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EXECUTIVE SUMMARY

Pollutlon from wastewaterandsolid waste Is asignificant problemIn developlngcountries,
particularly in urbanandperi-urbanareas.It Is estiniatedthatin Latin America, for example,
only two percentof wastewateris treated.The inabiity to managethesewasteseffectively
resultsin serloushealthandecologlcalhazards.The resolutionof this problemis increaslngly
urgent as developingcountriesexperiencerapld population growth, becomemore highly
urbanized,andrecognizethe damagethat pollution Is causing.

Many Industriallzed countries manage wastewaterand solld waste through advanced
technologybackedby strict regulatory standards.Technologicalsolutionsprimarily requlre
municipal public works Investmentsin treatmentand disposalmethodsdesignedto meet
effluenf standards.Becausedevelopingcountrlesdo not haveInstitutlonsstrongenoughto
enforceregulationsor the meansto payfor conventionaltechnologies,theyhaveoftenbeen
unableto follow this model. ImprovementsIn wastemanagementareseverelyhamperedby
the financial constraintsthatnearlyevery developingcountry faces.

To enabledevelopingcountriesto flnd solutlonswithin thesellmitatlons,WASH herepresents
aconceptualframeworkshowingthepointsatwhichinterventlonfor improvementsis possible
and offers a methodology for assessingthe effectivenessof existing waste management
systems.The conceptualframeworkandassessmentgo beyondthe promotionof affordable
technologiesto stressthe importanceof supportive policy Instrumentsand strengthened
Institutlonal capacity. The documentalso offers guidance in selectingthe best option or
combinationof optionsembodyingthesethreeelements—technologies,policy instmments,and
institutions.

Conceptual Framework

The framework showsthe threepossiblepoints of interventionfor controlling the effects of
solid wasteor wastewater:achangein the behavlorof individualsandinstitutionsresponsible
for pollution soasto alterthe kind or quantityof residualsbeforetheyenterthe environment;
achangeIn the actlonsof thoseresponsiblefor movementof residualsafter theyenterthe
envlronment(e.g., environmentalresourcemanagersandwatertreatmentplant managers);
andachangein policies andactlonsto diminlsh the adverseeffectsof pollution. Thepremise
of the framework is that poilcy and management,most often the domaln of government
institutlons, are the prlmary lnfluencesat each of the threecontrol points, a conceptthat
departsfrom the traditional relianceon end-of-the-pipetreatmentexclusively.

AssessmentMethodology

The framework is IncorporatedIn a four-stepassessmentapplicable to wastewateror solid
wastemanagementinanydevelopingcountry.The outcomewill beapreliminarystrategythat
eventuallycould forrnthe basisof a natlonalprogramor aprojectfundedby an International
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agencyto Improve wastemanagement.The strategywould also point out areasneedlng
furtherstudy andanalysis.

The stepsIn the assessmentare:

• Determiningthe health,environmental,social, andeconomicimpactsof poor waste
management

• Identifylng the key groupsandinstitutions whosedecislonsandactionsaffect waste
management

• Examiningtechnologies,policy instruments,andinstitutions—thethreeconiponents
of any option for Improving wastemanagement

• Developingthe preliminarystrategyfrom thebestcombinationof thesethreeelements

DetenniningImpacts

Determining the impacts of poor waste managementon health, the environment, the
economy,andthe socialwell-beingof acommunityis the first stepto improvement.Oncethe
impacts areunderstood,It is possibleto Identify thoseplaceswhereInterventlonscan most
effectively reducethem.This stepIs not alwayssimple becauseof the lack of reliabledata.

Identifylng Key Targets

1f interventionsareto beeffective,theymusthaveclearlydefinedtargets.Thesetargetscover
a rangeof individuals andInstitutions: thoseresponsiblefor generatingpdllutlon; thosewho
provide servicesto collect, treat, anddisposeof waste; those who manageenvironmental
resources;andthosewho seekto mitigate the harmfuleffects of pollution.

Examining Option Components

Technologies,policy Instruments,and institutlonscanbe consideredeither separatelyor in
comblnatlonto provide an option for Improvement.

Technologlesinciude thosefor wastewaterand solid wastetreatment,recycling, byproduct
recovery, converslonto lesspolluting productionprocesses,andhabitatlmprovement.

