WHO GUIDELINES FOR THE
SAFE USE OF WASTEWATER,
EXCRETA AND GREYWATER

VOLUME 1V
EXCRETA AND GREYWATER USE IN AGRICULTURE




Volume 4
Excreta and greywater use in agriculture



WHO Library Cataloguing-in-Publication Data

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. 1. Title: Safe use of wastewater, excreta and greywater. I1I.
Title: Policy and regulatory aspects. IV. Title: Wastewater use in agriculture.
V. Title: Wastewater and excreta use in aquaculture. V1. 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.




List of acronyms and abbreviations ... vi

PEETACE .. e vii
ACKNOWIEAGEMENTS ...ttt iX
EXECULIVE SUMIMATY .....iviiiieiiiieie ettt sttt sttt aana e sneareas xiii
L INEFOTUCTION ...ttt 1
1.1 Objectives and general CONSIAErations ..........ccovcervvireiieiieenee e 2
1.2 Target audience and definitionS ...........cccoveiereiiieinee e 3
1.3 International guidelines and national standards ...........ccccoocevevniniiiiiiinnne 3
1.3.1 National Standards ............ccoceiereiinieieee e 3
1.3.2 FOOU EXPONS ...ttt sttt ettt an s 4
1.4 Factors that affect sustainability in sanitation .............cccoceviiiininiiiienne 4
1.4.1 Health and hYgIene ..o 4
1.4.2 ENVIronmMent and rESOUICE USE.......ervevruerereeierieaiesiesiesiesseseeseesreseeseeneans 5
e B =T oTo] 110] 1 )Y PP ROROVRTUPRTRPN 5
1.4.4 Sociocultural aspects and USE ........cccevvevverreieiiiecicese e 5
1.4.5 Technology fUNCLION ......cceiiiiie e 5
ISR 1Yo i 0] (=S 6
1.5.1 Water scarcity, stress and degradation ...........c.ccovevvernensienscnncnnns 6
1.5.2 Population growth and food production ............cccecveineiiieriieiienenne, 7
1.5.3 Excreta and greywater 8S reSOUICES .....c.vevereereeeereareresieeteseeseeseeeeseeneans 8
1.5.4 Millennium Development GOalS............cccereireiiiiineinceseiesieeiees 15
2. The Stockholm FramewWorK........ ... 19
2.1 A harmonized approach to risk assessment/management.............cccccoeeeenene 19
2.2 Elements of the Stockholm Framework ..o 20
2.3 Assessment of environmental EXPOSUIE ........cccccvevvevverieieiecieeeee e 21
2.4 Assessment 0f health FisK ..o 22
2.5 Tolerable risk and health-based targets .........ccccoceveverereiciiccece e 24
2.5. 1 TOIErabIe FiSK ..c.oveiiieiiiiiiiciee s 25
2.5.2 Health-based targets.........ccvoeiriiieiiceeee s 25
2.6 RISK MaNagEMENT ......cviiiiiiiiiiiieiree e 26
2.7 PUBLIC health StatUS .....c.voeeeieieecccc e 27
3. Assessment Of health FiSK..........cociiiiiiiii e 29
3.1 Health DENETILS......ceiuieieieiee e 29
3.2 Excreta-related iNfECLIONS..........cccoiiiiiiiie e 30
3.2.1 Pathogens iN FABCES. ......cciiiiiie it 31
3.2.2 PathOgens iN UFINE........cccceiiiiie et 34
3.2.3 Pathogens iN greYWaLer.........ccceiveiiieiieseie e 36
3.3 Pathogen survival in faeces, urine and greywater ...........ccoevevveivevvsvsinnennens 37
3.3.1 SUNVIVAL IN FABCES. ....veveitiiciiiciee s 37
3.3.2 SUNVIVAL IN UFINE .ot 39
3.3.3 Faecal load and survival of faecal pathogens in greywater ................. 41
3.4 Survival in SOilS aNd 0N CrOPS........cviviiiiiieee e 42
3.5 Epidemiological and risk-based evidence ..o 44
3.6 Quantitative microbial risk analysis............ccoeoireiiiiniincici 49
3.6.1 Example of risk calculation for a greywater SCenario ............cc.cceeeee 49

3.6.2 Example of risk calculation for collection and use of diverted
RUMAN UFINE L 51
3.6.3 Example of risk calculation for stored but otherwise untreated excreta...... 55




