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oOoThere is no guano comparabl e
the detritus of a capital. A great city is the
most mighty of dung -makers. Certain success
would attend the experiment of employing the
city to manure the plain.

If our gold is manure, our manure, on the other
hand, is gold.

What is done with this golden manure? It is
swept into the abyss.

Fleets of vessels are despatched, at great
expense, to collect the dung of petrels and
penguins at the South Pole, and the
incalculable element of opulence which we
have on hand, we send to the sea.

All the human and animal manure which the
world wastes, restored to the land instead of
being cast into the water, would suffice to
nouri sh the worl d. o

Victor Hugo, Les Misérables
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PART 2: MAI N CHAPTERS

Chapter 1

GEAéeéi 1l Au*s AigEg EAT ¢

Figure 1* An exemplar of the results database * Page %

Figure 2* Flow diagram of the systematic search and screening process, including the major
reasons for paper exclusion at each step. The exclusion reasons are detailed in Table 2. FSE
= fecal sludge equivalent * Page 100

Figure 3 * A map of the distribution of included studie s worldwide. Made with MapChart *

Page 14

EIghEU ¢EAéée Ee&ClUi Ag géeU eECe CEQALCARO Crl i AATuch OUBC
*sAcg W 1

Ei¢chEU I"Cij euCg EeCli Ag¢ geéeU EUGAgi1 U JiUulO eUEeC
Ul Au AYyUAOYyUAQE AE T CyeAEUO Nigée geUi E ARAAyUAOL
TeAAcU «ECy «kUEC: ¢éEUU ChguaiUEE ~ 4+ " =~ tew'
TAET gJ: Ehl1 EUg Ca 6hEg geéCEU UijeUEBECEHYAHYE NEge

AGEC EéCUA*ANCACcET OU

Ef chEQeU EUGAgi CAEéi & I /UgANUOURAI lgadi QEgRAGU AAO TE
eUE®eCEYyAAT U @®CE Auu Ul Ao AyUAOyUAg AT ECEE ®¢" Ui
®@CE 11 EhAU GAET gJ "1 +¢ g.eA” _L"" " AUAE! +¢  g. éA
EUuUAgi CAEéi e *8JAEUCI EUEI UO

Ei¢hEU I"Cij euCg EeéCNiAg ¢géU EUGAgi1 U JiUGO eUEeC

eUl Ad AyUAOYyUAgE "E C° AAO geU AeetilAgiCA Ca EJ

hAAYyUAOUO 1T GAFEEEE a0V CERAi E8AcWij e WETI yUAQE

¢ Al |3‘t‘ﬂéU EUAET & EQEIi Ag hIgUOAaeCE nul Ceae zli U_AT u"
I CAEGEATI AUO g AA®D: AAc AAYE I RGOEBU: ECiar gUEY
Table 2* The inclusion and exclusion criteria for the systemat ic review using the PICO format

* Page %

Table 3- Requirements for a high quality methodology (HQM)- Page 97

o =

Table 4 The number of data rows for each type of fecal amendment. Fecal amendments _
AEU Oi EA¢G¢EUGCAgUO AGJEUIgBA UUg £ EXLH EAhAL@R+ TAAgUc CEi U
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Table 5* Frequency of reporting on different crop paramet ers within the included studies *
Page 1(B

Table 6 Frequency of reporting on different aspects of soil hea Ith within the included studies
* Page 1@

¢Al dU EhyyAEJ Ce géU UesaeUl gE Cae «Ul A0 AyUAOyUAgE
E ¢ AAO EJAgeUg|I %UEgIUIEUE ZZEA AeeU|IAg|CA
gCgAGUCADI Ag EAgQUE: ¢eU EIQAI%IIAAlU wCE yUO|AA

Chapter 2
ElghaJaUElyUAgAu éan uAjCﬁg AAO éuCg 1 COUE: 22U
U A- 2

1 CAI UAgi CAAG ~eéi A=" AAO EUgUAUEAg{lU “¢EUUA” yAA
ECU i AT thOUO CAU Cae UAT & Cae geéU ¢EU AgyU'gE i A A
ehyAAhEBDCUA” " EJAgkwWhUT ANGJIA 60 EBBACRY tevd0Cg ~¢EUJ
EihEwrz e Ei Ag T AEUUJ JiUudO Ag eAEIUEg Cae géU géiEO
AAO EUc UAAAEAQUW WAg- ', YEAEQHHEU T CAgUAgQ

EmﬁmruAgUE EgAIuU AggEUgAgUE A&gUE geEwmluwAEE ¢

eAEgi T GUE EUgAI AUO CA A 1yy EiUI U AegUE ERI yUEEI

Of EBUAJUO §gC E&Cl géU OUGCEUU Ca*sAEWAGY CA i A=CEY
E[gﬁﬁﬂéiq eK A=:gUE geéEUU JUAEE Ce TECééiAg: ¢eéU

V’UQTAAAI\Al]hL,J‘VAAO geU QI\EUQ\I:IIA’\UE I‘EeCIJ geU IAEQQI
Of EeGAJUO gC EeCl geU OUCEUU Cae*sAEUAGY CA | Ax=CEY
Ef¢hEdCia yCiEghEU TCAgUAg YyUAEhREUO Ag geU UAO C
Of EeGAJUO gC EeCl gl OUCEUU Cae*sAEUAGY CA | Ax=CEY
Ef ¢RhEACi o CEcAAIT yAggUE T CAgUAg A=egUE geéEUU JUA
IAEUGI AU ECi G yUOi AA 1 AuhU" AAO géuU ¢EUJ ai AUE E
eCi AGE AEU Oi EeuAJUO gC EeéeCll geéeU OUGELAK e n AET A
Ei ¢chEOCiru gCgAG UGUyUAgAG Ai gECcUA T CAgUAg AeagUE
E€CUE geu 1 AEUGi AU ECia yuoi AA 1 AuhU' AAO g§géu cE
EAAc¢ U vAID OAgA ecCi AgE AEU Oi EEuAJUO gC EecCl gelL
yuoi“sMc¢U v

Ei chEUCra i ACEcAAIT AigECgUA TCAgUAg AxgUE geEUU
AEU Oi EeuAJUO gC EeéeCllJ géeU OUGEUU TCsAg WELHYAgi CA i A
Ei ghEDCIru A1 Ai GAT GU eéCEeeCEhE A=gUE ¢geéEUU JUAEE
geU 1 CRAOAEI UE =CE MAOUj ¢  gel EUICyyUAOUO EAAg
Oi EEuAJUO gC EeCll géuU OUGEUU Cae*sAEUAgi CA i AxCEYy
Ei¢chEwCinu eCgAEEi hy AeagUE geEUU JUAEE Ce 1 ECeei /
| ChAOAET UE! @i WMAGUICHY UAOUO EAAcU =CE AEAI GU TE
Oi EEuAJUO gC EeCll géuU OUGCEUU Cae*sAEUAgi CA i AxCEYy
Ei chE@CgAu WCEy TChAg eUE +'Tyw eCalU A=egUE geéEUU
AEU Oi EeuaAJUO gC EéeCl0 géU OUGEUU TCsAgWEH Agi CA i A
Ei¢chEwCie yiTECIiAd EUEei EAgi CA EAgU AagUE géEUL
Oi EEUAJUO gC EéeCl0 géeU OUGCEUU Ceae*sAEWAgiT CA i Ax=CEY
Ei¢chEwWCiw =hAcAu 11 CYyAEE AsegUE géEUU JUAEE Cea TE
UAhyUEAgi CA AAO YyUAEREUyUAg 1 i A Gigég yilECEICe]
géU OUGEUU Ca 1| AEi Agi CA*xSMHCEY'i A¢c UAT & &ucCg yUOi
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¢Al G0 UEI iU Ce +UJ YyAAAGUYyUAg AT gi1igiUE hAOUEGQ

EUCUAUEAgi 1 U euCgE: ¢HAH W QAgWRiWeE AEU c¢i1 UA | A

Table 2* Estimated quantity of Nitrogen, and Organic Matter, Phosphorus and Potassium
added to each of the plots each year. Numbers in brackets indicate the maximum and
minimum possible values based on the error * Page 13

¢Al GG hwyAEJ Cae yUAERhPEBE BAOUUAAREERAYEEAc PUYe COE |

¢AIu"U|:EYUAgyUAg yUO|AAE ®CE EIIJ T ECe (;ECIJge eAEAyl
eAE|UEgUO i A h(;hEg BBy ‘hyIUEE i A IEAI—UgE i A
geU Ahyl UE Ca EAIN OAgA &G A¢H 18aiCha gl GQRAEUO UAT
¢Al G EUAgyUAg yUOi AAE &CE ¢gCeECiua 1 hu+ OUAEig3d
OUegédt Cey ' ®CE géeU 1 AEUGi AU ECiu- AAO &=CE - UAE =

geuU uCWUE AAO eéicéUE euCg yulOi AAE: ° _ AB&® ARyl L
Ce géU euChHAgWOAIiYAAE
¢CAT B O"CPOi AAFAGCE EgAI U AggEUGAQUE -, " i A gCeéEC

Cae TECeéeeéei Ac- EAyBUGUG Ad el GUEUReg yAGA g0 yUOi AA i E E
EUeaeUBEWGAMAcU v

¢CAl UWEUAgQyUAgAKEIi A gCeECiua Ag geuU 1 AEU0i AU~ AAO
TECeei A¢c® EAyeuUWOTAg A &NAEJIEg EC a ACI U A gAA & el ¢ 6 UE

yuUuoi AAE: °~ _ geéU AhylUE Ceae EAID OAgA eCrAQE Veéilée
sAcU 1

¢CAl WBEUAgYyUAg CEQARMATEQIAGgUE -, i A gCeECiu Ag
AAO géEUU JUAEE Ca 1 ECeééi Alcie hEApAL VOgBgi AOODUAGHE
GCUUE AA®UEé§gcpl0Ei AAE: ~ _ géeuU Ahyl UE Cae EAI OAgA
geu eucCgr syAQl AANE

¢CAl FBGEUAgY UAg WWEIEACAE &#CGECE¢AAil Ai gECGUA " y¢. +¢
Ag A OUeygiey CheeyUE geéEUU JUAERIT G GIEE ¢ 6\& BB\ gAUA @ e AJE
eic@UEg yUOi AAE: ~ _ geéeU Ahyl UE Cae EAID OAgA ecCi /

yUOi AAKcg'U! 1
Chapter 3

Ei¢hEwWe U =ChE &€hyAAREU EhI EGEAgUE A=gUE ECUi Ag¢ A
~gCé Eilc@é@gcCy KrU&Rg~~ *KYAc¢U GggCy Eiceg”

Ei chEURhYhaAgi 1 U UyUEcUATE Ceall Ugp@pR@MUIEUUOGI Ag

Ei ¢c hE®QYy WEc UAT U MAOUi ETCEU &CE UAT & EhIEgEAgU: z
Ei¢cAi @i T AAT U ABUW UEeée Cl3A i gé *§AYUEAYyU uUggUE

Ei ¢chEDCAGUEg GUAax UUAggé Ca UAT & EUUOUI Ag CA 2AJ
Ei yi GAE ¢ECheE Ag JA _EiAEAN 'akieICAA Wil e ICat Ay U (U
OAyAgU‘ EAy aU EiKUE aCmEzﬁgM@dEmmemEm@mm@EEﬁAu

CATl GBedJEIiT Aa AAO TeéeUyil ABgQEBEANAEgYE UE Cee géU Eh
¢Al @ hwy AEJ gAl aU Ce 8yUEcUAT U MAOUI 'AAGE ZEIA= Z |
¢éUEU » ETCEUE NUEU géUA Az UERY UPDC giICAQIi i Ng B & Ck &
ATECEE 1Cgé YJUAEhEUE Ceae ¢ECNgé: ¢EUA&BECOUBUOAURABE
AEU éi cesiAg@guo
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PART 1: | NORYODUC
MATERI AL S

OThough the problems of the w
increasingly complex, the solutions remain
embarrassingly simple. o

Bill Mollison
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1l ntroducti on

OWaste does not exist in nature, only in our minds. All waste
is a food for another living organism. Therefore, we should
not argue about where to put our wastes, who will pay to
dispose of it, and how long we can wait until it leaks into the
environment. We should design systems that imitate healthy
ecosystems found in nature. 0

Dr. Steven Esrey, 2000

ned OCArg WU EUU yChAgAi AE Cae OUAO euAAgE AAO AA
EUYyAi AE Cae ¢géU 1iuai CAE Ce CEGAAIEYE ¢géeAg 1 AyU I
i UUA EUAJUOE UBChE 1 AgbEOR & WEAREL & O U ghaaidi iy WA g
gUEgUO EUTJT ui Ag: eECcEAYy CA B8AEY

SUAAgE AEU AAghEU+E 1 hi aOUEE® 1 CAIUEgiAc¢ 1 AEilT vy
AAO TAEI CeJOEAgQUE" ¢gC TEUAgU 1iCyBEPA gAUYyABBETC
AAO EgCEUO 1 e UyEUgMugAAWEECSI AEIUA geUi E Uijl EUgA AA
Ei AAGUBGUE OUT CYyA CEUEEEEU 1 AEg Cae ahAcET chEAUgUET A
¢ceWEUA- OCNA géiPioror;gciun; l;érl;r

¥ Ag UEi Aa" Oi Ey A A @amoebasisters
igE T AEi1T ycCaulh
EUAI ECEIUO 1J eu
LT ECUA 2CCE O] +
Eicég 1 UAUAge Ch
A ECiu «UEgiaigld
AeeECii yAguad .v
AcEiThaghEAG GAA
Uug AaG: " s18y. vi

B 11

Harold, PUT that music away
and decompose with the rest
of the family!

MA AAghEU' WAEgL
81 UEJ CEc¢AAi Ey"

Il was hard fo dream of being a composer
in a family of decomposing bacteria.
l UT CYyUE &CCO &CE AALyeuE

geE ¢h cé A T CAgiI AFlgure 1 C_:artoon depicting decomposing bacteria.
©amoebasisters

Cee TEUYiTAGUBAD: ... e
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8ijgEAT gi CA Cae &CCO TECeE NigeChg EUghEAi Ag ChE U
TEUAgGUBIM GAIICI) Cae UAUEWAI AZBCARGECORYEI 1 U GAAO.
T CyeCAUAgE yAJ UAO he ecuuhgi Ag ChE ¢gCUAE AAO Ti
geu EUA" CE Ui UA GCEg ¢tGigke W WAGE 1giCA gilAd iyAABECAR) iiC
geuU EChET'ATAAQ h@Ays CA Ag geéeU EiA+: ¢éiE 1 E EUa0!
OveuUgi CA geEUAQUAI A¢ c¢uCl AGt =CCDARUT HEfGTI "~ 1ghi
yAQUEi Au eCauhgUE ChE UAI i ECAyUAg ~¢heCuE+U Ug A
MA s 5] iABAChAT UO geU OAWVAi Ag Ca AA hA@EUT UOUAg
“iTeCuE" U AdBI AGgU9 AgU 1T eAAcU hAU&RAUW EUT Ci UEJ
eAAOUYi T AAO T CAeuilg i AOhRTUO Eheeud Oi EEhegi CAE
EgUy Vi A¢ @®ECYy geU 1 CAAQGOE ieed 8 ARA C Ae CHeE idlELC DA | AU
AUAT + Ce AhRRAEECBEOALCEGI g Cax AhgEi pIUEAHE ARCCOE "~ E
geuU EheeudJ Ei OU {1 AQUAEi 1 U AcEiThughEAG eECOhRT gi
®f Ai gU ECi a0 EUEChET U heCA Deile '’ ', MGaei&hyAA a
AClD TUUAEUE ¢geéeAAgQ YE e AQALD D ORI AVALE A G
UAI i ECAYyUAgQAG G BEPASCELONT g CICAEEY Egellg  E EUT hEU
ECT i Ad a JU A hi BEgC AYBIONEYGAQIEIATG | 1 "R CIIGF vy WARiRgeAA g g hil =+ 8 1 1 1
_UAAIJEA sveisA euUCeuU uAl ~UO AT TUEE gC EAa=UuJ yAAA
geuy gC OIrBEUAEBEEL EsuKMAAOUERAgU EAAIi gAgi CA i E ¢.
i geliACICYy U EUggi AcE" ehggi A¢ UijeUAEi 1 U ECeeéi Egi
yAAJ eUBAJUgCi 1 BEVUEREGUYEAAUT guUO gC A EUWNUE AUg
®Ul Au yAgUEi Au Ag CE AUAE ¢gC géeU eCi Ag Cae OUaUIT A
Uyegi UO AAO 1TCAI UJUO =CE gEUAgyUEAY EIEGBEANREGUAEBY A
yCEU @éEUI AuUAGC AHARWA) EAIARDEAEDg BT i shATgCHhE 1i Gh AICHI U
“uKf !> M-8EeUEBEEWRIMUOIT T i g AAO AxeCEOAIiGigd v
Cegi CA &CE Al éi Ui i Ag hAi 1 UEEAG 1T CiI UEA¢U Ce EAUUG
~z1 6EUT CA¢CEg" éeGCWUAWE -wis yAAAcCUYyUAg 1 eAaaUAcUE
EUCAEO ¢gC Uyegldi A¢hE Wy ElDAIglya) AJE A AWDE FDAKDg i Aa T CyeCA
yAAAcUO EJERWYyCed WA AUcuUT guUO:
téi E geUEIi E eCEigE ¢geéeAg geéeu Eh
ECairi A¢ geUEU 1 CyeuaUij AAOEIAGAA
T
1\

EUhRE&a@Aehy AARMEICy e @E ¢ U elEGdhd g
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ECI i Ei CA Cae AxaeCEOAIl tU AAO EA&U Uil EUgGA yAAAcUY
l UAU&i gE @CE ECiu éeUAGdGé yvAIQAgUE AIACAEYEIGAGIAQA CA
AAOE UijGe GREWUGATI 6 WigeiA geiE geUETE:

1.A Brief Hi stc)ry of Agr il cul tur e

ACyAOi 1T ! ceAhgAgNERJ E E : Héi 0Eg g eAA OUIUATUA @ieywu Uaj AE igC & U
ehyAAE @i EEg ehg OCWUA géeU EeUAE AAO eil+UO0 he ge
“2f Ay CAO" 1ttt . zyige® +' ' gl EOWEI AUEAGWH 1 TLAGg
udiltaU Niuad euAAgE IDAE A OUiIUucCeyUAg Ca hAeAEAGQ
2CyUEgi 1 A(JUUOAN gAAGA Ce OUETI EAT GU ¢gEAI gE AuuClUO
giyU ARG UABBAEU: WVeéeiléeecdhwWAgi ENAEgGRAOGAECBE 1 Cye
ECiiUgiUE: ¢éiE iA ghEA aUO ¢gC G4Al ChE EeUlTiAui EA
yAgeUyAgiTE" EITTrQAIAY CAKDO eCdirgi TEEGAAO _ : ZUAE=+i{ "
He UEU &chMAQeUEEUE ECT i Ugi UE NUEANEU@RGDUIgBEI A & MAG C
1" "§BUEU {E UIi OUAJBOUGICCEHDECWEQ®gEEQO A RAS @E AL
GAABJ GiLA-UO gC gel Cyy WEedOmATgy 1GRad8 AAO EUGI¢i ChE
CUAUEEéiée" EuUAI UEJ AAO A =hAOAyYyUAgAG Eéieg (A éh
T UAGEAGTI EQO AgQCIAWOE + ' . ZAcUEGéa 8118, ~CuAAO

nigée EUgguaUO i aU EC OUeUAOUAg CA UAAO T hagii Agi
UijT uegi CAAG hAOUEEgAAOi A¢ Cae yAAAci A¢ ¢géeUi E ECIia
TEART i A GUAEAi A¢c NVAE AgAANCHENE EOGCAPEE&EEGY ¢e&EL
GAAOgehE BU§BUEI BéU 1 CAgi AhRChE BBOgAODgHgCRACE=AL
EﬁééquUAgAEj A@Qﬁf@@&&é@@AéC@@E@&'éE@OWN@iCA 1JA

R T WACEE" B 1 B W

GgéChcée EéeUlT i@ 1 @AEyi A¢ EEAT gi 1l UE Of ®=eUE AEChA
1 AEiT eEi AlieaUE EUyAi AUO 1 ECAOuJ hAT 8AAcUO: sUE
T CAOhT guUOG CA A EyAGUG ETAGU ée@CBéeéGi AAgi CAER e § AL
CgeUE CEcAAi Il gpryOEke AGEUARE Ug Aa: > s11w,. +EUI{ +
VCAUE" BB, WEhe UAi =C1° +t s
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GuUCeEREQEBAOU AT TUGUEAgGgUO @BMIAGEIIT A gk ighk Ug A1 1UA g
EAf GECAOGE" AAO AOI AAT UyUAGE (A «CCO eECI UEE( Ag"
GUAAOET AeU Ceae @&AEVyi A¢ &=CEUI UEA JMHE U ExeECAIUGIi GMA @a U
AcEiThughEU/eRQANVABAGOBDERBI EU Cee i AOREGET AGi EUC
Ul ¢yuU UAEGUE" UGUEE Oii1I UEEU AAO i AT EUAEi Agud vy Ul
ehl@CIVUEUO y Ad ik AIUEAECUT OAgi CA gdea€ Al Adha® eACAXU H GAAT QU A
eAE T UUA A TCyyCA eAggUEA ClIEUEIUO geEChgcecChg EL
L OUIrvacCeyUAg:r ™ OEi 1 UA 1J geU ehEERTQEAEE ¢EY AHUE

s 1 s ¢Cei E eAQggiUEAgdCAQT @MAMA BEUgh ghea : s 1.5 1Z CIMAWEA U
Ug AUCOEisUAL 1J UGAAO ¢EAI'EeCICI yieA AU BIEC E BO | AEACE EAECUEETE
UriTgeCReEUAgUA GCl A0'BIGAOAJG is&¢eGGCE ~ Ms 8z

1.R2griculture Today

¢t COACGEU geAA éAte Cae Ao eAligAlaU WAAO CA 8AEgEe
“8uUui E° UgARAD  geW 1 GAEGUEg +, Cae =AEYE ACIW CéUEAg
~ZCUWOUE U A« eltiwiiay «CA: gCAAUE Cae éEi yAEJ T ECeE ™
TECeE" +¥, 1 UcUgAI GUE AAO Ciu 1ECeE" 11+, e@&Ehig"

Cee PBAT ei¢c AAOQOUEBGgaEOORIUBE fouCigAisdhughEAG e ECOR
AGCAU NAE 1 AGhUO AGE.-f: 0% 1§ Hiea §ie WA CA O 1AAO =CCO
i AOhREgGQEJ] AAJUVEUEUgeeECE g®&i EUI AKhEi MDRF&Ce s 17

cEiThughEAu eECOhT gi CA Al T ChAgE &CE f 'AAQa ¢cucCli
ATTKHE =C& g0 @IUNG EGRECRAEe e A UgijARahOi Acs e ARy AAE" G
ATT ChAg &«CE 'v, Ceae AGu yAyyAG 171 CyAEE @B geU éuh
AAO 6ChUugEJUNCHOUUI EOEALFC A+ AIAT O Bde:w 11 7

¢teU pCEUO +AA+ UEgiyAguU geuU UAI i ECAYyUAgAU AAO EC
UijT UEE Ce UAT CyEriABIRIGAE  BAGKY DUCBAAAAD UNIABREL C

fUhW+CCeERdiAGCUT géiE 1 AURBgAEYEICEBEG@dgI AEECHA

i ATUR@IUA@CEE Ca éeCuauai AAgi CA EUEIiTUE weéil A
e ECOhIALIECEBAL g eA R iClEHGAY AcEi 1 e UyielUARAGIMEY i AROEI EU

AAgi TECI i Au "EUNAT EgGAUNIIIE CECéU E'RYE gERU T CEg ATTCI
AeeECAT & ehgE géiE cuCi At UEGgBEAGU AYEWD .11 gEI

D:

. Ug OUEe&i gU géU UACEYCHRE [ABRGH Bhtci UA (6 EEAOHIE @A CGiae 1 Mg
cUCl At 2CC eAIERQ jg & AEU BBA FE NVEUCEGOYE *ECY gé&U
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TCyyCOi @i 1 Agi CA Cae a&CCO° Weéeilé éeEi CEi gi EUE éECeei

ATTUEE ¢gC Eheeil i UAG e AMAHEVAI EQEIUECED 819 4 "

MA 188 8  Ca gelU WCEUO &eCehuAgi CA a=AT UO 1 &6ECA
~s:y] A eUCeuU” WUEU yYyCOUEAJGUA) gOB EBQYUEWBE] z8BGOE
2i1 i Ei CBuCkEFABwWERCCO eéEi 1T UE eUA+UO i A _AET & sv188 ~

UseeaeUl gE '1Cee AAG MRe U v hEEi AAE U B VAETAGcAA i@et) € e~0BA 11386UC |,
hAAT U gC AaxeaeCEOf AUgUAGgeds O4wWg -~

g geuU EAyU ¢giyU GWEY AGEICE WECegdE GBEAGHA gA* ‘¥ vy . uKf
DeiTée e€AE T UUA i A+UO ¢gC il BIAE MDA BEHCAD EOiAAAAIEE Ca
k18" AAO A Eé6AEée Ei EU'eRACIJBEHEVCAEOQ@EH i CAI ICeUA 00
k1 6y COUBAAA OI WEGEUAE&EDY i gUO geBAgERBhAARDBE AOEET U
TCAERYyBEEGYVCAc @®ECY O6hEg v ZIAEEAURSKELEG ' DeBPEYACEUVE

w o fTiaai CA eUCeABUNECEUOWAON BBAHGEI I hgCE ¢gC geU ¢
"G+2 1 1' 2iUg -CoHEAl CEAgREE™ wruwif. pUIT Ug AaG:°
1. 2Soli | Degradati on
Cee e6hyAA 1 AIGEES WA O (CAVE AGA O GIBCO EJEQUYE "~ E
- ThaghEU i E hAOUEYi Ai A¢ i gE CIUA 1A

MAOREQGEI Au AcEi
UEJ ECi0~M@éE@gﬁUEU@AA@@@@E@HN@OEBEgﬁﬁ i A eudaAl

i E ®®hEgeéUE UijAT UEI Agi A¢c OUEUEgi @i 1 Agi CA AAO UECE
AEAT 0U GAAO i E AeaUi guld 1J° OUGCEAOAgiIi CA A=xaUl gi A
ECCO" 18y ”

MA GUEVE CywAfRUERU EIGEGAEOHTAJI CA EUGTI UB yEAT AgU ~ O e
ECiu AhgEi UAgpe EWEQPHAIBA: EhEAZ éAAd O Eiklgd sUmA AU g Ad:
st CAIUEEUGT S GFT BEECABANGEEe UAT Agi CAggUAGeE CA g

¢ci1t UA gC CgaUBOBhQEIi YUBYEgUE OUei 1i UATJ i A CgeUE
s 1 1 wi"gEC¢UA CiI UEGWCAOi A¢ 1T AEEi UE Eic¢cAi @il AAg Ei E=
eUAOD @y UO Ug Aa: " s+JEAUET U9 AG EXEJNAKE YU.gs ‘AG: ~ 1"
¢teU i OUEEEUAO hEU Cae eUEgili OUE &®hEgéUE OU¢EAOL
AAOAGUE ~z&AEYy A &g AEXCANTY

BRE TE géeu iyeAl g CA ECi
geU UEEUAgi Aa ECiu =hAl g€

AE g@Uj ABDEe ®QEQG" 21 y 1 E
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1. 3he Future of Agriculture

Mg T E TCyyCAULSUBQREBEGCOOT g1 CAL e BICiEE@MWE hi EU
EAi Ei A¢ CIi UEAUCA=CECOBEEFOQNRIE v 10 Ui UGEer T &AA 27
yAJ 1 WeyBlhA@UAET sei 1 Agi CABT e AABABAE" Wgs AUcéi B s
AAEEA@AICHIEENO 1J géeU T CEeGEAgUGREGACEGAGYOT +°
k111”7 AAO eECo6UT gi CAE gUAO gC AEEhyU A 1 CAgi AhAg
i AUaeeei 11 UAT i UE:

f e UEEgRBREIEO EUIhEi g 1 E AEGOERE§ALS i MAGUAGRINDBE c¢Cee
TAGCEIi U eECONRT gia@e 1ii UARYC BHIC: /O I e AU BEEBEDE ge Ag
EeChuO 1 U BRCOMEOOOCACEEUE geéEChzeR®GEC@e U EAEYUY
s 0" AAO AOOEUEEI MBU&RAG 0 OME g HiEiEheg iIAGRECEOAT 1 ai gJ
OUEi ERleel @IQEED 1 Ug :Aa: > s1 817

fgeUEE EUB8UT g géeU BAEAGgIEHRNUCeERC =CED #Oh M@ICHT ¢ A EIAINg é
i OUCGCc¢d VeilT e x=CIAERBACRCHgEELOBEG AAYyUAAE gC U/
cuCi Au e6hAgUE: EEiUEUA ~"s11'” AEEUEQE geéAg géicE
i AUBhAGi gi UE Deéeile eUEeUghAgU éhAcUE" VyA=<iA¢ ig
eECI MAy 1 CAgBAEgG i &@CAAO &CCO ECI UEUi¢AgJ UyeeAEi
EUOIi EgEi T hgii1 U GAAO ECaCHe BA &G 0P Gy &iCHBAKI EAgi CA
zéAgghl +ZUs UA9CA _“:ZAhOAA 1 1"

y géuU EAyU giyU ¢ECWUiA¢ 1T CATUEAE Al Chg UAI i ECA
OEi 1 i Aci ABCGUFGEY EBEABGgUAAAEGAGARAIEGHE e ECOhT gi CA
EJEQUYE" Néil dCKagiUiAg OI iEd & B EAi Cotd I BMBg | GA 1+ ' 7
CeUEU 1 CAT YJENE=ARTCH§CAI AGC T ateymgil yjoududd ¢ i OUEeé E
TAGUE «CE i gE hE¢UAg . gEAAE=CEyAgi CAr. A gUEYy AC
Gi gUEAgGhEU ~ - 3GKBAEO0FE Vg AWECCE 1zsYEgUYE - CCEOi AAg |
sy pUIT Ug Aa: > s181 7 géaChc¢cé TEigiliEUO &CE
AUUO ¢gC TeAAcU" 1NeC EeChudO UAAT g geUEU 1eéeAAgUE"
“MAcEAYy _ ¢eCEAQCA" s1 887
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14Agricul tur al Use of Human Fecal
oOHuman excreta I s the best of al | m
world in its effect to richly onouri

(Sattd814transl ated)in Shirai,
¢teUEU i E A WUAGge Ceae Ui i OUATU gC OUYyCAEgEAgU geAh
gC GAAO i ATUhOUO éehyAA aUl Au y AW KED Aue iIANAE GEE 1§+A A
+CAO Ug " A0 GEUUT UWA DA+ E” "UgA AAY) 1+ E AkG A EUE "1 -1 1~
MASS T UAgGhEJ VAeAA éhyAA Uil EUgA WAE EC 1 AuahAi aU
geU 0AAOUCEO U0 geU Ei cieWAA RIA Qe e eURBIUUY AgBEY
eChEUCUOE 1ChuO 1 hl UAChceJUBET AK@ &uets(RAGT QAGU Al

B 1 B w7

MA 8hECeU géuU hEU Ca {1AicégECial NABYAWBGhHIOUG]
AAO géeU EUYyCi Aua Cee UijTEUYyUAg 1J eUAEAAgE &U0eUuO
~zéi EAi Ug Au:" sa1sw” . [ AcAJ T4t TOIIFEIWEIE géAjg
ehyAA UijT EUgA TChuO EUGGO @=CE ' EéiauiAg ~“ 185 @UA

Tigd ¢geu yCEU &=UEgiuU geu uAAO AUAEIJ AAO geéu
2hEi A¢ géU i AOhEYgEUAGhED 6hRGABA CE a0l iggef WE

gEAAEeCEgAgi CA Ca Uijl EUgA &ECY EIVEGIhEEAGC s2ABG 0 AA
Wi ET ey AAA UguAgeCheg: g8TE EUYCI AG- ¢geéeU EAAi gAEJ 1
OUQUEiIi CEAgUO" &CElTiAg¢ geéuU OU|UuCéyUAg Cae AUgUEAA
~z8UAiw EAaRE8 "gCi GUgE 1 UT Ay U Aii AT Bk BA Qg ulJC ALE@Thg A
AAJ ®=CEy Ce GEUAQGYUAg: UNMAB@REEOQ Ag e OE UIRGED ARG HEC1IC
+ECIWA” sCEL {JAE hEUO ¢C zieBHRAIIQAGAUEBAE VIUROAES: Ug AG:

¢téU Ei EU Cae Ueéi OUyi CuCcilTAGU hAOUEEGgAAOiIi A¢ AAO ig¢
Chgi EUA+E GUO gC A OUIVIUAEWAI A PEARNAcelUs st AgEYE CALA T U

OUOI TAgUO EUNAGU $EUAYYANAGE RAEAUI Ai WEOCE Eéi &g i
yAAAcUYyUAg: UAI i ECAYyUAgAG EUchuAgi CA® AAO ehiaail
DCEWEAAEI gi CAi A¢ &®ECYy hAEUchuAgUO ecCcuuahgi CA gcC

T CAgGECG: MA géi E TEAGUWHEHE" ANG EBA Ay UARRGENERD gaeEAIAG § U
eAGUYyAE+E Ca YyCOUEAigd™ AAO géU @&EAyi Ag Cese &hyAA
Uyi UOOUO i A geU ThughEAG T CAET i Ch'EAQEREAKG _y AABCI

64 1z.861 eeEf A> s 117
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-CAThEEUAguJ: i1 AOREgEi Auud EJAgeUEi EUO TeéeUuyilAu
yCEU Ui OUEEEUAO" a@hAEELLJaLAI?aeCAEI@T@ﬂALélB@MJEN@\QE_gU
yAAAcUYyUAg &=ECYy &CCO EeO1Q'hAIAgElUJ@ CAEAGAORICAG AhAg h

EUECREIEW A+ Ug Aa: > +" """ 7: MA +'*1 geéeU eUET UAgAc!
yAAREUE WNAE +w_, ~ AAO &ECYy EJAgeuUgil e«eUEgiaui EUEE
AAgUT BEGWAg ®UEgi ai g~ : +J ws181 geiE IDAE @EUOI T gUC
efCEJAgeUgil e«UEgiai EUEE ~¢AA Ug Aa: " 11", +CI -

1.4.1 Present Day

oSince the mid nineteenth Century, urban sanitation
in industrialized countries has been characterised by
flush toilets connected to sewers that carry excreta
away from areas of inhabitation. This system has
become such an established standard that both the
reasoning behind its development and its suitability
and sustainability in the twenty first century has long
gone unquestioned. 00

(Schitze, et al., 2011)
MA yAAJ euaAl UE° geUEU iE ACW A yhié EQECA¢UE Uye
TCyeAEUO gC eAEg eEATgiTUE" EheéeCEgUO 1J i Al EUAE
~-Cauiir i ¢cAAEUGGT Ug Aa: > s11' ., pKf > saa1" . _BE[E(
EUEQEiI T gi CAE T ABE ACOEBEEW | AEECyWU00& CAQUGYET g igg vl
UAEhEU EA&eUgJ EgAAOAEOE geCAERRehiI UgTA@UET Weyy CAE
®UAEE Ca EAxUgJ 1T CATUEAE AEChAO ¢é UEH EUGITAE & hy A
9
A

C (=}

Aag: > 181 . ~iTe6CO0AE Ug Au: " 81 887" iE eEAT gil
I AEgaJ Oi e®UEUAg ET AGUE® guUlTeACucCc¢il A AOI AAT UYL

_COUEA WNAEgQUWAgUE gEUAgyUAg eECI UEEUE gJdeilAuauld

®ECYy Ui é&hi OE " UeseethUAg” " Wigé UseeithUAg CagUA Oi E
ECui OE Ui géeUE i Al i AUEAgQUO &«CE BACECYAEUAQGI UEJ" C
UAI i ECAy-EARG G- BB TOIUIGWIUO ¢gC AcEiThughEAG GAAO ~ - Ci

zA=U JAAACUyUAg Ca WAEGUUAGUE EUyAi A AE 6hcU 1 &A
UEGT v AgaioCig@kiind AECRAO 's. Ca Adu WAEGUUAQUE 6EC
1CaaUl gUO AAO GEUAGUO Wigée géU EUEg eCEi Ag Ef g A

oA Y o~z

~¢heCuE+ U UGHCRAIO "1 15 1 i GRIUU G Cgddig BUABUE A AcgEi
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“VCAUE Ug A®g yAcCET g3 Ce géiE I E hAgGEUAgUO CE

UEgi yAMEBWAO Ce w! yioui CAgeYUGEGAEBBDAgBEY YedAi BgD e
D UWGE UR gWeeasi2hBUAR) 6 Ua WA OA EUT g5 'hEW)” Cae hAGEUAgUO WA
yCEU UijgUAEi 1 U NeUEUIJ ARAGQEUAgUO WNAEgQUUNAgUE i E
EhT1 EUBhUAgUJ UijgEAT gUO 1'¥ AOQAIEARg BHGAAGhEUBE +™ “Ag L
'AEAaU NAEgQUUAgUE [ EEicAgi CA yAJ A WEAGyW CGyEWAE |Gk
VCEA® A EUEhug Ce cucCiAu WAgUE ETAETigJ: 1 Al EUAE
TeCAaUEA i AaUl gi CAE ~8B8AEMA# t1URAHACAEGA: Uy - ARWRUAEQYA!L

BUaa AE eCEEiluU 1CAgAyi AAgi CA Ei E-E &CE ECiGaE A

Aa: 7 st

ECE BE9WyE CEih GeEEY WAEgUNAQUE YEQYAGEARY AAAAQGEEA2U
eEAT gi T UE eUEEiEg: ¢éU UAxCETUyUAg Ce EAZLUgJ EUg
i ATCyU 1 ChAgEi UE° AAO EUhEU CIThEE A iAaeCEyAG L
Aa: Wi AEAEWHGE AU~ eziAIgHAE g AA PUECAT AU HhiEW Ceae EUNAc¢ U
i A AcEiThughEU {E EgEilTgud EUc¢hUEYUOEBAEGAAT OUI
i AGECOhRT UO i A g&l ADOEQPEE 2EANJ @FOABAICU TAMIO BUE ia&CEY A

€¢Jci UAU EgQAAOAEOE &CE EAaU EUREU AE 1COi @i UO i A
zUWDAcU ZohOg¢lEIlV $AEfs ') wyegewegBEYyUgi yUE yi EAeedi
gC EU=UE gC AAJ EUWA¢gU EuhO¢gU Aeeui UO gC GAAO  E
gEUAgYyUAg AAO EA=xUgJ TEigUEiA: 2AA OUA +ECU+ Ug
EUNDA¢U EuhO¢U i A 8hECeU ADNAOACAEUGEEEOBCa CEUIAAOL
1i CECui OE:

ECE gCi 0 ACGETEARAUE gUO ¢ G a2WIANEEE A BhGdy g @EBFAGCA
EGhO¢cU yARAGCAVEAGCYy Yy CAGJeRREYEO ¢ eAUEUATEUBDY U 0B

Oi Ee AEZAQgEAAOU Ug Aa: "1 AAsEAAc U AARG WU §aAGEATT 1Ay UIAQAE i
AAOEUAGY WIBGUEU Y AQUEI Aad EUYAI NREI DUg&EBEI  gODdU igkg €
EJEgQUYE 1 Air CuiriAg EUChUAE Uyeéegli A¢ceUgEAAEeCEg AA
1 8AEAT QUEI EgIiTE Cae gélU aUlAECyAgEB Bl etha O WElGIE E
gAA+E gC ¢géU OEJ yAgUEZIQEAR@UI CeRERT D¢1 YEEUWWIEY
TeAGGUAci A¢c gC ehAAgi @ AcEil hkEdrBDARAABUMBEA=ge Ch
EEAT gi TURUANGUEYGY Ad:

zhT T UEEaeha yCGCOWAWEEcEIhTieA MBUAJA ~ HAUET Al e s11""7 A,
Al: " T9UhEGEAQU e CitAEWO 1Ez 1 CRAYRAG BWUEE: ¢eé UEU i Al Ca
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gCiaug 1T CAgAi AUEE" A TCuaulgiCA EUEIiTU AAO 1T U7
GWAgUE ECu0O ¢gC @®AEyJyUEE: KCUUI UE' WEUEU e&Ul Ad EahC
hAgEUAgQUO' §geUEU AEU Ei ¢AilahilTAAMAIE BIQE -AHI g C s& heywA A

P MUAEUA Ug AaG: s

[°N

¢6U REU Cae AAJ +i1AO Cae hAGEUAGUOAZDI AGEYAEUAE] Ad
1 CAOUYyAUO ORU g¢ EUEICAEUGBAGUDE AUAFgEsERE+WUACL
Ug AawvAeéiw Ugz ARGl COBh+ YUg AN GAY OUUT AUE &CE gél
Cae HUAEGUIJAGUE  8jjTrBUgA "AADERE DIUAGEE VO i A EUI Cg .
eUEEi EQUAT U Ceae geéi E BEMIQyU UEUgUE eAk B : A aviAlg é LAE GgGaliA
eECeéiiig EUREU' geéeU 'dPAIEQWG i 'AWA gaE @y Aele EACARGE g C |
yAAAcUyUAg: Néilée UjgUAOE T UJCAO guieAilTAu gEUAQ
i AEUO iAgUElUAgiCAE' teéeiE EUaquTgE A 1T ECAQOUE Eél’

zgAyAgUuAgCaai ei ¢ AAEUGGT Ug Aa: > s11 . _AEIeh+ U

1.5 Ecological Sanitation

oln excreta of animals and humans are contained all
the chemical components removed by crops from
the land such as seeds, roots, stalks, leaves, and so
forth. 6

(Justus von Liebig, 1843: Letter XIV)

fhE ARAOUEEgAAOiIi A¢ Ceae EAAIi gAgi CA AE UI Cuir UO EigA
OUT ADUWEEUA& I i Egec 8y AAI gUO: 1 Agi CAE+ _iGGuUAAi Ay 2U
UEgAIT i EEUO i A 111" EUeGUI gud A eEUI Aiai Ag Uyee
geuU Ahyi UE Ca eUCeuU WigeChg ATTUEE gC 1 AEilT EAZ
i AT EUAEI AguaJd 1 UVAAT EWE (CYiAT EUBDY BWE Uyl UOOUO i A Ul C
hiail eUAage: AAO UAI i ECAYyUAgQAGCECAgUIiSEE G EMA yBL
“V_s” Ce ! " M-8E AAO pKf {AGECORTUO ¢géeuU 1T UWAEE( eil
Oi Egi Achi Eé 1 UgUUUA géU YyUEU eEUEUATU Ca gCiuUg
TTUEEaehuad OUEi¢cAUO AAO yAAAQUUO® EaVg AR AaUnd* EUé A
¢{ E Eéia®y 6AE 1 UUA EUeaaUT guld i A geU EhIiEAUERhUAg
s Peileée i ATahOUO gAEcUgE &«CE UAOi Ag CeéUA OUa
AOUBhAgU EAAiIi gAgi CA> AE 1EAK UVAEAAQG eERIhiTA ¢A ¢g EeUCAIgaY
“1T AT gUO " Agi CAE GUAMKEA teCIERER)VEIAE] E&irag U0 &ECY Ei
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JET Ag ¢ & UGy § TEQG EWNAG (gL | CR  GERIE
g AG: - s C