Pollcy instrumentsarethe meansof influencing the behaviorof individuals and institutions.
They maybe relatedto pollution preventionandcontrol, resourcemanagement,andpublic
health.Policy instrumentsareof four types: Informationandeducationcampalgns;economic
Incentivessuch as rewardsandpenalties;regulationsto proscribecertainactivities; andthe
asslgnmentof rlghts andresponsibiitlesto different groupsby government.

Bothpublic andprivatesectorinstitutionsarenecessaryforthesolution of pdllution problems.
They include servlce-deliveryorganizationssuch as wastewaterutilities, non-govemmental
organizations(NGOs),andinformal groupsengagedin wastedisposal;regulatoryinstitutions
such as environmentalagencies;educationaland informational institutions; public health
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institutlons;advocacyInstitutionssuchasappliedresearchorganizatlonsor citizen groups;and
financing institutlonssuch asbanksor credit unlons.

Developlng a Strategy

Thefinal stepIs developingastrategythattakesInto accountthe impacts,targets,andrange
of options. It should be guidedby five fundamentalprinciples: reducingthe rlsks of wasteto
public healthandthe environment;preventingpollution by reducingwasfeat the sourceor
by recyclingor reuse;providingefficlentservices;recoveringcostsfromthosewhobenefit; and
selectingapproprlatetreatmentanddisposaltechnologles.

Developing astrategyis accomplishedby ranking the negativeimpactsor problerns;sorting
and ranking the targetsby effectlvenessand likely receptivity to change, ranking key
institutionsby their potentialasagentsof change,deslgningoptions, andselectingthe most
promising options for moredetailedstudy.

Usesof the Document

The documentIs intendedto be applicableto all countrieswhereA.I.D. works, regardlessof
the level of economicdevelopment,althoughsolutionsto the problernsin eachcountry will
vary. It hasanurbanemphaslsbut is alsosuitablefor smalltownsof 5,000-10,000.However,
It doesnot provide all the Information necessaryfor the full range of decislon-making.

Theprimaryaudiencewill beteamscomposedof expatriateconsultants,localexperts,or both,
who areresponsiblefor carryingout assessmentsof solid wasteandwastewatermanagement.
The otheraudiencewill bethoseresponsibleformanagingtheseassessmentsandmidieveland
seniorgovernmentmanagersIn wastemanagement.
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1

INTRODUCTION

1.1 Need for the Document

The managementof wastewaterandsolid wasteis anessentialserviceassoclatedwith human
settlementsandeconomicactivitles.All humanactivitiesgeneratematerialandenergyresiduals
that are discardedand must at least be collected andtransportedto appropriatesites for
recycling, reprocessing,or dlsposalto protectpublic health. In developingcounfries, each
Individual useslesswaterandgenerateslesssolid wastesperdaythanin developedcountries,
but in aggregatethesequantitiesalready far exceedthe managementcapacitiesof most
municipalitles.The quantlfyof wastemaydoubleby theendof thedecadedueto populatlon
growth, urbanizatlon, and Industriallzation. Disposal costs are also rising rapidly, mainly
becauseof Increasingdistancesto disposalsitesoutsiderapidly growing urbanareas(United
Nations 1992).

In thepast,wastewaterandsolid wastemanagementhasbeenapproachedalmostexclusively
throughInvestmentsin treatmentanddisposaltechnologies:seweragesystemsandcentralized
treatmentplantsforwastewater;collectiontrucks;landfills; andsometimesInclneratorsfor solid
wastes.Thesetechnologiesgenerallyhave beensuccessfulwherethey are properly sited,
rnanaged,andmaintained;but evenin industrializedcountriesthey havenot eliminatedall
risks,and in somecasestheyhavecreatednew ones (for instance,by mlxlng municipal and
hazardousIndustrial wastes,processingthem into higher concentrations,andtransforming
theminto air or waterpollution ernissions).In this document,risksaredefinedas increasesin
the probabiity of diseasesor ecologicaldamageattributableto exposureto environmental
pollution.

In developlngcountrles,thesetechnologiesgenerallyhavebeenfar lesssuccessfulbecauseof
their hIgh cost.Large populatlonsarenot servedat all, andmany who areservedpaydearly
for Inefflclent andIneffectiveservices.Municipal agencies,hamperedby shortagesof operating
capital, limited engineeringandmaintenanceexpertise,and a lack of foreign currency to
replaceparts for machineryfrom donor counhies,are often unableto properly operateor
maintaincapital-intensiveequipmentand facilities.