Guidelines for the safe use of wastewater, excreta and greywater

4. Health-Dased targetsS ... ... 59
4.1 Type of targets applied ..o 60
4.2 Tolerable burden of disease and health-based targets ..........cccceovvniencnnne. 60
4.3 Microbial reduction targets..........ccccecvieiiesesieie s 64
4.4 \Verification MONITOMING......ccviviveiiiecece e 66

4.4.1 Treatment of excreta and greyWater .......ccccvoeveverevenieieiesie e 67
4.4.2 Other health protection MEASUIES ........cccceevrerereriereerieieree e 67
4.4.3 Excreta in SMall SYSIEMS......cooiiiiiiiisesee e 68
4.4.4 Operational monitoring for urine in large- and small-scale systems...70

5. Health protection MeaSUIES...........ccoieiiiiiiie e 73

5.1 Specific considerations for exposure control in the use of urine, faeces
AN GIEYWALET ...ttt ettt ettt sn e 74
5.1.1 Exposure control: general prinCiples .........ccocooeeiiiiinincneneee 75
5.1.2 Exposure control at agricultural sites or site of USE. .........ccccevvvrinennne 75
5.1.3 Post-harvest eXposure CONrol. .........cccoeveveieiiiiieiicececes e 78

5.2 TEChNICAl MEASUIES........cveiiiiiiiciiieee s 79
5.2.1 On-site Sanitation SYSLEMS .......ccvieierierierieie e 79
5.2.2 Handling and transport of excreta and sludge .........cccovevvviveiviiviiniennnns 88
5.2.3 Treatment of blackwater and septic tank/faecal sludge..............ccc....... 90
5.2.4 GIEYWALET ....eiiiiiiie ettt 93

6. Monitoring and SyStem aSSESSIMENT .........ccveriiiriiiriireee e 101
6.1 MONItoring TUNCLIONS ........c.voiiiiiiei et 101
6.2 SYSEM ASSESSIMENT .....viiiiiiitieti ettt 102
6.3 VAlIALION. ...t 102
6.4 Operational MONITOIING .......coviiiiiiiiire e 104
6.5 VEIIFICALION ...voviiciiie s 106
6.6 SMAll SYSIEMS ... 107
6.7 Other types of MONITOIING .....ccviviiiececie e 107

7. SOCIOCUITUTAl SPECES. ... e 109
7.1 Perceptions of excreta and greYWater USE ........coovvervrerirenieenieenieenieennens 109
7.2 Food-related determinantS..........c.coovieiieriieiiense e 111
7.3 Behavioural change and cultural factors ..o 111
7.4 Convenience factors and dignity iSSUES..........ccerierierniensieneenee e 113
7.5 Gender aspects on use of excreta and greywater..........ccoeeeeeieriencsenienn 114

8. ENVIronmMental @SPECTS.......cvoiiiiiiiiiiesie et e 117
8.1 IMPACES ON SOIL...c.viiiieicic e 117

811 MELAIS .ot 118
8.1.2 Persistent 0rganic COMPOUNGS ........ccvcvereiereseresiesiesie e eeeese e 119
8.1.3 SAlINIZALION ..o 120
8.2 Impacts on Water DOGIES ........cceiiiiiiiicree e 121

9. Economic and financial considerations............ccocoovveieniennensenseeee 123

9.1 EConomic feaSiDIlity ........ccceiririieiicisee e 123
9.1.1 Cost—benefit analysiS .........ccovieriiiiiici e 123
9.1.2 Costs and DENEFitS .......c.ooveiiieieiese s 124
9.1.3 Multiple-objective decision-making proCcesses...........ccoceeveeeereneenee. 125
9.1.4 Empirical examples of cost analyses for reuse systems .................... 125

9.2 Financial feasibDility ..........ccoiviiiiiiiii e 127

9.3 Market fRaSiDIILY .....c.covevveieicece e 132




Volume 4: Excreta and greywater use in agriculture

10. POLICY GSPECES....cviieieiiieieiee ettt sttt re e reaneans 133
L0.1 POLICY 1.vviveiteiti ettt ettt renn 133
10.1.1 International POIICY ......c.coviviiiiiesese e 134
10.1.2 National greywater and excreta use poliCies ........cccocevververvrrvavennne. 134
10.1.3 Greywater and excreta in integrated water resources management.135

