use in agriculture.

ISBN 92 4 154686 7 (set) (NLM classification: WA 675)
ISBN 92 4 154682 4 (v. 1)
ISBN 92 4 154683 2 (v. 2)
ISBN 92 4 154684 0 (v. 3)
ISBN 92 4 154685 9 (v. 4)

© World Health Organization 2006

All rights reserved. Publications of the World Health Organization can be obtained from WHO Press,
World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel: +41 22 791 2476;
fax: +41 22 791 4857; email: bookorders@who.int). Requests for permission to reproduce or trans-
late WHO publications — whether for sale or for noncommercial distribution — should be addressed
to WHO Press, at the above address (fax: +41 22 791 4806; email: permissions@who.int).

The designations employed and the presentation of the material in this publication do not imply the
expression of any opinion whatsoever on the part of the World Health Organization concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation
of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they
are endorsed or recommended by the World Health Organization in preference to others of a similar
nature that are not mentioned. Errors and omissions excepted, the names of proprietary products are
distinguished by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this
publication. However, the published material is being distributed without warranty of any kind,
either express or implied. The responsibility for the interpretation and use of the material lies with the
reader. In no event shall the World Health Organization be liable for damages arising from its use.

Printed in France.




CONTENTS

List of acronyms and abbreviations vi
Preface vii
Acknowledgements ix
Executive summary xiii
1. Introduction 1
1.1 Objectives and general considerations ..........o.c.ceveeeevcrercrerererreneerenreresenensenes 2
1.2 Target audience and definitions ...........cceverreeeerercercniencnesienrerere e 3
1.3 International guidelines and national standards ..........ccccocevveeeereerecerrenencnn 3
1.3.1 National standards ..........ccceeerereveririnrrnrireriereniserereseserisnsiesseseseesesnsesens 3
1.3.2 FOO EXPOTILS ...cceeueemieniarieereeiieceeetceeissneeeseetests et e s ee e seeesaseseeneen 4
1.4 Factors that affect sustainability in sanitation .............ccccoeeevenererricreeenernene 4
1.4.1 Health and RYZIENE ......ccovveeveeirrieiiieireieceetrere et ene e er e see s 4
1.4.2 Environment and rESOUICE USE.........c.cruverrercrmeererrerenessesresionereeseessones 5
143 ECONOMY .....couieiriiiirireenenienientetients e ssse s sseesee st e ssasesessanaenseeesesnesseanans 5
f 1.4.4 Sociocultural aspects and Use ..........c.ceeeiimiiininiicnnninerenisnineeenans 5
1.4.5 Technology fUNCLION ......coeceveeeiiricireeeeeretece ettt s see e 5
1.5 DIIVINEG fOTCES ....veveriererieririereerteisteiereiesrse e ses e e e ssebaseesensssessseseesasessenes 6
1.5.1 Water scarcity, stress and degradation ..........c.cccoceceveeeierriencrennscneenenes 6
1.5.2 Population growth and food production ..........cccccceeeeerrnrrvrrreerevenenennene. 7
1.5.3 Excreta and greywater as TESOUICES ......cvvrererureeruererurserseeresesseessenesseneene 8
1.5.4 Millennium Development Goals.........c.ocovurvrereveeerinerrereeeeencrereeeenenene 15
2. The Stockholm Framework 19
2.1 A harmonized approach to risk assessment/management..............ccocoeerereenen 19
2.2 Elements of the Stockholm Framework ............cccooverveerrvvnrninresereesereeesnnenns 20
2.3 Assessment of environmental EXPOSUIE ............ooveverererieereneesienveresrerreeesnns 21
2.4 Assessment of health 1isK ........ccovvieiiiniiinrieine e sesaenes 22
2.5 Tolerable risk and health-based targets ............coeeeveerereneereennenrreererereeennene 24
2.5.1 Tolerable TisK .......ccevrvererirreniieiieeseesreee et e s ses e seeseees 25
2.5.2 Health-based targets.........c.ccooveveereererierieciereeeensiesseeneeeresseeresssssesssnans 25
2.6 Risk MANAGEMENL ........c.oeeerrririerreerrieieeererrsenerereeeseeseestsessesasssnsereseseeses 26
2.7 Public health Statis .........cccouveciieinieeieeee e see e e s 27
3. Assessment of health risk 29
3.1 Health benefits......c.c.cociereirceirieieieinnirs e ereesenen et ss s s s seneseserennen 29
3.2 Excreta-related infeCtions.........cccoveveurrvierurnriesereseetrinirenennisssesesesesenesenes 30
3.2.1 Pathogens in fAECES. .......cccvveurrirreereierrcrreneeie ettt sereneee 31
3.2.2 PathOgens il UIINE........cc.cueveeerveerreeriererennareseeseseserereesesermosssssesesssessesens 34
3.2.3 Pathogens il IEYWALEr .......cc.eeererervrerreercreeetaeeresieserisseeesnaessessessssnas 36
3.3 Pathogen survival in faeces, urine and greywater .........coeveeverereceseceecrennnens 37
3.3.1 Survival in fAeCES....ccccrrerccreeierinenerr ettt sess e 37
3.3.2 SUPVIVAL I UFINE «..vceevieereereiiteieieeetesieterceresees e srese e b esesesassesessesoses 39
3.3.3 Faecal load and survival of faecal pathogens in greywater ................. 41
3.4 Survival in SOilS and 0N CIOPS.....cervevrrrrreerirrereenirererietr e eaesesssesestessnaens 42
3.5 Epidemiological and risk-based evidence...........c.ceevverrrernernnrerevescecerrennnan 44
3.6 Quantitative microbial risk analysiS.........ccccvevveieeeeeeeeneerieeerereresessessnnens 49
3.6.1 Example of risk calculation for a greywater SCEnario ............eceeeveveenne 49