MA gCOAJVWECBBECBREEUAAO UAI i ECAYyPAY ABI ANGAEIUC A CE
L Oi EECEAG+ 6AE 1 CyU hAOUE ETEhgiAJ: zCyU AEchU g
Eiyead 1 CAgAi Ai A¢c CE EUyYyCiiAg WNAEgU. i AEgUAO EL
eh AOAYyUAgAGU AE& Ul gE Ca EAAI g AgAiICAAIEJE gy EE gAMGA B
“KAEOUE Ug Au 6B
EAAgBALCRUCE-E AAO AeeECAlT eUE &A1 U UYyUEcUO i A E
6Ei CEi gi UE yCAc geéeuUy" geéeEUU +UJ 1 CATUegE AEU I
Il zREgAi AAT a® EQARIIgAGILCA geU zhEgAI MATQ0U z AAi gA
EREgAT AAl U EAAUBGBACELAT Ab&d i DA aU° ECTiAaald
AAO i AEgighgi CAAauJ AeeECeEi Agu> AAO eECgUIT g
CEUAg UyeeéeAEi E T1AR eemiGel BU QA gOA H QusgoU ijGHA E -
' VUECRERIUUAgUO EAARGRA 9§ é&CA =Cl hE «AECHCHIKRAEH U Oi E
EUT CIrBEJ y vy

y UE Ug BAUE QgAiUuli EUGA AE Ax=GRAGAAITI GU |

gi C i ATahOi A¢g AcEiThughEAG el
¢cUAUEAgi CA AAO 1hiabi Ag yAgUEi AWE ~2i UAUE Ug
Ti EThaAE UI CACyJ geUCEJ -~ _AGGCEJ UEEAEOD Ug: &

O
>
[T

I 81 CaCegi 1 AU sHANIAAGIEGAIT i BET Q8UJENEE eBEREU Cee
UijT EUgA AE AA AcEiT haghEACHI@R EAPHEEOJ UAG i (

s 10 JIZAAGUEGEAIT UE . _hUGGWUGGUE: ¢éi E.EUREBDEBAQE
CAU eCEEilaU EUhEU éeAgelDAJ AAO WAE 1CEA Chyg
T CAI UAgi CAAGU EAAi gAgi CA EJEgQUYE™ AAO géeuU AUUC
¢cECWi A¢ ¢cuCliAu ecCehuAgi CA "8EEUJ Ug Aa: "
E Oi EThEEUO Al Ci U EUGhEAIi A¢ eUT UkEe egEC Adi sUOEDE ¢ E
®ECwCAAOAgi CA Wi geéei A EAAIi gAgi CA AAO ehiail e&UAUG¢
Oi HyiiACA 1 E T EhT iU "g éAE iiyge ABgereAMPEIgEC @ABEA2UJEBRBUL
geu i AGECOhT gi CA Cae eAgeCcUAE i AgC géeu WAgUE 131
gEUAgyUAg 1 UaeCEU AcEiThughgR” AeenaT 1 Agi CA ~8EEL
eeECAT &i A¢g EUEChET U EUT CiI UEJ =ECYy AEERARMIEIAg i CA
i AQURAUBR® U§ge UE ig T AA EUEI U AE A OEi I UEA&CE i 9yeéE

k1 1y~ CE UIUA EEUEUAGUCEEUBEgh&CH IAHEACHEGE JigC B : ~
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VAgEeUE ¢géAA 1 Ui Ag OUeei AUO 1J A EeUTEZRE§UYBT 6 ACUC
Il AEUO Ae€EUGAHpeAg i AGUCEAQgUE EA&U EUhEU i AgC geéeU
®ECYy géU ChgEUgS EAgeUE géAA EUgECea&i ggi Ac EUhREU
eaUijiliaigd AGGCWE 81 CzAA ¢gC 1 U iyeaUy WAHmWI Ag
ECuhgi CAE ¢gC 1 C¥é AU EUEYWHAI §ZAAGUEGCEAI UE _ _hU
¢C geiE UAO yhie yCOUEA EUEUAET & CA AcEil hughEA
®Cl hEUE CA +UJ 1TéeAuuUAGUE Ehlé& AE EAe&UgJ: ucCci Eg
UijeCEUO i A géeU ZigUEAghEU vUI i UW:

2 LI terature Revi ew

0The insistence that toilets requi
why 2.5 billion people in the world have no toilets at
all . 060

Joseph Jenkins, The Compost Toilet Handbook

2. Hcol ogi cal RSasneiatracthi on
zUWAgU Eadh@eECHUYO yAQUEIi AU eECOhT UO 'eBEEYPOgeU gE
VAEgQUIWAQUE: ¢gJeiT A0l ¢cUAUEAgUO =ECyMJ UiAg EAWE E UC
TCyyCAGI TgiuEEGHG QEChceée géi E gUEY NUAE @i EEg i AgEC
FUhOcU Weéeil e WAE gEUAQUO gC A eAEgilThaoAE &Jc¢i UAJ
EUT A0 EEh@QeECHUYO yAgAEJRU gGARYE AAO 1 CAgAi AUEE |
EgCEUO Ag CE AUAE géeU euAl U Ca OU=xUT Agi CA: Mg y A
yUT eAAT T AGG] Uyegi U0 :ugHEAAHe QERUEQ AAO EQEUAG EA T o
T CAgAi AYyUAg" gEAAEeCEg AAO gEUAgyUAg ~zgEAAOU Ug
TCaaUl gi 1 UADEPUEEDB@ | HRAE LAY E
zUegAEUVUgeECHIUYO yAgGUETI A EUYCI UO =ECYy EUeégil ¢§gAA-
i gé EUNAc¢U EahO¢U CE Wigé &«UT Aa EahO¢U CE T aA
+UJNUCEO EUAET & CA pUl Ce zI1iUAT U Caex=UEE A hEUa
Oi EEAEi gJ i A EUEUAET & 1 CahyU 1 UgUWUUA EUNAcU EuGhC
"t Al GU 1«

AOCe g UBe@BExU] Au EahO¢WCAEUWGEDU @ EEDEJ 9EE OUGJ AE

geUi E gEUAgyUAg eECI UEEUE AAO ¢géU EUEhugi Ag eECC
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l UAU&i gE @®ECYy géU Ui OUEEEUAO hEU Ca géU QgUEyYy 11
EUAET 6 UE:

KCUUI UE° gUEgi A¢ yhugieaU +UJUCEOE EUGAgi Ag ¢gC =
EeCyde Ag EUEUAET & CA EUWNAcU EuhOc¢cU AAO i1iCECui OE

EahOcU 1J AA CEOUE Ceae yAcAi ghou

¢AT da0Ohyl UE Ce ehl ailTAgi CAE CA pUl Ce zTTUATU ei q
_AET & 18"

¢igaU ¢UEY ¢Céeil CUEY Ki gE

zUWDAcU zuhOc¢U| cEilThughEU KW

zUWDAcU zuhOcU|ZAAO geuil Agle 1"

+i CECui OE cEiThuaghEU "

+i CECui OE ZAAO geuil Ag|" '

LWAEgQUIWAgUE cEiThaghEU Py w

LWAEgQUIWAgUE ZAAO geuilAg|’ '

LWAEgQUIUWAgUE MEEi cAgi CA y 1

zUégil ¢AA=+ cEiThuaghEU vy

zUégil ¢AA=+ ZAAO geuil Aglt ¢

zUégAcU cEiThaghEU 6 8

zUégAcU ZAAO geail Agl’

¢CiaUg cEiThuaghEU C

Khy AA EUIT UE cEiThughEU Co

Khy AA EAUIT UE cEiThughEU K

EAUT AU zuhOc¢U| ¢cEiThuaghEU L

EAUT AU zuhoOcU|[ZAAD geunilAg|’

EUT A zuhOcgU cEiThaghEU w"

EUI A zuahOc¢U [ZAAO geunilAg|

81 CuCcilTAu zA| cEilThughEU K

sig ZAQEi AU cEiThuaghEU 1

-CyeCEg ¢CiuaU( cEilhughEU 1

2EJ ¢CiuUg cEiThughEU ‘

f AEf gU zAAi gA CEiThaghEU ‘

81 CzAA cEiThughEU '

- CAgAIil ABEO zAA cEilThughEU ¥

Khy AAhEU cEiThuaghEU 1

¢Ciaug AgUEi cEiThaghEU !

M AEchU geAg A yASCE 1 CAgEilhgCE ¢gC g8iE EUEUAEI
i ATCyU TChAgEi UE "KM-E” A ¢cUCRBUOEEIBAYY BRI AEGHG
ACEy ~ Agi CAAU z1iUATU EChAOAgi CA" s1 @~ hie ¢
AEChAO géeU i A=EAEgEhT ghEU AAO gUleéeACucCc¢ci UE hEUO
~ziAgé Ug Aa: > s1sw i gée i Al EUAEi A¢ T CAgEil hgi
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MAOiIi A AAO -éi AA° eAEgiThuAEUJ i A geU AEUA Caz gUI
~ 0AKAi kA Ug Aa: > s18s' 7

MA T CAgEAEg" @Ul AWE EGhiOKA)y yAR AZY WAGEU gé AA éAle
eCehuAgi CAEBIEURAYO AEAAT gAgi CA EJEQUSWE Uil'rWE 8E _ u
T CyeAEAgi 1 UaJ GUEE AggUAgi CA:

¢cei E iyl AGAAT U i Ul ecud i A ehiuail eUAuGgé EUEUAE
I Gy OK MTBAIGAST C

E
I AEURI ¢ A MAT Cy UKMTClBRsAGARATUE C1 A Ug AaG: = s 817

nigei A geU AcEiT'hAg6EEVB U] ERVAGEEUEeceABU &i EgCEIT AU
iha+ Ce EUEUAET & AAO OUIUuCeyUAg ~v_2"" 1hg geu
gC Ei Ei A¢c i Al UEBEGgAUB§URECHAGEOO&EU™ - Bi EA° ABGOAMADI

_UAANéeiaU 1T CAgEi AhGy CAECEREGKI WEIN" ZM-E” EUYAi A E

VAYyAEAyYy I s1sw”

“Cg CAGJ AEU géeUEU yAAJ] géeChEAAOE Cae EghOi UE EUQ
Cae EUI U eAeUEE 1 CAECui OAgi A¢c ChE hAOUEEgAAOI Ag
hgiai EAgi CA” igRIUG EOVAEUI gEe8EugCAUUAADUT ECBEL " .
s s, 7z AEYy A iU A0 c¢sECAQRARNT Ug ‘AG: T sy 7. T g7
EUT Ahg2ZiCABEg Aa: ° s 7y, “Z ey EAAMWYG isE gk ECRUT Ug

‘‘‘‘‘‘

TAAKO Ti1 7 geUiTBAéBYeCANAUET Ba: S s 417

(o]

=x

2. lIRelseagams i n EFeSam Sédmudge

CEf yyUE Ug AG: ~¥11°'” ACgUO A EgECAgE&L| 81 AR g
GhOgU' AE CeeCEUO gOUBeBHBogRBALGhEAAQEMOERNOA ghihiOR &
i Ai yAGGd ¢gC ¢cuCi Ad UAUE¢J EUI AgE gD hAIhGHREE ABAHO 131 g
U1l REipEle UlgieAdla WL EIGVAE GWUAEg OUi UacCeuO 1 ChAgEI UE ~

M <8 [Tk

_hlée Ce geU UiiEgi AGEGT QGAEBghEAG CEg BAEZRAAE g i 1 U°
cUAUEAgi A¢ U¢eUEUT E&dlyoMEd O EARGEI CAEUAEERADI eu U
AAO geE@CETABGgUAgGI Al Ei E+ B eAMII U AKAERT GFE QUMEARY UE E
AOCe gKIAEMOUE Ug AG: "¢ KABE=i. _'KIUBMAGAWA: 11 ' . fOUJ |
ziyeA | GAAUBMA OUAI +ECUpUBAVUBGUG: ¢RUEN. wAL'U AGE
I UEBACYyWeeeCEgE gC gEJ ¢gC &hAAgia geU UEgi yAgUO ¢ (
UEgi y g0y UAgi AGE N WeWlE gUGEAGg Yy UEs 1 + GAUEg™ 11 7
EECYy ¢geéeUEU éicé UUnPHI EQIyGWEGAXET BEHe CEGHOUEE ¢gcC
81 CzAA i ATahOU i~ eUAuge AAO UAI i ECAYyUAgAG Ei E=+E
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eeAEYyAT UhgiTAWE" i~ uAl+ Ce ehlauil ANAEUAUEE AA

AAO guUl eAiTAG EgAAOAEOE" i1~ GAT+ Cae 1CEg AAAGIJE
eCE iyeECI UO i A®EAEgEhT ghEU @®CBUyEAgUGcEAgi A¢ EUHOE

mnld

-CAI UEEUUWI TigudykEBRUBY GNE gU AKYshi (BAeU EAAiI gAgi CA
EUEI7TUE” i AT EUAEUO TECe yOEOEURBDY =CELOEEUI h&EEG
EUOhRT gi CA Ce TeUyilAu =UEgiui EUE hEAcU AAO 1~ EL

KEWUI UE g E&CRaO 1U ACgUO geéAg yhie Ce g&iE O E
2UT AG EGROGU @ECY 11 CECUi OE° AAO CaegUA UjgEAsCaA
yA=i Ac geUEU TGUAIyE: ¢&iE OfEgiAlcdhi &ATARgIET ¢ Al A
1 CyeCEigi CA° gEUAgyUAg EUSHRI EUyUAGE" AAO EUREU 1
| AGi OAgU AEERYUO 1 UAUzi gE AAO AOOEUEE +ACUGUOG U

EUEUAET & 1T AAACHe d Wi OO E®E gaUT At EuhO¢U EUhEU:

2.11 Empirical Research Gaps

i Ei1T Ao EUEUAET & i E UEEUAgi Au gC hAOUEei A gé
iyeaUyUAgAgi CA° ETAGAI T aigd: e«eUAEiiliaigd: AAO &cC
HéiaU yhivg i E@ii @& 0N EE UG @8BGEUWAAGIEAG 1 UAUei gE AE UEQ

geUEU TuAi yE EUeéhi EU Ei¢CEChE 1 Aui OAgi CA géEChgé

(o]

8y

(o]
[

(e

gyei EiTAa0 WNCE+ i A géiE @i U0 1T AA gA+UAAN hWAg el s
EJEGUVAGTi O Ug Q&CEU @A e CEAAE@ W gaeile AE gEUAQgY U/
EECT UEEOEGECOhTWAEGURBRgUE ANEAK N BA ' .f Oif AOC® s 1 8587
EUEUAET ¢ ABUAMEEANEATAIh QUAO 8hAAgi aJi Ac UAIhige®A WYA g
Aa: " s181.  AGEAAWg Ng: AW * @@ BT Al \EUEUAET & C/
Aggi ghOUE AARGIJAEAU &UpnA ANAIO s AAAT | A AGKRGE X i g A

k181, fgCC _ 2EUTEEUG ®s141 7
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eU TEigilTAG AEUA Cea i Aigi&EWEAc BIVIERG ARUBRAU giCy ig@ii EA
E GXUEi 1 UO eECOhT gE° AAO ¢geéU 1 WijAgWA i Eg GeClEe iTTEEC 69 &
AAO ECiuU elpAaigei AEGMy EEegCEGCODEI EA=0BABAYyGAG AU
UEgi CA g¢ AOOEUEE @i EEg- EiATU ig OiEUIgal OUg
Il ECAOUE ecCuaigilTAa> ucCc¢iEgilTAu AAO EUChUAQCEJ 1 &/

(e
o

(D¢
oo

B¢ NEg§i Eaxs 2 EUEUAET & AC 1T CyeEUEUAEiIi 1 U EUIi U
Ce @=UT Ao EuhO¢gU Aeeuil Agi CA CA TECe c¢cECUAEegARNO E
TCyyCA AAEEAgi 1 JUOQUEAG Ul TeEC ORI gE UAEGAGD Ue UAWGOE
AAO EUORUGiIi AATU CAUR®BWHE T AU JesUERG WAE AT &1 E

-



AEEhyeuii-AAuJ EgOWEDREGY UAgUO 1 UAUZMEECGCERgLCi OBCAD
k161,  AET e hAADAT WAG  yAAKIBALE _ " h AA LGH AE géU

AAUT OCgAu ®i EQOEBT U el WE BUIEIThEEAO i A géU i AgEC
KCUOUI UE" @&UT Aad EuhO¢U Oi ee=eUEE AE(l CAitel ICARLET gREQY
yAAAc Uy MAIg +U EUNA¢U EahO¢U" PNeéeilée 1 E WEAWIUO 1 i
EGh®OAWA | AEJ =ECYy uiéhi O EUGUhEEiUE ¢gC OEJ EJEQUYVE:
zUWAcU i E gJdeilTAuud UewlhBAGRAIFE] & 6 AKO DB RICAE + ¢ 1
Ug AGAARDE! A EUEhUAEU 1a#AdBCAci GEAT EUAE iGheU By hEd AEg AR
T CAT UEAE AGITUhE hgokey ig€CA i1 AAO EJAgECIGG TAAG@UaCTCAUE]
28Ev  sisw, CliCg  swhhAg WIUEEIECA sUgs ‘AG: ~ s 65,
EUT AU EBDAYUBEANEE] T CAGJAREAAGUOE ACg T CYJAEAWO i ge
EgGEUMCE ¢ _ v CgAMRAO OWA '+HECU-AAYE AR EUBUAY "@2UINUE

Ei EMA: géUCEJ" ECHhET U TCAgECuU iE yCEU &=UAEiiTaU" &

EAxeUE AAO yCEU OUEi EAI GU UAO eECOhT gE ~fggUEecCeéuq

te@IEQe EUREUOUECONIOgBRECY @aUTQuUe FABGIOAY CAAIERAEFGY
6ECI UEEUE AAO gijCAyualgU EEIEyFEQOBUVAC Ug AWau UgEL "~
“ i +i Uy A Ug Au\OEF RAEUWE UgAGE iatd wBegi UA U@ AAGE: ~ v

Uige OiEgiAlg GECEUEGI UE Wéilé yAJ i AeihUAI U gél
_COUEBCe 6ECOR gi CA EJEQUYE AGEC 1 AEJ Wi OUaGI" =E
CECUHMAERIVAGAIO R EAJEEAN BAIGE OR T 9§ CAT 661 AACI Agi CAE ai =+
EJOECECAITE AAO2i BB EVUAG UBAERI ACi  gJeUE" T ai yA
V AET Ugi UE @R EQEUE T Cyeail AgOU e W d AGELCERA i EC A Kot
JAGUEI AGE &UE=CEY Al ECEE -OCQREBEAAQEN ARGGHh ARD EC
ACECACH EVARGRE GABAUG] RA<AC

Gii1 UA geUEU 1 AEi Agi CAE" g i E eEUyAghEU gC AEEhY
i At UEgicAgi CA: VvVUEUAET & i E AUUOUO ¢gC UIAahAgu ge
AT ECEE yhuagieaU 1T CAgUijgE" 1 CAEi OUEA &geae&ECg UAGie Lin ¢
Ehi e OAgA° T ECAO TCATOUhEiI CAE Al ChHh g1 AR U0 EA Utedsadll =g E

oy 7 UjedailTigud EgBMEGUTAIU AONERE QA AQIEA; Chse gAGIE U
I AEi Al GUE AUUOE ¢gC 1 U EgQEUA¢géUAUO: |

¢tC AOOEUEE géiE c¢cAe i A hAOUERGAEQURAAQIQICI Emi EBY E
EJAgEUEIi EU AUGEEBARGI VUA@WAE COAIQMEREY | GadgWIOgE CA =U
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EGhGWEI 1 UO AYyUAOYyUAGE CA TECe c¢ECUg& UNYMO GEUE G Ag
SAEg ¥ "fAMIgYVE @eAGUEE yUg geéeuU dMEQUBECKAGEAG YGOE
eilgeh Aui g yUgeCOCUGeGeal ARl BN MO AGOHI T 'Lk QP &
ECia EUERGG EUeCEgi Ac

+UJ icQBAgIARI W@U- CEUEYCAEghOi UE® @ARyiilARAEEG] ¢gé
eeJEAU AAO TicCucCcilAu Eei AOiEAUI ga Je AQEEYAOE ag & dJe
geU TECe ¢gEIi Au Ui s BEigesed URFaELG CUIGOOEUVUEE geée UEU
CiUEUCC+UO AEeéUT gE:

001 gi AN IGAEYG 1+ AET Al iaigd 1A ECia gJeUE" TaiyAg
OUETICAEAGT af UO Gif & 1 gD OE Wiei0UIW1 { OUAT U 1 AEU «CE UAT &
ECORT g ARG BIEGRYY e gEVUO =CE yCENARAPE UEBQUIjgi ¢ ¢

(o]

EeUTEWHEUAET &6 gC 1 UggUE hAOUEEgAAO G&UEeUERCBHA g
“¢CEi yYUE Ug ¢ u:AOOCEUEE" géi E° M &Cl hEdXOCe FGOWIj@.UE |
ehyAAREU

2.2 Humanur e

oWhen we discard our excretions as Wwze

and health hazards. When we compost t
the soil, we create health benefits.
known, most people dondét know anyt hi

Joseph Jenkins, The Humanure Handbook.

teU NDCEO ehyAAREU i E A TCAGEARBY OAgQeaEeICEBRAT AAQ (
Thagii AGOOARAOGNAAREU gJeilT Auud EU&UEE gC AAi VAU

EUT UAgud eAE 1 UUA AOCeguUO i A gC CgeUE 1 CAT UegE Ca
KhyAAhEU i E geUEUaCEU cAE GAhdgy h EA AOOi gi CA gC geicE
-Ci AUO 1J VCEMEE NBARAAAAEU kAEBHCEHIENEARAMEW A + '
CegUA OUETEil UO AE éhyAA Uil EUyUAg Neile i E EUTJ
"Ei chEWBU gUERAE&EMEIAUO gEAT&HEGAO AABI A BUGECII Ag

yCi Uy UAERgeWAI AREQARBUAY AcEiThughEU AAO EAAi gAgi CH

+hg 1i & a@Eg
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2. 2Whlat is Compost ?

-CyeCEg: ai=+U AgEiThughEU" i E A el yiARgBHiEUAGI CA A
JAJ Ce yAAiéhuAgi Ag AAgGhEAUG EJEYUAE I AEO @ECT UEEL
-CyeCRyCyEGU)] AAO 1 AET AT 00U JAQBED i 1 AGA€AAOIT el
“-B8AggUEBUUp&IguRAg T CypypycAGTI hAOUEEgCCO AE OUT AJUO
iyeECI U ECia° ETiUAgieail OUG GAITIgUECAAGEU UyyleAsAAcEU YEWA B
ECE UijAyeaU zZCIC . 2CEgA/5geuUL] T CQOUOei ABUT OYe EEQA
Cae 6UGUECcUAUCHE ECUi O CEcAAI T YeABABE iAkcu E ARAKD AED H
[ CAOi gi CAE gC Cl gAiA A EJgAI vU yAGgUEI Au géAg T AA

MA GUc¢ci EaAgi U AAO T CyyUETiAa 1 CA
i

(o]

U y

gUijgE
RROQj AR

Jeilée UAEREU EAaUg] AAOzRhAWIigJ~
-ChATsiigst” T Eif gUET A

- m(

C CEg
WOAdg 4 ¢

@i —_

2Uei Al gi CAE AEU iyeCEgAAg AAO EA[ EU KGWiGA gy OuulE
~BJ{W"gé&§§;lEEJLIDQIUE gAiaw.Uy@u/&Eﬁu Ae Ag A |éAEﬁOJc'gﬁic’L‘E & i

EQOhUAGCEJ OUai Ai gi CAE Ca 1 CYREEROATI FAE gERE i iCAT 0 h
CE yCi EghEU 1T CAgUAg: ¢gCC EyAuau 1 CahyUE ¢gC c¢cUAUEA
T CAgi AhChE i Aehg ORCAAUAMFEHE & (1M1 & eEE Of Egi AT g1
1 UT AhREU geéeU yi EGUAOIi A¢ yAE+Ugi Ag Ce 1 CyeCEg g¢gCi
6icéeunl eAgeCcUAiIiT @eAEgi AHGCGAyYy®OUI E§e CEUQUERBBEY V A
vUOUi AcUE - UgBAVR B +s UgTVAIA T AsE »~'s 0 s 1”7 T OAE( @& UE ¢
OC ACg i AeUEUAguUJ eECOhTU TCyeCEg.- EAgeUE" g¢geud

T CyeCEgi Ag:

¢C EUeauUl g geéiE" Kiaa Ug Aa ~s11w” AOCeg A OUei A
hAr §JCyeCEgi A¢c i E géU yAAAcUO AUECI i T OUI CyéecCET
VAGHhEU  AAO 'EBBOLT §UOCUADA T CAGAyi AAAGE AAO a&CEL
FAREU OUUUGUE7I ChE UAI i ECAyUAGgAu 7 yéAl gE Fia@ UAAO
ziyi wAH®IRh+ _ 1T - AEgeAsUNE i"BsU 'EAKeUgJ i A géUi E OUei A
T CyeCEg VEMEEY 1L El é6hyAAE 6UAAGE AAO géuU UAI T EC,
EUAUGE, g EEChUO |1 U @EUU &xECy €EAGgéCcUAIT CEcAAIE
@&CEUi ¢ A yAGUETI AuE" éA1 U AITUégAl uU dUI UGE Ca& ¢E/
I U Ehga&il yAAHhEU AAO EJgAl uU. J
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¢eUJ AGEC By AIgHeNGPE EC@U Ca CEcAAIT jAagGWEhBUHEy é C
"OCUE ACAOT BEEU UzxUl gE IJ6UA hEGECIUABcCE UDHEddi UO
_AghEi gJ i E AUEC hEUO ¢gC EUkeUEADYOAGh hA®R)e CEg géAg

2. 2.Dlefli nitions Adopted in this Thesis

ECE géiE geUEIiE M AOCeé g9 @ éWeadCr GICIIA Ricg JOUSA A i B C&
gCUAEOE hAi 1 UEEAGGI AGEUUO OUei Ai gi CAE:

- - P ~

' Aaei ATCES MY §

}
*4
(=)
D
B
&
=9
i
§
X,
<
<
X,
Q.
<
m
):.
=

ZECHEEARLI gAgi CA

igéiA A éig: 1 Ahudg CE IUCHAGATI AUE
VENGCGA Ac AcldgA ™~ Bh¢ gl kine ke &C
AUECdIiiGuCc i /‘Au OU¢c EAOCAGI CA: J

g .,

+CEECNi Ag &ECYy géeU @gUBy i EgeCEYy CagdiEkagigMEy gBjUe é /
yAQUEi A i E Egiua i A eEC¢EUEE: Mg EiyeuJ EU&UEE
yAgUETi Au- WigecChg iyeauadi Ac A ¢chAEAAgUUO aUIUa Co
6hyAAhREU yAJ EwgBhilue éME Ui AEASGYIUC A g EijUg A ECH AsDC KA ChA
UOGiIi T aU iegu AAGEEE ACg JUg yUUg éeJci UAU EgQAAOAEOE &C
ai T Agi CA: ¢éi E OUei Ai gi CA EUYAi AE @QGuil UEAgUC
ChAg @«CE EAgi CE CE @eECIUEEi Ag yUgeCOE:
VAAREBUT Ad y A GEUABAT AjUA ga EXAg (EIJé giUGAEG AT A UjT EUGA 17
g CE fC‘Ag’A/’AUE' AAO ydd]’ U@g/Jl’fEcﬁﬁ/AUjf ﬁ/Egl- a Alg e'A/’ge'LUéi

gi CA° AT CEOiA¢ gC T hEEUAg | UEg €EAT gi T U ¢

g EEVUEBDBARGCYy YBAOUO c¢chi OUGIT AKE A£HUA ®BEEE U Wes e U
TChA@EUlgmumuUuAUE uqug ®CE ehAU|gJ E%NMDAEOE e

ERyAAREU =ECY JUEUUWJ EgCEUO Ul ACAYGELCHUWELO MY EAI B
CyeCEgi Ac i E ACxHCH el &iAaniic AUAieiICAuuddi ENeBECDEBY §C

ZCAGUEYy EQGCEAcU AGucCli AcCaBENie pBGUOU Y@Kk ¢ DEAYA EO

A TCyyCA AeeEEATA« U A JERQAIE

—)

-CyeCEglichdgU yAAAcUO AUECIT T i CuC¢i T Au OUI CyécCE7
gC €ECOhT U A EJgAI tU '6BCOKEUIBAHELEAAOGUE UDCYPADAh E
UAI T ECAYyUAGAU 7 yeEATGE 7 a& UAAO Aééui UO. J
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¢téei E OUeei Ai gi CA i E { AEei EUO 1J geAg Cae géU !z -C
ACg TCAgAi A geU WDCEO J4INAEgU |1 AAO GAgEUIECLCBGE (e A
EECIT UEE Wigée EeUlieil UAO ¢CAUGUE: péiaU 1iCOUgEAC
i At Car UE OUail UEAgU ehyAA 1 AgUEI UAgi CA gC Cegi yi
yAGgUET Au:

-CyeCEGEECOhT g yAAh&@®AT ghEUO géEChcé géuU T CAGgECU U
OUI CyeCEi gi CA Ca |7 COUCEAOCAI uU yAGgUEI AUE IJéi T é ¢
6UAgGI Ac GEUEUI J EicAia@ I AAgud EUOKRT i A¢ géuU 17 Al
EgAl i agikid 7 5 7

é U
O G6ECOEIdi EET é géAg g (i E | UAUaITiAd g
U

tei E i E ge lz -CyeCEgiAg¢ -ChATia OUei Ai gi CA &EC
@CE é6hyAAREU gC 1T UICyU TCyecCEg yA=i Ac ig iAOiEg
gei E WAJ- JehyAAREU 1CyeCEgl WVChuGUOUBREHCIY hBBE:-
1+i gl eUA EI DROUETI CYyeCEHQOOLEAEHGHEBH BOCAUEWJ eECT UL
ehyAAREU 1 E @hAl gi CAAuGJ i OUAgiTAu gC CgeUE 1Cyeé
EhAEAGHBEUE geAA (i gE CEiciA
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¢CeiE OUsi Ai gi CA EUI CcAi EUE g&U @Alg geéAg Of eeUEL
“yeCEGE AAO EC 6hyAAREU yAJ CE yAJ ACg 10U Alalc
1 CyeCEg GECORT g i A Of 2eUEUAg GGl Agi CAE:
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2. 2rddBction of Humanur e

hy AAREU 1 E ¢J&elEXCHeBEFEAOEBUDOI 1 CheChuCiAdc gUEY
EgQCEA¢U AZEL” ARBAAOCPUA EUOH] A @hAA g eELHhg@c UA Oi U
iE A @®hAl gi CA Ce BERUALEA Yy AUEAgHEY:

2.2.2.1 Composti ngf orf Ratnamg é&mre cResduct i on
2hENACOUCEAORECECAAVBEVEAAN EARAG] OCUA CEeBAi 1T VyAgg
yICEAAETEUY i BEAAE=CEECAMEJU y Ca UED @ BE §UWIARE"

ehyheE

CUgAT Cail AT gi 1 ARDeURA ERAAU A UeOU sAEGUEE GEARN DUEE |
TABGjT OO AT giir Agi Ag geUEyCeeiuil 1 AT gUEI A Deile
¢teUEU éicé gUyYyEeUEAQhEUE AEU iyeCEgAAg @«CE géeU i A
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~ 1 UEJ UGGEBBAAOIs UgzsUBIUE g URE T &h = s 1 s "NEhWRAWDS

EAEUGI Al éi Ui U0 i A hAKAAACUGY BE: EyAuu éi GUE

MA géU e AAu EgATiai EAgi CA €&8&ABDWIEAOGAE QU A 1 AlgE,
AEU Ui e NliESgmiMcc i AAO A @¢EARAKY WGBS OCIA yCEU
EUT Aal i gEAAgI + CyeziGpEAOEO U s'U:g YA G :

fegiyiEiAc¢ BAY CL 81 yCi EgQRED "TACUIHARHEACE g

geUEy Ceei uil ATCAWI WHACAE PAWEU OUTI CYy®EEI gi CA eECI
OUT Cy e CiEk gy CAU Ueexi 1i UAg geAA AAAUECI i1 OUlCyeéecCE
AAAUECIEREICONhI gE "~ U:.¢: yUgeAAU AAO Yy UET ANéd GAABUE" - ¢

-Ae CEAEQ@ g BsAROWGY ~ v 1y "
¢téeU puKf ~sa1a0"” EUT CYyYyUAOE ¢géeXg a=OF Ahg 1 CYAREE gL yIBE
eCuuCOUO® WLARes T hEi Ag eUEi CO:
_AAcA Ug Aa: ~dicCyéCiEgLhA® gaAgUl Lo EahOc¢U Wige 1
EADODNEGY i AIGAX €E i géi Aziwy s iOANEBAG UGCIARUE "GO + '~
TCyeaUgU gEAAEARQBYEAGANUCA oy BiAG @ JA EGEINT WEAPE E Cea |
TCyeCEgi Ag Ca éhyAAREU: EUT AUOUAUIGPERR 0EEChE E C
geUEYyCgCUuUUEAAg |1 AICYBEEA WOEWUAIANEONZYAG: ~ ~v1 8w
T CAORT gUO A yiTECIiAu EiE+ AEEUEEYyUAg &CE géUEY C
OUBWI AUO géAg ¢geéeU YyAGhEU TCyeCEg e&ehutueaei taUO géuU 8
®UEgiai EUE" i gé EUGSAE Gl &G 1 &JMyCAIA ga@Alg EUEHAEUO geél
ZAUy CABDEA AEGiGgFE DUEU ACg OUgUul guo:
2.2.2.JTecoon®t orage off ddru mAaat Fegers Reducti on
81 UA INDéeUA geUEyCeéeeéeinil 1T CAOINQeBAEGAEL AICIghFE'g A¢
¢cCi UEAUO 1J eAgeCgUA gJeuU gUyeUEAghEU eK' yCieE
~WCCggAguUe Ug Au CAgHIEWY .EgCEIAKAr G&HhE: 1D AA UaeaeUl ¢
AGgUEAAgi 1 U aCE &ehyAAREU EgAiiai EAgi CA WEUEU 1 CA
AUECIi1T® geéeuUEyCeeiail 1CAOigi CAE 1TAAACg 1 U ¢chAEA
z1 66ABgAAGY E¥We CEQUWOYy OBNGHEDAGEAC VAT Fleaei 11 UAg ¢ (
i AAT gi 1 AgU y CE geée GO IAWE e AQe Cc¢ UMER Eiudg A A sikefy s 0 a0
EUe CEgAd #Cui @CEYE 1 Chul EREI i1 UEIAEEIELEGEABChAO!

1 OAJES i A GIAWYEGC BREUEED Ji ab) ge KA dIAWE A WOCGXUEN ERT gi CA
i E yCEBDGEACI BghEU oUlelUdE® 1BBIGHL G '1,U Al JRAEQ Ug &CE
81 CzZAAEUI iU 1J shBEAACAalEYJAO geAg " yCAgeé EgCE/

—
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T CAgECU «CE 1 AT gUEi A AAO i EREUE" 1hg yhiée aCAcglU
yCi EGhEU CE &€UAg° AEU AUUOUO ¢gC T CAgEO&KEUE AKkAEOE
@i AOi AcE éicéuicég EicAiai 1AAg 1 AEi Al iaigd i A é&f
Oi ®a@UEUAg 1 CAOi giedA AU UOA GACEEE TaahEEigBRUE EUEUAET & gC
@Al gCEE i AeahUAT i Ag eAgeCcUA EhREI i1 Aa AAO @eECI i
yAAAcUY UAQ:

¢ceuU pKf ~“s20"” EUTCyyUAOE A EJQUCARAR Ue@BE yBEI A ¢"U y C
gUy e UEAgREUE=CE Eheaexili'Oke efgeEARA AcBiThUghEAUG

2. 2. 3-BMulrtier Atpop rPaatchhogen Reducti on
pneUA 1 CAEi OUEi A¢ 8UAGgée EiE-E EUGAgUO gC eAgecCcl
hAGEUAgUO yAgQUEiIi Aa 1 UTCYyUE UEEUAgi Au: +J OUei Ai ¢
l UUA éECéUEGJ TCyeCEgQUO AAO EUAOUEULC EjAdelU ( éAiade E
Oi Egi ATgi CA AAO i AEQUAO AEEUEE Ei E+E &®ECYy @&AEgi A
zEi EAEéyi Ug Aa: ~“s184 7 AAAGIERDOE ADARAUOYVARQUEU @@
gCiuUg 1TeAy1 UE «CE hAOUE AAJBEWEhgRAAT i EOANG g EL
EhEeEEi Ei Ac ACE eAEgilThuAEGWJ EUGUI AAg gC eECeéUEGJ
ehyAAREU YyAAAcUO gC Uuiyi AAgU eAgeCcUAE" eCEUE
TAREU eUAugeée 1 CATUEAE" 1hg ¢geéeiE hBOUEERREYEURE U
EUEUAET ¢ AAO--IAC@Hg GE Uc Al QADICAYy UAg Cae géeU eEAT gil
pneéi A pCEWO KUAGge fEcCAAikAgi CA ~uKf” UyeeAEiI EU
EeChuO Aiy gC EhiEgAAgiAGGl UGiyi ARBUekrAgeCicWAEe
ACg AGINAJE Al éi Ui UO: A@QAiUgie®AANE ERGAGRaRs i WU g BRA
AADECEAEhyegi CA 10416y ieCBACAG QMAJUEE CaeyédB@gUl gi CA
I AEEi UE ‘ApBECA¥ &1 "

ECE UijjAyeaU" i AAT gi 1ICAgi&Ea i OJe Adfe ECUREAIADACA 1 EC
eAEgi T haoAEUJ i A Cg CE ERAAJ WNUAgeUE™ AAO WAigi A
6AEI UEg ( E EUITCyyUAOUWOcgEUANE A §&EQWAIECH U

eUGyi AGREWCCAEI AT (Ui FAEVIEGRABAYU T AEUE Ce EhEI i1 AG |
JUAEE: -ChAgQEiUE yAJ iyeuUyUAg EeUlieai 1 EUchuAgi
_AgEiiy NeilTe Chgui AUE e UEwlAF ido@OBRECE EAHJé dg L
gC UAEREU 1 i EghAGad 1T CyeugzU cRRAgiaCeUA ' OUEGERT ¢
HAEé&i Ac- Oi Ei AaUT gi A¢g> AAO éUUOiAg éECOﬁTU %hEgé
Al aC¢ EUOhI gi CA: - CAEU
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CEUAgYyUAg: AuWCAc¢ Wi gé EjeéeclhE UeiA OON ggai JC AEAIO hiTAE Byi eUE B
AEECT i AgUO Nige gelU ReUEBRgedehy AA Uijl EUgA AE

2. 2WiddEnvironmant #lelamhpahct s of Humanur e
fhgEi OU Ceae Oi EUT g eAgeCcUA EiE+E° Wéilée WUEU AOC
Il ECAOUE UAI i ECAyUAgAuU AAO eUAuageée 1 CAEi OUEAgi CAE
ehyAA UijT EUgA:

2.2.4.1 Risks to Local Environment

neUA TCEEUT gaud TCAEgQEhRT guUO AAO Ei guO 1 CyecCEg g¢c
Ei E+x Ce UAI i ECAyUAgAG T CAgAyi AAgie€CEEiIdABgi 1 haAEAqQ
CcEChAOUABaEECYEiEAXe gi 1 gAA+ GUATe&AguU CE GUA=i Ag¢ EU
aiehi O 1TCAgUAg: AAO geéeU Aliuigd Ce geU 1CyeCEg ¢
“VUA+i AE" s181”: 2EJ EAAi gAgi CA EJEQUVYE c¢UAUEAUGC
CAgAgii@dM OhU ¢gC geU EUeAEAgi CA Ca E:«Cwi'0 AAO i &

—)

2.2.4.2 Emerging Contaminants of Concern
‘‘‘‘ EBEUI e COALI GEEEADg BBiGILAG
]

CAgAyi AAAGE AEU Cea®gUA i g uwa CAEC ¢li G AN (W EERAEAIT IGEAHAT CON
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GeUEU EiE+E AEU ACg RhAI I UEEAGGJ [ A8UEUAg ¢g¢ Aaa
EcUTWAEGU EgEPAKBYARG eEAT gilUE A Car U0 ¢uE 1¢
cUEQGT AUA e &) e Ug @ CEEIONG WAl EAED EQWEE T CAgAy i AJ
T UAGEAGTI EUO CAUE. AAO EUI CAO' NeUgeUE 1 CyeCEGT Ac
i CAgAyE ARABOE

sy 61 -CyeAEIECA §gC fgeUE _AgUETAGE

GgeChce gel U1 i OUATU 1 AEU EUJAi AE aGiyiguO Uil E
EJEGUYAEGT 1 haAEGT g EMGI VAR agAGRIEN ©AgAT A Ei ¢ Al @i
1AG 1 CAgAy i AAAGE: ¢&iE iE (WEGeAWIE AdaJ

AAO GG6AEJATURGiTAGE géAg CEici AAGU GEIJAEI GJ @EC
i AehgE" Néilée AEUYNAAGOHOUOABREGY BDUEGUYE -~ - AEgUE
VEGAEOG' 1117 : 7zCRETU EUGAEAGi CA Kl AEAGUCBRESI @l
AE yEEREYAT URgii1AGE AEU UjTEUGUO (A RETFAU ~2Zi UAU
1 AEEJ GCEUAGUE 1 CAT UA gASANY 1yG A EE CloatiC AgElpAU 32 y @1 A& E

Ug AG: " s1617: MyeCEgAAgUGeUgeRsQEi 4d ©BAGeUCHT A
1 i CYyAEE" 1Cge eAgeCcUAil AAO ACG:
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uéUA TCyeAEM@A@Cy%@ﬁE@EAEU i duuld ATTU@QUO i A Ag\

CAgeChEAAO gi yUE GCWUUE "AARA T OA i 4+ EC A4 U AL E¥AY-i CKAE
k111 Kei O Ug EANB:CH@B® 'EUNAcU EuhOcU eCEUO AC ¢EUA
eAKAEO géeAA AAiyAu YyAAREU  AAG EEAR@QIAGI 1EW EIUVAEA T8l ¢
ECiUE i A EUEeCAEU gC CEcAAil WUAEgU i AehgE ~+7 AUy
MA géiE 1 CEPBIAFEAJEDEHEIDCsBTCAAREU &#0UBUEJ eEUEUAQE
UAI i ECARiIURgRAUge AA yAAJ yAGUEIT AuBVgA GWEAUA GAJC gh B WO eiCA
gC UGiyi AAgU AGU0 E@EFEEI §gCEUVUAEGVWADLENGI BAI WOEC U
EeChuO 1 CAgi AhU gC EUEUAET & EgCEAcU AAO 1 CyecCEgi
EeChuO ACg eCuBbgENVABLEBEFOARBODAFOEI AUE Wéeilée AEU A
Aeeui UO:
s .6y 6.8 _-CyeCEgiA¢ sECIUEE vUOhTiAg¢ viE=+E
*Cg VAAJ EghOi UE i AiUEgicAguU 1T CAgAyi AAAg EUOhKT gi
iThg geCEU Weil e OC Gasa€yEAEe By iAHI:A¢ sBEUBERNOGgE EUEI U
OUl ui AUE i A eeAEYyAT UhgilT Aa AAO eUEECAAUG T AEU eEC
Cae EUeégAc¢U: Zi+UNiEU zéi Ug Aa: ~s11"” 2 ChAO ge
EUEhRhGgUO i A Ci UE "!'Ag OUGEAOAgi CA Cae geUy
MA EhyyAEJ™ WéiaU hAT UEgAi Agi UE EUyhiEA e6AUEO ECYy U
EUEUAKE|iéEICEh cc UEGE JEBZAELHGEOUAAO T CyeCEgUO éhy
T CAgAI A EicAiai 1 AAgUuJ £WIAKE U EWyhiOcAIE AMOA AGH §gA&lA
_CEUCI UE® 1CyeCEgiA¢ TAA 1T U UaaeUTgi1 U «CE &AgeécCg
AUGEC 1 U U@a&UT gi1 U &«CE EUOhTiAg ECyU CgeéeUE 1
_AAJ Ce geU T CAgAyi ARRIgE AEUVEWAIG] (AU GAUGAEDE 6 e AEY A
yiTECeuaBEBaa UEg heEgEUAYy Uijeée CEhEUEA@uEﬂ@@ﬂUeﬂHﬁBA
ACg A éECOﬁig Cee UTCuCgiiAu EAAlgAglCA EJEgUy g
h
gei A+ geéeAg WU T AA UIUE gEhaJ Uaiyi AAgU geUEU I CA
AcEiThughEAG EJEQgUYE:
2.2.4.3 Climate Change
EECYy AgUui § AAcU &WHEme DIAEIN ICA® EUs h ABgRAAG it ©A UiyE EA |
EgQEAGEAALG UG 2AEUT g¢ 'AO0T gEiGA Ga gilUEEIAUA gC ECia 1A
T AEI CA EgCi+E° 1hg ¢geéeuU AUg 1 UAUai g OUBUAOE CA ge
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¢cAi AE AEU Ca&gUA iyeUEYyAAUAg OhU gC geéeuU gEAAEIi UAgQ
Aa: > s1447: "~ CAUgeUGUEE" Oi EUTl g AOOi gi CAE EUy A /
i AOi EUT gud UAeAAT U geéeU ECGCIIJud By elEXEATBIGC) FLEC Eg CE EC
AT girigd AAO Eéieaegi Ac¢ géeU AhgEi UAg 1JTaAAc U&shi
k1 1ZCEUAK _ “ZAG> sy