10.2 LEGISIALION ..o 135
10.2.1 Institutional roles and responsibilities ..., 136
10.2.2 Other roles and responsibilities ... 139
10.2.3 RIGNTS OF ACCESS ...vvvietiieiie ittt 142
10.2.4 LaNd TENUIE ....veieieeeteee et 142
10.2.5 PUBIIC hEalth .....ovevii e 142

10.3 REGUIALION ... 142
10.4 Development of a national policy framework...........ccccccevvevieviciiiiecnenne, 143
10.4.1 Defining OBJECLIVES .....cvvcveiieciece e 144
10.4.2 Analysis of the existing policy framework.........ccccocevvvvveiiivivennn. 144
10.4.3 Development of action plans ... 146
10.4.4 RESBAICN....cvviieeeeee ettt 148

11. Planning and implementation ... 149
11.1 Adopting an appropriate planning approach.............ccoceeerernensencennns 149
11.2 Local project planning: specific considerations............ccccccoveieiiiencnnnnn. 151
11.2.1 Participatory approaches..........ccoceveiereienene e 151
11.2.2 TrEAMENT ...t 152
11.2.3 Crop reSrCION ..c.vcvecurcvece e 153
11.2.4 APPHICALION......cicicice et 153
11.2.5 Human exposure CONLrOL.........ccvveieieieveieie e 153
L1.2.8 COSES. ..ttt 154
11.2.7 TeChNical @SPECTS.......cvieiiieeieeriee e 155
11.2.8 SUPPOIE SEMVICES ...ttt e 156
1229 THAINING vttt 156
RETEIENCES. ..ttt sttt n e naeas 157
Annex 1: Glossary of terms used in GUIdeliNgs...........ccocevereieiciciniece 177




vi

LIST OF ACRONYMS AND
ABBREVIATIONS




PREFACE

vii




Guidelines for the safe use of wastewater, excreta and greywater

viii




ACKNOWLEDGEMENTS




Guidelines for the safe use of wastewater, excreta and greywater




Volume 4: Excreta and greywater use in agriculture

Xi







EXECUTIVE SUMMARY

xiii




Guidelines for the safe use of wastewater, excreta and greywater

Xiv




Volume 4: Excreta and greywater use in agriculture

XV




Guidelines for the safe use of wastewater, excreta and greywater

XVi




100 Py

Volume 4: Excreta and greywater use in agriculture

N C. jejuni
[ C. parvum
[ Rotavirus

15

<10

1 week 2 weeks 3 weeks 4 weeks

Time between crop fertilizing and consumption

XVil




Guidelines for the safe use of wastewater, excreta and greywater

XViii




Volume 4: Excreta and greywater use in agriculture

XiX




Guidelines for the safe use of wastewater, excreta and greywater

XX




1
INTRODUCTION

Guidelines

Other
information

Supporting
evidence




Guidelines for the safe use of wastewater, excreta and greywater




Volume 4: Excreta and greywater use in agriculture




Guidelines for the safe use of wastewater, excreta and greywater




Volume 4: Excreta and greywater use in agriculture




Guidelines for the safe use of wastewater, excreta and greywater




Volume 4: Excreta and greywater use in agriculture




Guidelines for the safe use of wastewater, excreta and greywater




Volume 4: Excreta and greywater use in agriculture




Guidelines for the safe use of wastewater, excreta and greywater

10




Volume 4: Excreta and greywater use in agriculture

11




Guidelines for the safe use of wastewater, excreta and greywater

-

12




Volume 4: Excreta and greywater use in agriculture

13




Guidelines for the safe use of wastewater, excreta and greywater

14




Volume 4: Excreta and greywater use in agriculture

15




Guidelines for the safe use of wastewater, excreta and greywater

16




Volume 4: Excreta and greywater use in agriculture

17







2
THE STOCKHOLM FRAMEWORK

19




Guidelines for the safe use of wastewater, excreta and greywater

Health risk management

20

Health-based

targets
Basic control
approaches
Water/waste Other management
quality objectives objectives

Define measures and interventions
(requirements, specifications) based
on objectives

Define key risk points and audit
procedures for overall system
effectiveness

Define analytical verifications (proc-
ess, public health)

Tolerable
health risk

Assess Assessment of
environmental health risk
exposure
Public health
status




Volume 4: Excreta and greywater use in agriculture

Table 2.1 (continued)