3.6.2 Example of risk calculation for collection and use of diverted
HUMAN UTINE ...ttt sttt ettt ss st s sesnss b s sessssesns 51
3.6.3 Example of risk calculation for stored but otherwise untreated excreta...... 55

iii




Guidelines for the safe use of wastewater, excreta and greywater

4. Health-based targets 59
4.1 Type of targets appli€d ..........ccveveeeceniriinrneninereeesese et et erae e e aeeaes 60
4.2 Tolerable burden of disease and health-based targets ..........ccoevveveverrreencne 60
4.3 Microbial reduction tarets..........ccceeeerereeenrrnnreerresessesseeeseseesesaesessesessesenes 64
4.4 Verification MONITOTING. ......c..cceveereriererereiririniesseeeseessesesseseeenesassessssssenes 66

4.4.1 Treatment of excreta and EYWALET ..........cccccevererreeecrcrrrerericreeneseeenne 67
4.4.2 Other health protection MEASUTES ...........c.ccveereirerereerrereenreereesesesessenses 67
4.4.3 Excreta in small SYStems..........cccvceceiieniinnnienrsrenesneseeseeeeieeseesesesseenes 68
4.4.4 Operational monitoring for urine in large- and small-scale systems...70

5. Health protection measures 73

5.1 Specific considerations for exposure control in the use of urine, faeces
ANA BIEYWALET ...vveevireereiriesteeteentsretseeetesastessesesestessesessssesesssssnssssnsssassosenen 74
5.1.1 Exposure control: general principles ..........ccecveerrveerercrervereresrereernnenans 75
5.1.2 Exposure control at agricultural sites or site 0T use. .....c..c.ocvveeeverencnnne 75
5.1.3 Post-harvest eXposure CONtrol.........c.eoieeueceereeivercrerrerecreereeseesreseenes 78

5.2 Technical MEASULES........c.ccceveveuricrireriee et ie et seeseeeresrasasessesesenesesnens 79
5.2.1 On-site SANItation SYSIEIMS .......c.eeveererirrereerererrereeeersnesaseasesessesesseneraes 79
5.2.2 Handling and transport of excreta and sludge ........c.ccceveverrverererencneee 88
5.2.3 Treatment of blackwater and septic tank/faecal sludge....................... 90
5. 2.4 GIEYWALET ....ocveuerrneereereirerrenerereesseeeessesensesesnesesteseesseseesansesasesssessaneseses 93