TechnologicalInvestmentsalone,therefore,do notensureeffectivemanagementof wastewater
andsolld wastes.What is requlredis acomprehensiveapproachthat considersthe following
factors:

• the fiows of both raw andrecycledmaterialsthroughall majoreconomicsectors;

• the economicImpactof thesefiows, andthe behaviorpattemsthat direct them;
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• the influence of public policy, both intentional andinadvertent,on thesefiows;

• the rolesof public, private, andinformal organizationsin wastemanagement;

• the cholcesof wastemanagementtechnologles;

• the potential for changingpublic policy to createbetter marketsandIncentives for
thosewho managethesefiows dlrectly;

• the changesin public affitudesto supportnew approaches.
.

Developingcountrieshavethesameproblemswith wastewaterandsolidwastesasdeveloped
nations,but with far moresevereconstraintson financial andmanagementcapabiities.They
mustmanageindustrialaswell ashousehold,commercial,andinstitutional wastesandtheir
wastemanagementsystemsmustcoverbothurbanandrural areas.Theymustmakecholces
amongtechnologicaloptions, amongpublic andprivateserviceproviders, amongiocal and
reglonalscalesof operatlons,andamongcomblnatlonsof risksandcosts.Theymust make
thesechoicesIn the contextof existing laws, regulations,policles, traditions, andbehavlor
pattemsthat sometimesimpedeproperwastemanagement.However, becauseof finandal
constraints,they often cannot afford to reduce risks to the samelevels as in developed
countries.

Developlng countries also face problemspeculiar to them. Wastestreams,for instance,
vlrtually alwayshaveahighervolume of moist organicmaterlalsandcorrespondlnglyfewer
high-valuerecyclablematerials(aswell aslesspaperandpackaglng).Public agenciesoftenlack
the expertiseandeventhe authorityto provldesafeandefficientwastemanagement.Capltal-
intensiveequipmentandfaciities are far more scarce. In peri-urbanareas,whererapidly
growlng populatlonsmust be protectedfrom health hazards,physical faciities for waste
removalare difficult to provide.

In Port-au-Prince,Haiti, for Instance,recentstudieshavedocumentedthat only 24 percent
of househoids,40 percentof buslnesses,andno industrieshavepublic wastemanagement
services;more than 20 percentof househoidsand 34 percent of buslnessespay private
entrepreneursto removetheir wastes;andthe restsimply dumpthelr wasteswhereverthey
can. Most househoidsandmorethanhalf the businessesaredissatisfledwith this situatlon;
most househoidswould be willlng to part-icipate in a community waste management
organization;andnearly half the househoidsandalmost60 percentof the businesseswould
be willIng to pay for morereliablewaste collection servlces.A largefraction of the waste
streamis suifablefor compost-ing,which would providelandreclamatlonbenefitsandreduce
the volume of materialstransportedto the landfill, but compost-ingcurrenfly is underutilized
(Roark et al. 1991).
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More generally, there is some evidence that Improved wastewaterand solid waste
managementin developingcountrieswould not only havehealthandenvironmentalbenefits,
but would reducethe cost of servicesby as much as30 to 50 percent.’

Without the comprehensiveapproachthatbasbeensuggested,thereis llttle chancethatmost
developing countries will succeedwith merely a conventional reliance on technologlcal
Improvements.

1.2 Purposeof theDocument

This documenthastwo purposes.Thefirst Is to presentacomprehensiveapproachto solld
wasteandwastewatermanagement,basedon the useof technologies,policy Instruments,and
institutions. The secondis to presentamethodologythat an assessmentteamcould useto
determinethe effectivenessof solid wasteandwastewatermanagementin agiven situatlon.

1.3 Scopeof theDocument

The scopeof the documentshould be understoodwith referenceto five polnts: it-s technical
focus, its appiicabiityto awide rangeof countries, its urbanemphasis,the levels at which It
can be used, andthe depthof analyslsIt permits.

TechnicalFocus.Thedocumentfocuseson solid wasteandwastewater,the two areasthat
arerecelvinghelghtenedattentionin urbanpollutlon in developingcountries.Wastewater,In
particular,hasbeenbroughtto the foreby bothdonorsandthe countriesthemselvesbecause
of the outbreak of cholera in Latin America and the increasingseverity of wastewater
managementproblemsirf denselypopulatedareas.