21




Guidelines for the safe use of wastewater, excreta and greywater

22




Volume 4: Excreta and greywater use in agriculture

23




Guidelines for the safe use of wastewater, excreta and greywater

-

24




Volume 4: Excreta and greywater use in agriculture

25




Guidelines for the safe use of wastewater, excreta and greywater

26




Volume 4: Excreta and greywater use in agriculture

27




Guidelines for the safe use of wastewater, excreta and greywater

28




3
ASSESSMENT OF HEALTH RISK

29




Guidelines for the safe use of wastewater, excreta and greywater

30




Volume 4: Excreta and greywater use in agriculture

31




Guidelines for the safe use of wastewater, excreta and greywater

32




Volume 4: Excreta and greywater use in agriculture

33




Guidelines for the safe use of wastewater, excreta and greywater

34




Volume 4: Excreta and greywater use in agriculture

35




Guidelines for the safe use of wastewater, excreta and greywater

36




Volume 4: Excreta and greywater use in agriculture

37




Guidelines for the safe use of wastewater, excreta and greywater

38




Volume 4: Excreta and greywater use in agriculture

39




Guidelines for the safe use of wastewater, excreta and greywater

40




Volume 4: Excreta and greywater use in agriculture

41




Guidelines for the safe use of wastewater, excreta and greywater

42




Volume 4: Excreta and greywater use in agriculture

43




Guidelines for the safe use of wastewater, excreta and greywater

44




Volume 4: Excreta and greywater use in agriculture

45




Guidelines for the safe use of wastewater, excreta and greywater

46




in agriculture

Volume 4: Excreta and greywater use

TUIUNE] 210]2q
SA ap1a1A0 snjd Juaunean [LoSIYFIU 121) Y (11)

auoje Adesayioway) 1D

uauneat) 210j2q

(Z8'0—+90) £L°0 (1)

069 sA "Ly (1)

(aouajeaard)
stanyary (1)

SA APIFIAO YA JUSLLIESI] [10S)YBIU DY Y g (BUI-€€0)6L0°D  9T1SA9FID
JuaUnEan 210§aq sa Adeayjowwayn +(T60-110) €970 4 reesaoic d
(6961) snid apIa1A0 yia uaUIEAL [10SIYSIU YV 1Y #(86°0-0F°0) £9°0 ¥ SLISADTL Y uonendod (aouajeaaid)
Tnsny (1) (1 (1) Suruue, Pa1eadl APIdIA(Q) SLa08F (1)
(Adesayjowayd
posysiu paeanun sa (uoneredad oye
|BI21aWIWo)) [10SIYS1U pajean-apidiaQ ( Hoekrn
BZOY pareanun sa [1osIySiu paean-apiaiaQ) (1) w4, (98°0-1€°0) 99°0 (1) CIpsAH LT (1) Fuiuue Pa1Eaa] APIDIAQ) SLDOSY
1971|113
(cs61) UDPIET SE INUEBL [BWIUR FUISN Sa1[1ue] uonendod
USSULIBH  SA J27Z1[1149] USPIES SE B1210Xa TUIsn saijiue,| J0zs 0SA TS Fuuue g paieanun SIS
BAIE UBQIN palamas
ut sA sa[qeiafaa o) awn  meudodde,,
12 parjdde 1o amuew jeUnue ym
P1soduios Sa238) UBLUNLY 213YM BAIE [BINI aanueL
ur (11) ‘BAIR UBGIN PAIIMAS UT SA STUIUOD Yue) - . ) jewiue yum pasodwos
(zSp1) ondas TULMOLLIAO Im PAZI[I1I3) S2|qrIadan gcin 6TsA L9 ) uIp[Iyd BI2UDND pUB S)UNL0D
siapuy 2UDLA BRI LRGN LT (1) UIP[IYD [00LdS 67 (1) 6T SACH] (1) [ooyag  yuel andas Furmoppiaa0 SLIDOSY
(%) Juaunean
J3}JE UOLIIJUIA
A0 uonaajul dnoad Awoxno
D UAIIY uostiedwod pue dnoad Apmsg S AANRY J0 DU LA unonendog Anpenb gjaaoxyg 1IeaH

Suonepndod pasodxa-uou

snsiaA pasodxa wi suondajul dniseaed Jo sdudjeAdxd :DANJNILISE UL BJAIIXD PIJEAL] .J0 PIIEIIIUN 0] PISOUXd SIIHIOM PUE SIIWNSUOI 0] SYSLI JO SAPMIS [1°¢ I[qEL