6. Monitoring and system assessment 101
6.1 MOonitoring fUNCIONS ..........cccveiveiirrecnieeentirterene s e esee e evesraeeesesaeseenes 101
6.2 SYSIEIM ASSESSIMENL ....eovviurrreerrieerenereceieeesrartessenessesreseeesteseesnasersessassasenss 102
6.3 Validation.........ccvverereinieiireiereieteeereeereseasessessssnsesbesesessesesessesaesassesassssenees 102
6.4 Operational MONIOTING ........cccoevierierierrterieiee et este st eee et esee e ee e 104
6.5 VETHICALION ..ceeeieeieeeiee sttt ettt e s st e ses et asesr e e seeas 106
6.6 SMAIl SYSIEIMS ....cucouieierririeiseeeereseeee et estestesreaessrssessneestesesaessansassasnessenes 107
6.7 Other types of MONIIOTING ......ccovvcireererenivirienrerrereeeeriereese st sseseveseaes 107

7. Sociocultural aspects 109
7.1 Perceptions of excreta and greywater USE .........ccecceeeeercrmrneecinneescrnieneencenes 109
7.2 Food-related determinants.............ecereevereenreseetreesieseeseneseencseesessensseaesseneeneas 111
7.3 Behavioural change and cultural factors ..........c..ccevvevevieecvreeiniecreeseeeeeanees 111
7.4 Convenience factors and dignity iSSUES..........ceverrevcreenerererrenerennnnnesecneenene 113
7.5 Gender aspects on use of excreta and greywater...........oceeeeevieiiecercesreneene 114

8. Environmental aspects 117
8.1 ITMPACES ON SOLL..ceeiiiciieiieiiiiceeeteccrerere et ectte e e e e e aesse s seeeeas e se s e seaenaenas 117

811 MELALS ..ttt ettt ettt ettt snens 118
8.1.2 Persistent organic COMPOUNAS ........ccccerveveereerereererenracereaessseeseesenees 119
8.1.3 SaliNIZAtION ....coveurreerircciecrceetce et ettt 120
8.2 Impacts on Water DOMIES .........oeoeereeeerierinriercrree e seeeieeseeseenesn e eeeeeenes 121

9. Economic and financial considerations 123

9.1 Economic feasibility ...........cocvvivereierreirnenieninieeeneseniecerieseseetseeessnnecseenens 123
9.1.1 Cost—benefit analysis ...........cccocrereerrirnerenrrrrriereierestnrereeseneesencreesenes 123
9.1.2 Costs and Benefits .........ccccooeeiiriienncciinreir et eeeene 124
9.1.3 Multiple-objective decision-making processes..........ccocrreeereereererncnne 125
9.1.4 Empirical examples of cost analyses for reuse systems ...........c........ 125

9.2 Financial feasiDility .........ccccooirineneniinieieiieece st 127

9.3 Market feasiDility ......cooveieiitiereceeree e ceeee e et 132

iv




Volume 4: Excreta and greywater use in agriculture

10. Policy aspects 133

TO.1 POLICY .ttt e ssess e e e s s ansnanns 133

| 10.1.1 International POLICY .......cccveeeereerrrrrrerrrereeseescsionsssreessessenesessesennanes 134
l 10.1.2 National greywater and excreta use polCIes .........cceveerereererecrernnnnn 134
10.1.3 Greywater and excreta in integrated water resources management. 135

1 10.2 Le@iSIation ......c.ccevvirieierenireeenietseetsisieseessecastseessesesseesesesssesessssseesssssanas 135
10.2.1 Institutional roles and responsibilities .........coveeereerrreceericrrenennennne 136