GCAGEi OU Oi EUT gud i Al EUAEiofhe WEGCTIAIG :CE ¢sA Misl.  yzAAAgcU
k1 1' . WEAREU Ug Au”" #CyeCEg+Ay Byl Aa: VAGUET Aa |
Ei ¢cAi eei 1 AAgud GWCWUE ¢EUUA&ChEU ¢AE Uyi EEi CAE geA
EUNDAcU Aeeuil Agi CA gC A CcEANFEE®Zi CAG NUEANGEI YguAd
geuU geEUU yAAAcUYyUAg eAgelAJE WJéiuEg ¢geU IAEgU
yCEU,ge&KAA geU T CyeCEg ei GUE" AA®AYLe [EixMA GeiAeddAmiald
ei ceUBAOK Uy i EEi CARAOGFC§A I UKA EicAiai T AAgUI eéicé
eCgUAgi Al geAA - f

2. 2S5U5 t ab @lointpydsafi | e tHsu ne@amau r e

2.2.5.1 Contextual Applicability

Khy AAhEU eECOhT gi CA i E A EiyeuU AxzaeCEOAIuU AAO
®ECYy €eChEU&CuO gC AEGHARA UGS AWUI UG + s, 1zAWGIAB) . EA]
T CAI UAgi CAAG UAAEPBIGAFEUEgF E° &éhyAAhEU eECOhT gi C/
éei @eUE° EhAAi A¢ WNAgQUE' TeUyilAUWE CE UGUITgEiITigd
AAOUBhAgU CE i AEUIThEU MAGgUE AABCUBWNEgGA]I EGeaGE UE
ECJEAT gUO TEIEIE T CAJBDPgFAITWEECORT UNQ AGRAEGCHIgHA 1 (
“- AEEAEO UHCEAG . Cy e&CBAIGAc EUGa& WU EDY WAGHEYIGUEIUC tAu UT ¢
CEcAAI T VALERGIDAMUE iyiAgUET Ka A @H ELeECEAK +1 "hA K@i i1 Cy é C
i1~ ehyAA yAAAcUYyUAg ~VUA=+i AE> 81817

[—

(o]l

CyeCEg gCiaUGE 1 AR REAMAGC U ABEIGYE SghCE EGJEAI G 1 CAg AT A
GAECUE 1CyeCEgiAc EJEGUY: KCWUIUE ig iE TERTTAG
Ueile AEU &1 EGCEITAGGT AEECT iCAkE B MG geedhAi00 1o A [ “aei
AeAEGerNijGy UE _  _GERAG NI UG "1 CAOUYAUO 13 EAAI gA
AT +Ug gCiaUgr ARCRABEDE! 2y AOUERL®Ug Ca hAT G UEL
AC 6ECEUE JAAACUyUAG  GUAOI Ac ¢C COCHES i ali BEY UE
CyeCEg gCiaUg OUEicAE REU EyAuu 1 CAgAi AUEE =CE
1 GROTAc 1CIUE JAGUEiI AGE AAO OUEIcAAGUO 1 CyecCEg

-
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' AOUEEgAAOi A¢c geUEU éiEgQCEilTAu AEECIi Agi CAE i E U
ThaghEAGad Al T UegAiauU i AgUEI UAgi CAE:

teU L ECA++ TAA 1T U AAJI RETGAUUDARG 6 EESAEDAHEY EBT € 6 A
ERcAET AAU 1 AcAEEUEhCEEAGBAUGE AGEEEF Uy scdalivEe E1 ' 1
g&i1 ECEI aié&hi O Cédq@iCgebl&OChEE ARIOC

2.2.5.2 AYmaboemic

Khy AAREU Aai CIAEE gXI gesE ikAUEICe G UE 1 J ﬁgiUiEiAg geu U
T CAGEAEgi Ac UijjgEAlIgfw Ve gOEeACHICE I BDEI CIUEJ ~zéil A
JeiTeée i ECaOAgU EéUTiail 1CyeCAUAQGE &CRBCEWGI UEJ A
T CyeCAUAgE Ca éhyAA Uil EUgA" &ehyAAhREU CeaeaUEE A y§
yAAAgUYyUAg AAO AUGEC eECI i OUE AOOGi gi CAAG 1 UAU=i ¢

fECAAIT yAggUE iyeECIH UE ECiu EQgERT ghEU" UAeAAl UE
AT girigd gC OETIGRAEAR AEWGAHUAAG W i Acs AMgg AU E G '& U é E
iyyCliiai EU ¢gCijilT UWUyUAQGE ANO AlAfg edgEAAIGARAGAIE " J. A
Uga A -Gy ECEgE éA1 U |1 UUA EEQFEAANYE CRRABERDWOBOEECI

“WAI EChAA=i EsU§' . CUEYyCEEéhi kUA "Ug Audu: " &1 " . ¢f

Khy AAREU 6AE 1 UUA &ChAO ¢gC iyeECI U ECiu &eUAuge A
k11w ¢EfyyUE Ug Aa: ~s11° 7 TCAOhT guUO A cucCi Au Eh
EUT CIi UEJ @ECOhT gE 1 AEUO CA uCiAu ECiali ECAQWig: A
AegeailT Al aU 1EAEAIQUITGU OCBE CAEC E CUinA T BEKIOAMAGPRIOC EE O b i

nei Eg CEcAAiT yAgUEi AUE OC eECI i OU egddagl AALECA
hAOUE¢C EuCl CE OUGAJUO yi AUEAGINRAJGIieC A agd Al EAG JEC
T CATUEAE WeUA 1T CAEi OUEi A¢ OiEUT g 1CyeAEi ECA gC g
AhgEi gi CA i A EJAQdEDGgHhE SBYENWG VES DB OBRAT ANg ERcc UE
geAg eéhyAAREU 'EADODEYe WEEH ledE Aui AT EUAEU TECe Ji
T CyeAEUO gC AC &xUEgiai EAgi CA-WE&E{e W gU A UA 4J:f g sstams .
ECyU AGEC EUeCEgiAg iyeECI UyUAgE Ci UEzARUNEOD AU =
Ug Aa! vhs Ug'"Aa: " 1 65

vUeCEgi Ag Ceae T e&eUyilTAG ECiua 1eAEAT gUEi EgilTE 1 AOil

i Al EUAEU i A EC8Ge@E QHAWMHARFRAY g Udg MG AE D ' Ug oA ~ &
Ug Au"" gaGffce sEAOEAA Ug Aa: ~¢11'” =ChAO AC yU

CECWUi A¢ GUgghT UE hEi A¢ 1 CyeCEgUG ATeRIAINYgE i BIAG) B U1

AAO W' i A ECWEARBBUUGgABNQEA A ' U§g'oAa Uy A0t~ 61 66
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MAUEY E C&IeAEElgHEQE@EwElE ECyU Ui i OUAT U geAg éh
eCECEi g AAO AANIBEySEUCUIUY -Acp oih ©gt Aweile:r ¢ € 1 CAEI
i geée Uiji Egi Ac hAOUEEgAAOi A¢ Cae CEcAAil YyAggUE Ua
_T+EAgAUT s 7

¢C WAGAC EghOi UAI VBB cRQAAQ geéeU UeeUi g Ce ehyAAN

eAEAYyUQBERGYGIEE CEcAAiT Aeeuil AGABRESUUAUgGhAUAS
MeeCui gC " URADCEGdWBEYie CKGEI Ahug UgvBE: Ugs REW s 1
¢cUAUEAuGJ TCEEUGAQUO Wige i AT EUAEi Ag ECiu 11icCucCg

Khy AAREBCAgAi AE UEEUAgi Au yvil1ECAhRgEi UAGE" Néileé
T CAI UAgi CAAU EJAgeéeugudi TaU Eagdiahi BE AFgd 6@EAN BEUGA § UsEW

yi 1 ECAhRgEi UAGE AEU UEEUAgi Au =CE &euAAg éUAGgée ~ ¢
eicéeuicegUO geuU AUAEYi Ag UijgUAg Ce ECi G AhgEIiI UAgQ
OUei 1 i UATT UE CA 1Cge TECe AAO whA AAg eAIA G g és 1~V CAL

2.2.5.3 Effects under different food product
_h1lée AcEERAEYAHRET ¢ CA AGAQIEGMA giia U GUERTI ggU& i gei A

GAEBIUAGU" 1 CAI UAGi CAAG AGED T hugRREUEgiggifeg i1 GA dae =C
16Uyl ADESBUBGig@Ei EECAAIT UAPUBGY Mk kE Usgr e c Usgr 1
Ad: " s el E AscECAT & AGicAE Nigée geU OCyi AAAg Ag

i AT EUYyUAgAG iyeECI UYyUAQE Wi geéei A UiiEgi A¢ EJEQUVE
Of a@eeUE UAKE T QAsgit U UeeatUN ¢y i1 AA 1 abOAEy U @EaA0A T6EE A @GITHE Ei
CiUEUCC+i A¢ AUgUEAAgi 1 U ECuhgi CAE géAg yicéeg 1U

EUggtAUEU 'Ehethgi ghgi CA «Cl hEUO EghoOi UE AEU 1 CyyC
k164”7 Thg Ui i OUATU iE aAl +i A¢ &CE éhyAAhREU:

VUEUAET & CA EJEgUy ¢EAAEGIEEAGh QA0 OARD gAUAIARE AGAQ) i 1
TCyéAEU LTCAIUAQTCAAUF AgEiTﬁmmﬁEUCmg@kiMuaME%M@

vCEEUg: ¢CAUEU EghOi UEJgUleoOl AUESCHy AATBGUEBH eVUEg
UAI i ECAYy UAGKY i iBEECATUG UALTUECUELUge Al ~ AGDH W

T e AAC AEaaUT i i 1 yJyAAACUYVyUAGUOBEAURAGleWEH i TERGEI AR UY
Wi WigN AGEUGRTsi" A¢ gUE ulAg VAGT €WEA' D ' UQE Al r UBg €V =
i AQUCEAgi CA -~ 0g¢®BEU_ i ECEEDG Asi €O0J Ca EUEUAET &

ETAGU @CCO eECQhilggiy@Ak BBEAAWLE U AWC Eg§ghOf UE CA
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AGgUEAAgi 1 U «CCO @ECOhT gi CA yCOUURcEE 1HhHmAAEUg 6
i ATUhROUO ehyAAREU AE 6AEg Ce g8UEU EgEAgUci UE:
cedUUyei EiT Ao EghOi UE géeAg OC Ui 1 EgA iCA gdaifisyGAEAh E U
UijeUEi yUAQE gUEgi Ac i AhEAARBBOURADGCELYi BA UijeUET
Ui geChg 1 AgUcEAgi Ag CgeUE AEeUT gE Ceae AUGGUEAAgIi 1 LU
gi GuAgU yUgeCOE" Ty OFaiUE B8 HAG guel BYAMGIAGC BT Ay -
WEAhEU Ug Ada: " &1 1¢"6.UEUS ME glhgdi AWE: g BAGs sg C - @Cl hE AA
DigeChg &ii AGIAAJA clDiiee8EHEOA EJEgUYVE BELHEYHUAGE A Ei ¢ A
+ACHNGUOcU ¢cMOUEIAHGCeAIyUWEAOYy UAGE AEU A TEigilAG yi
ARGgEiI UAg TiEIThUAEi §éi T KAEBUE UGEWBMGI CyeCAUAg Ca A

geéei A+i A¢ ~ +1i.0mUMA UWC QAUUA: Uy sAa: ~ b1 8"

2.3 Research Gaps

teU ui gUEAghEU EUI UAGE A TUWUAE EUEUAET & c¢Ae i A g
I i CECui OE° Wi gé UirUA GUEE AggUAgi CA ¢ii1 UA gC éhy
00i gi CAAGGI" geUEU i E A GAT + Ceae UyeiEiIilAG EghOi
ehy AARBU'T ¢ EeChuOOl gCeEAGEEg§i EECAOUE Oi ET hEEi CAE
AAO eEUARGUI: geCEU &=UI EghoOi UE NDéeilée OC i AiIUEgi
AEU EyAau i A 1Cgé EikU AAO OREAGUAAAGARD AgJeil A

LT CAI UAgi CAAGy AcEHiiTAMWHhEU 1 UEg eEAT gil U

¢tei E ¢cAe i E eAEgiThuoAEW) Eic¢Aieil AAg ¢ii1t UA geéuU
®ECYy CAEigU EAAi gAgi CA EJEQUVYE" Jéilé EUEBEUEUAg
EUEChET U:

S3Research Aims and Objecti

Research Question: What are the impacts of humanure on
crop growth and soil he alth within different food production
systems?

¢téi E EUEUAET & AiyE gC ¢UAUEAgU AU Uyei EIiTA0 OAg
AcEiThaghEAG 1T CAgUijjgE" AOOEUEWE iAQEAIEl-ElUNREEUAg ¢ A
I i ERAGI EUE &Cl) géU EUEUAET & i E ¢EChAOUO Wigei A i
®EAYyUNCE+-E°- AAO &Cl ig WAE TCATUiirUO i A igE Uie
OUEi¢A: ¢8UEU &UAQhEUE i A=CEyUO geU EURIpMEIGE Cl o6
geEChgcéeChg geU EhI EUBhUAg EUT gi CAE:
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floUT git1 U +- ¢C OUQUEYi AU geéU Uiji Egi A¢ aUiruva Ce
EahO¢U OUEi I UO AyUAOYyUAgGE i A AcEiThaghEAG eECONRT

i OUAgi ef UO +UJ EUEUAElT & cAeE WVéeileée iAauhUAI
AAO 1 A®CEyUO filoUlgii U s AAO w:

yUAEhEUyUé\IgEA@\A@AgOUAU U Cea geU iyeAl gE Ceae é6hyAAhQh

(
T CAI UAgi CAAU AAO EUGUAUEAgi 1 U AEAUAR &REO¥EGA¢ EJE
OUgAiuud i A sAEg s -éAégUE ¢: ¢eU EUI BEOONAE A
®CCO @ECOhT gi CA gJeilkE CEAGC H A gl EROIOhA BXGe G  ASCG yUI
ehyAAREU AE AUy quiUl; VA ijSAEYEY UijeBEQGWEARYIE 1T CAT |
i OUA Ca Of ®@=eUEUAg ET AGUE AhO 8shaEWsBIgAE WHEMAT gAg i C
i AeCEV OOl i1 U w;

—_
>
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-
(e
-
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10 w° ¢C€ UijeaCEU géU Wi OUE Aegeedu

—
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gi
Oy E:
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[T

¢cei € CloUlgiiU WAE AT érUi U0 (A 6AEg 1J geU i AET
Uij e UET JUAGE yUAGi CAUGP & § il iR EheeJC A oieA Eg LA By AARET
SAEG v° -8AegUE v° Neilé UijedCEUE (A CEUAg OUGAT
81 CaCcilAu zAAl gAREEGAT AAE A BAE Khd g GeUgs UEU E1 Aal
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Conceptual Approach

Theoretical Frameworks

Ecological Sanitation - Management of human

excreta for safe use in crop production
Methodological Overview

Exploratory Research - Novel research, aiming to generate insights and build understanding

Inductive, Sequential Approach - Building understanding from observations, with each informing the next step

Step 1: Analysis of existing ecological sanitation literature identified research gaps
in reuse of fecal sludge products for food production

Chapter 1: Systematic Review and Meta Analysis
Purpose: Establish existing knowledge, and inform design of subsequent research to address
research gaps
Method: Systematic search for empirical crop experiments. Meta analysis for quantification of
impacts on crop growth and soil health.
Outcome: Identified research gaps in empirical crop studies for long term studies, holistic
measures of soil health

¥

Step 2: Narrowed scope onto humanure as specific fecal sludge treatment
method to make research scope manageable

Chapter 2: Field Trial
Purpose: Add to evidence for
impacts of humanure:
- In conventional and regenerative
systems.
- Over multiple growing seasons
- On crop growth and soil health
Method: Multi-year field trial growing
cereal crops using humanure
fertilisation.

Outcome: Empirical results for
impacts of humanure on crop growth
and soil health within different food
production systems

Step 3: Recognition that there
are many different kinds of food
production system which are not

widely studied, and that the
impacts and opportunities of
humanure will vary in different
contexts.

Research
Question: What
are the

of on

and
within

Chapter 3: Pot Trial
Purpose: Explore the use of

Method: Pot trial, using

Chapter 4: EcoSan Scale
Loops Theory
Purpose: Develop the concept
of loop scale theory.
Outcome: New framework for
classifying EcoSan systems,
identifying different
opportunities and barriers, and
discussing the applicability of
Numanure at each scale

*

Step 4: Recognition that
micro-scale management
of EcoSan is possible.
Recognition that EcoSan
faces different barriers
and opportunities at

these scales should be

humanure in a novel context. I different scales, and that

SUtianure as a potting mix.
Outcome: Empirical results for
the use of humanure in small-
scale, container-based
growing.

matched between
sanitation and food
production for best
integration and realisation
of circular economy

|iEﬁAﬂiEQ geu fgUE
UEUAET & 8hUEgi CA- E
(-3
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4Conceptual Approach

4. 1 Positivism

té6i E EghOJ i E ¢EChAOUO i A A eCEigii1iEg Uei EguUyCy
AAO TAA 1T U YyUAEREUO géEChcée EJEgUyAgil CIEUEI Agi
k11”7 pnigéi A géiE sEAYyUNCE+" +ACHuPOcU i E ¢UAUE
EUEECOhT il aU UijeUEi yUAGE™ AAO EgAgi HOAEIUKG AAAGJE

T CAT UhEsieCAEAT ij Ug AéhAAgigAgi I U AeeECAT & WAE geuU
BEChgeChg g€UeclaRRYI g Cae e6hyAAREU CA TECé ¢cECIgE¢

4. 2 Pragmati sm

KCUUI UE" géiE EUEUAET & AuE@y@wawﬁlﬂﬁaﬁ@gyAg|T Ae

T CAOi gUGCA¥TI ABgU UijgUEAAUG i AeahUAT UE AAO i AT EUAEL
EUOhT gi CAi Ey" eCgUAgi AuuJUCE WEEa B@Iud Wi Acs GeCh elngd
SEAcYyAgi Ey" 1J 1 0ARAEADgUIieNEnNYBAEAYUuIOA geAg EUel
AgUEAT gi CAE 1T UgUWUUA ECiu’ WUAgeéeUE' UIWEIEgUyE" /
i AeUEUAgGJ 1 AEi Aiau> AAO uAi CEAgQCEJ EQICEUWE: e
®UAEilTiaigd AAO 1 CAEQEAIiI AgE:

+JhAOUEgaAi+UAQ gEi AUE AAOgeCH BjgbOEi WYAGEEUE geéeuU é
ehyAAREU AE A BAO eAghA AcbAPDCHGUOci A¢ géeU i yecCl
UseaeUl gi 1t UAUEE i A EUAG 1T CAOQigi CAE: ¢éU ¢CAu WAE g
AOeUEU ¢gC Eici O geUCEUgilT Ao &eEAyUWCE+E" UAEhET{ Ag
EEAT.gideali E eEAcyAGeé VE CAHEHW BT g Ag ¢geéeU | AIhUACE éh

Al ECahgU 1T hg OUeUAOUAg CA 1 CEABRMjigAgECI 6 UT gi 1 UE A

4. 3 I nterdisciplinary Research

ceU Eghol EigE Ag geU (AgUEEUT gi CA Cae EAAI gAgi CF
GEUAgUO EUEAEAgUGI 1hg yhAEY 10U 1AGUCEAGUO g¢& A0
cCEigi CAi Ag yA-UE géU EUEUAET & i AgUHG EbiilBuidEA A BM
AGEC gCRhT &UE heCA géeU 17 OUE 1 &AaaURE UEE Bl Eqieekd y
UijgUAOE 1T UJCAO geUEU glC AT AOUyi1l @& UGOE i AgcC i
ehltail eUET Uegi CA:
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¢e6U GAAChACU REUO gC OUETEII U 8RYyAAREU CagUA EUa
EAAT gAgi CA EUEUAET & UyeeAEiEi Ac WAEGU gEUAgy UAg
EUEUAET & @CI REUE CA ARGET UAg 131 ai Ac s ADiEGI (A sl
§jiO0O0uU CECRAG CcUAUEAgiAc UyeiEilAd Ui OUAT U gédA
AAO i A=CEy 1Cgé EUI gCEE:

5 Theoretical Framewor ks

¢tei E EUT gi CA i AGECOhT EE E+ (gJe Age IhGAROIUgES ¢ isAaU g6 BAAGIBUIEQY .
geU eEi YyAEJ «ClThE Ce géU EUEUAET & geUEU 1 CAT Ueég

géeuU eEUEUAg EURRAKEIEE {iAH GBEEAYyOAO e UEU i E i AgUAOUO
EeUUO Nige ¢geU |1 ECAUOWR iEAJ BeUyiE qesiiA IAGE+ 1 E Ei g

5.1 Circular Economy

06The belief that resources can be
makes a recycling society impos

Steven Esrey, 2000

O
C

E A gEAOigi CAAU Gui AUAE UTCACYyJ EAI YyAQQUEIiI AGE
@Al ghEUO" HEUO AAO geéeUA Oi EeCEUO: Mg i E 1
yegi CA° AAO i A WCEuUO Cae ONi AOGui A¢ AAghEAU E
Il W EAUID AeeECAT & i E EUehi EUO:

[

I,

>
[T
o0

o /<

m O > >
pd
o0

¢eU 171 EThaAE UTCACyd ~-8" WAE eCehuAEi EUO i A -¢&i
cECUge AAO AAghEAG EUECHhET U auiyigAgi CAE: g (gE

EUT JTaui Ag AE A IDAJ gC 1T AGAAT U Ul CACyiI»echE@yge i
Aa: > s1117: KCUUI UE' -8 éAE Ei AT U TUUA yCEU i OU
eAE 1 ECAOUAUO 1 UJCAO geU EUTJTaiAg Ca eeJEilAa y
T CAlUegE: AT GhOi Ag YAQUETI Al OUEAAGH A giAusM U 17 AEA (A
yAAAcCUYyUAg AAO T1iCuCc¢il AU EJEQUYE ~Wi ET 88UEE Ug

AG: "~ s

5. 1Zér o Wast e

nigéi A géeiE geUEIE~-@€AT Uegl heABRBCUREBAOYAEUOCY i AA
EUT JTui Ag Ce 1NUAEgU] YAQUEI AGE i AgC 1 AuhAi aU EUE
EAgeé UEh g@UgE «ECY EAy BEEDg UWBAehAHU gC AACgeUE EJEgUyY"
TEAOGBEARACAEYg CEgL TAWCEUG:aCCer EJEgUY
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»UEC pME@EWIIUECECe&] NeéeilTée AiyE gC 11 CAEUEI U Auau

eECOhT gi CA° 1 CAEhyeéegi CA° EUhREU® AAO EUIT CI UEJ Ce
Il hEAi A¢ AAO Wigeée AC Oi ETE6AEcUE ¢gC UAAO WAQgUE" C
e AA eUDAUgBEC pAEgU MAgUEAAgi CAAU aai AAT U s 17
¢CEARU kUEC WAEgU 1T AA CAuAAI

UUANeiCUuIo AiA® A CyAhguUE
AACgeUE ehEe OEWACE AlgECH gk 1

CAEgi ghUAg eAEgE: ¢éi

yAOBMECOh! elHFAEQE 1 Bu UT gECAI T NAEgU™ OhU ¢gC L OCWATJ
8hAui g OUTui AUE BNigé UATée 1TJTaUu gC 1T EUAgU GuClUE
KCUUI UE° geUEQPeUE Bi OBCgO 1iEIThaAE Ul CACyJ geUCE

eCEigi CAUO gC AT é&iUIU geéeiE geUCEUgilAu 1Cyeaugu

5. 1. 2 gBic@llocul ar Economy
C

+i CaCci TAUCUIUUGEUT @0 CUE Ca BEANEANIJATQOW cELAEGEMI Ed W E
geUDAA 1U Wecaud TECADACABGWMAT HBICEAEgi ghUAg yCuUT ha
iA AAO Chg C& e WEUI OFeC&F@BU T $ CuCeci T Aa 1T3TaUu gC =
UseaeUl gi 1 UaJ- éhyAA eEAT AAOUEUYRESCEARAACA HWAGEEAAG
Ul CadciuiCLeE ~KAEOUE BAT quul AusEgUEE zZKywheu-

| 20Ei¢A ®=CE OUIAGYe GEGALIUGA gJ° UEeUT rlieDARCEHg.
A 7

Al sBRAI"Egi ghgi Ag Al i Cgi ~y-AOGAUMET T JA G BJ gl i Agae: T isC
yUAAI Agc OUEi 1 UO &ECY ai1 i Ac¢ CEHjcAiAll EGE AEDT &
eAeUE: +i Cgil YAgQUEi AUE AEU UAEiaJ 1i COUgEAO!/
Ce gelU 1iCuCc¢ilTAa TiEThOAE UTCACyJ® EU&Nhi Ei A
AOI AATUyUAg gC Al eéei Ui U TiEThaAEi gJ: KCUUI UE"
®CE @®haa OUGEAOAgi CA Cae yAAhaAT ghEUO yAgUEI Al
Ce EeUlieil 1 AWWEIT AZii WAk JsywB ~: . CEéi OA Ug A
I sEUI UAGT CELAEIRAGIiiCAgi T AAO Al i CgeAgyABYBEEALE
i gée 11 CgiBhiyeA gAUE i JAWAE g Eh A G zehdicei WEAUS &UEC Gl g E

AAecei UE AAO =CCOI ®AT + £EOVAPACRUGVERE AEAT u U:
_UAAVEECOMIGGHEEi c AUO aCE 1iCucCcilAui EUBRCYARQ

T CyeCAUAgEAONRET A UAAO®i GG ~28Ev =~ 816y "
' zh1 Egi gEQAUBAEAGU #®UYOEFORUBAI aU- 1iCgil CAUE
EECORT gi CA "aBEBQyc BBUWAA A gUEK QNIU U B LT'EhT T Aaad™ 11«

OC ACg UeéhAgU ¢gC 1 UiAg¢ @®EUU &ECYy UAI i ECAyUAg!
eECONT gUABET éi AgUE": UgONugi CAAwwI 1i Cgil CEigi
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i COUCEAOAT i1 ui g Cae gBEAEBROAA8CEECGYAI BE-OWHhEg
TeAGaUAci A¢c gC 1 EUA+ OCWNA”

TeiUriAg A TicCaCcilTAa 1TiEThaAE UICAEY§ EUENRi EUE
OUyAAOE i A=EAEgERIigE Lt vAABA i EANicRGWaCEgAT U euwAEgil
eAl +Agi Ag® CaegUA yAOU &=ECYy 1 CEA EgAEI & {G0UhEgEDA
“shE+i EE UgAAMI:euAkTUBE "e6A1 U AC (¢EUUA WAEgU:r TCuu
ATTueg (1 CyeCEgAI uU e AlGR ¢&BGHy UA [EQRNBEEY BELE ycAEWO U A
L1 CyeCE gAIuUF TUAi yE AEU y|EuumOh@peCBg@kgyCE@ =]
EUshi Ei A¢c géeU éicé gUyeUEAQhEUE Ce i AOREgEI Au 1 C
umi geChg EheeCEg @«ECYy yAgleéeiA¢ WNAEgU T cCuauauilgi CA A
L1 CyeCEgAl uU éeAl +Agi Agr UAOE heée i A GAAOei Gu:

81 CaCc¢cilAu EAAiIi gAgi CA UijUyeudui e UE geU I1icCucCcilAd
UAEiad AAO WDecCuudJ 1 EC+UA OCWA 13 aii1iAg CEc¢AAi EY
Di géi A geU 1 i CEeOUEBAORGIRAPAICUICE iAGI géeuU T eAauUA

i A@EAEgEhT ghEU AAO EJEQUYE EREEChAOi A¢g géi E @ECI
EJEgQUYE g¢gC EﬁTTUEEaﬁu'j TCaauUlg AAO TAeghEU Aadu
AE gC gEAAEeCEg UFai B gy A AUE il A6 Bd @ tIHE 5o fyoe i

1 i CEeEeUEU: pU yREGA @AWI VAGA EEMFEGAAO Al i Cgil vy Ag
i ATahOi A¢ EJAgeUEi EUO TeUyilTAUE AAO ECui O NAEQUE

5. 2 Agroecol ogy
cECUT CucC¢d i E A gUEYy WVeilée AE c¢cAi AUO eECYi AUAI
| AEf UE OUeUAOi A¢c CA T CAgUig- ig TAA 1T U hRhAOUEEgCC
EAT gi T UE CGECIAE) WAGECITA AGi ®eUEUAg 1T CAgUijgE ~pUxkUUG
~s1sw” OQUeei AU ig AE 1A &CuiEgil EJEgUYy AeeECAT &
i

E
ECTi Aa® Ul CACY i ABQ ecCuigilAa Oi yUAEiI CA

(o]l

5. 2.1 Regenerative Agriculture

HéiauU 1Cgée EUGUAUEAgi 1 U AcEiThughEU AAO AcgECUI Cu

UAI i ECAYyUAgQAUWGI 1T UAU&xili Aa @&AEYyi A¢ EJEQUVYE ' EUgU
AcEiThughEAG eEAT giTUE" WNVigeé GUEE Uy &é ABDIOE CA EC
yCEU gEAT gi CA i A geU !:z: AAO 8hEGaW ABEERUNE A

geu GucCli Aa zChge ~¢UAu _ _CEE’ 18y 7
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vUCcUAUEAgi 1 U TAgEEUICh (cGph EELDEGQECET A¢ AAO iyeECI i Ag E:

eh Al gi CA gée EGRABERE GIiTHET ¢eUEU (AT UuhOU yiAiyAad

ECiua Oi EghEI AATU" 1TCi UE T ECéeiAg¢: TECe Oii UEEigJ
geAs Ci OAAT U Cae PEEgABLOI BARBYBR§UUIEUYI T AGES AAO 1C
CEcAAI1T AhgH§OAgHG AaG:  s1 617

5. 2.2 Soi | Heal t h

zCiu éeuwrkwyd CiAgi AhUO 1T AeATigd Ce ECiua gC &hAlgi C.
EhREgAi AE euAAgE" AAiyAuE AAO eéhyAAE™ AAO 1 CAAUIT g
EgA-UéeCuOUE AUWGAE 0AA @ AMBEG AAAc Uy UAgl ~zZUéyAAA U
KCUOUI UE° &hAAgiaJi Ag ECia éUAuge i E 1Té&AuuaUAcgi Ag
AAO 1T CyeaUi i AgUEAT gi CAE 1 UgQUUUA geéuU ai geCEeeéUEL
AgyCEeéUEU: 00i gi'RBAGEEBT CBi eeUE I A Al AT el Toeh GG
T e AEAT gUEi Egi TE AEU yCEg iyeCEgAAg AAO &ClJ geuld
zCiu éeUAGgé @&@EAYVUWCE-E Aiy gC Eiyeuiesed geéeU AEEUE
yAAACUAI 0U EUg Ca YUAEREUYUAQGE" 1hg AC hAiiI UEEAC
“+7T AUYyAAA UgAAEEEAY: WUg. AG: ~ 61 187

Q-

MA AcEilThughEAG EUEUAET & ECiu AEEUEEYyUAQE &A1 U
CaegUA UyeeAEiEi A¢g TeUyiTAu i AOi T AgCEECHI QA WA h Ag
eUEEeUT gi1U: MA 1T CAQEAEg" ¢géeU T CATUeg@puC=EDCCaAéE
geéU ECaU Ce 1iCuCcilAG AT giiigd i A ECia AuCAcgEi
EUchuAgi CA™ Ul GiiwAghgli CMAc AAO ehyAA eUAGgeé:

6 Met hodol ogi cal Overview
¢tei E EUT gi CA EUgQE Chg ¢geU Ci UEAuaa c¢hi Oi A¢ yUgecCC
2UgAi aUO yuUgecCoOCucCcgi UE @&CE UAT & Ca geU éei Ul UE Co
EUEeUT gi 11U TéeAegUEE:

6. Expl oratory, | nducti ve, Sequent

¢té6i E EUEUAEUB e AOEAYEEIAA 1 U AAO EUEhUABGWd AeeECA

EqgUé i A EUEeCAEUIi QOAJZURI UACOOEBOAY g&éU EghoJd:

8ijeUCEAGCE] EUEUAEI & (A1 UEGicAgUE gCeilE Wige af

eAggUEAE" G¢UAUEAQU i AEicéegE" AAO 1hiuO RAOUEEgAAX
eJeCgeUEUE: Gii1 UA géU EicAiei TAAg cAEgGhAJEghHhOIi UE
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AOCeguUO AA UijeuCEAgCEJ AeeECAT & gC UEgAiai Eé aCh
eUAuge AAO TECe ¢ECWgeée: ¢éU euUijilaU AAGhEU Ca U
®Cl hE AE AU i AEicégE UYyUE¢UO' UAE&WEHE A¢g géeU EghC
i At UEgi ¢cAgi CA:

A i AOhT gi1 U AeeECAT & i AICair UE ThiulOi A¢ ¢UAUEAU
EAgeUE ¢geéAA 1 Uci AAi A¢c NDigé A geUCEJ ¢gC gUEg: MA
UijeUul gAgi CAE 1 hg OUIUuCeUO i AgUEeBEgAgUGADYAES UKL
zi yi GAEGJ: ¢géU EUBhUAgi Al AAGhEU Ceae EQ)EWAEUEBUAET &
i AeCEyUO geU AUjjg:

6. 2 Study Design

¢téeU EUEUAET & 1 UGAA Wige A EJEQUYyAgil EUIiUN gC E
UseaeUT gE Ca Ul Au EuhO¢gU OUEiiI UO AyUAOYyUAQGE i A TE
i OUAgi @i UO +UJ cAeE" (A AEQIi'GRNEAEEGOEOUWAT - AG® &
Gi yi guO @a@CihE CA 1TiCuCg¢ilAu i AOiTAgCEE Ceae ECiua &

OUEi¢A Ceae géU Ehl EUBhUAYEWY &i BUDAGEEABOIAI AEgCAZ

AAO TECe EUEeCAEUE gC ehyAAREU AeéeuilAgi CA:

E géeU EUEUAElT & eECGCEUEEUO yJ ﬁAOUEEgAAOlAg Ce
géeEChcé EUAOIi A¢ AAO AggUAOi A¢ Ui UAgE: M TAyU ¢gCcC
ehyAAREU i ¢g@ili Ao Ey AWdIUEGT EUO &CCO éECOhT gi CA EJE
hAOUEIEjWLO: ¢éiE Eéieg i A eUEEeUl gi 1 U i AEei EUO geé
T CAgECUGUO eCg gEi Au UijAyi Ai Ag géeuU 1 iAliaigd Cea
Ei AAaudJ: Aada yJ @i AOi AcE AAO AU +AQ@ICGaWGcU T hayi
geUCEUgi 1 #0E aeFlAQu Agi 1 Aa EAAi gAgi CA° 1 AEUO CA EJE
¢téi E EUseaUI gE AA Ui Cuii Ag EUEUAET & eECITUEE" <¢hid
AAO i AEi¢eégE c¢Ai AUOE gieE CA@hyo gaeQE EgehlOJUijeua CEAg
eEAT gi T Ao 1 CAgUijgE eCE R yAMIAN Al EECCARGESUA 0 AIAQY) &8 CigA &
CEgi T hugREBCICIEA@:CYy U

6. Systemati c Re- Ainawy&i Met a

6. 31 Met hodol ogical Overview

tttttt

EJEgQUYAGIAEgQEBI gBGEUOE Aé e HCAG eUIPICEEXEITAgQ e WEGUEAghHE
UT i aidieig@eiAli'yE gC UAEhEU géuU i AT uhEi CA Ceae AU

[T«
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~ hAA Ug Au B4 tEST U JU Aed i LE BERU BUOWALEE céU O 11hAg  &8UAA Gl
eCehuAEi g AT ECEE Oi e®=UEUAg AT AOQUyil OiElTieuai AUE
zJEgQUYyAgil EUIiUNE Oifi ®®UE «ECyg§BADi i CABU ABEEAEL
EUEUAET & &8hUEgi CAE" Uijeuilig AT ahEi CA AAO Uil ah
eET UEEC&6U SEUaUEEUO vUeCEgi Ag MgUyPMaeCEI EJEGUWMAG
i E geU EgAAOAEOiIi EUO &CEyAg &CE 1 CAOhT gi A¢c EJEgUYy

yUNMAGIEI E 1 E A ydiAgeiAEcatCH CAAANI JgEICAA Ca EUEhhUGGE
EghOi UE @CE géU ehEeCEU GQUaAEEAgUCEAGi:Agc Cyd U ARiAKOI|
EUEhGGE éAE 1 UUA TCyyCA i A Acg Ei% hAQPEEAIG EAEE U AE 1138
ACguUO geAg a«UEgi 0i EUE UeaexUl gE ChaO Ohad 1 AEJ 13

"SI

6. 32 Justification

MA géiE EghOJ: g¢geU EJEgUVAgil EUIiUN WAE 1 CAOhKT g
hAOUEEgAAOi A¢ Cae géuU UiiEgiAc¢ Ui i OUATU 1 AEU AAO
ERhi EUBhUAg Uyéei EilTAG WCE=: EJEgQUYyAgiT AeéECAI &

hOJ EUGUT gi CA° AAO eECIi OUO 1 CAeai OUATU geAg £

ceuU VAUMMOUIEI E AGuClUO &=CE ¢géU EJAgeUEIi E Cae OAgA

EghOi UE° 1T EUAgi A¢ A GAEcUE OAgAEUg =ECYy WDeileée OC
AeeECAT & UAAI GUO 1 ECAOUE 1 CATUhEi CAE RGE TAAGEANA
AEEUEE géU UeaeUIOUEIiGad CeWyAXA OFUWNAGEU CA T ECe ¢cECIUg
AccEUcAgi Ac AAO AAAGIEi A¢ BANERGHEI BT EEEEI @6 OA UE
®CE hAOUEEgAAOi Ag géU UijgUAg Cx=OAAEWYOFEUABCI AEgeL

AEEUEEYyUAg Ceae géUEU AYyUAOYVUAQE. ivyeéeAl gE:

6. 33 Data Collection and Anal ysis
WUJ EUAET & gUEYE WNUEU i gUEAgii1UGJ EUeai AUO ¢gC 1A
Il ECAO UAChge gC 1T AeghEU Aaa EUGUI AAg EghOi UE i g

¢téi E EUai AUYyUAg eECIT UEE i Al Cu1 WE Byi ARG ighecU ON hagak IR
6fi gE° AAO UI AuhAgiAg géuU EUGUI AATU Ce géU i EEg

FATU EUAET & GUEVE NUEBUEVAI @UAIGAGET GUYADE 13 A
EUyCI U CliiCREGT 1EEUGUI ARG GERDOAVEYEACGU EDEO VAT

i AOUEUAOUAg EUI i UJUEE: ¢éi E AeeECAT e& yiAiyi EUO |
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EUGUT gi CA: AJ Oi ETEUeAATi UE i A i ATOUREI CA OUTI Ei
UAEhEi A¢ géAg geéeuU ai AAQ AgAEUg INAE 1Cge 1CyeEUE
Gi1 UA geéU Oi i1 UEEigd Ce yUgeCOCuCgi UE"™ TuiyAgUE"

EgAAOAE Gieet AQEDE gEUT UEEAE] @CE yUAAT Ageidal TOAJgEA E i
I AETi UO i A ETAaU AAO UijeUEi yUAgAG 1T CAOGigi CAE" Audaq
iEZghOJ T CAGEGAg MONAO:UI" WUicégUO UeseaeUl g Ei kUE 1
e ClUUI UE CAuJ w EghOi UE EUeCEgQUO geéeU EAyeuaU Ei«kUE
eCEEil GU: MAEQWAMA: LB URABUAGUAGUEY i AUO gC T U geu 1U
DUicéegi A¢ WNAE AEEhg®O BAjJEGCGEBEA ¢éClABUIEICEEOU: geéi
EghOJ T CyeAEi ECAE eCEEil U AAOURINEWCEUPOUECEE @h Gi
A Ei AcuU OAgAEUg: _CEU OUgAia Al Chg gei E EgAAOAE

o

KCWUI UE- ¢géUuU EUai AATU CA TCAgECG euCgE i AgECOhT U
hAgEUAgUO 1T CAgECU A0 gC 1 U UijTahouO: peiaU geéeicE
yAi AgAi Ai Ac A 8hAAgi gAgi 1 U &Cl hEAO UAAzRWI¢A cE igkeWE :1
6icéuicégE geéeuU iyeCEgAAT U Ca 1 CA§EGQU GhEU AggeyUyA g E

UAEEIUAGU T CyeAEi ECAE AAO ¢UAUEAUi EAgi CAE AT ECEE

EJEQUYE TUITCyU EicAiai 1TAAgud yCEU Oi exilhug:

6. F£i eTlrdi al

6. 41 Met hodol ogical Overview and Li mit
Ei (QiEG AGE AEU Wi OUuJ HhEUO i A AcEilThughEAG EUEUAE
gEUAgYyUAQGQE HhAOUE T CAgECUUUO &i UaO 1 CAOQigi CAE" &
EUAICEGCO AcEil hugh€duig@BARAINEG 1G4 A EUEi UE Cae ChgoOC
gEUAgYyUAg EUeuil AguUO yhugieaU giyUE" g¢gJdeilAauald £
geu UamUTgE Cae EeAgi Aua 1 AEi Al i a9U¢AJ:h E¢Jé LAJE 1AU BIA Je i

EECOQUAUEMRIAIC ECACYi T 1 AEiQgEg %1 AATG GucCi

-

+UJARQADG B 'Ek@OCGgETI Atisi o WEg Wie/CWB) i E géuU Aliaig
EUeail Agi CAE WigéiA A EiAcaU aCiAgi CA: KCEWUI UE
i AQUE=UEUAT U ®ECYy AUiceél CAREiAc 6GCgE CE g&U GEUE
geAg TAA EicADel CABgg I CEEUDREEAQIE ig@MALG 1BCHEEE 1 U
Chg Ci UE A GAEGUE AEUA ~zgEAAO ' ' '~

¢C yigicAgU geUEU 1 CATUEAE" i¢g i E UEEUAgi Au ¢gcC U
g9 T

eCEEiluU CE ¢gC i AT EUAEU géU Ahyil UE Ce EUeGiTAgi
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Ce HBIXCAWO 1 AEi Agi CAE" EhiTé& AE NUAgeéeUE AAO gUyeUE.
Ei yhaAgU eEAT giTAa 1CAOigi CAE" eéiaU EECéu gicég
AgUEWEeéi E TAEU G0AAO yAAAGUYyUAg eEAT gilTUE AAO

GCg GEIAGE EGEI+U A | ANKEGD 0| CAIODGA CREY RAKY iy A
GEUT i Ei CA EUSHI EUO @CE EicCECRE EgAgiEgilAd AAAG

[

M

siCg gEi AUE &K GedEU WA UHeB) JiGdhigiUijAAghEU AAO aiyigu
Meile TAA EUEgEITg geUIiE AeeuilAliaigd ¢g¢ 1 ECAOL
¢té6Ui E i AEicégE yvAJ ACg AGWAJE 1 U Oi EUTgud AT gi CA
geuy ggUEG&ENg i AOi AcE AAO AOAeg geuUy gC geUi E Ee
MA EUEeCAEU gC geUEU T eéAuuUAgUE" gaeAEyU EUEEU A BT WA
DeilTeée gA+UE euAlT U CA EUAuU WVCE=+i A¢g @=®AEVE AAO iA
"WJI UEJgA® 147 ¢eiE AeeECAT & UAeAAT WEC EUGUI AA
AcEiThughEAG eEAT ¢giTU 1hg eEUEUA

—)