47




Guidelines for the safe use of wastewater, excreta and greywater

(ae) 100>d

PUE (4) 50°0 = d S[2A2] 18 2ouedyuFis [eonsiels ‘pautodar eiep uonendod pue sajel aduapioul 10 2ouajeald WOL PAIRINI[ED [BAI2IUL 20UIPLILUOD 94CH PUE YSLI dANE[IY
‘pauiodai eep 22uapIdUL 10 20Ud[BAIM WO PAIBINI[ED YSLI JAI[I APNID)
"B12I0XA PAJRAI JOJ JUALUIEI) 210]2q SA ID}JE 1O BIAIOND PAIRIIUN SA Palean s1 uosiiediioo (asn 1a10Xa pajeasun 1oj pasodxaun sa pasodxa st uostedwo) |

a

19Z1[1112] SE Sa028)

(L661) [B12 Fuisn j0u 10 $2008) pAjRaa FUISN UALIOM aBe1;s
sauydwingy  sA sanagy ysalyy SuIsn ualom ul sjunoa 889 SO0>d UAWOM JNPY  PUB USE U)IA USR] | LLLIOM YOO
(Adeiapoways
Jayge
UOISIDALIOD
(6961) [rosIySiu pareanun aamsod)
nunsiny SA [1OSIYTIU paieal-apIdia0 Fuisn sarjiwe,| (91 1-LT°0) 950 CTISA |'L synpy Pa1BN IPIANAQ) WLIOAMYOOH
1os1yFiu pajeanun sa (uorneredad
[BI212W03) [10S1YS1U pa1ean-apidia0 (1) 4(18°0-9€0) +S0 (1) TTESAH L1 (1)
(Adeiapowayo
Jaye
UOISIDALOD
(z961) posiysi uvonemdod aamsod)
ozt | PAABIUN SA [IOSIYTIU PAIBAN-aPIIAQ (1) 44, 18°0-9€0) €570 (1) vesaLLL () Suruue g PRiBanaplaialy ULIOMYOOH
(%) Juawyeay
19} U012 UII
10 UO0IIIJUL dnoas WMo
ERITENETEI | uostiedwod pue dnoad Apms SSLI dAnE[DY Jo dudEAdLg uoyeindog Anpenb gjaaoxyg yieaH

(panunuod) TT°¢ a|qeL

[ce]
<




Volume 4: Excreta and greywater use in agriculture

49




Guidelines for the safe use of wastewater, excreta and greywater

50




Volume 4: Excreta and greywater use in agriculture

51




Guidelines for the safe use of wastewater, excreta and greywater

52




Volume 4: Excreta and greywater use in agriculture

53




Guidelines for the safe use of wastewater, excreta and greywater

54

10g, P

Probability

0
T
I epidemic
-1 4 [ sporadic 4°C
I sporadic 20°C
-2
-3 4
-4 4
-5 4
6 4
C. jejuni C. parvum Rotavirus
1.0
Crypto 1 month, 20"(3/ Rotal
/ Ve
0.8 /
/
/
/ Crypto 1 month, 4°C
0.6 /
/ Rota 6 months, 20°C
Imecianp,, /] /1] ]
0.4
Crypto 6 months, 4°C
0.2
/ Rota 1 month, 20°C
0.0 T T T T T T T T T T T T

1-6 months, 4°C




10g,6 Pt

Volume 4: Excreta and greywater use in agriculture

_1 m
_2 m
34
4 4
-5 4
6 -
74
_8 m
9 4
-10 -
1
-12 4
-13 4
14

I C. jejuni
[ C. parvum
I Rotavirus

<107"

1 week 2 weeks 3 weeks 4 weeks

Time between crop fertilizing and consumption

55




Guidelines for the safe use of wastewater, excreta and greywater

56




Volume 4: Excreta and greywater use in agriculture

57







4
HEALTH-BASED TARGETS

59




Guidelines for the safe use of wastewater, excreta and greywater

60




Volume 4: Excreta and greywater use in agriculture

61




Guidelines for the safe use of wastewater, excreta and greywater

62




Volume 4: Excreta and greywater use in agriculture

63




Guidelines for the safe use of wastewater, excreta and greywater

Probability

64

1.0

— — —  1month,20°C 7]