10.2.2 Other roles and responsibilities ...........eceeveerrrerererisseseseeerniernnns 139

10.2.3 Rights 0f CCESS ..oueviuiereirieieiiieceeeie s et 142

} 10.2.4 LaN (ENUIE ....vvvvveeeeererreees s ssnsessssnns s sssssssssss s sssssssssees 142
| 10.2.5 Public health ........c.coovvniioiniririecireees e 142
| 10.3 REGUIALION ...ceeeiiriiieieiectcrceteeeteietets e erest et aetebessase s esssesnersssennas 142
| 10.4 Development of a national policy framework ............ccoeveeveveviveeeevevenennne. 143
10.4.1 Definling ObJECHIVES ....ceovvveurueueeeieeiirrereresseeeeseieieressserenesesesesesennesssnes 144

‘ 10.4.2 Analysis of the existing policy framework ..........coceeeeeererervenrennenee. 144
10.4.3 Development of action plans .............cceeeveviemeincereeeeeseeecee e e 146

’ 10.4.4 ReESEAICh......ccvmiiiircccrtcectrn ettt 148
11. Planning and implementation 149

| 11.1 Adopting an appropriate planning approach............ccceceevcereeerevernreirenenne 149
11.2 Local project planning: specific considerations.............ccccoveveveeeererevenene. 151

11.2.1 Participatory approaches...........coveceireriniacescresessruereseessereseseraesenns 151

11.2.2 Treatment ..........coveeeeriiieniernerereirinrrnsesesserencreensesesnssesasaseseressssasins 152

11.2.3 Crop reStriction ........c.ceeeriererreciereieteereresteeesteteseeteessressessssansesesessesnas 153

11.2.4 APPHCALION.....ccouierieireereeieireetcieteiete ettt eene s vessebanreresnenn 153

11.2.5 Human exXposure CONLIol.......c.cecvcuiicucveeeeeereeeeierereneeseevseerennan 153

11.2.6 COSES....ooniimrireeietricreitrie e seerreersee sttt ssssas st s e s en s ae s ssebennseanas 154

11.2.7 Technical @SPECtS..........cevveerreririerreririercierrissssssessteseseseesssessasannes 155

T1.2.8 SUPPOIT SEIVICES ceuveuruirreeeecirrereieieseserescsssessssstesesessessseesssssseseseans 156

11.2.9 TEAINING c...ooeeinieieeiireeecetrrrsnass e ssas et s eessbe e e nenesesnas st eseserannns 156

References. 157

Annex 1: Glossary of terms used in Guidelines 177




LIST OF ACRONYMS AND
ABBREVIATIONS

AIDS acquired immunodeficiency syndrome

BKV BK (polyoma)virus

BOD biological oxygen demand

BODy x-day biological oxygen demand

cfu colony forming unit

CcoD chemical oxygen demand

DALY disability adjusted life year

EHEC enterchaemorrhagic E. coli

EIEC enteroinvasive E. coli

EPEC enteropathogenic E. coli

ETEC enterotoxigenic E. coli

FAO Food and Agriculture Organization of the United Nations

FS faecal sludge

HIV human immunodeficiency virus

IDs median infectious dose

ISO International Organization for Standardization

Icv JC (polyoma)virus

MDG Millennium Development Goal

PHAST Participatory Hygiene and Sanitation Transformation

Pins probability of infection

QMRA quantitative microbial risk assessment

SARAR Self-esteem, Associative strengths, Resourcefulness, Action-
planning, and Responsibility

Too number of days required for a decimal (90%) reduction (one log
reduction)

VIP ventilated improved pit latrine

VU viral unit

WHO World Health Organization

WSSCC Water Supply and Sanitation Collaborative Council

WTO World Trade Organization

vi




PREFACE

The United Nations General Assembly (2000) adopted the Millennium Development
Goals (MDGs) on 8 September 2000. The MDGs that are most directly related to the
safe use of excreta and greywater in agriculture are “Goal 1: Eliminate extreme
poverty and hunger” and “Goal 7: Ensure environmental sustainability.” The use of
excreta and greywater in agriculture can help communities to grow more food and
make use of precious water and nutrient resources. However, it should be done safely
to maximize public health gains and environmental benefits.