U 1Thg eEUEUAQE igE CHNA ucCgi

<

Déei t'eAEA EZJEUAEECI UE Aa€gi bET AGEgEUYAI A 1 AahAT alU
UijeUEi yUAgAG 1 CAgECUO AAO UAEhE( A¢ UE gaEadilioWg 13 Cy A A
ETi UAgi &®i 1 eEUTiIiEi CA AAO eEATgiTAG EUGUI AAT U:

6. 42 Justification
¢téU hEU Ceae EUe OUUAPOO geWCy R EGAEOAREETI AEEUEET Ag

hAOUE EUAG0i Egil e UuO 1 CAOigi CAE Uéi aU UAEQhEIi Ag
gEE EUBWAEY dyiei AUEO «=CE 1 ECAOYERGGARANBEgY L BAG CA i Ag
eEAT gi T UE UKEAQE®VEH§ UKIAER AIgiVpd WA AiyU AAO E&eAl U: ¢
JyUAEREUO weéeii e i E GAEGUE géeAA yAAJ euCgE i A Eiyi
AG: " s11". zARGAEUGgU&TAT: = &1 1

- CAOhT gdeAEY CAEI AGE NWAEENCAABUAET yhWigi ea U «AEVE |
EUAECAAl aU Oi EgGAAT U WVeiau yAi AgAi Ai A¢ 1 CAEi EgUAI
yAAAgUYyUAg eEAT gilTUE NChud €A U i AGECOhRT UO Uil UE
T CAGEAElWER GE§AgEI AUE AuuClNUO &CE eEUIiIiEU T CAgECU

>

Dei UEg UATé& euacCg WAE AWEC EhioUl g gC EUAaGiEgil U
VUEChET U i yEJADEQAERI IME@M@&I) giiAuBl Ca geéeU ECaU
yAAAci AC'EA AAE@) Ui O EghOJ WAE iyeEAT gilTAaG c¢ii UA

eh AOi @0 gi CAAGGI" geéeU 8hAAgigi UE Ce 6hyAAREU D&

yAARAGGI T CauUl gud AAO AeetizyQUEULigEU G ELe U OBIOA i L
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®UAEilTaU JUug ECIhEg UijeUEi yUAgGAU «EAYyUWNCE+" UAAI
WCE=+i A¢ NDigeéi A geUEU 1 CAEQEAIi AgE:

fAU i yi gAgi CA Cae gei E AeeECAT & WAE geéeU EUGAgIi 1 L
EeAAAUO geéEBBh&BAEEUAg gC 1 AeghEU géU ahuu UeeaUI
KCUUI UE" géiE ¢giyUeEAYyU AGRECQYUEI aAGE WASEW Ji GUEAIGAI Gl
GUAOE EheeCEg gCUAEODI &fi EQAUE JEUE WABHIAd A EU¢ UAUE /
AE i1 UEgCI + i ARUAEAJUOAVIi YEEL AP AEHCEYI Bee ge U
AEAT G U (hAMO AJAEE MBUEC géU gEi Au gCC+ euRT U CA e
EhTéegeU EghoOJ &aClThEUO CA yAAAcUYyUAg eEAT gilUE gé¢
geuU Ai Ai 0Al 6 U EUECh BIAGEU ARAWO gA i (@EBERARIIUA A& AAET gi C/
2U0Eei gU geUVE®UWED AGBIAYGEAEECI i OUO Eic¢cAieai 1 AAgud ¢
EUGUI AATU géeAA TCAQECOUUUOAUWAGCIDEBRERRgi OAeO&i YOABE
ECiki:@Ghi UMIgtal 1T CAEgEARjAgEBARARG hFAU Cad @Y EUE U A
gEi AUE UeaUTl giitUud 1T AGAATUO eEATgiTAGigd AAO EI

AeeECeEi AgU yUgeCO =CE Al éi Ui iAg geU EghOJ+E Cio
6. 43 Data Collection and Anal ysi s

CyeEUBUAEi 1 UaJ AEEUEE 1 ECe¢ &W EadCEY AT By AGQD 1EAH iU

JyUAEREUO AEU UijeuAi AUO i A OUgAiu iA sAEg ¢ -&Aé

¢ce®uCg gEiI AGE!'ITAHUOG AJUOA B EDIyOUAGE AAO GuAl CEAgCEJ
I

¢ UEU yUgeCOE WUEU OUGi 1 UEAHY ugdlC +UlkesgA AS iy eEiUR EACAGH
AEgi T hoAIEGBG O AeeEBAIUAe T CAg Uij §EU NI UEAN [AE i WAEFE YWACT
iyiguod: ¢eéiE AuicAE Vigeée ¢geU eEAT gil ABhNIEQEH gi Acg E
eU EghoOJ: FAelbieM @ EAQUBEJi &2Ji A¢ yUAAiIi Agaehda gEUAOE
EUT i Ei CA:

o Q o M

+AEUGT AU ECia OAgA AAO hAAyUAOWG elUEA§HEQH Adiut CgE E
T CyeAEIi ECAE" VVeéile {E TERTiAG ¢it UA géuU TeéeAuuUAg
AcEiThaughEAG EghOi UE: ¢éi E AeeECAT & eECHOUAOPO A 1
UeeeWicAE ABRYER ECIi BEUD CAOi gi CAE® iyeECI i Ag geéeUuU EUGI
zgAgi EAAIABUE WUEU 1T eCEUA gC ATTCyyCOAgU géeuU EVA
i A AcEi 1 huaghEANE AEgIhOE IUE :y UgGACOE INUEU hEUO Ve UEU

ECIl hEQAUEE OUEei gU OAgA 1 AEi Aliaigid:
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64. 4 Problems Encountered and Adapti ve

E Gadg UA geée U 1 AEBUI AE Agi URIAU ijgeEUTAQEO 1T e AGGUAGUE AEC
UijeUEi yUAg geéeAg EU8 hyi AUCAAOCARKgaE WE Qyud AA i ICAOUEY i A
gBEU AOAegAgi CAE EQGeelBEAcHAANEDW #WAGREGYGEUAG U

EJEgQUYVE AEU TCyeuaUij AAO Oi @il hugElUEOCRAYECUGJI AA
AAO geChgcéegehuud gC hAeaAAAUO Ei ghAgi CAE:
1 gEWHE EUE yi EAeeuil Agi CA

T

yi EAeeuil Agi CA Ce &UEgi Gi EUE i A -UAE + GUO gC¢C
CEic¢i AAUuJ AEEi¢AUO: MA EUEeCAEU" ®=UEgiai EUE WAE
yi Ai yi EU 1T CAeChAOi A¢ UeaeUl gE i Ae BeUEYE WY & Uge O Ciy & ¢
I Adi 0i g3 Cae geU TCyeAEi ECA° UIUA i@ ig Oiil UEgUO
k: saCg NiAdge AugUEAgi C

TeAAcU i A Al AiaAl aU yAT i AUEJ yUAJdggeUwCBEEGABYEC
- UAE ¢C yAi AgAAD BAUAGNAIRAEDg UAT J 10 MEIGA ERAIyEeWwd ACA g &
TUAGgEAG +y EgECATUAK EIhG)i AKE AIIUAET g3 OUEéi guU géeuU
w: ZUJ eucCgE
MA - UAE s A GaCc¢ciEgilAu i EERU AECEU BNéeUA géeU yCL
géeU EUGUAUEAgi 1 U euCgE WNAE hAAI Ai Al aU: E A EUE
géU EgAAOI At hag it WEOC TEC€CeUEgATl ui Eé OhU ¢gC EQgECAc¢ 1
1 Uc Ug Mg IIIAVE. OWUAAUD gedIEU euCgE Ay Giah A Cia A1 ABED Al |
TCirUE &®CE A EiAcuU EUAECA" AuucCWli Ag EUEg &ECy el
EUCUAUEAgi 1 U AcEiCHUMABGUWEY AAD E&UOEOh BAI: vAgeéeUE"
EUCUAUEAgi 1 U yAAAcUYyUAg a«UAghEU gC géU EghOJ OUE
OUYyCAEgGQEAgQUO EUERA&CHRIAAL UYAIRKBL ghesi 1A BAAUTCGAIEC e i T A
y: pUAE@aBdHUO Oi EEheéegi CA
zUI UEU AAO eECUCAcUO EAi A=Auu i A ANdEyA ARN&g gelL
Ji AUE" eEUI UAgi A¢ geU euAAAUO ECNi A¢g Ce Ui AgUE
EUAAgQUO i AEgQUAO CAT U 1T CAOGigi CAE AuacClUO: peéiuau g
yAAAGUYyUAg Ceae geéiE T&AAcU @&CuuClUO géuU UijeUEi yUA
PJEgi A¢c ECia AAO JiuuoO Chgl CyUENICAEQWE Agdyg 1T CAOI ¢
®AEyi Ac EJEgUVE
teUEU AOAeégi 1 U EUEeCAEUE WUEU ACg OUIi Agi CAE &EC
Ce EUEUAET & ¢EChAOUXLE WA AACYUITIAL:CcMA ARIUALG Eg UY E
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EAEUGJ eCEEil aU: MyeCEgAAguJ- ACAU Cae geUEU 1 &AA
|AuiOigj Ce g6U EUEUAET &: fA geéeu 1 CAgEAEJ" g¢geuld

AAO i gUEAgi 1 U EUEUAET & OUEic¢A" NéeiEAQEAEeREBO&N g C
AAO Yy UAAi Aceaehu i AEicégE:

65P ot Tri1 al

6. 51 Met hodol ogi cal Overview and Limit

-CAORT guUO i A eCgE CE EyAuu 1 CAgAi AUERCgCaE&FEUAUIE ¢
EECI i OU A éicgcé OUGCEUU Cea EUeuil Agi CA-AAODADBERBGECU
ECIl hEG CESERUV P00 1 CyeAEUO gC UGAEGUE @i UuO Uieu
sCHEi AUE éAl DG CH IgrRiGueE i Al i ai g3 gC EiyhaAgu ei
17 1. SsSAEEi ChEA® s11 "7 E A EUEhuag ei AOi AgE &E
Ahgi CA NéUA Ad AWUUGAFY iadAicUREAT gi 1 UE®- AE UijgEAé
ACg 1 U AeeECeEi Agu:

—)

téeAg EAi O eCg 9gEi AUE AEBEUVUOUAECHCRCEGFENEHIUAE 1 OF
CegUA Ci UEGCC+UO i A EUEUAET &' euAJ A'IEARWI i 1 AAg
CECNiAg T E TCyyCA i A 1Cge 1 ChcyEWCHI AL GET &€ABNYIANGEN g h E
ZhAOCeCuy Ayslhegie i Ei sWAg UMG :Ug sAGL . 188 ”: ¢8UEU&aCEU

¢cCAuU T E gC hAOUEEIGARWO CIEh 4 gielEALg UCARCgeCg ¢gEi AUE A

UEEUAgIi Au:

6. 52 Justi fication

¢teuU OUTiEiCA gC 1CAOhT g eCg gEi AGE WAE OEi I UA 13
EyAauCgi dECAGUO eUEi COE ©Odh Edeligey §iuA gEUUAEE iAg@de 07i U Agg: i’
AAO '&@Q@QEg UEg OAgA @ECTIUEEi A¢” 1hg AUEKEG®IAGACGE ¢ Ai
eUEICCOyA+U eECOhRT gi 11U hEU Ceae geéei E OCIUAgiyU A E:¢
eCg gEi Au Ce®UEUO géeU i OUAu ECuhgi CA i A gUEVE Ca
AaaCluUO &CE A EUICAO UyeuEisiERl SHAEMEi Bcg@eAgg @l
DAEAr g EiyeudJ A EUeUAg CE GUEEUE 1 UEEiCA Ceae géuU
zi ATU géU UijeUEi yUAg WNAE &CihEUO CA &eCg gEi AUE"

@i AOi AgH AEQ CeiclEICM i Ac: MAEgUAO: g¢geée'l AEWUBUAET & 1T CA]
] gi 1t Agi CA> D&y TBXCEAD EUGAI 2ATA i A e6CEgiThaghEL
sCg gEi AGE" geéUEU&=CEU" eECIi OUO 1 AahAlaU i AEigég
Aeeuil Agi CAE i A 1Cge T1CyyUETi Au AAO @UEECAAU 1 CA

0o ™

a
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00i gi CAAGGI" geUEU @AE T UUA GiyigUO EUEUAElI & CA
GC¢iTAu gC OUEic¢cA AA UijjeUEi yUAg geéAgAEWc e@rnwd Agi
yiijUE AAO T CyeAEUO géuUy Wige CgeUE dUWyyBHeUEITgiAW Vi
CA ehyAAREU" OiEgi Al g «ECY i gE yCEUIITAGWOCA hEU A
AcEiThughEU: MATUhOi Ag geéeiE i A geU geUEIiE 8ECIiC
eiceniceégi Ac 1 gE EUNEGIAALQU 11 GRA g NlEG EOM&ER B LEWCieg A CEC &
yCEg hEUahu CE i AgUEUEgi Acg:

6. 53 Data Collection and Anal ysi s

2AgA TCuuul gi CA AAO AAAGJEI E =CE euAAg cECUge AZ
2COluCWUO Eiyi GAE yUgeCOE gC geCEU hEUO i A géeuU i
KCUI UE® géU 1 CAgGECGGUO UAI i ECAYUKg @Ga Uy &l gac g Ad
yCEU &2EU8hUAg Y CAi gCEi Ac" @Al iaigAgi Ac EUcChUAE U
JyUAEhREUYyUAQE OhEi Ac¢ geU UAEGJ cECWgé EgACUE" AE

Ce ECCg 171 CyAEE" Weileée WAECACPHEIAAE! T U i A geuU E

7 Structure of t he Thesi s

¢eU GgEUEIE (E EQERI gREUO AE =CuuCUE’
1 SAEGMAGECORT g CEds U A GAHEEECAOING AsgELIGE (I AGIE g8 U AUT UEE.
1 CAgUijg =CE geéU EUEUAET &' OUgAiGiAg g&U EicAi
Cai CaCeilAa BMEACHAGT BNE geU EAgi CAAGU 1 U&i AO
sRyAAREU AE AA AGGUEAAGI 1 U AGEiTRGUGREAG § Aéh
EUEUAE] 6 EAAN GA®I GAAAG Agall AR WEO =CE EREGAT AAI
GEAT gETAKEII i AGECORT ¢ ECEVAEIBUEAGDEGE EA AAO C
ARG ge0OQW@ei 1 AG AGGECAT & UyeuCIUO geEChcECH ¢
SAEY_AiA - §ABYUEEEU Cae géUxGBBEEBAIDEEE! EgE Ca
| CAgET IPAJE O gy E UE GARIED SARWE GEDAUAGUO AE |/

i 6AegUEE"

0 - 8ABGIUEZIEGUyAGiT vUIiUN Cae géU 8aall gE C
JUAOYyUAGE CA -ECe GHCUGHI| MAGRAGE G AKUAG G é
8Aci AUUEi Ag (A s16w: ¢&iE 6ASUE EUI i UNE U
1 ¢yl i AUE geUy i AABAALEGRGIAD YUgh AE eEUE
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EUT CyyUAOAgi CAE ®CE &®=hEgeUE EghoJ AAO A E
OUEi¢cA AAO EUeCEgi A¢ &=UAghEUE:

o -é6AegglWEU hEU Ce éhyAAREU hAOUE 1 CAI UAgi CA
®AEyi Ag ' #CAVUBC¢E =ECYy A geEPbI JLAGEU & §G0
f AU CA A soddirE 1 EJWMEBHGGgUijeVUEi yUAg" Y UAENHN
iyeAl §ky £&hEU CA TECe c¢ECUgée AAO ECia éUA
®@AEVyi A¢c yCOUUE:

o -8AegBEAWhAgi Ag geU eUE=CEyAAT U Ca éhyAAhD
GaUgghi U ~zZAT ghT A EAGT 0 AEEBOUDAI AEEAA ¢ Ei
vUci CAAU ECCO ztJeH gEU yEEg hiQA i1 As'UEgi ¢c AGUE geé L

AE A eCggi Ac yii  1éei TceA BOLEA EALG UQ EA A8 AE g d B
e ]

eAegBHEECY _ATEC gC _iTEC z1Auu-’ AUl =EA

AAi gAgOEA2g yAAhEI Eieg hAOUEIi EURUEECA a&CI

T CACyJ AAO zhBEB@AEAAICAI U hAu eAeUE eECeC

®CE Ul CucCc¢cilAu EAAi gAgi CA° 1 AEUO CA i OUAg
EAAIi gAgi CA AAO AcEilThughEAU EJEQUYVE &CE |
T sAEg2wET hEEi CA

o ¢e0i EThEEi CA EUUEIi AU ER2AROGREGE wECK gede gl
TEigilTAaad Ui AahAgiAg geéeUi E 1 CAgEiil hgi CAE
Mg éiceéeaicéegE geU uiyigAgi CAE Ce geU EUEU
A1 U UyUEcUO AE A EUEhUGG: 00i gi CAAGGI ¢
Vi gei A A AEWAQOUE CGAEI OUEi A¢ geéeUi E i OUE i}
eEAT giTU: EiAAuud: ig 1EiUaud Chgui AUE Ch
+UJ AEUAE @®CE =hghEU EUEUAET &

o - CAT u RBBiOCA'CAT ahEi CA EUi gUEAQUE géU =UJ ei
CEici AAu 1T CAQEIi IUNgdudCh igl QA ag 6BA AskigUngd ClAee
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8Rd& e rceens

fTUr U ¢: G:° ¢AygAy . v:° T W:U'G: " 2U86UA'l gUY AE
"saws”: GECNiAg | EU AAO MyeAl gE Ce -eUyilAu EUEQ
EUEgi Ui EUE zChEA&UE UA BAR i LBITIAECAY OAGAW '2vCivih "z T i

Il hi A+ AE _ I 6C _UAcEgi U ; AJ Uy
s B W EUT AG zahO¢U vUTJTuiAg gC ! EUsehu sECOhIT g
sCgUAgae\/ - U0 vUEUAET & \AAO'éMAACI Agi CA" 1

2 z T6HhIOUUGIAUE ®CE géU ¢ééuilAgiCA CeArUNKAaU AGhO
¢ggekE .. NN geAy UENAIGBAE] Celdy Uy AOCRY
RE. EUEE CAET I i ai g'F0d SRARIEGE GaIOBEMRD & . 4y . 61 6

eyuo' _:° vVvAhe _:° h+éegAE' »:° _ zAUUO' " "o
AAAWDAEUAUEE 1 AREi Ac¢ EUEI CHhE geEUA@E/QEC@ﬂwﬁﬁﬁmyL
ET [ UAT U AAOC eCuuhigi CAYEUEUABRE ST AGUEAAGI CAAU
€ggeE’ .. OCi CEgft vt Eugw!

i K: z:" EAA’ +:° »éCh’ »: wu:" Zih Vv: ~“si1y "
sCauhgi CA~ 81 i WECRIEW AzE Cye umuAECAyUMmA d sypAAAc Uy U+
6ggeE . .O0Ci : CEG. 11 414" .6: 6UAIyAA: 818y 1us"
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ChaptldA systemati c
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growth and soi | hea

Katie M. Allen*, Erika L. Rodriguez Lopez, Steven A. Banwart, Barbara E. Evans

' Af 1 UEEi gJ Cae ZUUOGE™ ! w:

Abstract

¢6U REU Ceae &hyAA UjIEUgA 1A AcEITRhaghEAUG EUggi Ac
EU&Ehi EUYyUAgGQE AAO iyeECI U ECia €UAGQ@EUNERCEE geUA AE
yAGUEi Au: sEUI i ChE EUI i UJE &A1 U aCiBhEWDALAE EUNAG
GEUAgYUAg eGAAGE" 1hg Wige CAEigU EAAi gAgi CA EJE
EAAi gAgi CA EJEgUy WCEGOWi OU ¢EUAQUE AggUAgi CA gc¢C
EUI iU i E geU &i EEg gC T Cyei tBUQ@ eBUIEAIE hAiygEA @l A F
®ECy CAEi gU EAAi gAgi CA EJEgUYyE AAO i AT UhOUE v

i ATEUAEUO TECé c¢cECNge TCyeAEUO gC hAAYyUAOQUO 1 CAjg

1 CyeAEAI U JiUGOE ¢gC EJAgeUgi1 @BEAYUGPDEEENUEDC
ARAOUEEUGEUEUAGUO A g&U aui GUEAGREU Wéiié yAOU A
i yeCEEiT aU: KCNUI UE' ECyU (yeECI UyUAGE (A 160yi1
ACgAI uJ =CE ECiu CEcAAIl 1AEI CAU MACEANEAGG CAG Ciki

EUERGGE AAO OUGAI GUO EgAgiEgilTAu AAAGIEIE Of saeil
EGAAOAEOI EUO AGeECAT & =CE GUEGiAc géU Umail AlJ
VUCAEOUUEE" ¢géiE EUI U0 TCyei GUEECREOUCHUNGAGi DU
EUERGGE 2CE g&U Usaell g Ca Ul Au AyUAOyUAGE CA 1E
EUT CyyUAOAGT CAE ®CE =hghEU UCE-:

Synopsi s

VUREi Ac &RyAA UijiEUgGA (A AGEITRGGREU TChAO &UGe
ECia 6UAGge: ¢&iE EUITUN TCyeiaUE OAgA ®ECY v*© 1
AcCEUCAGU EUERGGE ERccUEGIi Ac ERI EgAAgI Au eCguUAgGI
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Ul cacCe¢il Aa EAAi gAgi CA° TiEThaoAE Ul CACyJI"
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Unamended Fecal 18 Experiment Subset

Control Plot Amendments Fecal Synthetic
Amendments Fertiliser

Insufficient physical and biological soil data

l1iIntroducti on

The beneficial use of human excreta for crop production and soil health is the missing link
in establishing a circular flow of nutrients and is of great interest to both the sanitation and
agricultural sectors. Onsite sanitation systems have surpassed sewe rs as the most
prevalent form of sanitation service worldwide (WHO & UNICEF, 2028nd offer enormous

opportunity for nutrient recycling (Berendes et al., 2018)

Within the sanitation service chain, treatment and end use present huge challenges and
poor management can cause systems to fail in their purpose of protecting people from
exposure to enteric pathogens. Within onsite sanitation systems, such as pit latrine s, septic
tanks and container based sanitation systems, large quantities of fecal sludge may
contaminate the local environment owing to flooding (Sherpa et al., 2014)a lack of emptying
services (Cookey et al., 2020; Nakagari et al., 2015; Prasad & Ray,029) or the

indiscriminate dumping of emptied fecal sludge due to unsuitable, inaccessible or
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unaffordable disposal facilities (Kingel et al., 2002; Koottatep et al., 2021) Sewers,
commonly perceived as preferable to onsite systems, offer no universal solution either and
require proper design and management. Worldwide many sewers are not connected to any
form of treatment, thus simply conveying the contamination elsewhere (Orner & Mihelcic,
2018; United Nations World Water Assessment Programme, 2017)

The sludge which is successfully collected is usually disposed to land or water, incinerated,

utilised in agriculture or incorporated into building materials  (Collivignarelli et al., 2019;

Ding et al., 2021) Whilst incineration does recover some energy, this, along with most other

disposal options, squanders the other beneficial components of sludge; namely its moisture

T CAgUAg" CEcAAil yAggUE AAO ARgEi UAgE: 81 CacCcgil A
CEi UAGQUO EAAi gAgi CA+ 1@dognises that gpdieityAak inaildngeEafohdi g Ag i CA+
to waste the almost 1 billion tonnes of feces generated each year (Berendes et al., 2018)

EECYy AA AcEilThuaghEAG eUEEeUT gi1 U eéhyAA UijT EUgA 1
AcEiThughEAG OUYJAAO 2CE géU geEUU UEEUAgi AG &uAA
~s” AAO eCYAEEUATI T WUg Aa: " s¢aiE 1e¢CEhiayhy WEEh 1 U i Agah:
hEU Cae EJAgéeUgil e«UEgiai EUEE" Ce®EUggi A¢g géeU AUg
geUi E ECOhT gi CA° gEAAEeéCEg AAO hEU i AT uhoOi Ag &
Uyi EEi CAE gC JeUisRAPcECEe e UEWENDWOW " UF ' Ad .~ -«CEO v
Aa: > ws1s1 ., sAeAMhAAGUIAIGEUg A 'AaEC i AmuhUAT UE ( EC
®eCE 1 CyyhAilTAgi Ac AA Ci UEAuu EgAgU Ce geéU ECia A
GECheéE Cese UITCEJEgUYy EUEIiTUE géeAgiEQICEIi AEQgi QUE °
uhAAgi @i 1 Agi CA Cae ECiu &hAl gi CAE i E hAOUEéi AAUO
CIlEUEI Agi CA géAg GuiA+ eeJEilTAa- TeUyilAa AAO 11iC
CE CEc¢AAUH TyOAVQHgUAg” ¢gC geéeuU EAQUE Ce OJAAyil 11icCe
EeUlieil ECiu e&hAl gi CAE zCia @&hAlgi CAE i
EgCEA¢U AAO gEAAEYyi EEi CA° @i GgUEi Ag écCuld
EQCEi Ac 1 AEICA ~-- AAO AigECCUA ~ -~ AE
AgyCEe&8UEU AE CEUUAECHEU CAEUE" AAO &ECI i Of Ag &A
ehAl gi CA T"i+QAIJNAERE iUgJ) Ad:i = Us 'ELJ'AQBUQE T T &NEAT AT EBE
JAGgUE Wéeilée GAE 1 UUA TCEEUGAQUO Wigeé iyeECI UO E
EUgUAGI CA AAOG TJ3T ai Ag AIMAD g 1A A 1AT.g 1+ AKIAEg
6AEGGCA Ug AG: " 14", -GAE+ Ug AdG:  s.14°'. vAJAC
VIAGE: ®s1 1. 2{lAg EHhAOTI WE ARI Ca4iAc” AAI yAG yAAREL
CECui OE AAO CgeéeUE CE¢AAilT AyUAOYyUAQE: ¢éUEU EC

[—
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eECI UO T"EZX&G ] isUasOE el @&igu Wdeé AsAT i ‘A CgeéeUE Ul CE
AAUAEG Ug Aa: " s14'. +AANAEg Ug AG: " s11' . s&i
AT 0hOi Ag 1 AégRE PREOEH WEAAA © 5181 . sAh ¢
ECiu CE¢AAil yAggUE gC EUOhT U EUGi AAT U
CyeCAUAg Ce EhEgAIAELOWLUI iUNg BAET &i19AgiC
geuU =hghEU ehyAA eCehuAgi CA:
The relative simplicity and affordability of agricultural use offers a mutually attractive
solution for both the sanitation and agricultural sectors, although notable barriers to
implementation do exist, particularly surrounding quality and safety regulati on, financing
and scale up (Mallory et al., 2020; Moya et al., 2019)Demonstrating the agronomic value of
excreta may help to drive wider uptake of ecological sanitation, resulting in a better level of
service provision for the 3.6 billion people who lack access to safely managed sanitation
(WHO & UNICEF, 2021At the same time excreta can offer local nutrient security, liberating
producers from their dependence on the volatile fertiliser market, in which price shocks
and supply disruptions disproportionately affect the poorest and most vulnerable

producers and consumers (FAO, 2022)

2 Gap Anal ysi s

EUAEI &€ Ce&e Al AOUY I I 0i gUEAghEU OAgAlI AEUE EUI UAU
hEU Cae eéhyAA Uijl EUgGA €A1 U 1 UUA &Cl hEUO CA EUWNAgU
EUI i U eAeUEE &Cl hEi A¢ CA i+ AGkUiiB) BCabEUig B gC A (E C
-8AEU0gCA Ug Aa: " s114",. sCCEAIi VA Ug AG:ili “sigedli Ez &
Ug AGAAOGs 14" gaUi B Mg digc WK AE) BUAECA =CE géiE &
geu i OUEEEUAO hEU Ce TUAGEAGI EUO EUNUE AUgHNCE=+E
Kicée MAT CyU - CEhACHieWBT KM-ge” gé U ei AOi Ag¢ Ca suAA
Ce AhgeéeCEE DNigei A ehlail eUAugeée EUEUAET & AEU 1 AE
Much less attention in given to fecal sludge from onsite sanitation systems which serve
more than half the global population (WHO & UNICEF, 2021pn the topic of fecal sludge use
Trimmer et al . (2017)noted a strong focus in the literature on energy recovery, despite
estimating only negligible achievable impacts on global energy security. By contrast they
noted large potential impacts for nutrient security related to agricultural use, especially in
the worlds least developed countries (LDCs). In addition t o its global prevalence and the

lack of published scientific research, fecal sludge is of interest due to its composition.
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Typically fecal sludge is less contaminated with pollutants from industrial waste streams
than sewage sludge biosolids (Cordell et al., 2009; Garcia Gomez et al., 2014) and so offers

a more promising starting point for safe use on food crops.

sEUI i ChE EUI i UJE CA ¢élth EQUCe&iAlI UC aeCWEAND EWBh O¢U giA
I Al +¢c EChAOz igle8ULEJ GAAUEA& i GGz T G wUT" g iO0A A/O AGE L
100 Tii” eECOhT § heEAEAEAUEI EDgAORehy AAs Aggi ghOoUl
UET U gGITAEEA Ug AU 'ée Asges@yUA. EWEBNAU 1 i1 tUT"CACY i TE
~ AGGCEJ Ug Aa: " ss1e1. gf g@@® _giyEUICEE BT 04 E@’'i Ag

T CAORT gUO CA géU UeaUl gE Cae =2800AGg&ahdeUE CRAUIN ECIE
OUgUEYyi AU géeU ThEEUAg EgAgU Ce EUEUAET & @EATgilL
EuﬁOgU OUEi 1 UO AyUAOyUAgE CA 1TECe (;ECIJgé AAO ECi

OUEi ¢ A:

3 Met hods

Preliminary searches were carried out on the four chosen databases, Web of Science,

Scopus, PubMed and Google Scholar, to familiarise the first author with the common

wording found within the relevant literature in order to design effective search terms.

Different search terms were tested out and the first 100 results were title -screened for

relevance. This preliminary search process identified two key findings; i) the lack of studies

focusing on onsite sanitation systems, which presented the research gap t hat guided the

Oi EUl gi CA Ca® géU EUIiUWN AAO ii~” geéeuU iyeCEgAAIT U
search to appear in the title of the paper in order to narrow down the total number of

search hits whilst retaining high relevance.
Study selection involved the following steps:

9 Step 1: Search of electronic databases.

T Step 2: Import results into reference management software (Endnote) for automatic

deduplication.

1 Step 3: Title screening by first author, with a 10% quality control check by second

author.
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1 Step 4: Import results into the Rayyan QCRI web tool. Abstract screening conducted
independently by first and second authors using PICO (Methley et al.,, 2014)

framework. Discussion to resolve conflicts.

1 Step 5: Full text screening by first author with a 10% quality control check by second

author.

1 Step 6: Data extraction.

3.9ystematic Search
The systematic searches took place in February 2021, and again in January 2023. Four

databases were used; Web of Science, Scopus, PubMed and Google Scholar. Table 1 shows
an example of the search terms used for Web of Science. Syntax was adjusted

appropriately for compliance with each electronic database.

Table1*¢ & U EUAET & gET A¢ h
éAeUE ¢giguau AO AA . AgEi

i hagheEU. ECiar gUEVY:

>

Database | Search Term

Web of |TS=("fecal sludge*" OR "faecal sludge*' OR "human excreta” OR "human excrement” OR
Science |"onsite sanitation” OR "pit latrine* OR "container -based sanitation” OR "ecological
sanitation” OR "ecosan" OR "human feces" OR "human faeces"” OR "humanure" OR "terra
preta" OR "arborloo" OR "fossa alterna” OR "compost* toilet*" OR "non- sewered sanitation"
OR "bucket latrine" OR "fecal material” OR "faecal material” OR "septage" OR "septic tank*"
OR "UDDT" OR "urine diverting dry toilet*") AND TS=("soil health" OR "soil propert*" OR 5oil
function*" OR "soil qualit* OR "soil fertili*" OR "soil character*" OR "health of soil*" OR
"propert* of soil*" OR "function* of soil** OR "qualit* of soil*" OR "fertili* of soil*" OR
"character* of soil*" OR "agronom* character*" OR "agronom* proper t** OR "soil chemi*"
OR "soil biolo*" OR "soil physic*" OR "soil nutri*" OR "soil organ*" OR "soil carbon" OR "land
application*" OR "agronom* application*" OR "agricultur* application*" OR "agronom*
reuse" OR "agricultur* reuse" OR "soil amendment*")

Supplementary literature was found by hand -searching the reference lists of selected

studies and recent reviews.

3.reening

G4 EUEHhGGE WNUEU ETEUUAUO @&CE i (Méthiel & alC2014pEi Ag
shown in Table 2. The review was restricted to studies available in English, and with no limits
to the publishing date. The review was not limited to peer - reviewed journal articles in order

to capture all relevant sources of knowledge.

EUO @« CE pUI Ceae z71TiUATU" 1 CA¢

9
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Table 2* The inclusion and exclusion criteria for the systematic review using the PICO format.

Population

Includes Excludes
Fecal sludge [1.Any human fecal excreta (a) sourced from |1.Non-human excreta.
equivalent onsite sanitation systems (b), including septic |1.Human  excreta  from
(FSE) (1) is tanks. sewer based sanitation
used as the a.By our definition excreta must contain systems.

basis of the
fecal
amendment
(FA) (2)

feces, but may or may not contain additional
materials, including but not limited to,
urine, flushwater, toilet paper, menstrual
blood, greywater, and cover material

b. This includes any kind of pit, vault, or bucket
where excreta is retained on the premises
for any duration, rather than immediately
conveyed via pipe, as with a sewer.

2. Includes raw excreta as well as any amount of
further treatment. Examples include drying,
storage, composting, anaerobic digestion and
pyrolysis, but this list is not exhaustive.

1.Urine-only experiments.

Fecal
amendment
(FA) applied
to soil (1)in a

1.Any soil type. Amendment may be applied in
any way (e.g. surface, incorporated) at any
time prior to crop harvest (e.g. before
planting, or at various plant growth stages)

1.0ther uses for the FAs

2. Soll remediation
experiments where a crop
was not grown.

porosity, water holding capacity.

< |crop (2) | 2. Any arable crop, for consumption by humans |3. Other kinds of paper e.g.
S growing (e.g. vegetables) or animals (e.g. grass) or for Review and discussion
S |study (3) commercial use (e.g. timber) papers.
s 3. Any crop growing trial, including small plot,
£ farm scale or glasshouse, in which a FA was
added to the soil.
Numeric 1.Numeric data may be presented in a table or |1.Papers with anecdotal or
results Q text, or on a graph so long as the numeric gualitative results (e.g.
reported with value can be interpreted. L¢euU TECeE
comparison |2. A plot which was managed identically to the taller under treatment 1).
to an un- plots of interest, except for the addition of any |1.Papers with
- |amended kind of fertilisation. indecipherable results or
.8 control plot graphs.
g (2 2. Papers which only
% compared FAs to other
8 organic amendments or
synthetic fertilisers
Measures at |1.Included any measure of crop growth or |1.Papers which only
least 1 crop nutrition, or any physical, chemical or measure other aspects,
or soll biological measure of soil. Examples include, such as  economics,
property  of but are not limited to: pathogens or farmer
interest (1) - Crop: yield, biomass, size, nutrient opinions.
content, nutrient uptake
- Soil: nitrogen (N), phosphorus (P),
potassium (K), carbon (C), organic
° matter (OM), pH, electrical conductivity
£ (EC), cation exchange capacity (CEC),
8 microbial respiration, ~fungi:bacteria,
8 earthworm  counts, bulk density,
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3.3 Darbat Ern

Data were extracted manually into Microsoft Excel from data tables, text and graphs.
WebPIlotDigitizer Version 4.6 was used to extract numeric data from graphs where data

tables were not included. An exemplar of the database is shown in Figure 1. Each paper was
coded (Column A) and each treatment within each paper was numbered (Column B) which
TCyliAUO gC ¢iit U A hAiehU 1 COU ®CE UIUEJ ECW
row of data, which related to one particular set of variables. For example , if a paper
measured the effects of both i) a compost and ii) a dried sludge, each on both a i) wheat crop

and a ii) potato crop, then this would result in four unique treatments. As such, most papers
contained multiple treatments. Variables of interest r elated to the study design (Columns D-

K), fecal amendment characteristics (Columns L -R) and experimental results pertaining to

crop growth and soil health parameters (Columns S -AD).

A B C D B B e I J K L M N o} P Qs =R ST WX Y Z AR TAR T AC FAD
1 Study Design Amendment Characteristics Experiment Results

Yield type
From [yield]
Value [yield]

Unit [yield]
Control [yield]

**Yield**

Soil Organic Matter

From [SOM]
Value [SOM]

Unit [SOM]
Control [SOM)]

*EGOM**

U-sozked BC
+ manure

Manure Before plant
Before plant
Before plant

U- ked BC
soakel Beforeplant |Incorporated |60 |12.37 |Fresh |Data |33 |t/ha

Datz |28 |g/ke [26.9 |4%

Data [29.8 |e/ke |26.9 [13%8]
Datz |25.9 |g/ke |26.9 |-4%
Datz |25.9 |g/ke |26.9 |-4%

P116.1 |Moldova |24 [Field Before plant  |Incorporated |60 12.37 |Fresh |Data |24 |t/ha |1.

@
a

Clay loam |0-20

Incorporated |60 [21.15 |Fresh [Datz [2.4 |t/ha |1.
Incorporated |60 [60.00 |Fresh [Datz [1.6 |t/ha |1.
Incorporated |60 [12.37 |Fresh [Data |2 |t/ha |1.

P116.2 |Moldova |24 [Field
P116.3 |Moldova |24 [Field
P116.4 |Moldova |24 |Field

60 |Clay loam |0-20
60 |Clay loam |0-20
60 |Clay loam |0-20

P1167 |Moldova Clay loam Dats |26.8 |z/ke [25.4 |6%

+ manure
Clay loam i Manure Beforeplant |Incorporated |60 |21.15 |Fresh [Data [2.6 |t/ha

60 |Clzy loam |0-20 i Beforeplant |Incorporated |60 |60.00 |Fresh |Data [3.4 [t/ha |2
60 |Clay loam |0-20 i Beforeplant |Incorporated |60 |12.37 |Fresh |Data 2 [t/ha 2.
U-sozked BC
Clay loam i Beforeplant |(Incorporated |60  [12.37 |Fresh [Data (2.4 |t/ha

+ manure

Dats |276 |a/ke
Dats |27.5 |g/ke ]
Datz |24.6 |g/ke |25.4 |-3%

P116.8 |Moldova
P116.9 |Moldova |24 |Field
P116.10 |Moldova |24 [Field

W~ AW N

Dats |24.8 |a/ke [254 |-2%

W [w[w|w] » |w|w|w]| w

= o
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N
O\

O\

m- « < <
- <
c

Bi

6‘\

<

c

pl

-

M m

Q

m

[T

[

(e

< m
m o

(et}
o omog

© m -
('D C‘ O\
<
III' m(
E[(
|'|'!(
c
N
m
>
p-d o))
«Q

< «y O >;
m
c
(@)
c
bl
.. O
«
m c
O

<: c

c
bl

> =
<: O\

m
bl
O\ ([
D < m- x>
—_ N
Q >
N

—_
-_)

c
p>d
m
C
O
>
m
O
=
[0} c
(@] T
o
<
Q\
<
D .
£
T
(e
%l
<
c

il e«UEgiui EUEE:

c
O\
[
-
D:
T
«
-t
(@]

All experiments were categorised as being either high or low methodological quality based

on the criteria in Table 3. A paper which met all criteria in the table was considered to have

Cee
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high quality methods (HQM). This subset of the total dataset was reported separately

alongside the full dataset.

Table 3: Requirements for a high quality methodology (HQM).

Study Design Feature Description

Replication Each fecal amendment treatment was replicated at least 3 times (or in
the case of single large fields, at least 3 samples were taken from
around the field)

Randomisation Plots were arranged in a stated randomised format, such as
Randomized Complete Block Design (or in the case of single large
fields, multiple samples were taken from around the site in a
representative way)

Fecal Amendment The fecal amendment was predominantly of fecal origin and was not
Purity enriched with inorganic sources of N, P or K.

In cases where blends were used (e.g. feces and food waste composts),
the blend needed to be >50% fecal material.

N application rate The total N (Ny) application rate of the FA on the field was stated or
calculable from the supplied data, in kgN vha

Field trial Only field trials (small plot or large field) were considered high quality.
More information about the limitation of pot trials is given in the
discussion.

Specific to crop parameters

Duration The study lasted at least 1 whole crop cycle, from planting to plant

maturation/harvest.

Specific to soil parameters

Duration The study lasted at least 1 full year to allow time for the amendment to
be incorporated into the soil and to reduce seasonal variations in soil
properties

Soil sampling The soil sampling depth is stated in the paper

3.4 Synthesis of Results

The lack of consistency within the experimental design of each study made it impossible to
directly compare the raw crop and soil data between the studies. Taking yield as an example,
if two different studies using fecal amendments (FA) reported i) an aver age fresh yield of
Swiss chard at 43g/pot and ii) an average dry yield of maize at 1.12t/ha, these raw data cannot

be combined.

Instead, these data were standardised by comparing the results of the FA to those of the

unamended control plots/pots (UCPs), thereby controlling for site conditions and plot

yAAAcUYyUAg Oi ®eUEUAT UE 1T UgIUUUA géuU Eg hbtheUE:

amendment as a percentage change, which could then be easily aggregated across all the
studies (Figure 1, Column X and Column AD). Percentage change relative to a control plot is
a common method of results reporting in agricultural experiments, part icularly for reporting

yield (Edmeades, 2003) Using the same example as before, it can be stated that adding the

FA increased Swiss chard yields by 115% and maize yields by 61%, as compared to no

¢céi
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amendment. These values can then be aggregated for statistical analysis. This method is
useful for showing broad directional trends, whilst the variation in results between the

studies gives an indication of certainty.

3.5 Comparison of Fecal Amendment

Fertilisers
Papers which included fecal amendment (FA) treatments and synthetic fertiliser (SF)

treatments within the same experiment were directly compared to assess their relative
performance whilst controlling for all other experimental variables. This analysis was limited

to FA treatments w hich were not enriched with synthetic fertiliser (FA ), and which used a
broadly comparable N application rate. Most experiments used similar total N (N 1) application
rates, and so this was used as the basis of comparison. Papers which used N rapplication
rates of SF and FA which were within 2x the value of each other were considered
comparable, and were included in this analysis. This resulted in the inclusion of 18
experiments. It should be noted that N loading is just one possible basis for comparison but
was selected due to high reporting rate within the studies and because it is commonly used
as a basis of equivalency for synthetic fertilisers. Additionally, within organic am endments
most of N+is in the form of organic N, which must first be mineralis ed by soil microorganisms
to become available for plants to utilise. Estimates of the readily available inorganic N (N )
within organic amendments vary greatly, depending on the form of the amendment and its
treatment conditions and duration (Kelova et al., 2021) but some studies assume a single
value for N; for simplicity (e.g. N; = 10% of Nin the case of Chirere et al., 2021). In addition to
the N; contained within organic amendments, it is also hard to predict how much of the
organic N becomes mineralised into Niduring the course of the growing season, and different
equations for this exist (Gilmour, 2021; Ryals et al., 2021)n summary, under comparable Nt
loading rates, fecal amendments would supply significantly lower plant -available N as

compared with synthetic fertilisers. This should be considered when interpreting the results.

3.6 Statistical Analysis
Only three papers were both i) of high methodological quality (HQM) and ii) reported the

sample number (n) and standard deviation (SD). These two values are required to weight the
effect size of a study which is necessary for formal meta -analysis. As such, true meta-
analysis was not possible, and instead the average of the treatments was found assuming
equal weighting across all treatments. The data generally suffered from small sample sizes,

high variance and several significant positive outliers, which re sulted in a positive skew in

many of the parameters. A Shapiro-Wilk test was used for determining the normality of the
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data. The majority of the data was not normally distributed, and so the median was selected
as the most suitable measure of central tendency and non - parametric statistical testing was
employed. In cases where data was normally distributed the mean and para metric testing
were used, and this is clearly stated. A 95% confidence level (n = 0.05) is also reported

alongside the median and mean values.