Appilcability. The documentIs appllcableto all countrieswhereA.I.D. works, regardlessof
the level of economicdevelopment,althoughsolutionsto the problemsIn eachsituation,of
course,will vary.

UrbanEinphasls.The documenthasan urban emphasis,making it suitablefor both large
population areasas well as small towns of 5,000 - 10,000. However, the resolution of
wastewaterandsolid wasteproblemsis likely to be much morecomplex in largeareasthan
In smalltowns.

RangeofLevels. Thedocumentcanbe appliedat severallevels.It canbe usedfor aspecific
munlclpallty, althoughwith certainlimitationsbecauseoptionssuchasthe useof somepolicy
Instrument-sarerelevant only at the national level. It can also be applIed to a watershed,
especiallyfor wastewatermanagement.1f, for example,the primarysourceof waterpollutlon

1 This assertionby Cointreau, 1989, is basedon ralionalizingthedesignof collection routes,selectingthe

mostapproprlatetypes of collection vehicles, reducing vehicle downtime throughbettermaintenance,
enforcingcompliancewlth regulalions,improvingpublic educationon waste managementpractices,and
increasingtheefficiency of supervisionandworkforce ut]lizatlon.
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Is untreatedsewagefrom a city upstream,wastewatermanagementby onemunicipality will
not solvethe problem.The appilcationof the approachwill dependin part on the degreeof
autonomythat municipal or regionaljurisdictionsenjoy.

Depth of Analysis. The documentcontainsonly enoughInformation for a preliminary
assessment.A complete analysiswifi requlre more speclailzedassessments.A list of the
referencesusedto wrlte this documentappearsfollowing the text, andAppendix A offersan
expandedlist that the readercanrefer to for more Information.

1.4 Audience

The primary audlencefor this documentwifi be teamscomposedof expatriateconsultant-s,
local experts,or both, who areresponsiblefor carrylng out assessmentsof solid wasteand
wastewatermanagementpractices.

The otherimportantaudiencewill be the peopleresponsiblefor managingtheseassessments.
In the caseof donors,they will be project officers. For purely local assessments,theywill be
nildievel or seniormanagersin governmentministries.

1.5 Uses

The documentcanbe usedin atleastthreeways: apreliminaryassessmentof wastewateror
soild wastemanagementat the munlcipal, provincial, basin,or nationallevels; an evaluatlon
of a project already underway; and a workshop for training decislon-makersIn new
approachesto wastemanagement.

Teamcompositlon. The assessmentshould be carriedout by athree-or four-personteam
representingseveraldisciplines,of which eachmembershouldhavea basicunderstanding.

Among thesedisciplinesare:

• environmentalengineering

• Institutional analysis

• economlcsandfinance

• anthropology/sociology

• public health

• policy (legal, regulatory,etc.)

The exact mix will dependon the individuals andeachsituation. Someindividuals may be
experlencedIn severalof thesedisciplines.

Level of effort. 1f the assessmentis uninterrupted,it should takethreeor four weeks.1f It Is
doneovertimeby alocalagency,theassessmentmlght not becarriedout on afull-time basis.
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1.6 Methodology Used to Develop the Document

An interdisclplinary team conslsting of an institutional specialist, a policy expert, an
environmentalengineer,an anthropologlst,andan economlst,all of whom hadprevious
experlenceIn deallng with environmentalpolluflon, used the following methodology to
developthe document:

• A four-day meetingto discussthe framework for environmentalpollution andto
elaboratethe contentof eachelementin it

• Researchandwriting of inputs on the varlouselement-s

• A three-daymeetingto revlewthe inputsandto developan out-line of the document

• A draft of the documentfor revlewby the teamandWASH

• Field test

• Revlewby outsldeexperts

• Revision of the documentbasedon the review

1.7 Organlzatlon of theDocument

The documentIs organizedinto eight chapters.

• Chapter1 Is this introductlon.

• Chapter2 providesthe conceptualframework on which,the assessmentis based.

• Chapter3 discusseshowthe impactsof the solidwasteor wastewaterproblemon both
the environmentandpeople areassessed.

• Chapter4 describesthe people who mustbe targetedin improving solid waste and
wastewatermanagement.