————  2months, 20 °C VA

777777 3 months, 20 °C / /. // / I
08 ———— 4 months, 20 °C A

P 5 months, 20 °C / : /

6 months, 20 °C A A I
1-6 months, 4 °C ./ / / [
0.6 - (no inactivation) / / / / |
/)]
medanp, ), /AN A A R
0a /" / // / /
. / / /
/ /
0.2 4 / // // /
s
s S

0.0 T T T T T '

s 8 7 % 5 4 3 2 10 1

1091 Pins




Volume 4: Excreta and greywater use in agriculture

65




Guidelines for the safe use of wastewater, excreta and greywater

66




Volume 4: Excreta and greywater use in agriculture

67




Guidelines for the safe use of wastewater, excreta and greywater

68




Volume 4: Excreta and greywater use in agriculture

69




Guidelines for the safe use of wastewater, excreta and greywater

70




Volume 4: Excreta and greywater use in agriculture

71







5
HEALTH PROTECTION MEASURES

73




Guidelines for the safe use of wastewater, excreta and greywater

74




Volume 4: Excreta and greywater use in agriculture

75




Guidelines for the safe use of wastewater, excreta and greywater

76




Volume 4: Excreta and greywater use in agriculture

77




Guidelines for the safe use of wastewater, excreta and greywater

78




Volume 4: Excreta and greywater use in agriculture

79




Guidelines for the safe use of wastewater, excreta and greywater

80

Treatment Collection

Use

Faeces

Urine

Greywater

Vacuum sewerage

Gravity Sewerage (conventional or small-bore, centralised or decentralised)

Conventional on-site sanitation (pit latrines, VIP, pour flush) |

| Urine diversion devices |

Composting

toilets

Dehydration toilets

Separate greywater
collection

Solid liquid separation (settling, filtration, etc.)

Sludge dehydration, soilification,

Prolonged storage
Composting, vermi-composting
Anaerobic treatment

Urine processing
(MAP-
precipitation,
thermic
concentration,

etc. stripping, etc.)

Constructed wetlands,
ponds, biological
treatment, etc.

Soil conditioning with treated
excreta

Biogas use for lighting,
cooking, electric power
production

Greywater gardens,
mulch trench systems

Fertilizing with urine or
fertilizer derived from
urine

Irrigation, service water,
groundwater recharge
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Assemble the team to prepare the risk management plan

Document and describe the system

Undertake a hazard assessment and risk
characterization to identify and understand how risks
can be managed in the system

Assess the existing or proposed system (including a
description of the system and a flow diagram)

Identify control measures —
the means by which risks can be controlled

Define monitoring of control measures —
what limits define acceptable performance and how
these are monitored

Establish procedures to verify that the risk
management plan is working effectively and will meet
the health-based targets

Develop supporting programmes (e.g. training, hygienic
practices, standard operating procedures, upgrade and
improvement, research and development, etc.)

Prepare management procedures (including corrective
actions) for normal and incident conditions

Establish documentation and communication
procedures
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SOCIOCULTURAL ASPECTS
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ECONOMIC AND FINANCIAL
CONSIDERATIONS
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[ Private household
expenditure

I Public expenditure

Investment costs

Conventional Safe use-oriented
sanitation sanitation
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PLANNING AND IMPLEMENTATION
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Glossary of terms used in Guidelines
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The third edition of the WHO Guidelines for the safe use of wastewater,
excreta and greywater has been extensively updated to take account of
new scientific evidence and contemporary approaches to risk management.
The revised Guidelines reflect a strong focus on disease prevention and
public health principles.

This new edition responds to a growing demand from WHO Member
States for guidance on the safe use of wastewater, excreta and greywater
in agriculture and aquaculture. Its target audience includes environmental
and public health scientists, researchers, engineers, policy-makers and
those responsible for developing standards and regulations.

The Guidelines are 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.

Volume 4 of the Guidelines focuses exclusively on the safe use of excreta
and greywater in agriculture. Recent trends in sanitation, including ecological
sanitation, are driven by rapid urbanization. The momentum created by the
Millennium Development Goals is resulting in dramatic changes in human
waste handling and processing. New opportunities enable the use of human
waste as a resource for pro-poor agricultural development, particularly in
periurban areas. Best practice to minimize associated health risks is at the
heart of this volume.
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