95% confidence intervals for medians were determined using the Binomial distribution to

determine the jth (lower) and kth (upper) observation, using the following equations:

N mME o Ep ™ Eq. 1

Q ™ME q TE p T Eq. 2
95% confidence intervals for means were calculated using the following equation:

where n = the sample size and z = 1.96 for a confidence interval of 95%.

Median results are reported as: median [lower confidence interval, upper confidence interval]
(n =value). Mean results are reported as: mean [£Confidence interval] (n = value). Where box
plots are used to visualise the data spread, values outside 1.5x the inter - quartile range are

shown as points.
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4 . MB&aaa Resul ts
4.1 Systematic Search
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Figure 2* Flow diagram of the systematic search and screening process, including the major reasons
for paper exclusion at each step. The exclusion reasons are detailed in Table 2. FSE = fecal sludge
equivalent.

The systematic search process identified 45 papers written between 1939 and 2023 which
met the inclusion criteria (Figure 2). All reasonable steps were taken to locate the papers,
and only two papers could not be found after using inter -library loan. A sum mary of the
included papers, their key design features and summary results is included in the
supplementary materials. In two instances two distinct papers described the same
experiment (NO13 and NO35; P049 and P087), and so their results were combined. Thee
papers (P011, P053 and P089) described multiple unique experiments, which are denoted with
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a letter after the main paper code. This gave 47 unigue experiments, which yielded 289 rows

of FA data, each relating to a unique treatment.

The studies took place in 23 countries, with 13 of the 47 experiments conducted in Ghana and
sharing a similar pool of authors affiliated with the International Water Management Institute

(IWMI). The remaining studies were distributed around North Europe, North America, East
Asia and Sub- Saharan Africa (Figure 3). There were no studies conducted in Central Asia,
Middle East and North Africa (MENA), Central and South America or the Asian Pacific islands .

HEEC]
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Figure 3* A map of the distribution of included studies worldwide. Made with MapChart.

The majority of experiments (n = 28) were less than 6 months in duration. 9 lasted 7 -12
months, 5 lasted for 2 years and just 1 lasted more than 2 years. 4 studies did not report their
duration. Only 10 experiments monitored changes over at least 1 crop growth cycle, most of
which were short cycles of fast growing crops. As such only 8% of the fecal amendment rows
report data collected from at least a 2 " calendar year of a crop trial, which highlights a

distinct lack of studies measuring long -term impacts.

Nineteen experiments were determined to have high quality experimental design and
methodological reporting for crop results, based on the criteria in Table 3, meaning they were
conducted in the ground rather than in pots, were grown until the point of plan t maturity or

harvest, reported a randomised layout, and had at least 3 replicates. Only two of these
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experiments were determined to also have high quality reporting for soil results, meaning

they lasted for at least 12 months and reported the soil sampling depth.

4. Rmendment Characteristics
Table 4 shows the breakdown of the papers by amendment source and main treatment

method. Composting was the most common sanitation treatment method, used in 40% of the
fecal amendment treatment rows. When considered alongside vermicomposting these

aerobic treatment processes made up half of the data.

Table 4% The number of data rows for each type of fecal amendment. Fecal amendments are

Oi EA¢¢EUGAgUO 1 AgC geEUU L EChETUE+r AAO EUI UA
Amendment source S .E g -§
S g o =87 g S
et o (@] [@)] = O (3] -~ O
T |[8|E |£ |E|EE|E|2E
e | & |8 |68 |6 |28|¢ |25
Fecal Sludge 116 5 64 33 5 33 6
Feces 110 25 24 32 |4 16 |7
Septage 63 6 27 12 16 |6 2
Synthetic fertiliser 85

¢ UAUEAGUGJ EU=UEEUO gC géuU ECui OE =ECy A
tzUegAgU+r WAE géuU EahOgU EUyCIUO EeUT e
BeUEU yCEU ¢éAAAeCARIC AYIEU AJARI AGE U O

1] &ECY

LEUT A EuhOc¢U+r WNUEU geéeCEU Veéeiile A0 T UUA TCauUl guld «=ECyYy éi
h
i

i AU Oi1 U
0 U

Although septage, fecal sludge and source separated feces can have very different
compositions and rheological properties (Niwagaba et al., 2014) the range of different source
and treatment combinations made it impractical to disaggregate results in this way. Since
this review represents the first attempt to quantify the effects of fecal amendments from
onsite sanitation systems on crop and soil s ystems it is appropriate to keep the assumptions
and findings broad. Subsequent studies could investigate whether amendment source or

treatment process are good predictors of agronomic outcomes.

Lt gEUAg VYL

Egi Ac EJ
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4 . Brops

The studies covered 32 different crops, grouped into types in Figure 4. Cereal crops

dominated the data, with maize alone comprising 35% of the fecal amendment data.
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Root Other

Every paper measured at least 1 crop parameter, which are summarised in Table 5.

Table 5* Frequency of reporting on different crop parameters within the included studies.

Crop Parameter | Description No. of No. of FA
Experiments | treatment
rows
Yield Mass per area or per pot e.g. kg/ha, g/pot. 35 188
May be fresh or dried.
Produce Mass per plant or fruit/vegetable, e.g. 1000 11 64
Average Mass grain mass, average cabbage head weight.
(PAM) May be fresh or dried.
Height Height of plant, e.g. centimetres 22 98
Biomass Mass of plant material, including non -saleable | 15 84
parts of plant, e.g. total biomass (g), above
ground biomass (g). May be fresh or dried.
Tissue nutrients | Concentrations of at least one of the three 13 68
(N,P and/or K) macronutrients (NPK) in any part of the plant
(usually leaves). Reported as mass/mass or
percentage. May be fresh or dried.

neifl
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4. 4 Soi l Characteristics
28 experiments papers conducted field trials in which the soil remained in situ, and 19

conducted pot trials using excavated topsoil. Soil preparation differed and was inconsistently
reported. Soil classification was rarely reported, and those which did us ed different national
classification systems, making analysis by soil type impossible. Of the field trials which
reported soil results (n = 16) 13 of them reported the soil sampling depth. All sampling depths
were within the 0 -40cm range, with 6 experiment s only sampling to a depth of 15cm. Only 3
experiments stratified the soil sample into two distinct depths. The lack of reported soils
depths and the inconsistent parameters measured across each study provided insufficient

data points for analysis to diffe rentiate results by depth.

Only 25 experiments (53.2%) measured changes in any soil parameter, and predominantly
focused on chemical parameters (Table 6). Some experiments reported physical parameters
of the baseline soil at the start of an experiment, but only one paper measured a change
between the start and end of the experiment. Measures of biological activity, such as
microbial respiration or fungal:bacterial mass ratios were also lacking, reported in just three
experiments, and each reporting different biological parameters, wh ich was insufficient for

statistical analysis.

Table 6* Frequency of reporting on different aspects of soil health within the included studies.

Soil Parameter No. of Experiments No. of FA
treatment rows

Soil N (Total, NO3 or NH4) 14 71

Soil P 18 80

Soil K 19 102

Soil C 12 65

SOM 8 39

pH 18 93

EC 11 49

CEC 5 24

Biological (any) 3 12

Physical (any) 1 3
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5Crop and Soi |l Resul ts
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¢t UEU +UJ &i AOi AcE AEU 1 CAEi EgQUAg Nige EghOi UE L
Ay UAOYyUAQE WVige EJAgeUgil @UEgiui EUEE: 80Oy UAOUE
®ECy+ 81 JUAEE AAO TCATUhOUO AC EicAi @aUUAAg Oi ael
~AAi yAU~ YyAAhEUO AAO EJAgeUgil AuGd &UEgiui EUO EC
YyUAEREUE Ca ECia CEcAAil YyAggUE  yilECaeAhAA" &CE
EgAT iaigd geAA EJAgeUgil Auul eBBgUAEEDOUBCUOGE ¢
AAO _¢° AAO géeU EhIECia yCEU UAEiT&UO Wige Ai gE/
T CAORT gURAMOYWEGA Cae ' eAeUEE 1 CyeAEi A¢g Oi e@=eUEU,

cECheUO AE UigeUE CEgAA|bA@EChOEAUAgCE@AmulAAeAa
i ceUE JiUWOGE ~ s, 7 e@eECa®igE ~ '+,  AAO ECiu 12

5 5

T CAORT gURAMOYIEGA Cae w"s CE¢AAiIT.TCAI UAgi CAAG 1 C
géAg CEcAAil eEAT'gi] UEg&ABUDGAI WEBHYUEAAUG eEAT gi 1L
VAE GRBgU gC ' ', ": +Cgé eAeUEE ClIEUEI UO Oi @=UEU
i ATahOi A¢g aCl Agi CA® TuauiyAgu® ECia° AT CyU auUiI UG
AREAG EUWAEIUCARgicaEgUO:

vUGcAEOi A¢ EUWNAgU EuhOgU 1iCECui OEUMEEe®UDUGGE BghAad
Te @&ChAO geAg 1iCECuiOE iyeECI UO ECia TeuyildA
i ACEcAAI T &UEgiai EUEE: -1 CIT A Ugv CyoA KisA sAKO EUI
AO geAg ¢geuUJ i AT EUAEUO TECe JiUuOE AAO EUORT L
Aag ~s118” TCAThEEUO géAg 1iCECui OE REU i A geél
EcAAI 1T @&@UEgiai kUEE' UEelUUABREKIIT aWRAU AzieAd iU B
Eg gC A Ui OUE AOCegi CA Ce CEcAAIT AYyUAOYy UAgQ
GWAE @CihE i A 1CAgUijgE NEUEU geuUJ C@=zUE EN
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6.2 Limitations and Data Gaps

6. 2LLalnguage

¢teU AhgeCEE AT +ACHUUOgU géeAg uiyigiAg géeU EUI i UL
ECyU EghOi UE &=ECy ¢géeU AAAGWJEIiE" &CUUI UE géiE iE
CA géuU @i AOi AgE Ei ATU ¢géU iATGhOUQiFAROGITUE 1 Ci UE
Oi EgQEil hgi CA:

6. 2S5t2udy Length
teU Al + Cae EghOi UE 0AEgi A¢ &«CE yCEU géAA A Ei
+ACNGOUOcU Ce&e géU UmxaeUl gE Ceae @«UT AU AYyUAOYUAQE
OEAVA =ECYy géi E AAAGIJEIE: ¢éU 1 AahU iCedlAEcEI T hagh
GCAgUE EghOi UE 1T UggUE EiyhuAguU EUAGIigJ Cae AOCeglL
AAAhAG esuhil ghAgi CAE i A a=AEyi Ag CeUEAgi CAE: ¢éUJ
hAOUEEgAAO éCl geéeU ECiu EJEgUYy BHEECADPEEYRAuy EAAL
gi yUET AGUE" UEeUTiAaud @CE geCEU ECiu 1 &AEAT gUEi
EghOi UE AGWEC gilU CEUAQUE i AEic¢eg iAgC EUEi OhAuQ
~80yUAOUEE wwWAY T MEWAYO B9 AA=CEghAAgUG] uCAc¢ AcE
TAA T U eECeéiligih-UAIJAAGed)iAEDY I IUCAERY T Agc® EUEhGgi A

EghOi UE eAEgiThoAEGI i A aCl i AT CyU EUggi Acg E:

>
S WO

(o))

2Sadmpl e Si ze

zAyeuU Ei kUE &«CE UATé& ECiu AAO TECe eAEAyUgUE WU

EJAgeUEi Ei Ac EUEhUgE Al ECEE Of ®eUEi Ag yUgecCOCucCg
®f AOi AcE- géhE Auu EUeCEgQUO EUEhuGugE EéeChulO 1T U idA

6. 2S04 | Functions and Soi l Heal t h
AAGIJEIE Cae ECiu i E Oie@weil hag ORU gC T CyeuuUij iAg
eJOECEee UEU AAO AgyCEesUEU: AAGIJEFE i E AUEC 1 Cy

cUCEeAgi Auad 1 AEfT AT aU 1A i gE eECeURyIiCAEE "AAXe iHhee &
AeaeUl gE 1 AUhU 6hO¢cUYyUAQGE Cea WDéeil e 1Te6AEAT QUEI Egil
Eiyeuield AEEUEEYyUAg Ceae géiE T CyeuUij i AgUEeaA]J 1LC

i AgC A yAAAcUAI GU EUg Ce YUAEREYRBAOAED ARG ELAT B/
Uiji BGRAUY NEGAAG: ~ s 1 .  ZAINEA EQA&yi BUGE gAhu0J 130 1A&GCe g

OUi Ai gi CA Ceae ECiu &UAGgé: gC yUAA geu ECiar E Al
EREgAIi A eu0AAg AAOC RAM §yAMORECHOT @yé Wi aldl hE Ca géiE
AEEUEEi A¢ AcECACYi1l 1 UAUxi gE Ceae &Ul Al AyUAOYyUAQE
i E AA AAAGC¢J gA+UA &=ECYy yUOiTiAU wWyeile iE 1ioL



€A1 U 1T UUA yAOU gC OUQUEyYyi AU A EgQAAOAEO EUg Ce y L
ECiu UAugée" EAAci A¢c @&ECY "8HEAERJ J- AEIYy@A UtjC GUC iCy UE
GEi seeei g6 E Ug Ad: AAO @eUEWUz 2 E ¢UAMBAO BHCAEBAREHhDU:
eeJEIiTAu> 1TeéeuUyilTAa AAO 1TiCucCc¢cilAu i AOilTAgCEE:
“Ur i Ul CAGJ s UUéUEiyUAgE w7 yUAEﬁ
0 «eClThEUO CA TeéeUyil
eéeJEiT A0 eAEAYyUgQUEE yA+UE ig iyeCEEiTAAO gC 1 CyeécE
Tetl At YyUAEREUE AEU @&AiEWJ yUAAiIAGUWUEE A i ECU
OJAAyi1l ECiu eECIUEEUE EhlTée AE AhgEi UAg 1J1Tai Ag:
' iiCaCciTAu 1 AOITAGgCE AE igi iiAQl 1MAHQEY RIAE g
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eCEigiirUuJ TCEEUGAgQU WNVigeée gEhU T1iCuCgilAu YUAEhHE
VAGgUE i E CegUA YyUAEREUO i A euAl U Ca CgeUE iicCuc
yUge COE WCiA-PAUGEEEA GAT + A EgRACAGATHOU LEAU Q) ge EANg: CT G
seJEiT Ao YyUAEREUE® (i +U OUAEigJ AAO eCECEigJ: &L
EAgi EeAl gCEJ 1 CAOi gi CA g¢C e CEg Ui el AAO géuU
GAEG UE!'{JAATUEE@Q Ul EAQUE i AOT CEdgBgAYy =NAT §8CAEAAUT UEE,
TJiai Ag Cae AhgEi UAQE AAOI@&@O @ﬁg& BAGEACRAICERAA
®CEYy: zghOi UE CA CgeéUE CEc¢cAAi1l AYyUAOYUAGE i AOi 1A
~zi EChi AAé AR AG:Cu CelisMAID Ae BI@e MR B UEUECEU CaaU
Il AEUGI AU &CE T CyeAEIi ECA Nigé a=hghEU Eghoi UE Ca a
6. 2Po5t Tri al s

teU {ATuhEi CA Ce eCg UijeUEi yUAgGE yAJ A U AeaaUlg
®CE 1 ECé ¢cECNge AAO géeuU éiceUEg 1 AEi Agi CA Al ECEE
gEIi AGE A1 U TUUA TEigilTiEUO =GE yEUDE he\ALHCMm I Qadg
T eUAUE geAA @i UuO UijeUEi yUAgE" UAEiUE gC EUvUedil
CAOI gKCAEAAA Ug A&UTEsP CAGEI T hgi CA gC ET i UAgi ef
Gi +UGJ geAg geéeUiE EYHOAUGE GBAEEGAgEBCOUUEE CAOVEQYT C/
géU EUEhRGUgE AEU GUEE TUEgAi A IJe6UA c¢hi Oi Ag T éeAAglL
iyeAl g Ag @i UuO ETAGU: ¢éiE (E aGai+U0Ua6J A yAs6CE E
CyigguO UG EIAUESCIH WAUEE UijgEUYU eCEigii1 U UeseeaeU
TECée eUE=CEyAAI U Ei AT U geUEU AEU yAAJ yCEU 1 AEi
eUEg OAy AcU:

—)
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6. 2Sabmpl e depth

_AAJ EghOi UE @®AiuaUO gC EUeCEg geU EAyeui Ag OUeége
i AOi AGE: ¢&6CEU Veile Oi 0O CaegUA EAyeauUO gC A Eé}
geuU UAgi EU AT gi1 U EU¢i CA: EiijuO OUebBUMABAEREREg®
ECia 1 ha+ OUAEIA JKAGUMA cULE CAJUUA g isAwad G UAOTI Ag gC a
®CE UjAyeuU i@ ARgEi UAgGE €A1 U yCiUO TUGCU geUu EA
e0AAg ECCgE" g¢geéeuUJ yAJ 1U iATC&EBEUEQd: 1 UGi UI U0 gCcC
6. 2Dbart a St andardi sati on

teU 1 AEfT Agi CA i A UijeUEi yUAgAuU OUEic¢A" 1T&CEUA eéAE
iyeCEEil U gC Ag¢EUGCAgU géeU EUEhGUgE AT ECEE Oi el
-AGT haAgi CA e@aAcUUEIVUAGI 1 U gC geU hAAyUBOWO 1 CAgI
Il UEg Cegi CA° AE ig 1UEg 1CAgECUGOUO =CE Auu 1 AEi /
EghOi UE OhU ¢gC i gE 8oONALAGUES iegCi UivK Ee B AT OICTUE & Al U
iyigAgi CAE:'l 8 EAQAY BANET WAQAi & UealUl g Ei kUE D& UA
CAOi gi CAE AEU EyAaG- &CE UijAyeaU A wiy Of eeeUEUA
TeAAgU «CE A EUUOGIT AU el AC Ae@ie Ao UEH WA ¢ N AsgAUARCEU E

I hGAUEAT GU ¢gC geU T CAgECU eUE&xCEyi Ag hAUijeUul guou
i AQUEUEg AeéeUAE 1 UEJ ¢CCO CE 1 UEJ 1AO0 WWeUA iA A
yAJ aeAua Digei A @ UEAAGOY gWEE ERAAGH) yAJ EUEhUQE e
géeAg i E ACg i OUAgi @i UO: ¢C UijUyeuieawed geiE ecCiAg"
e AAOG [ 1tsw' “ (A gé&iE EUI iU NUEU 1Cge &EC
Jeil e EghOiGAARgFECKAELWA: i A 6CgE Ci UE A w yCAgée eUl
T CAGECO eUAAgE eUEaCEyUO i ATEUOI T 0J eCCEuJ: eECC
T CyeAEUO ige v1:vy¢e AAO '':1¢ &CE geéU guC aUl Au
Chgui UEE€g ABOUIEIIUEU eEUEUAg (A yAAJ EghOi UE Al EC
i At Aui OAgi Ag géeU hEU Ca eAEAYUgEIl EgAgiEgilAG ¢
yAi A yUAEREU Ceae TUAgEAG gUAOUAIJ AE ig iE GUEE
EUeBEgpHeU T CAeei OUAT U i AgUEI AGE &UGEE gC c¢i L

5

—_

GG AcEiThaghiEAd EJEGUYE AEU RAI&RU ORU gC Of mal
GEAT gi T UE AAO CgeUE @Al gCEE" AAO EC géU EghOi UE
EUGEUEUAGAGIi 1 U Ca Ui UEJ RAT SRU EseighONgh cOfA : € a UgEesii Eg
EUI iU Egiaa ECI i OU ¢chi OUGIi AU 1 AGARUE =CE §gé&U Uij
i ECe AAO ECiu eAEAJUGUEE wéiie TAA 11U REUO AE A
EghOi UE:
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6.3 Wider | mpact

6. 3So0lci al | mpact s
¢teU ef AOi AGE Cae geéeiE EUIiUIN {AOITAgU geuU EUAGIT Eg
gC EJAgeuUgil eUEgiui EUEE: ECCO EUIREigd i E OUei A

A1 U eeJEiT A" ECITiAu- AAO UICAKKGEI Al CHE E2@CO EF
YyUUGE géUiE &CCO eEUx2UEUAT UE AAO OiUg AEJ {AUUCE =
8AEhREi Ag Eheeei 1i UAg°- AhgEigi ChE &CCO Ag Auu giyU
Deileée geU EgATiaigl CeeGEYABCDEI Nei BEEG=ETBEggUHAT
AT i i gAgU éicé JiUWOE Ca AhgEi gi ChE -a=aCE@®UG g eWg C
AGa: " s geU " Uyi EEi CAE AEECTI i AguoO T gBABEEDhDGi BR: £
k188 "gelU cUCeCui gi MACEDUHNE AgOUENe@iuGAEN gEAOU Of
®f AAAT i AUWAGEAGL U YPFAE: geyt AA i AEUThEU EChET U ¢
UijUyeuiaei UO 1J geuU iyeAilgE Cae gél VhEEHAA i Al AEI
T CGAEAEg @UT UE CaeaUE A EhEgAi AUO EChET U Cea acCl Au

®CE @6ECI UEEi Ag°' gEAAEeCEgAgi CBEERIJAAKEIAGUBAODg&H
Aa: > ~s140° 7 [ OUAgi e UO geAg VyAAJ Ce géeU WCEWO: E
GCl Agi CA Ce Eheeud AAO OUYyAAO yUAAiAc¢ géeAg Ul A
CAAUT gi CAE 1T UgUUUA EAAi gAgi CA CEAO EAGEHIT TERI GURAEGLE ] 1.

—)

60i gi CAAGGI" EUiyAci Ai Ac Uijl EUgA ACg AE A NAEgC
ECyCgU 1 UggUE EAAI gAgi CA EUEI i1 U eHAEEI CA: fAE
EUAGyUAG yUGECOE ai+U T1CyeCEGi A AEU ABGECEET Ag
SUIE Eiyeailigd AmeCEOAIiaigd AAO GGl NAGUE EC
ERAGU EAAI gAgi CA iE géU EUORI UO WAGUE OUyAAG A
UORT U 1CyeUgigi CA @®CE AcEiITRUGREU AAO OEi A+i Ag
ZAAGUEGEAI UE _ : RUGGUGGUE" 11~

o Q@ M
(o]l

m-

3

6. BEn2vi ronment | mpact s

GCA¢ Nigeé 1 UAUaxi gE @&CE 1 ECeée eECOhigiirigd 1 ATEL
TaiyAgU~" 1T ¢BMAGBe Ug ABE ECHG *EUEUEUAQE ¢géeuU WCEGO:
“M-1 0 s100igi CA Cae CE¢AAiIl ECiu AYyUAOYyUAQGE EUeE!
EUBhUEgUEi A¢ 1T AEI CA " 2RBGEgGgABL Agy AEec UBWO' i gKANUY ¢
UseeseUl g i E OUUAOUAg CA géU ~AiGYINEEACAG W gaaAByiUn BC ad) gy ét L
Aa: ~s11'” ®ChAO géeAg AOOi AcCICECARAUE A LY@ CA gA Ay L
CcEUUAChEU ¢AE Ei A+ Uigé UeeUl gE eUEEi Egi A¢ @CE

AyUAOYyUAQE €A1 U 1 UUA EeClDA ¢gC EgiyhaAgu Al Ci U AA
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T CAgEi Tl hgi CA ¢gC 1"AENANAE EU&zhiWEYERNA TisiCAcy EJAgeUgi 1l
Ji gée @&Ul Aa AYyUAOYyUAQE éAE géeU eCgUAgi Au gC Ce=EL
AEECT i AgUO Nige geUiE eECORIiI'®AGAEe gEAKRAEQDG (AAG !
-CEOUGG Ug Aa: > s11 ' . WIEi A=Ch Ug Aa:> #1881, sAe
6. 3EcBonomi ¢c | mpact s

f AEi gU EAAi gAgi CA EJEgQUYVE AEU hEhRAGGJT 21A0WOAEVUE ¢ C

k1 LIAKO géeU hEU Ce E i A AgEiTﬁugﬁEU Cae=UEE AA Ce
EUIiuvl 13 _AGuCEJ Ug Aa: - ~s1817 =ChAO geuU ETAGL
CAEi EgUAg AAO BEUABE Bg Au:

UijT EUgA AREU gC 1T U iAl
LUCIAGhUr EUREU Ceéegi CA: 2UEeéei g UehgAGiEAc gaéi UEEAJA TUijA (Ex
y COUG-EAEEAEO Ug Aa: 1 s ANGR _@BAEYE Ao VEAR EUICI UE
A OEiI UE &CE iyeECI UO EAAi gAgi CA° UEeUT i Auuad wnel
ECTi Au AAO UAI i ECAYyUAgAG 1 UAUxi gE: ECE @®AEyUEE"

Ui UA 2EUU EChET W B BEIEALe glhWyiel giiABMg 1 CEgE AAO g
MyeECI i A¢c ECiua eUAugeée T ChuadO AUWUEC GWCWUE AcEileéuyi
eUEgi Gi EUEE" 1J iyeECI i A¢ AhRgEi UAg TJT@iiKkgA Oi EL
-AAUGUAE Ve e T ChuO s=hEgeéeUE EUORT U iAehg 1 CEgE:

7 . Conclusions and Recomme
¢éiE EUIiUWJ OUYyCAEQEAQUE géAg aUTl At AYyUAOYUAQE a

Uijeilig AUhgEAG gC eCEigii U UeseseUl gE AT ECEE A EAAZ
AL UEA¢gU eECOhT U Eiyi GAE Ji UA®EGIIGECOEARGR UG §i @GANE g
EAgU: OCegi CA Ceae UI CuCc¢ilAu EAAi gAgi CA &6AE geéuU

2UrvuCeyUAg GCAG gAEGUgE 1 UJCAO Eiyeud iyeECI i Ag
TECe AhgEi UAg EUTHhEigd: Mg 1 AAEEWI EALQ IE@LEI BE gA
JeUEUI J EAW yAgUEi Au i Aehg @=CE geéeU EJAgeUEi E Ce
GWCEE Ca ARgEi UAQE &ECYy ¢géuU EJEgUY 1 i A Uil EUgA Oi
f AEi gU EAAi gAgi CA EJEgUYVE 1 CheaUO Wige EiyeuuU gE
GCUUE géuU UAUE¢J AAO WAgUE OUYyAAOE AEECI i AguO Ui
I AWCEi EAgi CA Ca geéeU UAO eECOhT g yAJ eECyCguU Wi oL
ehl @aURuge: EUI A6 AyUAOYyUAQGE yAJ CaeaUE AA AxaeCEOA
®UEgiai EUEE géUEUIJ EUOhTi Ag &=AEYUEE i Aehg 1 CEgE
AAO EheeuldJ: geéehE iyeECIiAcg eECeai gE Wi geéeChg 1 CyecE

OGICAAGGI EUBhUEQUEiI A¢ TAEICA i AgC ECia yAJ euUl
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“F € hERATOA (AL

teAg EAi O ACgAI aU 1 'AEEi BRAE gE J ihad EWiJi Edh EF
A @i AAAT i Ag

ARG EA®Ugl° GEAAEeCEgAgi CA AA

(D¢
o
)>;
[
(@]
[
O\

©
(¢}

ai yAgi1l> ECia AAO AcEiThuaghEAG 1 CAgUijgE:
gAAOAEOIi EUO AeeECAT & ¢gC eAEAYyUQUE EU@UUEgCA AAC
AAO YyCEg gAAcilaU i AOiTAgCE Ce 1T ECé ¢cECINgé éUEaC
OhEAgi CA Ce euAAg cECNgé  EAyeuU éEUeABEMAY GE AAC
eUEEUA 1 AEi E: 00i gi CAAGGJ" EUe JEQAEACOUEWE A glEA
i AOiTAgi CA Cae TECe &hAuigl: EAgeUE ¢geéeAA &ClhEiAg
I AEJ Wi ouud: 1hg EecChuO i AluhOU YyUAEhEUE Ca eélE
Deilée AEU YJyUAEREUO 1 UaCEU AR TACHEIEO GEUA QijgalEiiyA
Il UgWUUA geCECh¢eéAUEE AAO Eiyeéeailigd NeUA EUaGUT gi
i AT ahOU yUAEREUE Ceae ECi 0 EQgERhT ghEU i Al ahOi Ag 1 ha
JAGQUE i Aei GgEAgi CA AAOT Adc FUAAGEUEg AICH@iOg J AT 4ihOu
1i CYyAEE" yiTECIi Al EUEei EAgi CA EAgU> UAxkJyU Al gi
yAT ECi A1l UEgUI EAgU AEEUEEVYUAgE: -éUyilAua yUAEhEUE

AAO 1 CyeCEigi CA° eK EAAAAI gAl EEROAACEAATLBCAERYEDID

7T E EUIT U 8icéaiceédfFUBE UeAl® WCEU §ICGEWA GiEAAT EC
Ehg

me =

MA AOOI gi CA gC GAEAJUgUE EUGUTI gi CA® +UJ UijjeUET U
EUGCEGUO: ¢80 T6AEAT QUEIEGITE Cae geéU AyUAOyUAg E
yAT ECARGEI UAg AAO TAEI CA 1 CAgQUAG. AE 10O0GW: AE i §E
EREa®AT U Aeedi U0 CE Al CEeCEAGUO (AgC geU ECia” A
cUAAgi Ac® EUeUAg CE EiAculU AeeuilAgi CAE”: AJ et

yAJ A1 U EUEi OhRAdh B2 UA A EA ECEAU HIEAAGI L BE@iU

T eAEAT gUET EgiTE E&ChuO T U T CAOhT gUO 1 UeCEU 1 Ugi A
EeChuO 1 U EUBCEgQUO AE 1WUGG AE géeuU giyuai AU Cae =L
UijgEUyU NUAgeUE: Mg i E EUI CyyUAOUDO ¢gleyg AGw AE heC
Ce geUiE UijeUEi yUAgGAG OUEic¢A ¢gC @aAliui gAgu UAEIi L
geU yUgeCOE Ceae EAyeuaU T CuaUlgi CA EeChuO 1 U EUeCE
T Caaul gi CA EUGAgi 1 U g@egeUUEgéOéCEgAEguAEAwyu E A
EUT CyyUAOQUO géeAg geéeuU EUGUT gud OUegeé UijTUUOE geuU
EgEAgi e UO Ag GUAEg 1 AgC gCeECiu AAO EhiECia GAJ
AEECI i AgUubOWe gé BAjOOEAYO T eBhedglUEg &CE e&«hghEU 1
eUT At AyUAOYyUAgQE i E {ATUROUO i A geU EheeuUyUAgAE
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geAA 1 Cge geuU T CAgECu AAO geU zE gEUAgyUAg Al ECE
geu zf_ 1T CAgUAg AI Ci U geAg Veilée INAEABUIGEBOUO i A
EgAEg Ce géU UijeUEi yUAg: 00i gi CAAGGJ" EUGUAUEAg
T CAI UAgi CAAG yAAAcUYyUAg AT ECEE Auu géEUU &UEgi ai
geAg 1Cgeée ehyAAhEU Aeeuail Agi CA ARAIQ) iEIUE UAseeEATgg B UC
zf > Ui UA WeUA gEAAEi gi CAi A¢ ¢ca@BEWN @l A EIAONAGAED A E
ggeU Oi EUT g AOOi gi CA Cae CEc¢AAil YyAgUEiIi Au ¢gC geéuU
l UAUx0GEH GCEEAAONIAT Ug AaG:  ©sAAC .y AiAANCA T AG A 0'T 18]
i A geWhECUEE UgCECUUys UgUijlly éaivaeitl'd i A geU EUc¢UA
¢teU T CAgECO AAO zE gEUAgYUAQGE Oi O ACg UI UE UijTuL
AEEUEEYyUAg: 1 AOiTAgiAg géeAg gelndi tdAOi ACUBEET gl © C
Oi EUT g CEcAAi 1! AWK UEC AIOWDA @ii CMAG Yy AAAcUYyUAg 1 Cge
gEUAgyUAgE AT ghAuauJ EAN A EGicég EUOhRTgi CA i A zf
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CEgE géU geUCEJ géAg eEATGgiTUE ai+U &UAIJ gi
AEU. N §i REE+T QWPAAGUG Ad: ™ .6 51

(o]
c o

Eh
EUG L
zCi G CEgABG&®EUNAJEUWEDEAUGID&EUO | UAUai gE ¢gC ECia &
EgQERT ghEU' UA&AAT UE WAQgUE &CuOi A¢ T AeAlTigd> eUue
®CCO &CE ECi O VyVEIVEQRERERBOCER BEhHgBr g CBAT «CE &AAAg
ka0, ZAG® 181 . CeAYyYVAOI WHURU: T UAWRi gE ¢ OEEWUR
TCAGEi T hgUgo€EYygeUAaGGAcAAO eECOhT gi1igd Cae gelU EC
péeiauU geUu { ATEUAEU i A zf_ CIEUEIUO iA géeiE EghoOJ
UT CaCcilT Al AAO AGECACYIil 1 UAU&i gE" geéeU EUgUAgi CA
AC§g EgEAicéegeCENAEO: zCiua 1AEICA OJAAYH 1e8CEAEU &
OUgUEYi Ai A¢ T'gNEyg AEQPCE UVEEXNGUE CRgAEDE Ug AG: ° &
sCEg Ug :Aa: yCEU OUGAT 0"y ENAKCESRAIAE 1C AWGAIE EUGUA
EeUTia 1 1TAEI CA ®EAT gi CAE i A1 CEgWRA OJ@RaO eiUE EA EigU
AAO 1 UeAI i ChE Cae geU AOOUO yAgUEIi Au> Weile WAE |
4. 2Wa2t er Stable Aggregates

CCEUcCAgU EgAiiGigd EUaUEE gC A ECiu.E EUEIi EgAAI
iyeCEgAAg { AOiTAgCE Ce ECiWARNAUBGAJUZRUVEACGEQEAQ
eECAU gC UECEiCA: zuA+iAc¢' A EéeUl i aefdEJyJEAN tCe | E
AccEUCAQUE AEU EhROOUAGWAAAgg&EBEEANDUE AABBgANEY EgECA
i e EgGAAO géU i AgUEAAG EgfEaUEAUE: [ ¢AOhE UWDj d UE (EYARA €
EhOOUA i yyUEEi CA AAO Aci GBAEEARAADL AWCAGAIEA E Aé IJAE
AccEUGAgU ElgRd d§ iai Al @Al A UgC haaa Ah sUg "Aage s sy "
gi GGAgU A +UJ OEi I UEWBEEeANEc B AGuU OBEGERT gi CA
teU Ofi ®=eUEURAJAI (WA ANAQHEE; AGUE ~pz ~ 1T UgUUUA 1T CAI U
EUcUAUEAgi 1 U yAAAcUYyUAg NAE CAU Ceae géU yCEg EQEI
EghOJ" WigeeBOgBAUVEAGWAI BE iAgeMIEE QE2E AU géEUU aUE¢
gEUAgY UAQE:

Wz i E T AaeGhUAT UO 1 Je uCAEIGEA AN 11 BiAWiIigIUAED RBXBGU & A [y é
EgATiiaigd 13 171AOiAg yi AUEAG @AEgiTaUE i AgC GUAEg
EAgU Co& 2J08HEAc., pAgKAAl WD CuCegvi” 1 AA AGEC 1 CAQED I
®CEyAgi CA> Ui geée . ERiiAcHd + E ECC ge AEEATAIINE:G sA@ § & UE
EECYyCgi Ag eh AggA A UEERC 1) g 6A Q) eei AB-AIhTYWEE gU@d Agie OE s 1 1
®ehAcAu 171 CyAEE AAO yiTECIiAu EUEei EAgi CA WUEU U«
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DeilTe i E T CATCEOAAG Igieg & PEQEEU Awij g WEG A ig&@ABRAOUE |
gi yU EUEUAgUO HCWAAGE UENAWAEBAEAYYERUOENAUE "Ug
Aa: sas 7

MAGUEUEgi Ac a0 WekEeUTEGA IL aA GeUEgi i EUE gJeU' OUEei g
gEUAgyUAg i E geéeU Oi EUT g AOCOi gi CA Cae CE¢AAIT yAgL
OhU g€ geU uCAcgUE g¢i jEb EaAR WUz fEOENE EIUD 2fCTEC HEAE A g
geU ECiu ACDy A@UCEICE ge YbUhAgc DYGMAGEE Ug sAG: -

B 1 BB 7

4. 2Ni3t rogen
nei EEgu Ai gECcUA i E iUA edJE AFEBNEALG OUDEBRAEUgi CA

"GUI EUyUOeéei A UgAELg UA OJAAyiTE AEU éicéud guyecCEA
gEAAEa2CEyAgi CAE CIThEEi A¢ géEChceée T CyeauUi i AgUEA
AAO NWDAQgUE: ¢8é6hE° geéeUEU EiAcuU EAAeEeéeCg yUAEREUy L
OJAAYy i 1T E ¢eEdehceEGlIe TEgACUE CE é6Cl Ai gECGUA 131
MAEgQUAO" geéeUJ CexoUE i AEiceg CAGJ i AgC AARD Oi aeaUE

yAAAcCUYyUAg gJeUE Ag géuU giyU Ce EAyeéui Ag: ~C EgE
ACgiTUAIT GU Oi ®eaUEUAT U 1 UisRAOGA AE ugiecle gi CEALHGNA ug i eQAC gi
T CAI UAgi CAAG yAAAcUYyUAg: fgeUENIi EU 1 AGhUE A0 &

Ci UEGAe 1T UgWUUA gEUAgYyUAQGE' EUi AaeCET i Ag¢ géeuU 1 CAI
yAAAgUYyUAg EJEgUYy é6AO0 A EJRECHRIPECHEQWAI gAC g UA U
¢CgAu Ai§ECCYRETEUO OEJ CLige Uy KEE'A Wi gée CAuJ AE
EEUEUAg AE 1 ACEGRAAD T 2eBAIGEICCAHNAEVAOT piJE Al AT WaAd iU ¢
T CyeEi EUO Ceae glNC yALAKRCEAEY CAI-FTEAGIKTyEREI EUO
AeECIHI VAAADI ER EUEeUT gi 1 UGJ:

9 Ul UGE EUYyAi AUO TuCEU g€ géeuU 1 AEUGi AU ECia yUA
EgCi+E ~“éeEi AliéeAuud] CEc¢AAilT ""JURMBEBWU&EAEQUUEUEAKL
®UEgi ai EAgi CA AAO yAAAGUYyUAg: ¢éi EAREVUERQOWNGAGAE
T CAGAi AUO eEUOCYIi AAAGU] ICECIAGAGEAEG ¢C zE Deile

i ACEcAAIT: fAU yicég UijeUl g ECyU AlThyhuAgi CA Ca
ehyAAREU Aeeéeuil Agi CAE- &CUUI UE (it WENIEE AIAY @ i A
CE¢cAAiI T e&EAT gi CA IDAE Ui géUE UeaUl gi1 Uud yi AUEAGT
ECiu EJEgUy ™ CE WUAE EiyeudJ 1 UEJgEQAUG EUUWAgii1 U ¢
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4. 2PMosphorus
séeCEeeCERE ~s” iE A +UJ yATECAhQgEIi UAg @«CE euAAg
aUir UGE OhU géAeeE@CEgT@A Ci UEOi A¢ gC uiyiguod 1EC

AAO eCgUAgi Al UA| IKRGAY BEAgM (E:UEEhERGE 1T hEEUAg AhgE(
gC yAi AgAi A° EAgeUE geAA i Al EUAEU" ECia s 1J EUsé
EUT CYyyUAOQUO uUI Uln @aCE fsUE WA BA i efli SAPMEOD B +¥s CE 1
1wl . WAfcé&g Ug Aa: > s18y”

' AeUEgi ui EUO AACE WwerC EmUEGH isu | BUG e g éGERMAD Gy 6 EAAQ
yAAACUYyUAAAOIEWECEgUT GCNUE hAOUKgWALEWE AquiCglE y
hAOUE 1 Cgeée yAAAgUYyUAg Ewﬁi%mmeﬁﬁmmuegﬁgﬁﬁy%LlAAg
LOr e tcr BEUGWVALEAYE Y Q. © EUAT &iAc géU gAEcU
ni geChg yCAi gCEi A¢ '6g OUBAQI &&i Ch 0& VAICTYMERLAE! A& U
“1i A OiEUT g i AehgE AAO CEi DWrAWIGE Lehi EAg Chee € E¢ BAAR
®ECYy geUgECEgewAdill e TChuO AU 1T UUA T UggUE i OUA

Cae YyUAEhREUYUAQGE yAOU ¢géEChquedhigE gg égle Bl ijEAN BXEOWAY) &

®&Uau Vigeéei A geuU gAEcUg MAOUI s EAAcgU’ geu GAEc¢U

Al Chg'ACi g huAgi CA Ci UE ¢giyUAgaCCAEDi A¢ UEWe DEAQAT A&

UEgAT ai EEUO &CE EUIJAlh i BFith OkgUi AZiUAK G WigBCI~UE & 1 v 1 |

zi yESUAA w, ziyE' ™ s21108”7° PEUEU ig i E ACgUO geéAg
é

YyCEU eeCEéeéeAgU geAA i E gA+-UA Caxe i A geU &CuucClliA
Mg E€&h i GAREEBALgUO geAg éhyAAREU Oi ®=UEE ¢EUAguJ

Oi EUT g 1T CyeAEi ECAE EéChuO 1'/BUAEKEGCHW EARGEERBUT AAAR
T AeghEU geéeU T CyeauUij- OJAAyil gEAAE=CEyAgi CAE Ce

yCAOE) ThyhauAgii1 U UeseeseUl gE Ce EUUAgUO Aeeuil Agi CA
eECeCEgi CAE Cae Of ®@UEUAg @&CEYyE Ce s WigéiA geU 1
MAGUEUEQgi Ac GJaeE@® Ué ReAAR DO IBAE G CUUEUBRBRIT ABECY z
saf AT EUAEU WAE c¢EUAQUE: ¢éiE {E Gi +U@gEPOFANGgGC gé
Vi gA& CECAAUBEAGCECAAI T aCEWEAUBMIOI CBAUsghd BWI Cy U e
Al Ai GBIAGACA Ug Aa: 82118, ZAAAC wWghBRG:gel ' gCgA®f
Aeeuail Agi CA NAE (i +UG0J oAE éicéUE i A geuU éhyAAhE
8Egi VAGQUE Eh¢e¢eUEga=gdAGgUT UO CEcAAiITl s &«ECYy yAAhEL

Digei A A ¢cECUKRg EWAEEGA. WAi EUE _ AsAKx icAUEIU 8 4 4
EUEhGUgE 1 AOIiTAgU geAg ECyU Ceae géiE Aeeuai UO CEgAA
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gC geuU UaUIAgiMPA ECAGES @ CEETI 14U g8Ag ERYAAREU .
AAgi 1 U ECia CEcAAIT s° AE UIiOUATU ERcCUEGE géAg
G6CEGECERE ECGRT iwkEk AQg 1 Al g UEYS AL & ~

Ei AARMAUhRBE WNDUEU éicéad 1 AEi ATaU AyCAg géuU EUeAE

iATCAE EgUAT i UE i A yi AUEAui EAgi CA° hegA=U" CE Cg

geu AUUO aCE A 1 UggUE hAOUEEgAAOi A¢ Cae s gEAAE &C
eHQWEE AAO WVigeéei A geU ECia EJEgUYV:

4 . 2Po5t assi um

sCgAEEi hy i E AA UEEUAgi Au euAAg yATECAhgEI
i A g WAg MAOWI]:' ¢~ sCgAEe 2U1UGCey UAQg EECI
Khy AAhEU gEUAGANGUAG ECi6 @aO0OgAEEIi heyeWEUO ¢gC geéeUu 1
gEUAgYyUAgE" &CUUIUE yCEg éeéhyAAhEU 1 AGhUE EUyAi AL
EAAcU: | AOUE EUc¢UAUEAWIIUWE 7ABBIE UeOBEggew 1T CAgECU

geAA hAOUE 1 CAI UAgi CAAuU yAAAcCUyUAg  WNEUEUAE &hyA

Khy AAhEU gEUAgyUAg JAE éicéeUE hAOUE EUGUAUEAgi I U

yAAAc Uy CAGEA Chg Ce géelU géEUU Ca géU 1 CyeAEi ECA
SEUI i ChE EghOi UE A1 U EeCIUA géeAg CEcAAiT AyUAOy U
EahOcU" 1T AA oIAGAIUNAEYE AiCs GABV UAAAQUYyAJ s Ably "AE A EU