• Chapters5, 6, and7 outlinethe threemain areasof assessment:technologyoptions,
policy Instrument-s,andinstitutlonal capabiitles,respectively.

• ChapterS offersguidanceon how to usethe findings of an assessmentto developa
strategyfor wastemanagement.
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2

CONCEPTUAL FRAMEWORK

2.1 Introduction

Thischapterexaminesthe componentsof the wastewat-eror solid wastemanagementsystem
and explains thelr Interrelatlon. It describesimportant element-s to be considered if
lmprovementsin wastewateror solid wastemanagementareto be successful.

2.2 Wastewater and Solid Waste asResiduals:
The ManagementChallenge

Human physical needsare satisfiedby transformingmaterialsinto desiredproducts. The
process,whethercarrledout by the Individual, thefamily, the community,or alargeIndustry,
is never 100 percent efficient and inevitably producesresidualsas well. These residuals
representwast-edresourcesandoftencauseenvironmentaldamageaffectinghumanandother
life fons. Harniful residualsarecalledpollutants;the othersareusuallyignored.Wastewater
andsolid wasteare harmful residualsthat- cannotbe overlookedandneedto be managed
sensibly.

2.2.1 Defining WastewaterandSolid Waste

Wastewatercomesfrom domesticsources,agriculture,industry,or stormwaterdrainageand
may contain organic or inorganic pollutants, either suspendedor dissolved. Stormwater,
especlallyin urban areas,picks up anumberof thesepollutantsdurIng flow.

SolId waste includesdecomposingorganic mat-ter (kit-chen andmarket- wastes),somefecal
matter,combust-ibleorganicmat-ter(paper,textiles,bone),industnial productsandbyproducts
(plastics,metals,glass,oil, grease,chemicalcompounds),and inerts (soil, ash, rock). Solid
wastemaycont-ainpat-hogenicmicroorganismsandtoxic chemicals.It-s varietyandmagnitude
arefar greaterin urban thanIn rural populations.
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2.2.2 The Broad ManagementTask

Wastewateron solid wastecan be managedthrougheffectiveandequitableservicesthat- also
reduceenvironmentaldamage,hazardsto humanhealth,andthe costsof disposal.To identify
waysin whlch Improvementscanbe made,It is necessaryto understandhow solidwasteand
wastewaterare generat-edandtheir effect-scan be niitigated, andthe soclal andeconomlc
factorsaffectlngwastegenerationandmanagement.

Throughout-the lastfour decades,therehasbeena persistent-tendencyto regardwastewater
andsolidwasteproblemsin lessdevelopedcountriesaspnimarilyor evenexclusivelyamenable
to technologicalsolutlons.As a result, manyapplicationsof wastemanagement-technologles
importedfrom abroad havefailed. It-is now becoming increasinglydearthat the range of
wastemanagement-optionsshould be far broadenthan end-of-line wastetreatmentalone.
Waste reduction, changes in production technology, byproduct recovery, recycling,
environmentalresourcemanagement,andimpactmitigation must be consideredaswell, for
theyaremoreeconomical,moreacceptable,andmoreeasilyimplementedin manysituations.
Technologymustbe evaluatedwithin the institutional andculturalmilieu In whlch it will be
applied, not just for It-s technicalandfInanclal feasibiity. Every wastemanagementstrategy
should contain an appropniatemlx of technical and policy element-ssuited to a specific
institutional andcultural set-t-ing.Accordingly, this documentbeginswith adescniptionof the
conceptualframeworkthatshouldunderliesucha comprehensivestrat-egyandform the basis
for it-s development.

2.3 The Wastewater and SolId Waste System

Figure1 Is asimplemodelof the wast-ewaterandsolidwastemanagementsystem.Thismodel
showsthe pointsat which control maybe attempted.The organizationsandindividualswho
apply thesecontrolsare the logical targetsof policles andprogramsaimedat reduclngthe
advenseeffect-sof wast-ewateror solid waste. The model provldesthe generalconcept-ual
frameworkfor this document-.