To protect public health and facilitate the rational use of wastewater and excreta in
agriculture and aquaculture, in 1973, the World Health Organization (WHO)
developed guidelines for wastewater use in agriculture and aquaculture under the title
Reuse of effluents: Methods of wastewater treatment and health safeguards (WHO,
1973). After a thorough review of epidemiological studies and other information, the
guidelines were updated in 1989 as Health guidelines for the use of wastewater in
agriculture and aquaculture (WHO, 1989). These guidelines have been very
influential, and many countries have adopted or adapted them for their wastewater and
excreta use practices.

The use of excreta and greywater in agriculture is increasingly considered a
method combining water and nutrient recycling, increased household food security
and improved nutrition for poor households. Recent interest in excreta and greywater
use in agriculture has been driven by water scarcity, lack of availability of nutrients
and concerns about health and environmental effects. It was necessary to update the
guidelines to take into account scientific evidence concerning pathogens, chemicals
and other factors, including changes in population characteristics, changes in
sanitation practices, better methods for evaluating risk, social/equity issues and
sociocultural practices. There was a particular need to conduct a review of both risk
assessment and epidemiological data.

In order to better package the guidelines for appropriate audiences, the third
edition of the Guidelines for the safe use of wastewater, excreta and greywater is
presented in four separate volumes: Volume 1: Policy and regulatory aspects; Volume
2: Wastewater use in agriculture, Volume 3: Wastewater and excreta use in
aquaculture; and Volume 4: Excreta and greywater use in agriculture.

WHO water-related guidelines are based on scientific consensus and best
available evidence; they are developed through broad participation. The Guidelines
Jor the safe use of wastewater, excreta and greywater are designed to protect the
health of farmers (and their families), local communities and product consumers.
They are meant to be adapted to take into consideration national sociocultural,
economic and environmental factors. Where the Guidelines relate to technical issues
— for example, excreta and greywater treatment — technologies that are readily
available and achievable (from both technical and economic standpoints) are
explicitly noted, but others are not excluded. Overly strict standards may not be
sustainable and, paradoxically, may lead to reduced health protection, because they
may be viewed as unachievable under local circumstances and, thus, ignored. The
Guidelines therefore strive to maximize overall public health benefits and the
beneficial use of scarce resources.

Following an expert meeting in Stockholm, Sweden, WHO published Water
quality: Guidelines, standards and health — Assessment of risk and risk management
for water-related infectious disease (Fewtrell & Bartram, 2001). This document
presents a harmonized framework for the development of guidelines and standards for
water-related microbial hazards. This framework involves the assessment of health
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risks prior to the setting of health targets, defining basic control approaches and
evaluating the impact of these combined approaches on public health status. The
framework is flexible and allows countries to take into consideration health risks that
may result from microbial exposures through drinking-water or contact with
recreational or occupational water. It is important that health risks from the use of
excreta and greywater in agriculture be put into the context of the overall burden of
disease within a given population.

This volume of the Guidelines for the safe use of wastewater, excreta and
greywater provides information on the assessment and management of risks
associated with microbial hazards. It explains requirements to promote the safe use of
excreta and greywater in agriculture, including minimum procedures and specific
health-based targets, and how those requirements are intended to be used. This
volume also describes the approaches used in deriving the guidelines, including
health-based targets, and includes a substantive revision of approaches to ensuring
microbial safety.

This edition of the Guidelines supersedes previous editions (1973 and 1989). The
Guidelines are recognized as representing the position of the United Nations system
on issues of wastewater, excreta and greywater use and health by “UN-Water,” the
coordinating body of the 24 United Nations agencies and programmes concerned with
water issues. This edition of the Guidelines further develops concepts, approaches and
information in previous editions and includes additional information on:

¢ the context of the overall waterborne disease burden in a population and how
the use of excreta and greywater in agriculture may contribute to that burden;

¢ the Stockholm Framework for development of water-related guidelines and the
setting of health-based targets;

* risk analysis;

¢ risk management strategies, including quantification of different health
protection measures;

* guideline implementation strategies.

The revised Guidelines will be useful to all those concerned with issues relating to
the safe use of wastewater, excreta and greywater, public health and water and waste
management, including environmental and public health scientists, educators,
researchers, engineers, policy-makers and those responsible for developing standards
and regulations.
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