EUGUAEU EChET U Cae eCgAEEihy: eéUuéiAc¢ gC yAi AgAi A
EeCEYEY a0hijUE gJeil Auad AEECI I AGGhAAclilgge A GACE gsAA
¢t86UEU i E AUEC UIi OUATU geAg Ehié& AyUAOYyUAQE ACyg

UAEAAT U euAAg hegA=-U Ce Ai gECCcARCARACEEB®RENFH AN : A A
E

yAJ TCAgEilhgU gCWUAEOE UijeuAi Ai A¢ géu Jiuvauo i Al
T CAgECU:

E Wige eeCEeeCEhRE" ig EUYyAi AE hAT GWUAE WNéeUgeUE C
gC UijTUEEi 1 U eCgAEWAAQi AT UGFAUADGERE geU i AehgE

i AUAATUO 1J euAAg hegA-U AAO UWCEEUE:

CAI A g (E Ofiemeiihag gC OiEUI gud TCyeAEU géuU i
Oi eeUEUAG ®CEVE: 2zJAgeUgil @=UEQGiai EUEST CAgAT AE
fECAAIT JAGUEiIAGE Wiaa 1 CAgGAIA 1 AEJIAg SRAAGI gi C

eCgAEEi hy ~eU00O CA geéuU EhEeAl U Ce CE¢AAil YyAggUE
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UijTl eAAcU NDige CgeUE 1 Agi CAE” AAO eCgAEEi hy EgCEL
EUAOI 4J "AHeAM M TeeDAEJJA Ug Aa: > si110 . WAAOiIiu Ug A
nigechg A TGUAE 11U Cae eCgAEEihy AOOi gi CAE® gEDA
hAAgi g Cae eCgAEEihy gA-UA he 1AgC geUlU c¢cECWI Ag

A geéeuU ECi G 1E2 KLhg @Ay i gdiol w AREIUA eCeUlg AT U0 AAAGIE
eCgAEEi hy @«CEYyE AAO &AgUE NChuO 1 U AUUOUO gC 0OUg
JUEU OhU ¢gC Oi ®=eUEUATUE i A Eheeuad: gEAAE&CEyAgi C

(D¢

[—

o

4 . 2Wobr ms

BAEge UCEYE AEO EBiI CcdAu CEcAAI ENAO ighe ECH de HI BEXEAITEL
CegUA 1T CAEi OUEUO 1A CaCkOiTidARU A AYE EU E B BQ A€ s .
®CEHUGEQUE T CAOI gi CAB OHAE O&u ABIA E@EGILFEsy €« AEU AGEC
i AgUc EAyi ijgiCAcg 6AA O 1yBA +6ONCAJAl e CEcAAI T YAggUE ~f 7
®EA¢yUAgGE" UA&eAAT i Ag TCAgAl g EhRhEXZAUWYEGERCEU§iI AWEA
k1 LgERECY Cgi A¢ AhgEiI UAg "TiJAA i2Aci UXi gleg AA g:e'U sB1Gi 0"
zi ATU UAEgelNCEYy T ChAg i E iAaethUATUO 1J 1Cgeé EUAE
1T UgUUUA JUAEE AEU Ce GiyigUO hEU AAO i AEgQUAO Ei
OAJ eECIiOU geU 1UEg iAEicég i AgC gEUAgyUAg Oi @a
CeNCGAT WIUARBECEVYVET ChAGEhN A ERUEEULQUAUEAGT | WAQUBRBRAg UY
ehyAAREU RAROOd WH CFAA geAg geéeURB EBEEAAJUUUE CADe §CERE:
CAEi EQUAg Wigeée i OUE Gai gUEAgGhEU BDéilée @i AOE ¢gél
UAEgeélNCEYyE- AAO AUEC geéeAg CEcAAil YAQUEiIi Aa AOOI g
“KUAOEiij Ug Aa: " +""s. z1CWUA:_ 8AAYBGECE®W'E "¢.A1IUAA
Il UUA &ChAO ¢gC 1T U AUcAgi 1 UGJ ~isylteAPgiUQIgh 1 s UEgAD § £
sa 0" 1Pyeile TChud TCAgEilThgu gC geU Oi eUEUAT U i A

I CAi UAgi CAAG AAO EUGUAUEAgi 1 U eucCgEk:

—)

4. 2Mi cr oResapi rati on

_iTECI i Au [EREA [ yEUME hCEADU (ClA 8@ =BECYy ECi G AE A EUET
yUgAI Cai Ey Cae CEGAAiIl yAggUE 1J yilECCEGAAi EyE"
“GhAi AA _ WhkJAGEW I BCAGGI ig iE A 1CAEEU AAO E
Al RAOAAT U AAME IATAR 1UIggdca G gy isEyCCE¢ AAT EYE e0AJ A

AhgEi UAg gEAAE=x=CEyAgi CA eECI UEEUE AAO CEc¢AAil yA
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iyeCEgAAg yhghAui Egil AEWERACEPACAR I1Augée &dAAg BE
BJ{:‘ ”

' AOUE 1 CAI UAgi CAAu yAAAgUYyUAg' éhyAAhEU EUEhuagUC
EAgU Ce gélU geéEUU &UEgi i EUE gEUAgYUAQgE" 1 AOiTAg
geu AOOi gi CA Ce CE¢AAiIil YyAggUE UEeeEBEgHgCAUEAQQUCE
“MCi i UAC Ug AG: sUEWR&hWBURUg Aéd: "wieRhivgg Ad:
AlG: > 1 'geBAR Bgh o] 15 MCeiCEAO Bg elki g74 U EVUGAgi CA
®CGAEgU 1 CyeCEg AAO yilTECIiAa Algiirigd ~i Al ahoi.
hEUsehOtAUEE CaEE@BOURAGYOCEgchAeeuil Agi CAE @&CE ECi G

' AOUE EUGUAUEAgi 1 U yAAAcUyUAg: géuU Oi e®=UEUAT U i A
geuU CgeUE @&UEgiui EUE gEUAgYyUAgE WAE GUEE @ECAChHDA
JUEU UuUI AgUuUO i A TCyeAEi ECA §gC geU g UEAIAIAQAEIANA I
UseeUl g Ce EUGUAUEAgi 1 U yAAAgUYyUAg CA yilECIiAG E
ei AOi AcE géAg giuuA¢U EUORT-UEUA WE ANIW:- § & €&ECU g AWE
Au: " OUEw®igU Ui i OUAT U Ce .Balddiji AiygiUlod AlglUEE g BeClia
OhU ¢gC AUEAgi CA AAO UijeCEhREWEIiIG®uaUEU IUgChARILT MAAI"A
k11 00i gi CAAGuJ: geéeuU hEU Ceae 1CIUE TECeE AAO Oii U
EeCUODA gC i ATEUAEU Al hAOGAAT U AT-gwiiyi glg ARG "Oiw 'UEE
. KCey Cl =pililAcér¥g FMIUEgIi cAgUO géU UaaeUl g Ca yhacg
eEAT gi TUE CA 1 AT gUEi Aa 1 CyNIHAIEg LijegIER Ty AU AGIOU Ee
WUEU AGui BeteWbB GC1 UA¢ 1 AT gUEi Aa 1 CyyhAigd EQEhRT gh
-CAI UEEi CA Ca ¢EAEEUAAO ¢gC AEAI U GAAO i E UijeuTl g
“EEUAT & Ug Aa: " 141, vCyOAAU Ug Aa: " s1887 " &
EUYyAIi A DUA-0J hAOUEEgCCO ~fi1 UEyMg UEE Ugij dul. guU® gé
yiTECIi Au Al EXCORNATCEAO® Gall Egh Oy UgBEIOC O E UIGh g Eg &Al
AeeECeEyHNALNI 2€RRABIIEGQAAJUA gélU EgAEgOARNOgUBAOgEa ¢
gUy e UEAQIhWEIVE ERBE i gi 11 gJ: AwiEH E yaGepN igldU EQleh T gh E
ARy UECHhE gighwey delE AUUOUO ¢gC OUQUEYIi AU e UeexUl

4. 2R u8n g i

m

Aci AEU iyeCEGAAg i AOiTAGCEE Ca 1iCaCcilAu ECI

h
UAEi gi1igJ ¢gC UALAEBAYUEGAACBUBEAQDI UEEBVWX| AgOCY

[T«
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+UJ ECG4UE i A CEcAAilT yAggUE OUI CyeCEigi CA° AhgeEi
AAO 1T AEI CA EHEBHUWYERABHAGI GA 1+’ . pAEi Ac Ug Aa: 11w’
Mg i E Uijeul gud geAg 1 CAI UEEi CA Ca ¢cEAEEUAAO gC y
OUl EuWEAGL Au Oi 1 UEEi gJ AAO Al hAOAAT U OhU g¢gC i Al EU,
k1 {wi EENEEeCEgQUBhAQI Al Ceae geéi Eg EHHOUAUBAGT 16U =Ch A

yAAAcU@BAH FielCIUO Euicégud éiceUE a=hAcAu Al hAOAA
EEAT gi ®OBEE AGi¢cAE Nigeée UijiEgiA¢ ui gUEAGhEU OUy C/
gi GGAgU CA &«hAc¢Au 1T CyyhAigiUE ~-8UA Ug AG: > 1 s
~ _hghEi Ug AG: " 18y~

teAg AEAITAAEUGI AU OAgA INAE Al BeWAIORAY A=EEChape ABi E
i AQUEEEUgUO Wige 1TAhgi CA: EhAgAu 1iCyAEE yUAEREL
Ui UA AyCA¢ gEieail AGUE gA+UA =ECY gG&BgFEAAY EAyeun
I AETi Agi CA GaiyigE geU EUGI Al iAEI AJ Cha gel EGBERHAJE
yugecCO @&®CE géiE ¢gJeU Ce AAAGIJEIE: ¢8UEU e&i AOi Ag
geuU Oiaeaeil hagd Cae CilgAi Ai Ac ARRAEAGUI ABOPAEBEBED
EiyeoU AleeUIGEG U AeeECAT &UE: ¢C iyeECI U 1T CAai OU
AGgUEAAgi 1 U yCEU ECihEg yUgeCOE EeChuO 1 U AOCeg

EeChuO 1 U Ehi EgAAgi Auud i AT EUAEUO:

téU TCyeCEigi CA Ce gélU geEUU éhAABEBgI Agl 8UE 1 £

i AeCEYAGI QM EzlaaPlEO Y AGHEDAUBPO hAOUE OfeeaWUBEWBA@gl CA

AlG: " s1 8w, AAAG U geChgiA g PMiEpH Cy @M EAT aU AT ECEE |
EhAAQi gi UE AAO @CEVE iCaiicde BV BT cANiga AcABAy 6T E
AAO 1 AEi Al uU AAghEU Cae °~ JgEAAE=CEyAgi CA "OhEi"Ag

E
Aai ¢AUO TGWCEUG] Wige géeuU UijeuAgIDYEAACU wCE' §yAgh
ug Aa: > L7

[T«

Kiceée WiAgelieA  AEi Al iai g @ehEgeUE iuaah gEAgUE geu
AAO géeU TeAauaUA¢U Ca Al ei Ui iAg hAi @®CEYy AhgEi UAg
®CE ElTiUAgiei 1 EUEUAET & AAO eCEUE QAR AElHEE WEU gC &
EgAAOAEOI EAgi CA yAJ 1 U EU&hi EUO: -CAgi AhUO EUeCE
Oi ®®=®UEUAg EJEQUVE iE géeUEU&CEU 1igAu gC eUue UEg

LQFH‘

MA géiE EghQdhecAE GANGE 8UAE "gA+UA T UgUWUUA éhyAAhEU
~zE”: ¢éi EA iBeeAEdAdYyey C G0 A OU g eA0 8'h AsAigsi Wi UE Cae &
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UCARUO &A1 U 1 UUA EURCRIGEOU®G A9 ® §i AgiAe 1 AeUAEI T aU: KC
yiAUEAGI EUE EacCwad: AAO UEGi yAGUE i AEAT GCIE W 61UA &

UAT & C¢cECWi A¢ EUAECA: ~ s 'HEWEcWEGIE] gveiicH Ji Alugh UA GeA G U
ky ' @®CE 1CyeCEgUO 1iCECui OE° NéiuEg EUEUAETI & C
gC v, A @Ad ueAd AIAJg Ai gECGUA ~s -7 ¢UAUEAuUGJ EeéecCli

-7 EBANO UG A rAGRU"Ceae 11, s O AE A Gyhugd GuUEA LA G
“vicld Uy BMOge AALAAOUEEgAAOiIi A¢ géAg EVAGWUGWUE eEC

yi AUEAGT EUO i A Ehl EUBRUAQgDBEREEVUET OBAET BR@EODg d(

¢teU EuCl yi AUEAGUi EAgi CA Ca CEcAAilT ~ i{AgECOART UE
ET i UAgi e 1 1TCyeAEi ECA AAO &=CE eEAT gilTAu hEU: Ehg
uehiit AUAT I 13 yAgl égAChee” AgeBEEegGEARE EUBOhT ELU
CAIUAE AO6hEgyUAg g¢gcC ATTCﬁAg @CE CAc¢Ci Ag yi AUEAU

5Concl usi on
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2 Materi als and Met hods
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EECECEUE A ACI Uu @EAyi A¢ @&CEJBHUCUYECcT ITAUj EARAGAG T
Cae ETAuU A yAGTl éiAc EAAI gAgi CA ECuhgi CAE gC a@&C

Abstract

81 CuCc¢ilAu EAAi gAgi CA ~81 CzAA” EU=UEE ¢gC géU EAa
®CCO eE@GBURUIGAAhGEEUAg uCCe B U KA WilE ChEEW AECH
81 CzAA CagUA Ci UEUWCC+E &6Cl0 EhiTé EJEQUYE eahAl gi CA
CE¢AAi EAgi CAAGU ET AGUE:

tei E eAeUE eECe CEWEAY i M@BL ElgRALCHAOEiF@ CEgGAAT U Ca &
yAglei Ac EAAI gAgi CA EJEQUYE Wigeée AcgEiTThughEAG EU
JyUBBAAO yETROU uCCeE" UijeuCEUE UjAyeuaUE AAO gliei’
i OUAgi i UE géU hAi&hU 1@AEEY WEEU ARG HVE &aREInIAG i UE
AEchUE ¢géAgEgBOUE®I ET AGBAYyiTE AEU CagUA 1 CAaliAguc
EEUT i Ei CA AAO UazfAl Qi EVGARNEEU CARABGTEEAT gi 1 U:

teU 6AeUE c¢i1 UE eAEgiThaAE AggUAgi CA ¢gC ehyAAREL
Ce Alei Ui iAg TiETRUAEi g i A EAAi gAgi CA AAO &=CCO
ETAGUE i E AAAGJEUO:

téU ECECEUO &EAyUNCE+ iE ACg i AgUAOUO AE A OUei
eECyéeg YCEU ARNENRABEYgi I OREBIECeET Agll AeeECAT 8UE g
iy

cGUyUAGAGi CA: EUUOI Al + AAO TEIgi&RU AEU wWUGT Gy
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1. I ntroduction
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. _hUoaUggUE" BPE'étEM@M@E@éAA@%EgA@éAEUTCgAiEU
| AEEi UEE AAO CéeCEghAigi ®EEEeBEUAY EAEGU]

téi E eAeUE eECeCEUE géAg ETAGU euAJE A 1TEi
®UAEiITiaigd OUEic¢cA AAOzZEAQHRGUEABRI BREGCPHEBA i Al g
éECOﬁTgiCA EjEQUWEgEmeAgngE@uUE yAAAgUyUAg A
&AEylA@Ag@mmm¢O|ngE AAO EGHON giAKOBRE QEUDUVE gCcUg
hAOUEE iglcli U RmWIERU G @A Ez=AACT1 ET hEi AcOigEegUiEAI ¢ iyGBACE gAAN
GiyigiAg geU IUCeUEIGCh DRUEEAAG=e EAT gi T U:

¢tC AOOEUEE g¢geéi E- geU e A ERAREICON 1 IUAETROATEHU: @daE U
jucCCe EiWUEYUEQMIGEBIiIABC e Bh EWUAMOE AJE e AEgi Au i AEe
®ECY ¢l 6CAUA:+ E 4MECUAQ[@@TzﬁgCMg"DBé'“@éOOUETEl’iUE TCAI(

......

—_

WAEgU” ¢UAUEAGUO Wigei A geU hEI AA TUAGEU: zhi EUS
geUCEJ i A AgguUyegE ¢gC 1 AulEmecCERYU Ae CIEICAA IO B gANAINEL

geu hEI AA TUAQEU ~VUAA Ug Aa: > s:118”7° AE UGG AE
gC EUAG WCEGWO Ci EUEI Agi CAE ~VAI =ECA" 1" 's8”: =~ CAUL
i AEei EUO A 1 i EGiAa2eBRAYAGTAEICAIBENCEhEAAI BAGECAT A0

EUAGTI EUO:
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Ei ¢hEBl GaGgilAa zAAI gAgi CA 21 AGUE T CATUsghAa Of A
yATEC yUEKO VETEGU EJEQUYE:

¢CeiE Oi ACEAYy (E (AGUAOUO gC &UGE 1 i ERAGIEU &Cg U~
GECORT gi CAMBgEEgBEHUE: OUai Af gi1 U yCOUG" 1 hg EAgE
R EGEUE Of ETRAEETMA BADE ADiaE ADyPAY  ( ye CEGAAT U Cea
 UGUUUA EAAiI gAgi CA AAOU&UEEOs ¢ EEDAAGEERGRAEE g Ug E
EAAT gAgi CA ECGRgi CAE yAJ EAGH U AetltelE AglC AR i ORA s
i1 U CUEEAAT Ac8 UCaARSHIi EWE AggREBECERT AEUEJ AgGUs i A
CAEi OUEi A¢ ACg CAGJ aGCciEgi1E AAO { A=EAEGERT ghE
ECiiAa Ai1UsgAAl U:
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¢eU =CaaCUUAE IEEUGUAAE Ce geUBUCEEEYB gERAGYH & A .
®UAGREUE" TAEU EGROIUE AABARyRARENFECBEHAAAO Céeo
eUTUE REUO geECRceChy gC Ui AGRAgU &8¢y CAU gieu
geU geEUDsiEd haaEy AAREY (E ACg géU CAad eCEEIIau

i EgBT e ACuCci i AG@l ClHiEgUAGY URKHO Cegi CA Neilée yAJ Ces
yAAJ Of ®eUEUAg EI EGUE C&gEQGBRERUEE A hEUzhu GUAE ¢
BEAT gi 1T Aa TéeAGaUACUE AAO eCEEiliuaigiUE Ce 11 EINU

2 Macrcal e Loowisde Carnyi tat i

and I ndustri al Agricul ture

pnéeiauU geUEU (1 E 1 AEg T CAgUijghAu ARAAT U AT ECEE EUg
Oi ET h-EseGTCRHAEUO CA [ OUAgi @i Ag- il gA EIEH UEEG sAadhn CpGe OB
EUBEUEUAgAGT AUUYy AICEEé: zZUg hE 1 CAEi Ol EA) QAEA BEWJI

EChET U Cae Ul AAERWNAWET AiuA O MEA i CA (A gAUEA 1Cth ExeAOR ¢ & |
geuU eEi yAEJ OUYyAAO EigU =CE AhgEi UAgE: ¢éiE EITAC
EUEAEAgi CA 1 UgUWUUA ECHhET UE QABY ECRe EUij AQD gk Ug 4 E

Ahyi UE EgUeE" @ECTI UEEUE AAO Oi ®#=UEUAg AT gCEE i Al

2. 1.1 Sewer Systems

ZzUUDUDRAEUO EAAi gAgi CA EJEgQUYVE AEU NWUGG Ehi guod aCE
Ehi gUO «CE'RBI6ANEW FUWIEL aCCeE AE geUJ AEU AGEUAOJ

DAEgQU &«ECYy géChEAAOE Cae é6ChEU&CUOE: BRE@HIE hGAAG A UE
i CECuai OE° CE Oi EUT g WAEQUUAQUE | EEI'ERABUVERU@e i T &

EUci CAE ~ ! AchEUAAR Ug Aa: > s1 817

KCUUI UE" 1 CAI UAgi CAAG EUWUEE AEU Oi@=ilhug ¢gC EU
yAJ 1T U eECeéeiligiitUud UijeUAEi 1 U &CE uCWUE i AT CyU
Eheeud gC CeVUEAFWV WBalfI glg VAG: =~ s~
-CAOCyi Ai A~ CE L Eiyeuiea@ UOr EUNUEAgU' Ca=UEE A

EUUUEE: ¢80 CeUEAGU Wigé EVAGGUE e6ielU Of AyUgUEE
UAGUE EUSHRI EUJUAGE" AAO AEU 1CyyCA AGg +EdalE ~ U
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EQCEyIJAgQUE OEAi AAcU" AAO iyeuUyUAgi A¢ 1Cgée EU E
EAyU 1T CEg AAO Uil AIAgi CA eECIGUyYE a«ATUO 1J 1CAI U
ZzéAEUO' 1T'@AARBUPIEAAI gAgi CA 1 0CIT +iEATAGUU ARE ICERA i C/
AEUAE WI&UEU Ui UA 1 CAOCYyi Ai AG EUWNUEA¢U i E ACg eai A
Ahyl UE Ce EU&hi EUO EUNUE 1 CAAUT gi CAE: MA 51885 A]
EAAi gAgi CA @Al iaigi UE ~gluC CE yCEU é&ChBvies®El QE”

pHKf s1s8w”: KCIUUI UE' geéeUEU EJEQUYE CaegUA EhezUE o
T CAOi gi CAE® GUAOi Ag gC geUiE Uil UhEACAAGEECH. ge U

TuKfosa4 7 E A EUEhGg EeeBAGUGY) €R0N AN GgMAGOAREA & AE

k11 OQUEei gU 1 AEah Alghiod AJNEA (Fah NIAjugné Ba g Jge Ag OUy CA
geUi E 1 iAliaigd hAOUE géeU Eicég 1CAOigi CAE ~+hEE
EhRi EGAAgi Aa i yeECI UyUAgE i A Al TUEE CAIiCE Ak
AGgUEAAgi I UE:

2.1.2 Fecal Sludge Management

N

EUTAG zGROGU “"Ez” iE A IECAO gUEY cii UA gC AAJ ¥
gieiTAaad T CAgGAI AUO Ag CE AUAE géU Eigu Ca eECOR
GeUEU=CEU (& AA UsRAGGI 1 ECAO gUEy ~zg&BaOU Ug A
JAGUEI AGE Neiile AEU ACg 1CAIUJUO 1J eieU AEU Cea
| AEET UEE AAO 1 CAEI OUEAGEGAR Uy EzE VD EE B DEEUWHE 1 A
2Ul WAAACUO' GAEcU ETAGU UijAyedBE  URIEH” " sUAG U
CAEA “si 1" AECRUEI GOAEIGEHAOEG T CARCACHC EREAG T
UijT Al AGgUO eig GAGETAUE" AEU ACg AOI 1 EUO =CE OUAE
EUSHRI EUO AAO géU =Alg géeAg geUd 101 Cga) yCEU Ui e
{ AT EUAEI Ac eCehuAgi CA OUAET gJd: KCUUIAEUGGAUED EJ

”

B 1 B Y

KCIUUI UE°™ _AEA ~s11 7 IIOKBDEO ERAAUEAg T CAgAI ALUE AE A
Jeileée UijTEUgGA i E TCAgAi AUO Digei A EyAGG" i AOQi1ic
geUA T UAKEQAUABIi tJ gEAAEeCEgQUO 1J eAAO CE 1UeéilTau
AG: " -siz1 '"EUGEUGAQUE &Ul UE eaB@Hh BGyeRET ALA BAY U GEgyEQRA |
I AEEiaJH CAg AyA AIAQGAICRAGEICARAU RMRAIEAAN EAAi gAgi OF4 BIEgJ

s 1 "
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¢teU AhgEi UAg ucCCe Ag géiE ETAGU i E {AUEUAgUJ iy
TECeE ~“villi ABCY i AAgAO: 1 Js TWEUAGE AAOAZBHhi g ~ KU
gJei eBGOBT U =CE AAgi CAAu AAO i AgUEAAgi CAAG Eheeu
GucCl Auud geUEU i E A EicAieilAAg gEUAO gCUWAEOE &cC

“ee eECT UEEUC hAe UAuA@dA 2CCOE

i Al EUAEi A¢ EAuU Ca eECITUEEUO AAO
¢

téi E gEUAO gCWAEOE UGAEC¢URE UQ AsCECAN EEUGA\ | Eih aJAEEy AeEEA
8hECeU AAO " CEge JUEIiTA i A geU ¢#1gé -UAghEJ" AA
AAO ZAgi A yUEIiT A E@AE-UO i1J A EhEBgU 4B &CEUI ¢A
“"VUAEOCA _ KCe=i AE> ¢ ah OBl AAIGCHEAJiCAM A O i A UEEEU A ¢
UCE+aCET U i Al EUAEi Ag géU OUYyAAO &«CE 1 CAI UAi UAT U
Dei UEg (ERAIOAEWY EGd§ AGORT gi CA AAO Oi EgEIi 1@ i £ACGEINUEU
MVéEClUO gEAAEeCEgAgi CA° EUxEi ¢cUEAgi CA AAO CgeUE
i AQUEAAgi CAAU gEAOU AAO GCAGUEC®RCECCHUERICEBEANGI Q& i
CUAUEEéi @& 6AE EéieaegUO EeCéei A¢ &AGUgHEe #ECYy OAC oI
k1 JVUAEOCA Ug AaG: > 811 w”

2.3.1 Relative I mpact

_ATUECA0U 81 CzAA €AE éh¢U eCgUAgi Aa iyeAl g Ei AT
I Cahy UE yChgy i1 A AAO GUAEc¢cU =AEYE &A1 U A EhiI EgAA
geu ! UEgiyAguO geAg AeeECii yAguud '' *ACae geU ¢
®i chEU eECoUT gAUGy W& i AMGIBEAAEEU ¢eU ET AaU Ce AcEiTh
I AEi UE BioOUadJ 1J 1TChAgEJ ~KUEEUEC Ug Aa: > si14*'7

eUT gAEUE T CyeEiEU géU GUAEGUEg EGAEU Cae 8AEI UEgUC
e OCY T AERLIWOUE Ug Aa:° 1 81 AAQ eguEW GAINGH Adize 1 A Elif G\A
OUai Ai gi CA @&CE NéAg 1 CAEgiI-gMAFWE (A 00 Ak Urh 0GE g A
EEUT I EU eCgUEAGIAAW OeCuklLicECAu EAAI gAgi®A® 1T hg gel

EhlT EgAAgi AG:
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2.3.2 Transport Distances and Circul ar

E A 1T CAEUEhUATU Cee ¢cuClAGi Ei Ag &®CCO gEAOU AAO g
géU AhgEi UAgE EUyCI UO Ag eAEIUEg WNiua ACg 1U EUg

¢ UAUEQAgWOeUT A yAQUET Al T ORAITRACAGE AgU @@EA AdiglEA W

tei HOUREgQEAgQUET daéNg AWAEEOQOAg a0 CWE UijgUAO aAE 1 UJ(
Ei AcaU 1TigJ AAO A AUMNHIAU WAEWE § UWAEE gAEALD " & iycAsl iEIC 1 C
EUea&0

u

UTgE ¢geéeU 1 ECAOUE Oi ET CAAUT gi CA Uyl CEQBUO i geé
ehgE ~“U:.¢: e@«UEgiai EUEE” AAO ChgeAdb twB80BAgHCH
Ei cAi ai 1 AAg Tzuii yUAYg VA (48 delgsExU.g AG: ° 61 s 8 7

CEAAEe CEgi Ac ANRgETI UAGE &B OF Ut UWE 19iCQU IAG VAEE EECNU
Uiji uegi CAAG CE |1 hEOUAECYUOI EGAARIACY AyEUWOOD O B C
geuU 2CCO EJEgUy: KCUUI UE° gEAAEeCEgAgi CA EUyYAIi AE
gC 81 CzAA” WOEkgYy KAA Q8YCAGYy I UE: C&"ET AuU yAJ Uil UA
gEUAgYyUAg '"AADgARBAYUEEAAEeCEgQAgi CA yCEU 11 Aiau ge
MAEgUAO CieC A hiFd Al e AGGUAGU Ca OF EgAA
iyeECI i A¢ géeU UICACyil 1 i Ailiaigd: 1 AahU eUET Uegi
i AQUCEAgU geUEU EUTJTaUO EUEChETUE i AgC AcEilhug

TU geéeu Uy

2. 3C8ntaminants and Ri sk

_ATHEEC AuU gECLCARHUVUA EhioUT g gC EicAieai 1AAg TEigil
T CAgAyi AAB§gGBBR U CAlG AECGA syUg UAG:G'CI €0 Uge Ay s
ECyU EFiE-E yAJ 11U yCEU yAAAcUAI aU i A GAEcU" 1 UAg
Uij AT UETI AgUuo

MA gUEAGeCaUAITUEGEAGI EVUO gEUAgYUAg éAE geU ecCgl
eECTUEE 1 CAgECU AAO EUchuAgCEJ CiI UEEicég: pigeée g
yCAi gCEi A¢ I A euAl U eAgeCcUAE TAA 1 U yCEU UeaaUI
CAET EgQUAg G Ie JiCHEERG UE: ACKE A EQRNE HRAPPY yAAgh ¢ U
hAAgi gi UE Ca TUAQEAGIEUO EJEQUYE eAiui Ac¢ ¢gC Uea
rexihg T AEgUAQasUWH WG JICAA ge Ag ¢ éiU 1eCEAERCAIT B OF aA gA i/
yA+U yCAi gCEi Ac AAO EgAAOAEOI EAgi CA UAEi UE ¢gC 1y

D¢

=x

CAgEAEg TeéeuyilAMEU I CEYAPIUEA G ABBAEEEAFE CA
JUEEE i E eEi yAEi 0J OhU ¢gC geuU i ADUEBDIOE Ce i
UYyE" WeilTeée yAJ i Ag&ECONhI Uy 8§ ABE & hAAHE jgA TUER Liad
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AAO eUEEi EgUAg CEARAR OfAMEY eebHiIAifgich CECAGU+J 0 EhI Eg.
"EigieCril L.WARBBAOEAEs UgcAgphe®AeiedECidi A¢c 1 CahyU
AAO WEEi gJ Ceae 1 CAQPOUSKMRGE AEEAEEFEIAg AADAQAAAC Uy
yAAJ Ca geUEU 1 CyeChAOE AAO ¢geé Ui HIAEHJAIAGWIE UE EU
gEUAgYyUAg ~2UACUECEfAcUA BuUcAi®w 1AAg EiE+ gC éhy
EUAUGOEEECA UgABgeUEsyABCE T CATUEA ilEU gG&® 1Ji OUEE®
AAgiyi EBENi EARAg ¢UAUE ~ VvGE” i A ¢uCi Al EUWAcU "~ _
KCUUI UE" ARIAGATEGAMGIIQAT EY EGARIA EEC y AJ GWUEEUA geéi E 1
Ei E-x° EODEAEAGUONEUNBEEUGCEUGcAgU gCiaUg 1 aAl +1JAgUE
el CUEICGE '"ARAEYO 1 CAgAi AYyUABEUGEEI EAYRE AUE+z”: ¢éU
eCgUALimmUEJE UggUE EChET U EUAEAgiIi CA AAO 1 CAgECU"
T CAgAY i"AZAIgggCiA 0~ wAGIE A AT 1 UEEAGUGDECRAAEAAgUL
eCgUAgi A 1T UAUxig Ce EAAi gAgi CA EJEQgUVE WDeile Uy
EgQEUAYE:

2. 3Hdmanur e

g geUEY AuBIC ehyAAREU EqQUYVE AT U Oi Egi AT g 1 é&Al
i AQUcEAgi CA i AgC hEI AA EAAi gAgi CA AAO AcEilThuagh
E yUAgi CAUO eEUIIi C J géeU 1 AEEi UE Ca gEAAEeCE
Uij ATUETI AgUO =CE eéhyAAREU OhU gC i g@&OilghiaGA A GEWGG A ggi
ECI UEE EU&hi EUE A CAEiEgUAg Eheeuld C@eCE@AAI T
AGECORNIeWRA OUAD J CA A CERAIgOOOWAEYWI EgEUAY: ECE gé

(o]l

[—

ERTTUUO Ag ETAucUuUCI BgeCACAABgel Aa TAEBuhWIgUET Uegi
AEU UEEUAgi AGE ¢g0gi 1 @dyadEgAcREOUDUJAIEAIGAIT ge U
i ATJgUA U &EE AGAEGWBLI UEgyUAg ~ AGuCEJ Ug AG:  s1 817

PAGT + U 1 GOOGIA RIGVEE) UDAgGUE gEUAgYUAg @uAAdgE" ehyAA
1 AEUO eECT UEE" 'iEAWeWAEE 1A IHAMJBELIY CE eiaU yAAAgUY
OUyAAO Ehli EgAAgi Au 0AAO AEUA AAO T AEU&hu yAAAcUYy

ORDADEuACET RABCUT UAGEAGTI EUO 6hyAAREU 1 CyeCEGI

ciTAged GAEgi ghgi CAAG AAO guUiéAiilAa yAgRETI gJ &

>

e

g

«»

Khy AAhEU 6AE aCl AhgEi UAg OUAEi gJ: 9yA=iA ig ecCc
i ACEcAAI T =UEgi CYyE¥OEEQJEVAADeéRAEYWI A¢c EJEgQ

y
hAOUEY i AU i AQUERJEANG U A EegiEN WAJEGAAT: © A eE
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KCWur UE- CAU AOHEM@m@UemﬁA@‘E@CéECOﬁigiCA T Chauo
®CE yCAi gCEi A¢ AAO &hAai g EgAAOAEOi EAgi CA® Deéil
ECOhT ¢

(o]

¢t e UEBERI EgALDIAL=2 ai gUEAGhEU CA ¢géU EUREU Ceae EUU
TUAGEAGTI EVUO UAE gRUIEAUyHEed EBAGEVUAPGAGT 1 UGJ Yy AT AEQ
T ChAGEHAE A Caai 1 iUggAMEIUG G 2+ . 2 AAT OUA +ECU+ Ug

jAyeaUE i AELAOU @BEcAgU EUIT gCE 1 CyeAAi UE' EhT &
A géeU "~ CEgé pUERU@aE BRAICIGMAGAD wye'e'UJ 1 gCAAUE Ce |
CEU geAA 1111 AEYyE' Al ECEE 'A' 1ARAIOGg AEWRA CleA iy CEOG

@& E éicéeuiceégE geuU +i AO Ca ETAGU geUEU EJEgU:

> <t ™ 0

| ¢ AsgUEIAEE EIAEGCW 1 AEU EgROIUE UijiEg =CE CgéeUE §.

j
“RGEi OU Ca 1 CAI UAgi CAAG EUNUERYOUEWO PEAG ﬁBT‘Ag
uau

JBEE&GiI T AT GU i A OUAEQ gERIADA BIWYWg AuUY U Akg B

O+
[0

81 IMeeECEEIi AGUFOCADCEARBT Ah EDRWAERE UCae ZAGEAEUGDET
OCI hyWiAKYy eleUiet € 1 UJCAO géeU 1 CAIUJAAT U EgAcU gC OL
AABhGEI UAg eRAEMEU h a AB®ICECRE G5)J EAjUy e UEEeé UT gi 1 U:

fOUJ Ug Aa ~si1 47 PEiguU geAg 1CyeCEgi A¢ Ceae hEI AZ
UijAyeaUE'BEdad wilABEcQy e CEgi A¢ 1 UAgEUE @®CE ¢géiE yAgUE
geuU AUUO gC ETEUUA JAQUEi Al e«CE ECuUuOeHREQHEHEUEAA

GUAOIi A¢ ¢gC 1 UEyi A AAO COCHhE i EEhUE" 0Al =+ Ceae U&hi

2.4.1 -Sanfye ComBasiemerSanitati on

téeU YyCEg eECYyi AUANGUUWPEYEIAEQYG&T BECAA T CyU &ECYy 1 ¢
1 AEUO EAAiI gAgi CA Ch-OlzE" _EMAEg thygee h~ ¢ 1 s¢ie.0Jz+ 0 AE _
OUyCAEgQEAgQU eECYIiEi A¢ 'EiJARAEAYGEOC&hg BIA BGChEUYA /7
yAAAcUO JgEUAgUO AAO EUREUO Ag A GAE¢U AAO T CyyL
geu ET AuU Ce UAgiEU 11igi UE:

2.4. 1.1 SOI L
ZREGAT AAT GU fECAAIT MAQUG EWEDGe Z5i 1 Lkici ARG GO i~ A Mz

-+z EUEIiTABEIATVCEMBEgEéA] A EyAau yCAgéead EhilEI
~AeeECIiTyYyAKgUGIA Uijil eAA¢cU =CE A &eChEU&éCu0O ¢gCiuaug"
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gEUAgYUAg EUEIiTUE T2U0AEGOUEARBgYAGUETIAGC" 1 E &EC
TCyeCEg Ag A TUARAGUEEUO bl d@li ACOWAEAUEE OE¢ceéi E
Uij T Al Agi(:A‘ EUéﬁi EUE yiAiyAu ITi@E)@’:C@'CEiégAéuUDyIAA@' i
AAO &CCO eECOhT gi CA: peéwuw 1 h&EEUBRgMdu ERIAYT e EAcz fCA
Ji OUGJ EUGAEOUO AE A ®UAcEéiée UijACOUOAKG RAUEI AR A
AE A 1 Cyeuvuuai Ac OUYyCAEgEAgi CA Ceae NéeAg éhyAAREU ¥
EJEgUYy (E ACg JuUg eai AAAT i AGadJ EhEgAIAAIQES VA QA i

B 1.7

CATEGAGU 81 CzAA &6CGUOE Ei¢cAfl af | AAgT eeCAEIGAgH PAWA EeCIE
citUA géU 1 CATUAGEAGI CA Cea &UCEUET AGA TACYE U ER GAgMGE

CEEEAND 1T hEORYARRAE UHe U EUREU Cae EUWACIDUEGHROGU 11 C

UEgAI 0i EEUO AAO CeUEBAYUEAAER B ipdjUpelile UdegiéA=eEAEGgE
AAO GuCc¢i EgiTAG EJEQUYE AUWEUAO] i A edaAl U:

KCUUI UES géWBWEWUW EIJEPUYE AT U UyeUE cé iAgce U BOHA ARAIYH ~ARA AQeE
AAgiyiTECI i Au EUBhREBgRBT we U yiwviji Ac Cae Oi ®@=@UEUAg U

i A6UBOBAGCYyI1 i AUO EUINAEO ESAEgGIUNGE | £l BFE XEIEAq CET Ehgi A
UA1 i ECAYyUAg AAO By RRBEEGeANAN 88l CzAA E geéeu yCEg 1 i
EUEUAET 6UO ¢gi UE Ce 1iEThUAE EAACGARgi QKL Cieg CEghRAh

T

AABIi E+E Wi gy AuandEd JUE gU v
MAi gi Agi1 UE Gi+U zfMZ 1 Uc¢iMT@ U HIAALU Agd (€ Ac AA O U
ETAGU i yeéeAl g '8ihdga W BhjuAly eI B8 @CieeA AREVEBWAEN

Al EUAg: péeUgeUE geUEU EJEgQUVE TAA CE EeChuO ETAQC
'agi yAgUGJ: 1iCECui OE yAJ ThEEUAgGJ CaaUE geéuU yC
ETAdGlg yCEU AhRAATUO géi A+i Ag I E AUUOUO: 8AT & EA/
CeeCEGRhAI gi UE AAO EiE+E° AAO Ei MUy BAGFEHOUEE: v Age
y g EheeCEg Oi i1 UEEU AeeECAT 8UE" EUe&r AU Uiji Egi Ac
U Ul i Aauad i A eCl WU 1 CAAUT g hEI AA WAEgU ¢gC EhEAZ
jUCEAQUO | AaEhAX»: AAO a&hghEU
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3 Mes-&cal e Loops: Community
+UgUUUA geuU T'Ed MAYPAU yiAA @ CHhEOREAROU EJEGUYE Gi UE
yUBET AMBEchAl uJ geu yCEg Oiit UEEU AAO BAEOUEg ¢gC (
u

1 CCeE: g | gEENAEIC® AggeElD By LNEECCh AO A T CH VERCAIONT e
hAOUEEgCCO AE 1A c¢EChe Ce &UCeuU GaiitiAg i A geuU E
TeAEAT gURGYEgighOU CE i AGUEUEYAEWL C&8YyNEAEUO i OUAg
TEAT T A" hAGi+U AACAJYyChE i AOCiI i ORAUI BEREJEGCUYE

i A1 i gUE TCuauaUl gi 1 U EUEMAKAFE il E ok GAEIWAIQY & CAGeRIEEGhg | U
Oi Eg ieMlygddiy UAETi CA géAg i E AEJ AluOABDIi GBOUEGBEEIUA y AT E
ECE géU éhEeCEUE C&EJAUD OCEEEKERECAOURUBOCO AE E:
yCEU geAA A EiAcuU éChEUeCuO 1hg Egiuaa UAT CyéeAE
hEUE ¢ECheé: B8ijAyeuUE yiceg i Al ﬁou ET eCCuE" &

gWwe CEAEJ c¢AgeUEi Ag
AAO =hAl gi CA° geéeUJ AEU hAiai U0 1J geu CeeCEghAIi g
gi céegUE @&UUOI AT+ 0uCCeéeE 1T UgNUUA eECOhRT g&@A AAO EL
eUEU AEU yAAJ CEOUEE Ce yAcAi ghOWCHAAGEUBUgE AA EN
¢teU 1 AEEi UEE AAO CeeCEghAi gi UE OUEJTAY TWOARY ¢geU
I ECAQEI EYAGGUE Tigi UE AAO gCUAE: gMAEg WRQE U) &ied Al
EgQAEg WCAACAL@weeUHEUAg =ECYy A yAAAcUYyUAg AAO iyéuq

D

1 G

T
[Tl
0
D
>
T
<
o
—_>
00

eUEgiI AUE: péi

g geVEYANEE @UNUE EgA-UeCaOUEE UAAI GU GEUAGUE ¢
i AchgE AAO EUREU Ag&NAJE: zCRET U AGD EABENAIED g C
Eheeadi ACEAVUAUAERAI @hG® Ui gei AEAN EiAcaU a
CAOI gi CAE" GERU TiETRGAEI g 1 UTCYyUE ACg CAGJ el
E

-AT -+ U0 AhgEi UAg EUTCI UEJ TAA EUyAi A aCiAu" AAC

CUBETAGU EAAI gAgi CA I Wm0 BEALRN JE A AGAGEA o0 UEA ASCIAE g Uy E
geAg CATU A EigU iE 1CAAUI gUO gC A EUNUE AUgUCE-:
T UAGEAGTI EUO ETAGU' EUCAEOGUEE CaUjéUcge LRl Au Ei
OUT UAGEAGI EUO WAEGUUAGUE gEUAgyUAg EJEGUYE ~28u

ETAGU" 1hg =CE Eiyeaiiigd AAO g¢ EUGAIA A =CihE
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¢t UEU +i AOEiI Klaai EGE gAVIEAEg AEEBI g€ =088 BCACYE UEA
EgCEA¢cU" gEAAEeCEg yUgeCOE ~CE ACg gEAAEeCEgUO”

yUgeCOEGUWUJ Ug-RAgAi AyUAg (i E gieil Aaud Wigei A A,
hAai AUOAEgBHAANUCCE 1 Ahug CE i A EYyAGGWUE 1 CAgAi AU
yAJ ACg i AT uhOU =UGhE&WAgUE" AAO géhE géeU yAGgUEIi A
yAJ CE yAJ ACg AGEC 1 U EChET U EUeAEAgUO

¢ UEU 1 AEi Agi CAE Niuu A=t BAEQU EUg hAAHUYVHAABETVY L
EJEgQUYE AEU ACg 1T CAIUJUO 1J eieU geuJ yhEg 1U U
~¢eCEU EJEQUYE Néeilée OiEeCEU iA Eigh' Ehilé AE 12
T CAEi OUEUO @UEU' Ei AT U géi E EUAQGNER igGRAU :y AWAU B CAG
T AEUE geéeU yAgUEi Au yAJ Eig i A TCAgAi AyUAg «CE A

CgeUEE ig yVAJ 1U yCEU &®EUE&é:

—_—

nUggUE EJEgQUYE yAJ 10U UyegiUO 1J yuileAAilT Au CE
OUWAgUEi Ag éEi CE gC &hEgéeUE gEUAgyUAg: +J 1 CAgEA
UyegdiA¢® 1T hg AEU UGG Ehi gUO @=CE JEUAGUWUARRAD ai =
TAA 1T U EUAGUO' Gie&egUO AAO eAAOGUO UAEi GJ
CEUAgyUAg yAJ Ci1i1hE CAgGE A adé U BugGBluUE®E CE yAJ
gEAAEECEgQUO 1J ECAO ~¢z& BAA G Athgy UAAGY: "G &1 Asgwi “C A

Ki tGUAEi gJ hEI AA 1T CAgUijjgE AEU'RAICHU gdEVARAUUAYG T CAEI
Ji gé eChEU&CuO éeigE° gAA-E AAO 1GRMARIESJ 13U JEu BWEW
MA BAOWAET gJ AEUAE" geéUEU gJeUE Ca gAXABAUGE QED Agd@ J/
Oi @eUEUAg uCi Agi CA &«CE gEUAgyUAg: AAO GAEGUE' Eé
eChEUCuO gCiuaUgE OC ACg: -+z yAJ CeUEAgU i A 1 UE

EREAG AEUAE" AE WUuG AECEEBAEH UAEUQGEEOi|j*AEBEBQYUeE

BJ,{'”

3.1Cammunity Managed Sanitation

g geUEfANWBEC EAAi gAgi CA EJEgUYE AEU gJdeilT Auad e
1J ehlail hgiaigiUE CE @Ei1 AgBEl ACYye ART IDEOUMAOTH ICU
yAAAc Uy UAg yCOUUWAE GlhyOUBACUEEJEgQUYE geéAGEEAEU OUEIi ¢ A
yAi AgAi AUO necCcuaud CE eAEgud 13 1TCyyhAigi UE geéUyE
A OiEgi Al g AeeECAT & gC EAAi gAgi CAl AWE" i1l g CAWE C C
T CyeuaUij AAO eHeg@iuiJeilICAgUI g
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-CyyhREIgGAGU EAAT g AGiIERE ECIEIGOUY E~ ' GEiT & s11 . vUJy
AAO RAEIUCc AIEEWVOT Ei gi 1TQaa AlCgiel@Aidy BAAIIJGAgi CA ~ Z71 g¢
zAA+-AEA " AEKECWABAI UE 11§ i E iyeCEgAE§JAgOIAOGUEgAL(
AhgCyAgiTAaad 1wheANcUdCyyhAMAAJUY UAg EUEeCAEi T ai
eAuaa gC i AOGi1i OhRAUWE: 1CyyhAi gl cECheEE AGHE"- ¢ Ci
TCyli AAgi GAeFUERAGae'Ag A T CyeéeuUij EAAgiUaiCgl ¢ Ci UEA,
T 8AGUGUAcUE:

f ADi OBAZIVA 1 CyYIyARUZIIJgi EEYyYOAI g ZUO ¢CGghtwe "ZAAI gA
Deileée WAE CEicg¢i AAdud OUIrUvucCeUO gC AOOEUEE EhEAU

AeeECAT & AiyuoO gC €AEAUEE 1CyyhAigd 1TAeAlTigd gcC

AecECAT & 1 CEAU 1A 1CAGEAEG 00U G EYBAETORERICICH UEGT WG
ThialOi Ag T Aigi Agi 1t UE Wéil éGCAROIBEOYW{ ) AU UG 1 AE | A
2 UA+-AgAEAYyAAKNKA Ug Ada: s

f geWEOUUWE Ce T CyyhAigd i A Cair UyUAg ('BREEDAN gAGLACA
iUguUUA TnyﬁAigiUE AﬂIAEC|mGEWMMQAm|gCEEguuA 8
z "M_ z WUEU iyeuaUyUAgUO hEi A¢ A yCOUu Veéeile euh
OUGi 1 UEJ CA TCyyhAi §AEcEREBEADU ®eABAYCOAWGI AAO i A

hAEREgAi AATaU CiI UE géuU GCARAQgUEYAg AIADE AZE e EDEG® «
EWBECAEi 1 iaigi UE AEU EAEUO 1T UgUNUUA TCyyhAigd cEC
AeeECAT & CaaUEUO A 1 i Al 0U EgEAgUcJ &«CE EhEgAi AAI

UeaeUl gi 1 UGJWIGGUWAEWOGE: iiigJouai UEJ ~pi GGUgGYgE Ug Ad

Mg {E AJEQYAIE MOEEBEU WU 1 Uci A gC EUU ECEgUE &CCC
eUCeulU @&UNUE EgUeE EUYCI UO &=ECYy gABi ECDAJjeBEJAB)
TU iyAcgi AUO:

cAi AEg ¢géeU cucCiAu 1Al +OECe Ca i Al EUAEI Acud 1 UAg
EAGU Ceae hA& URECEIUEAAND faCIOBRA  AAGA H hAj eEgUIAEA AR U 0CA gULEC
yCEI i OXigli=UEA ~. +AggUBaANAANE s a8 BWEU yCEU ucCil Aa &C
~ZEz~ Cax®aUE CeéCEghAigi UE gC EUI CAAUT g 1T CAEhYy UEE
Héi UEg geUEU i E ECyU Ayiichigd iA géeuU OUai Ai gi CA
1 UgNWUUA acCi Au &«CCO EJEgQUYE ~ZEz” AAO EeéCEg &CCO
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OUA +ECUT +  s1817" @CE Eiyeailigd WU AOCeg A eEA
1 6AEAT QUET EUO 1J =UUUE {AgUEyYUOI AEI UE 1 UgNUUA &E

zy Al @=AEYyE AAO yAE+-Ug c¢cAEOUAE UijUyeuiad geiE EI
gC €A1 U ¢CEUAQUE T ECe Oii UEEigJ AAO AuuCiAgu A eéi
CeeCEUO gC AAiyAG 2UUO CE i AOhEQgEi A@C&ECT UEEi Ag”~
EECOhTIwAg weae géU c¢cuCl Au a«CCO Eheeud: WVigeée A &icé
ECCgE AAO ghil UEE géAA GAEGUE &AEYE ~villiAEOI Ug

CEAOI gi CAAG AAO [ AOi GUACRE AcEilhaghiEAd eEAT gilC
]

TCyyhBWiAEIUO uCi Au AcEiThaghEU: T ECEE géuU NCEGO"
T CAgi AhU gC eECOhRT U 2CCO geéeEChce AcgEQQCGT @acCe¢il A

SACUGUOCU" AAO ECI i AUEUgG] BADUOBNEEIAQEgeChgi Achg
1 CyyCcoi gl -y hGsUEEs U 1BUSEVUEVUAY ACg S6REG Ul CaCeil
2CCO ECI UEUIcAgl’ OUsi AUO AE géU BAOEQOUCEIOAT §é i
1AAT i g3 gC GECORTU 1AEiT =CCO TECEE Wige geu 1 ¢
Oi | UEEGGI UET "~ w14 7

sCall BUARBUEyAGGUE ET AEOOBEGO&T gél é
GUE RATOH UABEA §y CEU Usmai 11 UAg REU Cae EUECHRE]I UE" A
Oi EUABMAG géhtE AGEC (yeECI U EUEi Gl @ §

R
p=

Gi WWUE Ag Au: ~s2181” eEUOiIiT g gé6Ag @®AEYVE Cea géU a
gEUAOE Ca® =AEy 1 CAECuUi OAgi CA AAO EIl AuU UAGAEgUYy L
®eA1 ChE Ce EyAGGWUE yCEU Oii UEEU yCOUUE:

3. 2Sha-Btal e Commerci al Food and Local

N

[—

JAGGUE 6AKEJE RaAEATCY B BCholglEA UAT &1 Vel &ACAUE & U
AT CyU ACYg g&ECRcé JiUaO AGCAU" 1hg 13 1JeAEET A
CAERYUEE CE EUGAi GUEE: ¢8UEU CeUEAgi QAG A€EU& A U
CECAAIT  CE 1Cgeé - GgiUEi " s2.°'7: ¢&UiE Chgehgt"
i Ai yAG eECI UEEi Ac AAO AEU NUGG EBUBUGI BICBEEUEU
ECGO Oi EUT gad gC 1 CAERYUEE “2¢-" CE gC Oi EUl g g¢

—)

<

27 EYIGGCAERYUE ~2¢-" EAGUE" Wi gé wlmad UijA gUAByc W& A B
' j AE CE =AEy EeCeE. AAO EUGAgI CAAG
UO CcEiITRGGREU ~-2z -~ ET&UyUE -8
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21 BlgiE&UgAi 0 " 2¢wWeidEz- AT thOU A Ei AgaU i AgUEyUOI A
i AOUeUAOUAg EUgAi GUEE' EUEQAhEAAgE" CE i AEgighgi
CE @CEVyAG 1 CAQEAT gBCchleChic@AdAIgeE Chygg 1A ¢ ECIWUUE

~8AgeCiIUAA OUA + BMQEQHARMEBELEILAGU EReUEYyAE+UgE EéCh
UijTahOUO &ECYy géeU aCil Ala a&CCO 1T CAyURBRAY ieEA yICigy Al E
GCT Al eECEOOWWEHEAEWRA géi E yAJ UDUgGeWAREE€HgG ®=CBI EOY
EyABELAGU @ECOhT UEE WigeChg AAJ GCl AOKBEUGATI 4 | AeeE

B 1 B 1 7

3. 2. 2-Chammer ce boacs®dte ms

téeU eEi yVAEJ Eheeuld] Cae «CCO =CE hEI AA EUEi OUAgQE i
LAYy YyUET i Aur AGQUEAAgi 1 U &CCO AUGUCE-E OC Uii E
UijT e AAcg U:

CEAOI gi CAAIUdIe FalBEC OhCégi CECeE° &«CEAci A¢ AAO éhA¢
EUT UAgud: geéiE UAT CyeAEEWEhITA INEOU CAMAU g0 ¢if AMEIQYI,
EUEThU AAO OiEgEiThgi CA El @#a8WEDH ALOUUWEY AEANI €Iegvi
geiEW gCE CEcAAi EAgi CAE CE G¢EAEEECCgE 1T cC¢uuUTgi U
EUEChET UO EgAgU. &EArgiClEmu ABEY UiyA AUCui 1 UEAU 1 CAgU
téeChcgcée CagUA CiI UEGWCOXUGelUA e GAJiTAA EDEGNY OhAKE a000Q)
eCi UEgJ AAO T hiudOiAg 1TCyyhAigd EUEiai UAT U:

323Local Food in High and Low I ncome C

E Oi EThEEUOENAGYPe BEUJ ATTEA" c¢uCi Al «CCO EUgAia il
TUAGEAGi EUO EheUEyAE+-Ug AAO 1T CAI UAi UATU &CCO EUg
®CCO yAE+UgE EUVAIi A A TEigielAEg il &ijuesBAT AJACGaE dag@&C C
AAO i A hEI AAJAE VAK@BEIUEIS Eaee hET 6 AEUOE EQyleWE geée AA

~Gv  sCREGT UE (GETAG: gUBA & v UERGITI+ Ug AG: © 816867

fegUA gUEJUO gelU (i AeCEyAar =CCO EUIGgCE ORU §C& g
EGERT gk BEST Ad 2CCO EUgAIi G EJEGUYE UAEICAGBREE A Of
EeCeE" EGAGGE AAO "AQiREIRCHIC (WHA GGED I AEN 1 1 gAd
ECRET UE Cea ai 1 Uai & CROEBAIOI BE2ACODETEG ROKT CGBEGI 1 A
REI AA eCehaAgi CAE ~ AERYC _  _ Al.RkACH Asgr ' % E AiERG U A
MA 1 CAGEAEG" GAEGE Ca B8RECeU AAO ~CEgé JUEITA A
EUAAT EEAAT U (A GGl Au =CCO i AGUEUEG: OEi1 UA ACg |
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i AEGUAO 13 ECT i AUl AMEAIDO UAG U GGGy UBGICE A1 6AAG | ®AEY
LGCT Al GEOER-: 2UZF A0 s 11 .  AEGRBOKAUS Aaslssi pgA
s 1) Jeilé AEU (AT EUAEi Acad EUxaUI gUO (A &Caill
EAEYUEE: yAE-UgEs miwEEERG UGicEOEE Vg2 BUTCE | 51 6y

s1 07 L UcUgAI GU 1 Cij ETEUyUE ~+ECUA Ug Aag: s
~ .z 7 ETGUJUE ~+CAaUBg  _s0Oid AANE U Chta@IEigAc s /& 56 C& h
ECyU Ui iOUAIT U ERccUEYT BAAGBAGT gADT UBUBAGUO géi E

1 B 17

N

Zi+U géuU i AeCEYyAG 2CCO yAE-UJgE =ChAO AEChAO geéuU

eECOhT gi C O T CAEhyegi CA° AAO UEgAiui Ee 1T CAAUI
"GUeU&AE _ v uau: s1s81 7 KCHUI UE® geéuU
OUyCcEAeéeilTE Oifi ®=UBi ACAEUOUERAGEHEI UMA 8CtAu «CCO

EREgAi AAl U Céegi CA ~zhaiEgJICWAgi Ug Aa: > s1sw”>

I CATUEAEUg +ECIDA 211 . - 8UA Ug AggUEse&ehAui dAOCBR &
eUAGgéei UE &CCO ~-AA Ug Aa: " 81117 AE yABCE OEi1 L
Jei gU 'TyuiAGE:D A A Or BAGRBAG hUBA gAeiU A g BAEY UBE 2 Ug ~Aa: ~ s
Jige 2AEIJ Ug Au: ~s11” EU&CEgiA¢ géeAg ECyU !z

®CE uCl Aua eECORT U:

pdl
o >

_UBET AaU EAAi gAgi CA EJEg Ciihel A hAi&hu AAO
EAAi gAgi CA GAAOET AeU: ¢é&eUJ AEU gCC GAEcU @&CE i AC
géeU EUghuAgi CA° EUECHhET i Ag® AAO W WACHITI¢WEEh E ek ET A
eCEi gi CA 1T EUAQIUEI WEE gRA CeriCEANhAI T AAg 1 AEEI UEE:
3.3.1 Regul atndr YSaGeaepg sy

_UBETI AaU EJEgQUYE CegUA =AG0 1 UgGUNUUA geU 1 EAT-E C
TUAgEAGI EUO EJEQUYE" ¢geUJ yAJ GAT =+ TOGUAEGJ OUei A
gEUAgW@OMiggCEIBg Egiaa A Cair U yhagieaU REUEE AAO
iyeauil Agi CAE:

MA g&U ! W @CE UijAyeaU AcEiiRughEAG EUREU ¢hi OC
~ 2 2z sia17. AJ JAQUEiAd geAg OCUE ACY =Ada i A

EUchaAgi CA: ¢&iE TEUAGUE EeAl U =CE AlgC KR EieC AT CER
EGAAOAEOE gC ®hAOAJUAGAGGJ] Of 2=VUEUAg yAGUET AdE:
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AOGCegi CA AAO yA+UE ig Oieeilhug g€ i EERU TUUAE"
EJEgQUy g¢gJeUE:

M

¢t UEU EUchUAgCEJ AyiichigiUE UijBUAOUYCEREGOYEEYLA

EUEI U EyAGG T CyyUEARTAIAEAEAQGTT LAE=AEY Ndiidgae eAJi A
Ei AcE geUy hAOUE EhRGUE ¢Ci UEIACAGCUBBIANN | AehgE AE
ECOhT gi CA: Me 1CyeCEgUO éhyAA INDAEgU eECOhRT gE A

i AUGicilaU =CE ERT & REU aiyigiAc géU ElCeU ®CE

—

(o]
—)

81 UA IJEUEU geéeUEU iE AC TCyyUETi Au EUEAuUU geu i
Ehi e AE i A A 1TCHANRAUE IJAQAEDUAAAUG EA=x=UgJ 1T CAT UEAE
i AT EUAEU géU Ahyl UE Ce eUCeuU eCgUAgighkidEIU Ui e CEL

Dec yAJ ACg 1 U iAaCEyUO CE gEAi AUO i A EA=aU &eAAOU

EhREgeUEYyCEU" Ag géiE ETAuU &hAuigd 1T CAgECuU yAJ

EUEChET UE CE gUlTeAiTAa 1T AeATigd gC yCAigCE geuU E
i ATEUAEI Ag géU EiE+ Ca hAEAa=U eEAIl giel JRAJCE 1T CAgA
hAOUEYyi AU gEhREg i A géeUEU YyCEU {AeCEyYyAU EUhEU y CC

3. 3Cél ocatain@n Transport

fAU Ceae géU +UJ A6i ARIYPAZAIAE W5 Ey WEC geU e OgUAgi Aa
aCi Agi CA Cae WAEgU eECOhigi CA AAO EUhEU: MA ECyU
CiThE CA geBCEAYWPA#EEgU A 1 CyeCEg gCiuaug CA A 1C¢C
I {f Ef gCEE" i gé g¢géU QIEDRgIOI yAG UEd A teMEye.08 UBDCT
yiceéeg 11U eECOhRhT UBhT & BBEUAAD &POEANO AUAEI J° EhT e
GCl A =AEy CE 1CyyhAigd AuuCgyUAg: CEETEAEeAgi

Oi EAAT U gEAAEeCEg AAO AEECI i AguO Uyi EEi C
20 CUE Ag A a&i AUE ¢UC¢cEAééil EUECUhgi CA:
KCWUI UE" éiaU Oi EAAT UE AEU '¢§JAUVAEIEGD§EEgUEAG
TAA Egiaua eCEU uCci EgiTAG TeAWuWUAGUE: _Cii Ag WJAE
geUA =ECYy gEUAgYyUAg ¢gC EUREU ElgUEAgyEWehAEUyUHg
nigecCchg AeeECeéEi AgU gCCuE" i A=EAEgEART ghE CE 1L
OUy AAOi Ag" iAUeaiTiUAgIEEE&UuBAE@AEAadéU
GAT + EgAAOAEOi EUO gEAAEECEgEé€ECAEELAEUY BA
aAi ChE:

EII‘I‘I



220

¢ceU EhT 1T WEH A@Qabd EJEgUYE géehE OUeUAOE
geu ArAiaAliaigd Cae AeeECEéEi AgU gE
@0 CUE EAaUGJ AAO Ueaili UAgud:

3. 30wner sRegpponsarmd | Teghnol ogy

PORRN - - N - >

_UEET AuU EFBJBYRE geéeCEU i A ETeCCuUE" EVyAGU i AEgi ¢
CegUA CiThed A ¢EUJ AEUA WeUA ig TCYyUE ¢gC EUEeCA
|

yCEU hEUEE géeAA A eéChEUe&eCuO EJEgUYy
®CEYyAG0 i AEAEgQEhT'gBEUO0 CEVUEEy§&®&T i Aédi E T EUAGQUE A
CeUEAgi CAAU 8hUEgi CAE" péecC yAi AgAi AE géU gCi aUgE

UAEhEUE EA&aU EUREU- pigécChg T aUAEGJ gduUeaigeEhd gRlEAL
geUEU EJEQUVE AEU 1 haAUEAT aU gC AUcGUI @l eAOGE UyA

Aa: " s1 10 . pitGaUggE Ug Aa: > s s

Ei AAAT i At EUEeéCAEiliuigd ECRAWR AJEGWUVEARF AlJe AiAd B2
géU EUI UAAU EGEUAVYEI At Wi OAVBAgIgEABAEERT 6 AE gEUA
EUEAGU Ceae gEUAgUO eECOhIT gE aui+U T CyREEW : g C gE Wil
ECaUud CA 1 CahAgUUE uAl ChE CE i A=CEyAu he+uuée: L
UT CACyil AAO i AEgighgi CAAGU EheeCEG 2I1AEA 15U 1A "y AdC

- Ug° ¢geUEU AEU AGEC eCgUAgi Aa AOI AAGRAIGAIEYD pi ge A
EJEQUYEETWAUBCEUggi AcE 1T AA CaaZUAE BUA gUBHE ARICH BirE 17w
yAJ 1 U +Ueg EUeAEAgU &=ECYy i AOhEgEiIi Au i AehgE"~ AAC
hElEUOhRT i A¢ géeU EiE+ Cae 1CAgAyi AAgi CA Nige ECaGi O
TAA iyeECI U geU &hAuigd Ce geU AyCagBl AgloU QN guED A
EUREU yCEU @&@UAEilT aU: +Ui A¢ eéJEigyAuAgl AAGS ERIEh BUC

AGEC @&@CEgQUE ¢EUAgQUE EUEeUl g 1TAEU AAO A EUAEU C

_CEUCI UE" ¢geUEU EJEQUYE yAJ EgEi+U A 1T AGAATU iA
yAAAgUYyUAg Ce i AehgE AAO ChgehgE' 1hg G0AEc¢U UACH
AE EéAEUO Al ChE CE UéhiéeyUAg: pigeé «UNUE AT gCEE

Ti'gd OU EJEgU@ECAAI BUM WIWECCe UEAgi CA TAA 1 U UAEi U
AAO TUWCEU geéU- 0@EARU Missdld gAA@UAT T CAAgAT i ai g3 AEU

geuU ChgEUg: MyeCEgAAguUJ' ¢geéeUEU EEEBUCE OfeBEHI AU
gEUAgYyUAg guUl éeACucCci UE: ¢&UJ TAA =hAl gi CA i gech

C é
i AEGUAO'TAPAgERIyGIT EUO 1 Cy e CEIGARAYG &EECICYREIEAY iBOCuhgi ¢
yCEU AaxeCEOAI uU AAO aCi Auuld yAAAcgUAI aU:
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3. 3Loc&8ystems for Local Peopl e

-CyyhAETgAIGU EJEQUYE 1T AA CeaeUE EicAiei 1 AAg AOI AAg
+ACAGUOgU" yCgiit Agi CA° AAO EUECHE!I UZRHIAWEE Cea 0 C
TCyyhAae@s U 1CyyhAi gl AEU CegUA yCEU 1 CAgUijghAaald

taCl At hEUEE AEU 1 UEg euaATUO gC hAOUEEgGAAO ECITi A
Uiji Egi Ac Ehee€HgUBBPgUGEAE: ~ 1117

ECE UjAyeaU A TCyyhAigd yicég AGEUAOJ &A1 U i AeaC
CECUUEE" CE +ACI NeUEU ¢gC EChEIT U yAguwEUAuUEAGdi +U
AGEC A1 U i AOi gUAChE +ACIHuRAARAY UG i CCAIYE AGA AD g éE ¢
geuUJ CeUEAgU ~sE&YBHEU UBERAGEJE““AEW " Oi eeeei T hug ¢gC E
geu ChgEi OU" AAO UijgUEAAGGU] 1iyeCEUO EJEgUYE yAJ

Uyl UOOUO ucCi Aa hAOUEEgAAOIi Ag:

¢cei E yAJ eUue UijeuAi A DelBITECHAR BCECUICGE T A& & ARA g H
1 UTAREU geée UOCUNNEUA @We UAgi CAE® 'EVWQeBEI @AGAE CYMA
T CAgEAEg" WéUA EJEQUVE UYyUE¢U CEcAAiTAGU] &ECYy L
gC 11U i AACI Agit U 1TCAgUijghAunizaeEA&eCeEBHBABEDET AADA
EgGQECACUE UAGCAGUYyUAg |1 UGYBNEUFAENABBAABRRUEUEAOGAERI I

weile WAE i gAUEEUO OREiA¢ yJ giyU WCE+-iAg CA ge

m

¢C heeCEg geéiE" 1éeAQEE NBUEGU O yiek UFOUA gRAiIgd iCA™ G AL
EUchuAgCEJ AU BGAMygUARE hi eE eUCeulU Wige geu +ACW
IThiaodO EAxU UeaUlgii U EJEgUy E | BARAI KWAE UAC Uge WNUE ~ CI
vAgeUE géAA eEUETEiliA¢ EéUTieeil yCOUGWE ecCuill

gC OUIUaCe AAO Gy GHICAE-IEBRPE I Ug gAwUa o Ty Aa:

o0
m

O00i gi CAAGGJ: EhiT e uCiAa 1T CAgHGEm JAAKE CCRRWHA CHGEF G
eCCO EUTHhEi g AOI AAgAcUE: péeUA TCyyhAigiUE EUT GA
UEeUT i Aaad 1A UATU9ERHIEENPaADYI e BUEgUjREBBEU g
i Aehg VAE-UQgE AAGUORUE WA @RCIICE Ui ¢ A ¢ieyi ECEgGEUAc g é
aCi At AhRgEi UAg EUIhEigd AAO 1 hi GaOE &CCO ECI UEUI ¢

CiUE géUiE CUA &CCO eECOhT gi CA EJEBAUARE giilAEIUe UAC
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3.3.5 Humanur e
Khy AAhEU ‘ECOﬁTgiCA AAO hEU i E éigéuj |iAiuU Ag

yAAAUE: -CyeCEgi Acg 1 AA IUIhAE@lw@JEh@ElAAEwﬁEMUE

i AEAEgERT ghEU'IthATugy AEEAGERIGAE U 6 Ay 1 UEE:

[p]]

+UT AREU T CyeCEJiAEQUO B ELTIUEET ¢ tAAO AAO GAl ChE EU:
eECeCEgi CAAUGI Nigeée geuU EikU Ca geU CeUEAgi CA:
ECgALAMA 1 Ui Ag @i taUO0 WeEUYIAACA&UE ¥AgEBEUE UAg-
TAA 1TU yAAAgUO yAAhAGGI:

_UBET AuU 1T1CyeCEgiA¢ TAA 1T U iyeuaUyUAgUO CA geU ¢E
CE 1 CyyhAigd TUAQEUE hEEAgQUOYEUABAYBO: AEUSDERGE
T CAgAi AUEE &ECYy i AOi1i OhAu é6ChEU&CUOE TAAciI U 1 EC
A Ui OUE TCyyhAig3d ¢téeU EUEhuagi Ag 1CyecCEg T AA 11U
CE Ui UA ECuO AE A @eECOhNT g

_UEBETl Auu EAAi gAgi CA EeAuu 1 U 1 CAEi OUEUO &éUEU AE

OUailAdyy hAi AAO CiI UEEUUA 1J A EiAcuU yAAAcUyUAg U,

_AAJTRAGBUE@zgAGN U9 eECOUT gEI &Cl hE g WA th BiAED A G
Oi 1 UEgi A¢ OEJ APG AEFHIEE XENIEUEE ECuUGJ i A gUEVE
ATTUegAAT U CE &J¢i UAU Chgl CyUE: KCHWUI UE" geéeu yC
gEUAgYy UAJh AAMQAEU CaegUA Cyi ggUO CE eCCEuJ OCIi hyUA
Ce géel @GoERLE EGoGY A [UAOU AMA: gei E' VAT ChgkA gUE
gCiaUg. EiE+<E TUITCyiA¢ hEUO =0E #hlduinll BIEUFAEQL

i AGQUAOUO ¢gC EUGEUEUAg:

EUNUE T AEU EghOi UE UijiEg WeilTée UAcAcgU Nige geU a
®CCO eEQOhjiegdh@A: i AGUcEAgi CA Cae EUREU geUEU eECH
e AEONAEUUYy UABDUpe Ag UTEALICgARNUCA CEici AAGaJ EChcgég
6icéuicégE géeuU AUUO gC EUxEAyU 81 CzAA YyCEU @i Ey
Oi ET ChEEU: E aCA¢ AE p zK @EAyYyUWCE+E &=Aia ¢gC UA
eCgUABITIAeRABRgUYE ¢gC TUWuCEU HBAOBHEGEEDIi UG EUyAI A
2UEeéigU geéeiE" VyAAJ Uij'EyA@WE W] EEEEA¢i g&UIJyURET U
Nige Of @eUEUAg OUGEUUE Ce ERTT UEE:
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34.1 Centre for Alternative Technol ogy
teU AhgeCE 11 Ei gU0O EWEIUEAN 8UijChyleAl IFE] EQa yWEUEGA ¢geé U
geuU -UAgEU &CE GgUEAAGg WA gEWI £ROACHL " - Ed g CEAEA
CexUEE UORT Agi CAAG T ChEEUE 'QRIOOEUAAGUEWENEE EGQAJ E
@CE WAQUE: péiaU i JECAWBABUHUE gEJ E®QBY EyiddghatAgt EC &
1 AEOi tUg EJEgQUVE AEChAO geéeuU EigU EeécCll AEi Ag Oi
gUT e ACuCci UE: ¢é&U Ul AlET gAg ARAIOA @IeiUBA HOIhEE QA BgBI0D EC A
AUDAJ &ECYy geéeU éehiuail AEUAE" EAgeéeUE geAA!'1 Ui A¢ hE
EigU TAaU: ¢éiE éiceéuicéegE géeuU TCyyCA gUAOUATJI L
AeeulJi A é6hyAAREU gC &CCO TECeEeEECARI AAgULATI BIC AL
gEATi AUO EgAsese AAO A yAAAg UAIeCE i AN yOALBD G hEARRK U
yAT AgAIi A gé UE Waspdliil gl g UVEIE GAUNCE 6 Jci UAI T Aaad:

34. 2a Horqueta and Guacamayas School s,

MA guUC EREAG -CuCyiiAA ET6CCUE GAT <+ RGABUGUO WAG
gCiGUGE NUEU EUGUADEO A gGEREGAUIUGE ~! 22¢E~ AE
GECOUT g ~zAGAKAE Ug Ad:  s11w”: ¢a&l AEGAD HEIAEC Ew

UcUgAl aU ¢AEOUA" WéiuU &«UTUE NUEU EgQCEUO &CE Ei
GAAQE" EUeuUl gi A¢ A EiyioAE TAhgi CA AEChAO &UT A
geu gCi uUgE" AAO WVUAE 1 EChc¢éegi EBEI JOUHhEAEGEARECRAC Y
CUAUEEéi e AAO MN@EGUA®G] UVAh&BRC&E AU EUECHhET U EgQEU
eicée ERTTUEE OhEi A¢ géU EghOJ eUEi CO Wigeée T aUAZ
AAO EgAme AAO Uigeé UeaUlgi1 U YyAAAGUYyUAg Ceae géuU
AOI AAgAcU Deiliie eli MA ACTOURE AUO 1 AEgi ghgi CAAU EUgg
EUEeCAEiliaigd AEU TGWUAE' hAGi+U yAAJ ehliail g¢gcCi

yAi AQUAAAT U AEU AUcuUIi gBEGJ dCAOQI A¢ CAC @ ECOUE AE AR g |

(o]

34. XKarwasa School , Musanze, Rwanda

MA T CAgEAEg" A TAEU EghOJ =ECYy vIWAAOAL WY CAEgEAQ
EAAi gAgi CA eECoUI gE WigecChg AT 1 CyeAAJi A¢g gEAi Ai A
K4 g WAEWAEA zi1é&CCu- 81 CzAA gCiaUgE WNUEU 1¢C
BECO6UT g 1 hg AC eECIiEi CA NVAE yAOU &«CE yAAAci Ag
ehaua” geéeu ¢gCi auUgE WUEU Al AAOCAUO AAO hEUEE EU! UE
GCT Al @®AEYyUEE Uyegi UO=gg®UeEA lBNAWIWBECZ2EBEAGUAC
i1 Cge A OUYyAAO AAO UiiEgiAg eAgelNAJ =CE AcEilhuagh
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Ei ¢cAi @i 1T AAg Oi EUAEU ¢gEAAEVi EEi CA Ei ExE AAO i E AC
gC EUT Ui+ U AEée AE 1T Ci UE yAQUEi Au &=ECYy EghOUAg &
gJeiTAuud UigeUE hEUO CE ECUO geU AE®C+iclci B AKGE
gUEYy VAAAGUYyUAg' EUhREU eAgeéelNAJE° AAO T CyyhAigd
iyeaUyUAgi Ac EAAI gAgi CA EJEGUYVE:

cC

3. 4House of Fire Ministry Church, Naku

MA Ah&EUBA AEUA Ce "A-hEh° WUAJA® AA 81 CzAA eECoHL
Ei EU _{AiEQEJ -éehEle&° TeCEUA 1UTAhREU Ce igE 1 UAg
hET U EUhEL éhE

2CE EUECRET U EUREU géEChce geuU 1

=1 64 E1 1 AAAAA ¢
¢éeVU Uiji Egi A¢c eig UAgEi AUE WUEU eCCEuJ 1hiag AAO
i AGECOhT OO GEgANe OEJ ¢gCi aUgE AAO eECI i OUO gEAIi A
Aeeuail Agi CA: MAigi Aaad: ¢eéeuU!Ed EgiUyiogiERBBGeA ¢E Wi C

EUREU Ce hEi AU AAO =UTUE A0 TUAEUO: !'Ei AU WAE C
IThEi UO EAgeUE géeAA hEUO CA TECeéeE: ¢éU 1iEeCe EUE
i AQUEUEg i A EUREU 1T hg TiguUO ¢ggedl B0 1y eAC EGIE JAGA ¢

geéu gCi GUgE EUYyAGTABACIUOUARENAGEICOBWE g gUAYy INUEU [
T CAgi AhUO gUT.@&AicleAd cElge AGCGELAT U AgAi A geU +ACIGUC

TAA éi AOUE!yTAGYAYUIAT zFUAE g UV E :

34. Blusi ¢ Festival s

fhgOGAURA gE CaeseUE A hAIHEd AW Uy EQARG g@a i JCAEC ¢&UJ 1 CAE
®f Ail gU ¢EChée Cese hEUEE HhAOUE A TUWUAE yAAAcUYyUAg E
AAGhEU: ¢éi E AGUCWNE @«CE géU EAAi gAgi CAcEGEgUyYy gcC
i gei A A aiijuUO0 giyUaeEAyU Wige Oi EeCEAG &AAOGUO
®UEgi1 AUE AEU @eAEgiThuAEGWJ i AgUEUEgi A¢c- AE geéeuUJ

i A CegUA EUYyCgU ucCiAgi CAE uAl +hByYy UjCEBeAggghl

=
e
.

CEAOI gi CAAGGT" §géU OCyi AAAg ECORGACABCEAE | UUA ge
GEU=AI Ei1AgUO hAIgE WEUEU =0T UE AEU EGCEUO i A A
OUGUECUAGE Wéiile 1AA (EEIgAgU geU EUEe TEAYOCE] ¢k
T AET i ACCUA ~vCAT & Ug Aa:  si14°'~

KECUUI UE° REUE Of EEAgi EaAl gi CA AAO i Al EUAET Ag OUY
JAAACUYUAG &A1 U OE( 1 UA) Ay G eai gt A IEASIC Bt Qg GAGUE o
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I CAQGUEE AAO
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E A EUERGG"
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gi A¢ A 1 ECAQAUE iEGAREh yiUA UTUGWAG ¢ iCThAu 0 & E

'"WCA¢ Ug Aua: 511

yCEU 1 CAgEAT gCEE AEU ACWI CeesUEi A¢ 1
A yCEU EREgAi AAi U AGgUEAAgi 1 U AAO A
UAT U: ECE UijAygauU NAEE 1 GQuUEBLEWACEI¢WEG EUE
FTAGY Wige - REOEAO w1 f.Cy e £EgGUACUUE g E
Ag: A 1TCyeAAJ EeUliAGi EIKAGUUWIAUEERT & EJ
Egiuu eUEEIiEg @&CE ¢gélgJgEuAgulAg AARAQG UA
Ehiéeé A EeCEg EeAl U Ca giyuU AAO iA
Agi C CE EUREU Ceae géiE 1CyeCEgQUO yAg

>

|'|'|<
p

" OEAWNE @AEAUGGUGE 1 UgUWUUA géiE &UEgi
CgEAT guUO Oi Eeu Al UyUAg 1 CAgUIijgE" EhT &
E 1TChud 1 U AOGAegUO =CE geéUEU EUggi AcE

3.2.4.6 Circul ar Revol uti on, London, UK
E

I CukhigA CA UIEC AC GiUIEAG EAAi gAgi CA i AigiA

A
ZCAOCALE 1CyyhAI gl Cae TAAAG 1 CAg OWUGGUEE:

EE it U BDigecChg 1 CAAUT gi CA gC yAi AE L
cegUAUO EiE+ Cae WAQUE AAO EAAi gAgi CA
gi CAAG'TITAEARO gECIIEIQURYEE AgEUA gu iEetheind EU e UE
OUEi ¢cAAgUO EUEI1iTU eCi AgE" A ¢ECWNI Ag
“CE . 1CyeCEgiA¢.” ¢gCi AEBgP: EKNKCGUBUABEA ¥
T eAGUGUAcU: | EUEE CegUA EgCEU WAEgU i
MA géU Al EUATU Ca ®CEyAu'8CyeCEgi Ag
E Nigeée @«Ei UAOE CE &Ay ik EIL&d Eé i [E eCAE
¢ci A¢c WAEgU &CE ¢UAUEAG EhiliEe 1iAE C
ECAyUAgAU ARO @HJ WE 1 eUAGYEe (EG E+ Es 1 sy
k161 [T EIThGAE vUI Cahgi€Bo Uy Okl PiOCAEY
eUEAgi A¢ AE A -nyﬁAigj MAQUEUEg - CyVé
U ¢EChe 'CaA£ZWUHOE EANEEMRT BT gied@i 0EtabCHE
T CyeCEgE geéuU TCAgUAgE Ag OUOIiTAgUO E
EAAi gAgi CA 1 hg AUEC eECI i OUE A EAEU

UyUAg i A AAIEERAAEUAUI ECAGULER" 1 s 7
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2UEeigU igE eECyi EU -iEThUGAE vUI Cahgi CA éAE Al
T CyeCEgi Ag eAliuigi UE geAg AEU G4il UAEUO gC AllTUe
y CEU ECIi aUyAgil iE geéeU EUOI-EYUEGH ihAcE CQREAKY sAngHeE8 e

EUyATi AE GAEcUGJ AEei EAgi CAAG ORU ¢C EUChaAgCE] A

(o]

Ui UEgeUGUEE" -iEThUAE vUI Cuahgi CA EUEEUEWAQE A E
OEi 1 UA° OUT UAQGEAGi EUO SHICAWRWA ITiedEAxCWce hdege AW § UE C
EUggi Ag:

teU YBIELGIU EUEBEUEUAQE 1 Cgée geuU yCEg 1 CyeuaUi AAO

Ul CacCc¢il Aa EAAi gAgi CA: fi11ThedJiAg geU yi OOuU ¢ECH
EJEgQUYVE" i¢g UAIT CyeAEEUE A Oii1 UEEU AEEAJ Ceae EAAI g
AAO =CCO Oi EgEi-lIENAgA ¢OAA cA eaeBEEGEyE TE BEQOYue CEgi A¢ ET e Uy (
eUBIEI AA 2CCO é6hi E AAO TCyyhAigd =AEYE: ¢éi E Of 1 |
eaUiilaoalEeldidAgiUijgeUEECAEUE ¢gC uCil Au EAAUg Aigg CA A
AGEC yA-EE AWWWEEJEQUYE Oieseil hag gC OUxi AU° EUch
fegUA a@Aaai Ac¢ i AgG gAC CE WicAREIcALy G AAEAI0 FAFABA ED W g ¢
EyAll e«CE E¢gRYBEICAIBEEiAME gi Agi 1t UE 1T AA EhaeUE &=ECY
CUAUEEéi e WUA+ [ AIUEgyUAg AAO &=EA¢cyUAgUO ¢Ci UE
UAO+ ~“U:¢: ¢gCiuug AT TUEE AAO hEUE UjéeUEi UATU" Wi
EUREU" éileée AEU UEBUARe :Aat E9ACA HelQBEi AAGQyea Cei Egil

TeAutaUAgi Ag® Uil UA WeUEU Oi EQAAT UE AEWEEAGHggCOE&E
CE &«CEyAG0 eECgCIi CuE:

2UEeéigU geéeUEU | AEEi UEE" 'leARIGCCGRAIMBgURAE i FeBi gACaei
teUJ eAI U ge®U@ICQGWEA gd iAgie gEECT i Au- Ui CAEgi T AR@AERARAO

JeUEU geUJ &éUue 1EiOcU cAeE i A ehiail EAAi gAgi CA
Gi A+ gCi GUgE ¢gC ¢ECWi A¢ EeATUE i A eelJEil Au AAO E
AAO EUT gAAc¢ 1 Cyy LG UUE TIAA EUORT U OUeUAOQUAT U CA
JyAE+UgQE" 1hiadO aCil Aa AhgEi UAg EUTHhEi g AAO Ehee

CERTiAGGI g&U0 [ A=CEyAGigd AAO EUcChaAgCEJ Aylich
ifg AGEC AA CeeCEGhAigd: MA geU Al EWEATAG UGz Ef i ¢
EJEGQUYE 1AA EUEI U AE EeATUE Ca UjeUEJyRAGAGUEA A
§gC OUEicA AAO yAAACU g&UiE CUA EAAIgAgi CA AAO EL
AEU JCEU AGeECEEiAgU" AT1U0egUOUAAS GNET ai BAge Cé



D UAEUE 1T AgUcCEi EAgi CAeUAAOEICAI U

UAI i ECAYyUAQE" Tu E g
TCyU A EAAE=CEVAAGUUEAGAD &ABE( b AE

ET AaU T Chud 1U

4 Mi ciSaeaal e Loops: Househol d

g geU EVAGWGWUEg geUCEUgilTAu ETAGU Ceae UTCucCcilAu
AEchAl uJ ¢geU TuCEUEg WUUCEA ECrgUHC MAz=DBEUE 7§ COE
eChEUeCuUO 1T ABghEUE ¢ e&WEURAgEUA gg Giedy g UA QOEE i AAR'O h |
BECOhT g gC ¢cECIN geUi E CWA a&CCO:

g géU hEUE 1RIGAEWwAEAAI gAJECA 'y AALIEBEHRANyE B'U y UEC
Il AhGgE" gAA+-EVAAOyRAEAFEAGRAUEN AGUET AGe CGA-g& UCREQW £
Ui UE i A yAAAcg Uy (EAKE & CaAGACIH allijigal) BieAlg© gEUAgi A¢ AAO
gCiuUg yAgUEi Au WChuO aiU Vige geU i AOi1i OhAa CE

¢t UEU AEU AC @CEyAG EUEIiTU eECI i OUEE" hgiuigd E

GECIWi A¢ JChE #£WUWBu =LCOUG AACE Ui UA AET éAia&CCaG A ¢gcCO,
TCyyCOi eMA AgG&EMNT At 00 VaCee@CONCEN@ET VAET 0 11
ECyUggCAEhET e AEUO - MG CIcACKBECOBUGECA Cae &CCO EUY
Ji OUEEEUAO AAO OuUUeud éehyAA eAEg Ce &Cl0 &«CCO iE

zUBECONT gi CA Cae &CCO 1T AA BHRADI Ag EAAB UaglEy ieCE Y E -

JeiTe e6AE AUcAgi 1 U i GARCYAGUBEBARGEEEGAOBWEEIV GG

AE &éGWAEOUAGALe UAA WA A G A0 isCgywUAGE+ CEEUAEYO h AT g
eUCgE Cae UAAO &CE ¢ECWVi A¢ @®Ehig AAO 1 UTWHPALUWUE g
ug Aw“" s

EicAi e 1TAAgad ¢gC cucCiAa Oi'UAE CyaARCAIGRGAEGT | A E

WEEGCEI _ ZiAGAEO ~si1yv” UEGiyAgUO géAg ERIETEQUA
cCehaAgi CA° AAO UyeaCiuld Ci UE!ze\kidE AGe @eEU 1 AR E MA



8gei Cei A° =CE UijAyeuuU" AeeECijiiyAguul eAlte Ca A0
EECOhT UO geEChce ENRI EgUAlU ®AEYi Ac ~zileAgh _
gE

=
6 Cae e6ChEU&eCUuOE "1 ChA OUe UAOAAg” UAcAcU i A
~-éhET& Ug Aa: " s14'7

zyAlGue CuOUBegatE YR ei AUO AE geéCEU THAEU ECYANPEeAYE
UAEi UE gC &8hAAgiel> Nige AA UEgiyAguUO '+ 1 yiaai CA
neiaU ACg Auu EyAGUWeCUOUEE eECONTA)Y W CIOh JedCEE g i
EyAGUUE &AEVE gUAOE ¢gC 1 CEEUUAgU Uigé i Al EUAEUO
cUAUEAGGI WVige 'eECOHE UDVUCECH® C2CBOWE Ug Aa: s