Productionprocessesdraw materialsfrom the environmentanddischargeresidualsbackinto
It. The bold arrow “ResidualsDischarge”connectingthe boxeslabeled“Polluting Activitles”
and“Environment-”showsthepathof thesedischarges.ThesedischargesalsoIncludethe by-
product-sof treatment-,for example,the sludgefrom wastewatertreatmentplant-s. The bold
arrows,theonelabeled“ResidualsDischarge”andtheotherlabeled“Pollution Impacts,”show
thatthefiows occurinbothdirections(humanbeingscannotexistapartfrom the envlronment,
andthe environment-is inevitably affectedby humanactivities).Peoplethusproducereslduals
andalsofeel their Impacts.Sometirnesthesamepopulat-lonIs involved andthe relationship
betweendlschargeandimpactsis direct (notmediat-edor transportedby the environment)and
Immediate.At othertimesaproductionprocessin oneplaceaffectspeopleelsewhere,through
acomplicatedchaln of consequencesin the broaderenvironment.
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Residuals dlscharged into the environment may undergo mlxing, dispersion, chemical
transformation,andothernaturalchanges.Sooneror later, most of themwifi affect human
activitlesbecausethey havealteredthe characteristicsof the environment.

Theboxlabeled“ImpactedActivities” Includestheindividuals, organizations,andcommunities
thatexpeniencethe health,economlc,andsoclaleffect-sof pollution. The dottedlinesbetween
the boxes“Pollutlng Activities” and“ImpactedActivities” areusedto showthattherelationshlp
bet-weenthe polluting activitiesand impacts,while often indirect, maybe direct. Consumers
n-ilght gettogetherto boycottacertalnmanufacturerbecauseit usesmatenialsor processesthat
causepollutlon. Similarly, an industry night conductan advert-Isingcampalgnto improve its
image.The dotted linesshowthatthosewho areimpactedmayput direct- pressureon those
who pollute wit-hout any interventionby government.

The circle “Policy andManagementActivities” In the cent-erof Figure 1 indicates actionsto
influenceor control thebehavlorof thebroadersystem.Thecircle includest-hoseorganizatlons
than can bring intervent-ions to bear on different part-s of the system through vanious
managementactivities.For therriost part,the circie is dominatedby governmentinstitutlons,
but non-govemmentaland pnivate sector organizat-ionssuch as researchand educational
institutions,advocacygroups,andfinancinginstitutlonsmayalsobeinvolved. Thelight arrows
betweenthecentercircie andboxest-bus representthe flow of lnfluence.The arrowsalsoflow
in two directions,showingthatthe relationshipis atwo-waS,streetbetweenthe pollcy makers
andthosewho are affected.

Therearethreetypesof arrowsflowing from the centencircle. The first arethe two arrows
betweenthe cent-er circie and the box labeled “Polluting Activities.” The arrow labeled
“Pollution Preventionand Control Policles” representsthosepolicies andactionswhich are
intendedto changethepolluting activitiesto alterthe kind or quantityof residualsbeforethey
ententhe environment-.Exampleswouldincludeest-ablishingstandardsor economicIncentives
for Industries to change their production processesto reduce the pollution Into the
environment.The light arrow labeled“Lobbying Efforts” showsthatpolluters, however,will
put pressureon the government-to formulatepolicieswhich will not- hurttheir industriesor cost
jobs.

The secondarrow, “ResourceandEnvironmentalManagement-Policies,” representspolicles
andactionsintendedto control the waysin whichpeople areexposedto residualsafterthey
haveent-eredtheenvironment.An examplewould beapolicy restnictingfishing or recreational
activitiesIn a polluted wat-er body.

Thethird arethetwo arrowsbetweenthe circie andthe box labeled“ImpactedActlvities.” The
light arrow “Public Health and Economic Policies” representsthose policies and actlons
intendedto helppeoplecopewith theeffect-sof pollution fromwastewateror solid wast-es,and
thusdiminlsh its adverseimpact.Examplesincludetheprovision of publIc healthservicesand
Informationcampaigns.Thearrow labeled“Policy Demands”showsthepressurethatimpacted
peopleandorganizationscanput on government-s.For example,citizens’ groupsmaycali on
the governmentto stopindustry from usinga specificprocessbecauseof the high Incidence
of dlseasein a certainarea.
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Flgure 1 is, therefore,ageneralmodel of the system.Eachof the element-swill be discussed
In detail In this document.

2.4 Wastewater and Solid Waste Impacts

The hanmfuleffect-sof residualsarethe simplereasonfor attemptsto control the complications
arising from wastewateror solid waste generation. The impacts upon people may be
immediateanddirect,aswhenpollutlon-causeddiseasesstrike or resourcedegradationraises
productioncosts.Theymaybelessimmediateanddirect,aswhenplant or animalspeciesare
dniven to ext-inctlon or natural beautyis obscuredor destroyed.In every case,however,
resldualshavechangedthe environment-.The wastemanagementassessment-processbegins
with adearidentification of the impacts.An understandingof how residualsaregeneratedby
humanact-ivit-lesandtransformedin the environment-thenuncoversthosepolntsin the causal
chaln whereInterventionsto reduceundesiredimpactsare mostlikely to be effective.

2.5 Technology

A balancedapproachto wastemanagementmust-not ignore technology,becauseIt is through
technologythatpeoplemanipulateandcontrol the environment-. Two types of technology
should be consldered.The first (relating to “Polluting Activities” in Figure 1) coversmeasures
to lessenthe effectsof residualsassodatedwith the generationof wastewateror solid waste.
They includenot only wastetreatmentbut recycling,byproductrecovery,andconversionto
lesspolluting productionprocesses.

Thesecondtypeof technologyis that-employedto mitigatepollutionfrom wastewat-eror solid
wasteafter it hasoccurred.In Figure 1 this is shownby the bold arrowconnectingthe boxes
“Environment” and“ImpactedActIvitIes” and includestreatmentof potablewater supplles,
inirnunizatlon, and habitat- improvement-.

Both types of technology,and variant-sof t-hem, should be consideredIn formulatingwaste
managementpolicies and should be evaluatedin the Institutional, financial, and cultural
contextIn which t-hey will be used.

2.6 Targets of Improvement Efforts

1f efforts to improve wastewateror solid waste managementare to be effective, they must-
beginby clearly identifying the individualsandgroupswhoseactIonsanddecislonsareto be
modifled. Changesmaybe soughtin the behaviorof any of those engagedin the activities
shownin the threeboxesin Figure 1. Policiesmaybe direct-edat- domesticor organizational
polluting activitlesor at environment-alresourcemanagerssuchas waterresourcemanagers
or waterqualit-y monitors,who influencethe transportof residualswithin the environment.
They may be ammed at Increasingthe institutlonal capacity of waste managerslike utilit-y
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managersor solid wastecollectionandlandfill operators.Theymayalsobe directedatimpact
mitigatorssuch aspublic healthworkers. Chapter4 discussesthesetargetsin greaterdetail.

2.7 Policy Instruments

Institutionswith a role In wastemanagement-havea rangeof pollcy instrument-sthat t-hey
mlght use (the circle in the cent-erof Figure 1). Therearefour principal types:

• InstitutlonsmayprovideInformationto inducepeopleandorganizationsto do things
differently.

• Institutionsmay provide economicIncentivesto encouragedesirablebehaviorsor
disincentlvesto discourageundesirablebehaviors.Theserewardsandpenalties,like
information, arenot coerciveanddependupon voluntary compliance.

• Institutions may employ regulations that mandateor proscnibecertainbehaviors,
uslngthe coercivepowerof the stateto ensurecompliance.Theymay actdirectly to
provide servicesor to effect change,as whenenvironmentalresourcemanagement
measuresaretaken.

• Institutionsmayasslgnrights andresponsibilitlessoas to Increasethe abiity of
publicagenciesto carryout t-hein wastemanagementt-asks,or theymayInvolveprivate
individualsor companlesIn handlingpartof thejob, for instanceby contracting.Even
changingthe wayresponsibilitiesareassignedcanaffect the degreeof problemsolving
that takesplace.

2.8 Institutlons

Institut-ions are the organlzationalfons through which actions are coordinatedto attain
objectives. These include government agencies,prlvat-e sector organlzations,community
groups, and religlous organizations.As socletiesbecome more complex and functionally
differentiated,theydevelopspeclal-purposeinstitutions. In relationto pollution control, these
would be environmentalministries,commerdalwastemanagementflrms, nongovernment-
organizations, and munlcipal waste managementservices, in addition to the Informal
contributlonsof scavengers,watersuppliers,andtraditionalheaithservIceprovlderstyplcal of
Iessdevelopedcountries.