GgéeChcée ERIEi EQUAT U AcEiThughEU i E ECyUgiyUE Oi
Uri OUAT U GEhecBUEgEEU: Mg 1T AA ChgeUE@xCEY GUAEGUE @&AE
JivuulO eUE mAIIYBREWAM AA B0AJ A yUAAi Agehu ECUU i A
“GUWAT UUA UKCHG@ECWA! &CCO 6AE AUWEC 1 UUA ai AtUO0 g¢gC
AAO AhgEi gi CAML AGH AIcBYVE s 1 s s ~

MA 8 HhEK@WEUEg i A ¢ECNi Ag @&CCO i E 'i AT EQANEI Ag UEe
eChEUeCUOE" CaegUA OEi I"UAEMRRI UGl GAEVE FERPEUOEEE gd e A
®CCOELOAT gi CA TAA 1T U A EgEAgUc¢cil EUEeCAEU ¢gC &
yUT e AAT Ey «=CHU&é OREH®ENOGI UATU i A géU aAT U Ca EiEi
Eheeuld 1 eAi AE:

4, 3Rél ati ve I mpact

2EAACUWEg’ ~ EUeCEQUO geAg geéeuU ehAAgigd Ce AhgEi U,

A JUAE i E AeeéECiiyAguUud UvUehAu ¢gC geAg wWweilée WChu
®CCO: MA CgeéeUE NCEOE" yCEg Ce WeAgl AA UNgEURhEA®N
¢tei Ei EODANEgAT AdcdA TeOEelingt ey GRBUWEU eéhyAA IDAEgU Eh
EECOhFAACAOUA VéeilTée eAE &CEyUO géeU 1 AEIiE Ceae 1 Cge
Uije UETiWAIAGI éCai gi L UGHCEGUsS wu s 1,
KCUUI BEAg & ee EiUMIC EpeQ) UAGg 7 AGETCEU y8 1T ELAA T E Of aai 1 F
i AGi 1 i OhAu eEAT giTUE NChuO 1 U ¢gCC myhAEms G AE U ' EL
Ce geéelU cuCiAu eCehuAgi CA EUEIi OUW&IAl & hAERHC AEAAE A
eECeCEgi'@éAed®d® EAGAI gAgi CA EJEgQUYE ~! > M-8E _ puKf"
yCEU Gi+U0J gC éaA

A1 U ATTUEE ¢gC uAAO AAO EeAlT U Ehi
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EyAEUAGU 2CCO eECORT gi
EAEQi AU 'eaBQOOh TEQUUGA hEi Ag EUTJT uUO AhgEi UAGE @®ECY
ThyhaAgirU iyeAlg TChaO 1T U Ehl EgGAAgIi Ad:
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MA ¢iyUE CaEl Eadi &1 CJAREEAI 101 CyU UEsUI i Aaad 1 A
EUT UAg UiEAjaiAE gelU EIEU (A 6CyUL c AEABBBIIN ORET

§CI TAOI 11 ORAGECERPEA 9§ CBA =F€ BOCO® EWIiRgE) g3 1 A @
2UeeU WisAgEGUI Ug Aa:  si1sw” . KCyU cAEOUAi Ag 1 AZ
I CaAgiaigd ~GAGeUAA Ug AaG: s11w”" AAO geiE EUE]
GEAT guieliUE CaaeUE ARGEI UAg EUIBEyJHEI AAO EMORGE: EU

O00i gi CAABRIUAGU y8T ELAA TChaO CeaexrU EAAGYUBADI BA EAI |

EAAi gAgi CA 1 CEgQE i A AEUAE Ce hEUE &UUE:

Ei AAGaJ: geéeU UAI i ECAyUAgAG iyeailAgi CAE AEU AGEC
AT T ChAQE @CE AUAEBIE qUyyi EE2 CACgAZ i a@GCAGUij gy §g& 0
hagEA Au AAGREIVAECE g GEKACT Ac AhgEiIi UAGE AAO ¢ ECWI
EAyU euAl U geUJCAEWER CAEBADOEC geWORTAET CA i AGUAEI
eECOhT gi CA AAO i gE OUe UAWANAT JE ICAe I Alcé AUAE EEZICAE
zT éyigk Ug AG: > s1187

N A R

gEAAEeCEg EUcH@8ABd CAEVUEEECAHRT EOi g ARBW UaeWiggi 1 U
a UAIEROTi 1 i OhRAGWE éAI U A éicé OUGEUU Ceae AhgCACyYyJ Ci
GAAO" UEeUTi Auauld INDeUA AC TCyyUETiAa Algiirigd CE
Ce AEEUAT U Cee GUJARECgOEG ERIBIUCGRIAR a0 eCyU 1 CAEh;
T ARl +a&JEAT UUO Wi geChg EUchuAgCEJ i AgUEa&UEUAT U:

¢e6iE ciiUE (AOi 11 ORAGE mhau T CAGECG Ci UE geUiE E
AEUE =UWACAAAG i gé UAJQPEBARCAD gEEGU. Ei Al U GEC
ECGO 1 CyyanEayiMu aACEi ThaghEAG AAO ®CCO EAaUgI EgA

E EhT ¢ETAUVEGIAGz KaekUECEg AT T UBEAEEUURAPCOCW

CeaxUEi A¢ A eEAT giTAU eAgé =CE 'aCRBEUELEOEBYHECAADPeL
EUEi ai UATU CA geéeUiE CWA gUEVYE:
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4. 3RBs ks

pneiaU 'BiAEC 81 CzAA gUAOE ¢gC TAEEJ uCWUE! Ci UEAUU
eEUU: f AU T CAT UEA UndgEdgA AU & Ch EDRIGEs QABSgASC I A T +

géU Eic¢ChE' 1 CAEiEgUATJ" CE yCACHAEAAGYPORc BBEY AU
Uaiyi AAgi CA "Kiua Ug Au: > e 1w’

KCUUIiGE EeChud 1 U ACguO &UEU géAg geU ETAUU iE A
ehAui gl Ce geU yAAAGUYyUAg  Wéileée yAJ 1 U OUGUEYI A
EUEChET UE: ¢&UEU AEU WAJE gC AT é&iUI U EAay AAO Ua
Ce 2UT Ao yAgUEiIi Au-.- o6hEg AE geéUEU UiiEg EighAgi CZ
i AAOGUBRAGU:

¢ceU =+iUgeBE& i Ac +ACNGUO¢U AAO c¢hi OUui AUET q@UeUne
gEUAgyUAg" ¢gC CeUEAgU Wigei A ATTUegAl tU ~ACg kUE
Ur UA  AA iyeUEaUTl g &ChEU&CuO gEUAgyUAg EJEgUy 1 Ch
yAAcUO" UGUAEG¢UE ETAGU AGGUEAAgi I U:

IMECAGU EJEQUYE AEU EyAuau' T CAgAi AUG WAA QK i EL
8gICTi aUg y AgUEIEAG A AIDT @&siUA aafCsClDi BE HY E&gDi OUE eAg
E EUAO i E EicAieeilAAgaJ EUOhT UECYIUYy§aMii igg iUEe AIAKDOI
yiTECI i1 A0 UjeCEREUE" (GIAYEICANAGE U O EDAEQ2 g ERRESA
eChEU&CUuO yUYyI UEE "'- ANEREUAADUBE UAWA" Ug2RAGaG "~ & 1"

[—

Ei AAGGT" EAGAREBITA®BgAyE AAMAGE AEU 1 i EghAGGI UaGiyi Ay
TCyeaUgU EChET U TCAgECG: ¢éi E ¢EUAgUJ EUOhT UE geé
AAO T ECeE @=ECYy CHEgiy i 11 QAig MAICAARGE: AEABROYy §AEEGC i
ET AuU EJEgUVE:

FAEJ DeiaU é6CyU EhEBRAYWEOEAAJBOAGhE Cae T UAGEAGI
i AeEAEgERT ghEU" geéU CaAUEAGIoh AURWIY éi A | FUE JelE CCee (Ui

EUABI +U0J gC 1 U GCUUE OBRAgACAJOUAAEABEECGRUPE B A
4, 3Ld4nd access and tenure

yASCE | AEEEITUE Uy BTyCizIARC i E AT 1 UEE gC GWAAO: pnpige
CE E6AEUO GAAO i AOGi1i ORAGE yAJ 10U hAAIiGU gC gEL
ZAAO i E UEEUAgi Au ACg CAGJ @CE 1 hEMAGAPRABDA Clech ge A
yAQUEI AU :



ECE géeCEU i A OUAEU hEI AA UAI i ECAyYBRA&EUCET Oz §ACh g
yAJ Eiyead 1 U hAeUAEil aU: MA ECyY U EhAGAg AjE E AT TLC
AuuCgydaAglEEE A e AEgi Au ECuhgi CA ihg gewmld gJeil
eECéilig geU hEU Ce éhyAA INAEgU aiyigiAg geUi E

R
Tk
>/

KhyAAhEU eECOhT gi CA i E 1 UEJ 17 Al aU RAQl@e
®ECYy A 1 AEiUgJ] Ce Oi ®eUEUAE EEhABGEUEECAG AT A
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SEUeAIT Ei T AguUO ]
1 CAg CE 1Ueéild
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¢téU EUGAgi i UGd EyAGU |CuhyUEEmmuwA&@® EEEOLHY © O A
UAEi GJ yAAAGUOKCIIUI AT 1ii OhyALAT ThughEUE EQECA¢ E
AEChAO éAAOGi A¢ Ca Ul Au yAgUEIT A ij Al g AE A |

ACge UE i IBREE EWBIAT EE® gC ChgOCCE EeAl U @&CE 1 CyecCtE
hie eChEHUWeWU &hyAAREU EJEgUYVE AEU yCEU AeéeéECeéE(
ECeUEgi UE Nigé ¢AEOUAE"™ EAgeéeUE géAA OUAEU hEI AZ

CAgUijgE WNeUEU Ch®OCGAH EeEATAE LAAMO AN At BAAe GABUE
AAO &CCO EJEQUYE TAA T U iAgUGEAQUO Ueeeili UAgud 7
Khy AAREU T AA 1 Ul MEPO AAI GATAE Ui geUE A ECia iyeéeE
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2. Application 1: Humanure as a Re
Synthetic Fertiliser
2.1.1 Reducing Reliance on Synthetic F

2UEeiguU &A1 i Ag CAUJ Uiji EQUO «CE UGWUEE geAA s:1 JLC
EJAgeUEIi EUO T eUy i1 Auah geeEAYei GOATBICE EA hegha i W Aa al 3T ai Ag
EUEi OhUE i A i AOhEgBEVAAE i (BBIOA (A cAkd d thitlghAEIGEAU ACe EJAQ
eeCEeeCERE AAXAEe UENEHIAGUO Ag "' i awad CA ABAAUE
UEgi yAgUO v, Ce geU c¢cuClAu eCehuaAgi CA WUEU Ouel
®CCO° UAAIT Gi Ag géU i1 UE Ce yCBEU 'ge’ABJNAETTQUUE CA
geuy AA UEEUAgi Au éAEg oy ERANBIEA SRV AC 11 Al UAEG Gei 1
OUYyAAOE ~2UAAi Ag  s14 8" 7

KCUUIEUEAge Ugi 1 @UEgi ui EUE eECORI ¢i A ADG Aeeail A
CEUUAEChEU ¢ AE UAWicREHI OARAG e Al QCTKRYUIWAgUO AUcAgi 1 U
OAyAci Ag iyeAl gE CA &«®EUE&éIAgUE AAO YyAEi AU UAI i EC
~eyUO Ug Aa: " s+JEAUET Ug' ABERA¥ABE:AG: ' .1 "

MA AOOi gi CA gC geUEU UAI i ECAyUAgAu 1 CATUEAE" c¢uac
Ei ¢cAi i1 AAg Ul CAQWwielU AVRUARAGELIABGeE EARDT 6 AT AE y A=+ Ul
AcEiThughEAU EJEQUYE éicéud EhETUeégilaU ¢gC eEill
i AEGAAT U 1t ge B AAOUM2 1T UijeCEUO geéeU @EAdiediadd gead ¢
s 1 sysh EET AA 1 A1l AETAGMDhG & Us-hEUMIgAEEAAT gi CAE'CA VhEET A
EUI UEUGJ iyeAl guUO Ui eWEGE GG & UARGehEMAD | JuUEE UAZ Al CE
s 68 ”: CEU EUMKWAAYGPEEA aNadUgl MABAWDDd hgUO gC Eéieéeei A
1 CgguUAUT =+ E ENcg€B: vUGuaWAgi 1 Uaj: geUEU Ui UAgE i
AcEiThughEAU yAE+UgE AEU hAOUE¢Ci A¢g A @éECuCAcUO
~2CE Ug Aa:> wsu1s' "

¢teUEU EeéCi+E &A1 U gEi¢gUEUO BéAEe EAEYBEAAUANG AE
®UEQgi i EUE e HQQMIAFIi N iTAGEg@E U 1+ ha AUEAT i aigd C

eCi UEgEAOg Ug AG: =~ 1 8w cAQgus hiegde Ve EdCICWO &ih-eBH Je B @ab
AEU hugiyAguUud eAEEUO CA ¢gC ge WCHEARBUED "AE &i ¢ &
i Al EUAMEIUEE Oi EeECe CEgi CIARIgOWU TAGHAG IABER GEI) Wiy ©

AG: > AAOs Ui ATRIECAGIVODEUPMABN GIE Cee gelU 1 CAzailg 1A
UEgi y AglD AGGWgy yCAAUCA eUCéeuUlU WUEU ehEeUO i AgcC &
Uug Aa: > s1 8w’

e A



téi E 6AE EEhEEUO c¢cECWi A¢c i AgUEUEg i A i OUAgi a&Ji Ag
ARhgEi UAgE geéeAg 1 AA EhREgAi A AcEilThughEAG eECOhT gi
“"KAEUCANA AAREQGE éhyAA EQWEAAAGADT UYyUEcU AE =U.
geU aui gUEAghEU ~+UEUAOUE U@ AAG: Ugs 'Né' T 0 EHALH eWE A
ECYyi Ei Ac EChRETUE 1 AT uhOU &CCO AAO AcEilhughEAU

~_AEgi A Ug Au: s1s1 7 AAO y CEUI ACH Bud Agyel-CNil e UE
k14, B8UAA&AG Ug Au: " 18 . z7 Agui CaA Ug AG: " s

2.1.2 Humanur e &8 o0MutSroiutricen of

811 OUATgle iedECyEe UEIi E ~-8A&8gUEE 1+ A8 U "Ug AKG:IJUGeG! 1A
Gi Ei 6A Ug Aa: " ¢71' QUWEABREHAPY QPaU xBEgai Ei Ag 1
T CAEi EQUAg iye Uy UAg iA Jiuuld 1CyeAEUO gC hAa
I UgUWUUA ehyAAREU AA Ege A ad EWHEHNGUGAEEWE Aa: ~ i
EEUEEsEAOeAA Ug Au: " s:11°. zKAGCAEU Ug Aa: " 114

0}
Mk
Ry T

KCUOUI bEAABEU | Bed@Eg- A EHHiI-B)l i ghgU @aCE zE OhU ¢gC i
AhgEi UAXAQIEGY i CA CadadUF Ef BENIIMER) =UEgi ai g3 AAO AOOi
l UAU@EYBCYi AAAgud «ECY i 9gE EROEACEUAAATL: VAgguURE .1
AGa: 1 8w”
Ei AOi AcE &ECYy géiE geUEIE Eh¢cUEg geAg eéhyAAhEU
i gei AgiCi YEEABWU AcEi T hagdAERAN EIAHLUY Ei A EUci CAE |
ATTUEE ¢gC EJAgeéUgil @UEgiui EUEE BABi §UCEABC{HAg&C
I Ui Agc NUGG EhiguO «CE ¢géeiE guUlieACucCcld:
¢teU ¢cuCl Ao =UEgiui EUE i AOhEgQEJ i E OCyi AAguUO 13 A
¢CEUEC" s 1 w”  I{gAUAOYIUAG GhARIETWEI EVUai AAg CA 1T CEga.
®AEYyUEE i A gE€EREUAEC@UEAEI Ac CA GCUNEcidA&B g 1 CEgQE
TCEg Ce @UEgiai EUE 1T AAcBhABUT ¢l BEJ za G oguiRedcrORE U i
¢CAEi U Ug Aa: " -¢:EA'UEi _E A IBBOGEGBIEYIOgeOAQW VacCe
eUBYEOYyAQUEEBCGEUBDGABEN AADIUA GRAUQITEM Oi gi CAE:
vAgeUE geéAA AeeuldJi A¢ UAE¢U &hAAgigiUE Cae ~sW a&UE
®CE géU EgEAgUc¢cil hEU Ce G4Cl0 OCEUE gC éUune 1T uCEL
Jiuaod i A aCl i ATCyU EUggi AcE" NiAleU A i&C1 h&E iCTAA "Ah
OCEi A¢g eeCEeeCEhE éAE geéeU eCgUAgi Au ¢gC i Al EUAEU
®ECYy Ai gEC¢UA ~1 AA OUE 2U000U Ug Aa: " s14w”: ¢&iE
UTQWEi 1 UO AyUAOYyUAGE ¢JesilcAsl iU il WA Ad ad eEsUdIEAege G B



ug Au k117 [ OUAgi @i UO géAg UuUIUA Ce géU WNCEQ
gC OChiuUu CE 1TCyeuauUguUu] CexeEUg geUi E =UEgiai EUE
AUNGI 1 AEgAUEIDOGC  BXEE QWETELAAT gAgi RAUIEFE g UgEy AMRE Y &1
CexeUETLEGCY GCI Atad Air Ai Al aU EUECHhET U geAg 1T AA |
ECOhT gi1igd AAO EheeCEg OUT UAgQE A A g
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i AT UEgyUAg i A i AmEAEgEhRhT ghEU" VAl &i AUEJ" AAO uaAil
Ce ehyAARhEU hREU Ag GAEcUE EIT AGUE
EhREgeUEYy CEVDAUGWAECWeCEgi A¢c Cee U1 Al 'WAQUEI Au EUy A
iyveaUyUAgAgi CA Cae e6hyAAhEU EJEgUVE &Al UE yABCE
MA AEUAE AUEUAOJ EUEI UO I1J EUWNDUEE AAO T AZECui OE

CaeeUE GaiyiguUO AOOUO 1 AuhU CE yAJ ACg AuicA WUGU

=N, M N s oA

EREgeUE EUEUAET & WNeUA 1 CAET(

- - ~ =~ ~

Ei Ac ehyAAREU AE A

(@)
c

- ZCAGUEY Uije UBROEHWRAGGEEE @i U0 gEi AUE AT ECEE Oi 1
AAO mAEy EngUyE

—_
c
<
>
Q-
c
M

Y U A

EJAgeUgi @UEgi ui EUEE
- hgEi UAg OJAAVIi 1T E +ONEiVAe hIAOWEEEAIADG Ac Cae Ahgl
JEAAEa2CEyAgi CAE AAO GWCEEUE OhEi Ag¢ T CyeCEgi Ag

9
CeUEAgi CAAU eAEAYyUgUEE" iAIUﬁOiAg i Cge EUcghuA
hAEUchUuAgUO eCyUyAOU EJEgUYE:gJeeAhB BEIIWAYg e UG é
EhAAgi gi UE hAOUE ¢geéUEU Oi ®=UEUAg ET UAAEi CE:

- sCBMeeailTAgi CA AAGEUVYAYPEOTADPEEEAAOI A¢ Cee &CI
iA i AGUEAT gi CA Wige ECiu- AAO AhgEi UAg EUGUAE

2. Application 2: Humanure to Rege

part of a Sustainable Food Syst
sUEEAGE ¢géU ¢cEUAgUEg EgEUAcgé Cae éhyAARhEU Gi UE A

i A i gE 1 CAgEilhgiCA gC ECiu eUAuge geEChce C
ehyAAREU EicAiea 1 AAgud iyeECI UOEEe IEBUUAGgARAO NI €
i AT EUAEi AcuJ EUlI CchAGUBOBAG VBEgJAge BGORICgi 1 U AAC
EJEgQUVAE AAGUG UBAIAIGE Uy Ae UE® ! BEWERGGE AEU e@AEgilh
ci1t UA géU AT+ Ce AggUAgi CA gC géei E AEeUT g Cea éh
Of EThEEUO i A -&AegUE 1y CEARHH G 1eJA BC AC a8 gLEA 1 ay Gyl UhCE UK
eCgUAgi Au:

o0
Q-

>

2.2.1 Sustainabl e Food Systems

zhEgAi AATGU &CCO EJDYPUy E UEERCEOCEUT B&Ei 98 AAO Ah
A WAJ geAg geU Ul CACyil  ECTiAu AAO UAI i ECAyUAgA
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i CyeECYyi EUO “E f° s11 7 CEiThaghEU i E 6hEg CAU
eECOhT i Ag @&CCO i A EhTé& A UAJ geAg «CCO EUIhEigJ

zhEgAi AATGU AcEiThaughEU i E A 1TECAO AAO CagUA 1 CA
AEChAO i AGUET CAAUT guO UAI i ECAyUAgAG" UlT CACyil AA
UAI i ECAy UAg AlGU AJBAUEIUCAUEe CAET 1 0 U hEU +Ake EACA qih E A
AAO UBALCUEBEUEUEI U géUi E =hAl AUCAcBECABU=bgEEREBGgEUAOL

i COi ABREEI I T aU WAEgQUE ¢gC yiAiyi EU eCauahgi CA: ¢
ge@WAc CeiARAAT i Au 11 Aliaigd Ca aARYAECAWBA @iedA EE C ullA
Ehi Ei®Od§ WEECT i Au Oi yUAEI CA 1 Ei UaetJ aCEy afAIEly WE Eh AAC
®AEYyi Ac T CURABABDGEARAYPE AT 00U AT T UEEEQJEUEORAA&I gE° AAO
+AClGUOc U:

—

GU EhREgACBRBIT a €l ity HRAARUYWDAY Al QCEEN JE AgAERE
Ei kU ~81 UG 'Bl AGU Ayl BgPAEINNNE ICEIi gi CABO gC EU/
UAI i ECAYy UAQg AQIi YABACE IEQCABJAUAEU gJei T AWIEE WECE Wgl iAQOT
s 1 'y CEU TOUCEUG] UAGAcUO WNige UAATECADUANGARAUGAA® !
zT eAilT aU UGAA UCx8g VA Yy CEU i AgUGEAgQUO T+AEE UECTUgU 1

AlG: " " BeUE.Ug: AucWPdUEsAT CAAUGAEBA VA GEC ee@EVIEUA 1J AZ
i A UgQAy Eﬁ“gAiAAiuuugI a&IBR) Eg e BAUGA g BFEBFU@AY | GAE
®AEYE yAJ 1 U 1TUggUE euAlTUO gC Al ei Ui U UTCACyil E
Useaei 1i UAT i UE AAO UTCACyiUE Ce ETAGU i A AEUAE i =
ECOhT gi1igd ~vUA Ug Aa: > s11°"7

AAO Aeeuil Agi CA Cee 6hyAAREU =CE iyeECI iAg ECid
UAI i ECAYyUAgAUeBEEgANAAELUGI §0c AEOIi A¢ EhEgAi AAT uU

i EThGAE EUTJTui Ag Ce CE¢AAil YyAgQUEi AUE EUOART UE

2.2.2 Humanure to Regenerate Soil
z

Khy AARED T U eAEgiThOAEGIEDNAGO ERDUJUAGEBUEEANOUBEC
EREAGI¢cEH OCCakalggi AcE° WNEUEU CAEi gU EAAMIKFAgi CA EJE
> M- 8E~ #£AAlIgAgi CA AAO AcgEWUICHh AgRBU WRAD Ige hiEU § CER
i AU EABIUGG:-Agi dAC AAAGIEIE 1J ¢EiyyUE Ug Aa: ~ 11
DCEGWO+'®UI WAE@UO T ChAgEiIi UE® Ag GUAEg ' Ca EUIT Ci
GaCl AgUuod i gei A +1+y Ca TECeé AhgEi UAg OUyAAO:

i aa
BEgEAOAG

»
C;
a
>
c
[T«
m- O
c
)
c

UATU geéU uaUiua Ceae 1 UAUa
UECEi CA°~ AAO geéhE TA
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N
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g
gJeilA
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CEcAAiT AyUAOYyUAQGE ~zAyhuUa _ 2iAUE’ s:s8w,. ¢UEQUE
eECOhRT gE- WNeilée yAJ 1TU eCCEGJ EhigUO gC TUEgAiA
“-iTUEI GGAACEU" #1477 TCyeCEgUOy &#hyAA @xUT UE

T

OUUUgUEi ChE UeaexUl gE CA Ciu eECeUEgi UE AT ECEE A

EREgeUE EUEUAET & WeUA 1 CAEi OUEIl A¢ eEhhyEAGAhIi EADA TALED A
®AEyi A¢ EJEgQUYE®™ EéecChu

ZCAGZUEYy UAI i ECAYyBAGAECAy@AYdE 1 e AAcUE i A ECi
gA+U JUAEE ¢gC ehuud yAAiaUEg: _CEQUEWYhHhOI UE AE
UseaeUl gE Ce éhy AKXKRREGA hEnGVEW Je UMG Fa0uGAgi CA gC
Uyi EEi CAE AAO ECiua 1 AEA CIAT CQAIEI WK AEAAQ e g
Ei E+E:

- VAAGU Ce ECIGEU GEAXEUIAFE e 1 E AUUOUO gC &hAAgi e
Aeeuail Agi CA CA Oi ®=UEUAg ECiu gJeUE'™ AE WwWUG«G
yAAAcUYyUAg yCOUUE:

- +AEEi UEE AAO UAAI Gi 'Ad AlGGQA GIECCIOBABEREEEELAG O

UijAyi AU eCl) gC eEATBT AAUVURAEZWBEEEDAEyRA&aaUy UAg

AhgEi UAg EJEQUVE: ¢éiE T1ChuaO {AT ahoOU UijéeacCEi A

“1J6UA aUT Ad EuhO¢U EUREU i E Al EUAg @®ECYy AcEil

ACUOUBEANEI Ag 6EAT gi TUE AAO eEAT giTAG ¢hi OAAT |

[T

hEU:

- zhEgAi AAT i Gi g3 AEEUEE yeBAHEE) + Eze AO iAsitOE BSCE  §i @ U
EREgAi AATiui g AEEUEEYyUAgE géAg UI AahAguU geéu
Chgl CYUE Ce hEi A¢ EUTJTUWUUO aUl A AYyUAOYyUAGE A
ET AGUE:

- Zi A+i Ag EAAi gAgi CA gC BRKEGgéGEghEUOUGEEI ¢t LAEGHRED

yCOUGWE géeAg 1 CAAUT g WVAEQOhYVRAAAAUYAAG =eGCdOol CA
T EUAgi Ag ¢EG@E:" TTGiCEIUROI AE Ae e ECAT &

- -CAgUijjg AGCAggAlhAGYIgeU =UAEiI |l i tEAHAC&E = A
EUggi AcE NeUEU 1 CyyUET i Au i AehgE yAJ 10U
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2.3 Application 3: Humanur e as a
Mi c4Se@al e Food Producti on

2.3.1-Mixlredo Food Producti on

-8ABgUE v éiicyeand g gt 6 CEEA@CUOC ECIHI A¢ T ELEg U
geU cuCi A «CCO EgCEJ: peéeiaU 1 Cyak WaU AEICOU e ELCOhA
AEU GAT =i A¢> AIrAi AT GU Ui i OUAT U EhgcUEQgE géAg A
UAGCAEBEGCECIUIi A¢ Ag GWUAEg EE€éNnEI €éxUgezliil B AQKDA _eQCX §
ki L7 i gé Ehl Ei EQUAT U @aAEVi A¢c UEgi yVAgUO gC Ehe
“WCEgC:r _ ZiAc¢AEO svi11y”: ¢eURUUABAEALE UEYi BAGUDC
“ZCUOOUE Ug Aa: " s184 7 Peidiec AWE Ci 8 ECH Adiad OF BsCE G |
~ZCUWOUE Ug Aa: > s

¢A+UA gCcUgeUE" geUEU ai ¢hEUEET&A gl 0A AG'de AhaRd) & Gued

®CCO eECOhI gi CA EJEgUYE:
2.3.2 Humanure as a Potting MiXx
ACiuu AAO GAE¢UGJ hAUijeuCEUO Aeeuil Agi CA Cea éh

ERIEgEAGU" AE [ AIUEGicAguUO A -6AegUE w: ! AGi+U

iyeECI i Ag géU 1 6AEATQUEi EgilTE Cei AEGAI WUEG@IBJEJa
eECeUEgi UE Cee é6hyAARhEU AAO i gE Ehi gIAAEUOgI AE A
I

KRYAAREU 1CRGO EUEI U AE A 11EgRhAGG] =EQU AldgUEAS
T CAgATIAMBIEO cECIHUi Ag® Wigeé 1 Cgée Ul CACyY iulg MGG 80U Ay & LE
cUClAi ETAGU Ce ¢ECNiAg yUOI A REU (E Oimailhag g
+yc Ce GECWiAg yUOI A WUEU GECORI UG Al ECEE 6hREg +
Beife, ONEII U0 ®ECY UGAY ACAKNQAgRAGIUAREGY R Eg

1 CyeCEgUO CEcAALEi fAgBEEEOBAGEAR Gale A MUKICRY U
Ce EUAUUAI Uy @ ulWERAYO 1 &IEAG 1 CAERNEEEICAG VB BEEGI
E 1 BB 7

ARBEVUO ¢ECWiAg yUOIA (E yEEQuMEcagl ABOE EbA(
R1gi CA AAG AecuilAgi CA AEU §AAAGUAI GU 13 i AC
| EgAAgi AGG] EUORT UO 'Beyh AAQUEBRCEOE | EV§ BAERGAO
REGeCaeAcgUEE « AAO w OUyCAEJEBGORBOBAGE Uy HARES
A 1U Ueellgi1 U AE 1Cgé A ECia AyUAOyUAg AAO GE

o >
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gC 1T CyyUETi Au Cegi CAE: KCWUI UE'™ géeU 1 AEiUO EUEhQU
I AEi Al iaigd AyCAcEg éeCyUyAOU ehyAAREU 1 Agil euE" A
CECUgée: ¢BUEU & AOi AcE éicéeuniceég geU AUUWO &xCE eh

geuU 1 CyeCEgi Ag eECTIBEEONT gUAERBEWAPel TUAG gC éuA,
vUT CcAi Ei A¢ géU 1 AahU Ceae AAO EhieeshQE gA ehecE Qs LBELE O
i ATuhOi A¢c gee®EGERI 6@ BCYy®CEQE -yAT &l NEUEEWABREBU o
UAe AAT i AcECAvgPABAgIhi 0 Oi Ac yCEU EUEiai UAg AAO EF
" GEA&AYy k14 . siyl UEQ KoL
EhREgeUE EUEUAET & WNeUA TcELHIT AYE iyAIO i AR 5edCih B W hAD & A
&®CCO 8ECOART gi CA EeChaoO UijeaCEU
- ZCAGUEYy suAAg GECNgeée AAOEREL@UB UEXREEHKRIAE UEe Ch
eUExCEyAAT U 'CREUDOYy AEICBHDY A¢ yUOIi A AT ECEE A 1 EC/
EeUT i UE AAGEGEEOHg&htdl aVE

- -AgU¢CEIEU séJEiT Au ARy hBWYIAJdBEAG BECEIUE GATBE ¢
T eAEAT gUEI EU geéeU eeJEi 1 Au ARBDCORIUYO T Ay AACEW E
Ehl EQEAGAIEGCHhOi A¢ eCl) Oi #R26BJAEABCLE VAGCYECEKGE
AAO EgCEAcU 1T CAOi gi CAE AseaUl g eAEAYyUQUEE ai +U
8EgAi ui Eéi Ac A EAAgU Ce UijeUl guUO 1 AUhUE &=CE g

EUAgi A¢ EUGi Al aU" EUeaiT Al aU ¢hi OUui AUE:

AgeCclUAea iilAs KEGRAJUEY UYCEEU Uy ei Ei 1T Aa OAgA AEU

eAgeCcUAI Kb EVEA AEIYUA G th AVCARKEYD A¢c EJEQUYVE géeAg

EUAT & geUEyCeeéeiail 1CAOigi CAE: VvVUEUAET & EéChd

Uri OUMIEWO EgCEAc¢cU OhEAgi CAE ARAOUE Ayii UAg 1C

eChEU&OuWOu (~AEilAl GAEE 1 CyeCEgi Aci QE 'y Wij es&lELhGHRY G

EhAuiceg  AAQ@elAli J APVE g8 MEBWEI ¢ hi OUGi AUE &CE

TTUBECAIQ CEi A¢ Ue&hieyUAg:

CyeAEAgi 1 U sUE=CEyAAT U AAOCHEAERAGA y WA FA N OMa

—)

1
(7]

>

EeChuO 1 U 1 CAORT gud ABXHA WUiAj WEh yAAMG ETUCY y UET § A
Ehl EQEALHBE @CE T ECé c¢cECNgeéeTJiiey ACEQEABRBOEET A
UAI i ECAYyUAgAG iyeAl gE:

- 'EUE TTUegAliai gl AAODUUOEEgGUCEgBOgUEBgeAaU Uij
CE T CAEhRYyUE @&UET Uegi CAE Cae éeéhyAAhEU i A AcEIiTHh
hEUE Al T UegAliaigd i A geU 1CAgUijg Ce 8CyU hEL
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- sCail1Td AAO vUghuaAg CEUz 1 BAEANSGIBMESER geeCEA 1 1El BAGJ U O
eCl) UiiEgi Agc EAAi gAgi CA AAO WNAEgU yAAAcgUYyUAg
EAaeU° OUT UAGEAGI EUO BEARBMAREBCHEANG =2CHIi §E¢Ng eu
UijTUEEi 1 U 1T hEOUA CA i AOGi1i OhAGE: ARGIEELCHhad® i

- MAGQUGEAgiIi CA i1 AgC -iET hadE «CIEegaad ~ZAERHWU Y E
Il AEUO c¢cECWi Agc yUOIi A Nige CgebEeceBEE9QEOIOABUEC
EUREU" &CCO INAEQgU 1CyeCEgIQAJTAEOE EBAUAIEAGUE 4A
AAO 't B8hg eChEU&CUO &CCO eECOhRT gi CA EJEgUYE:

SAddi ti onal Consi derati ons

3.1 Homemade HYamlanablke Resource o
Ri s k ?

pnéiaU géeiE geUEIiE eAE 1 CAEiEgQUAguJ UyeeAEi EUO gé
6icéuiceglUO geu eCgUAgi Aa 1 AthaAEg TefCyAFADUI A hiyE
JeUEU AT TUEE gC @CEyAu EAAi gAgi CA AAQéluCyd OE®I Ac
gEi Au ~-éeAéegUE v~ AAO geU eCg gEi Au ~-é&AégUE w~

CcECWUA hEiA¢ éeCyUyAOU éehyAAREU 1 Agil eUE ECHhET UO eE
AEChAO geéeU ! w:

KCWJUI UE" geéeU 1 AEi ABTI A g JEBTEHAGWHEE A E{ ARG i 1 AAg T ¢
EAzUg) OUAQ GEGH Ac ECI AEg AAO RAAI I UEEAGGS Aeedil Al

E Oi EThEEUO i A géuU {AgECOhT gCEJ yAgUEi AGE" getL
geUEyCeeéeiuil 1T1CyeCEgi A¢c AEU EAEUAdGUAEBBOUEUOKI Audh
k11w’ AAO EC ¢EUAgUE h AGeke ERyAGYOHEA BBGHE Ea6ZAtgze” C ¢i UEA
AUUOUO: ¢éi E EUEUAET & EeChuO &CihE CA zZ¢z AE A |
2CE & ChEARKCUWO EAAi gAgi CA° i A CEOUE gC iyeECI U E
Jeile TAA 1TU a2CaacClyuod 1J i AdGii1i OhAGE:

g geVUEVAGEE 1 CAI UEEAgI CA AECRAO EKAYAAAEW GATE
ACg AGNAJE yUOUg =CEVAG EAzUgl EGAAOAEOE" AAO yCE
gUT eAiTAd TAeATigl g¢ gUEg @=CE eAgeCcUAE: KCEUUI C
TGWUCEUO 6ChE®BEGEUOEQICICA; &2CCO 1 CARMChEWEEARUIET H+ 1§ é U
AEU Eic¢Aieai 1T AAgud EUORTUO: MA EhTé TAEUE™ géU eéc
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ai yi gud: AAO geU T CéeAligiAc¢ 1 AOi 1 i OhRAGE 1NeC &AAC
cEUAgGUE OUGEUU Cae EAEUO Uiji Egi A¢ i yyhAigi UE OhRL
2I'/CUEAEUAAO UGB KAWAIWA U@ '"A@iraUesgeée"E OCUEA+g UGI Vi
Gi +0ai eCCO C@EBUEOCEBDA®UI A&AAEYyi EEi CA Wigeéei A A E
geAA i A A 1 ECAOUE 1 CyyhAigid:
00i gi CAAGGI" UIUA i@ ehyAAREU i¢ge R ge GahinAigd EQJAU
E+ gC g¢geCEU EhA AR NS hALLA T gead gi 6AC cBUICA O6 AUE | OfEgi A¢ e CE
EECIT UEEi A¢ &«hEgeéUE yigicAgU TA®XDT g CEUEEPDEUAET €E

i E AUUOUO ¢gC hHAMWEEQYARD @Ga UEi E+ AEECIi Aguo Ui ge

ehyAAhEU" "AE BIWIGGAGE] S WéeAg aUiUua Cae EiE+ {E ECI
MA ECyU THRAEWECa ga8AEgi AGuJ gEUAgUO Ul At YyAGUEIT A
hAEA=U i A=CEyAu eEAT giTUE AGWEUAOJ gA=i Ac¢ euaAl U

EUggi AcE° @ECYyCgi Ac 1 AEi T 1-QyieldiE giiad ¢ci yAAXE a8l QE AGH
i Al Cg@®ud®hud Egiuaa EUEhug 1A A 1TCyeAEAgiiI UGd aucuu
®CE i yeUEaUl g @eEAT giTUE AE ¢CCO ECuhgi CAE® 1hg E

Egiaa JiUuO yUAAi Acehu 1 UAUagiApE Ake (BEUA 1TCH BREACAHE EX

¢teUEU 1 CAEi OUEAgi CAE EAIi EU iyeCEgAAg AAO CeagUA
AeeECeEi AQUAUEE Ca 1 hEEUAg EAxUgJ 'EQABOJEOR: zéc(
chi OUGi AUE" Wi gé Of eeUEUAgi AgUO géEUE&CuOE &CE &
@i E EiE+ GUcigiyiEiA¢ EhI EgAAOAEO @éEAT giTUE AAO
JeUEU géU hEU Ca EAWN CE eCCEUJ gEUAgUO &«AUT Aa yA
EEAG VAMAIO hugi yAOUBh &EAGHE i yeECI UOUE & i yeUEeaUT ¢

zhi e 1T CyeauUij 8hUEgi CAE iU 1TUJCAO geU E

gC yCi U 1TUJCAO 1iAAEJ TUAEEi & 1T Agi CAE Ca {EA&U]
Ur UA TCyeui AATU WDige ThEEUAg c¢chi ANOi dUEe EEghEY e
EUshi EUYyUAgE OC ACg AUWAJE gEAAEGAgU i AgC E

vi BgHf UEUO Aee ECEAIGhUERYT GBAMABYg EAgUci UES AAO TUWUAEUE
EUREU T CAgUijgE 1TChuO éUne 'A8eBHCEEI AGHUXEMAUWNEgGHE
EAAIi gAgi CA AAO EUECHhET U EUI CiI UEJ
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3.2 The UK Cont ext

Mgr E AT +ACIDGUOGCUO geAg géuU @i AOi AcE Ceae géei E geéeUE
yAAJ Ce géU 1 CEU iAEicegE AAO EUT CyyUAOAgi CAE AE
EAi O° éAiiA¢ EeUAg geéeU eAEg i1 U JUAEE &@YYWUEEUO
EUGUI AAg AAO 1 AuhAiaU ¢gC T EiUedd EU=0UI g CA géu
MA géuUu 'w i{AgUEUEg i A éhyAAREU AeéeUAEE ¢gC EgUyVy
TCyyhETgAJaU i Ai gi Agi 1 UE 1TCyyigguo ¢gC TiEThOWAE" E|
EJEgQUYE: fi1 UE geU eAEg ei 1 U JUAEE" M &A1 U 1 UUA C
T CyeEgi A¢c AAO EUTJTai A¢ =UTUE Ag A EAAgU Ca AT AO
Ui UAgE" UAgéhEiI AEYy EeAABDEUEYPe 1  C§ 6 CEAAYGEAGUGE BEC
eCehuAE i A géuU Ui UAGE EUIT g GEE AR OC R yWCAILT EgGBAYEWA gAE
TCRAl i ChRE (0i ®UEgQJUUE " EUEGhEQGAUEAA® gEwvi 4CEI RQuyb
Ei OU° NeéUEU geUEU i E ¢ECNiA¢ yCyUAghy AEChRAO AcE
ECOhRT gi CA° AAO &CE GCi AGiEAgi CA Ce &CCO EJEQUVE

(o]

M AT iui gAgUO A eAAUd BUEEECERUOUE Gy é&le WaEHiALEO v U
EAEyi A¢ - CA=UEUAT U i A VAARAES&CCI s'EJAa@® AEENUEEO

AAO UAI i ECAyUAgAU AT gii1i EgE WecC WUEU i AT EUOGiT ad

EAAI gAgi CA @®CE @&CCO eECOhT gi CAe G&AUHLW i IALE AlgigWm OA
i yVWUEEU geéeUiE eéAAOE i A éhyAAREU AE A WAJ ¢gC &=CEY
Vi ge geU 1 CyeCEgi Ag UT CEJEgUy AAO gCAEGAEU EgCE(
E {AGUEUEg i A EfEEDAUGAAIT AY AAECUExa=ehyAAREU yAJ i
AiTeuU T hg 1 AahAlaU gCCu gC TCAgEilhgu ¢gC 1Cge EC
yi AOehu AeéeECAT 8UE ¢gC &«UT UE yAAAcUYy URAWGE hKEWUI UE"
AAr i ¢cAgi Ag EUI UEAG eUEEi EgUAg guUTeAilTAu" aUcgAn A
Mg {E hAGi+UGI ¢geéeAg éhyAAREU i G uETUAUGIE ieAl Agle (A 'EW
¢ciit UA geuU 1T ChAgEJ+E UijgUAEi 1 U EUWUEAcU i A=EAEgEHR
“zgAGUWAEO _ Ei EBUEEGAIsaE& U0 i HAC BI 1I@WEmI GEAEWGIJUO 1 hH &
EUREU' geéeChc¢ée ThEEUAguJ hAOUE i AgUAEU éhiail EITE
EUchuAgCEJ -160 GEIRICHWaME .~ s 161 .  CAT i Cg> s18w. zA
geuJ gCC AEU VUGG UVUEQgAI=iME&BQG higA g eMAME BIT gé Eé
1 IA8Ev . ¥lW 'GCI UEAYAURAQYA g y AgEDWI JT* i A¢ EAgU gC !

AcEiThughBAa wARORJ&aiAE EJEgUy {E 1 UJCAO geu EI Ce

¢

EUAGT EgiAl REGICEIACg i A geu | w 1T CAgUijg:
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MAEGUAO' ¢géU @highEU Cea &hyARGENEE &uge Uz Al B i Ofg @
Ui UAGE Gi+U GUAEGCAI REJ" WNeile CEGE CiIUE s 1

PR R N - N - PN

Cee WeAg. El BECEECEQUT CyyCAGI ig (E UEOIi UEGRNAGRBUAA
T

geCEU AUGEUAOJ Oi ET CAAUT gUO &=ECYy EUWNUE i A=EAEgEHN

ehg Chg A TAuu @=CE eéhyAAhREU OCAAgi CAE géEChgeée gé
Ji g EUEeCAEUE: sUCeéeuaU VNUEUITKA@EWEE g)dA ERlED" ge Ui E
i gU CIAGEEE | ANV UEEe CEA@iChBEE AcAAG T CyyhAT ¢
+UJCAO Eiyeud Ce=UEi A¢ YyAgUEI Au- geUJ WUE
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3.3 Reframing Sanitation as Part
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