Thisdocumentis concernedpnimarilywith governmentinstitutionsthatprovideaservice,such
as wastewaterutilifles, as well as those In the policy area, such as regulatoryandfinancing
agencles.The intentlon is not to minlmize the importanceof community organizations,
particularly in the informal sector, which play a vital role In put-t-ing pressureon formal
governmentstructures,in providing input to planning processes,andoften In Implementing
changes.Ultimately, however,improvedsolid wasteandwastewatermanagementIs unlikely
without the full attention of formal governmentinstitut-ions.
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2.9 The AssessmentProcess

Figure 2 graphicallydepictstheassessmentmethodologydiscussedin this document-.Thefirst
stepis to deterrninethe impactsof solid wasteandwastewaterresiduals.The secondstepis
to identify thosegroupsand individuals whoseactions andbehaviorarecrucial to effective
waste management.The third stepIs to examinepotential options in three areas:policy
lnstruments,institutions,andtechnology.Thefourth stepis to combinetheseoptions Into an
integratedstrategy.Guidelineson how to assesseachof thesecomponentsareprovided In
thechaptersthat- follow.

The fourth st-ep mentIonedhere, developingan integratedstrategy,Is a topic of particular
ImportanceandIs explainedin detail in Chapter8. Thoseseekingto makeImprovementsin
wastewateror solid wastemanagementneedto do morethanassesscurrent conditionsand
identify possiblealtematives.Any decisionsmademust- give precedenceto the mostpressing
problemsandbe guidedby ajudgementabout what is feasible.The choicesshould alsobe
conslstentwith fundamentalprinciplesof wastewaterandsoildwastemanagement.Developing
astrategy,t-hen, requirescombiningthe resultsof stepsone t-hrough threesystematicallyto
produceasetof optionsarrayedin orderof priority to addressthe mostimportantimpactsin
a particularset-t-ing. A methodfor integnat-ingthesestepsto pnoducean overall strategyand
an explanationof the principles to be applied areincludedin the final chapter.
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GLOSSARY

Assessment-.The processof exarriinlngawastewateror solid wasfemanagementsystemand
determlnlngthe possibiitlesfor Improvement.

Policy andManagement-Activities. Activities that are undertaken,not to produce materlal
outputs, but to influence or control the behavlorof thebroadersystem.

Pollutiori. Residualsthat causeenvironmentaldamageaffectinghumanlife.

Pollution PreventionandControl Polides.Policlesintendedto forestailthe polluting activities
thatgeneratewastewateror solid wasteresidualsbefore theyententhe environment.

Public Health andEconomicPolicies.Pollcies intendedto help peoplecopewith pollution
from wast-ewateror solid waste,andthus dlmlnlsh it-s adverseimpacts.

Residuals.Unintendedout-putsof humanproductionprocesses.Theseinciudesolid wasteand
wastewater.

ResourceManagementPolides. Policiesint-endedto affect the ways in which residualsare
transformed.
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3

DETERMINING IMPACTS

3.1 Introduction

Improper or inadequate managementof wastewaterand solid waste can endanger
environment-alqualify, publichealth,ecologicalsystems,economicgrowth,andultimately,the
soclalfabnic of acommunity.Thus,one of the first stepsan assessmentteamshould take in

evaluatingwastemanagement-systemsis to identify suchnegativelmpactsandexaminet-hein
causes,extent, and severity, and their relat-ive importanceto the affected communities.
Interventionsto Improvewastemanagementshouldbedesignedto alleviatethemainnegat-Ive
Impacts.

3.2 Terminology

In thisdocument,“negativeimpacts”arethe detrimentaleffectsof pollution in wastewaterand
solidwastethatbeginwhenwastesaregeneratedandcontinuealongthe following “exposure
pat-hway”:

• Wast-esfrom a “source” (e.g., asurfacedrainageoutfail or a landfill) are discharged
info the environment-.

• Contaminant-s(e.g., chemicalsand pathogens)from the waste travel via physical,
chemical,andbiologlcal processes(referredto as“transport andfatemechanisms”)
andappearin water, soil, andair to reduce“environmentalquality.”

• People, animals, plant-s, and manufactured matenials are “exposed” to the
contaminant-sthroughcontactwith infected water,soil, andair.

• Thisexposurecausesdetrimentaleffect-s,both “direct” and“indirect” negativeimpact-s.
Indirect impacts are the secondaryeffect-s that direct impacts have on economic
growth, personalwelfare,andsocial cohesion.

3.3 Types of Impacts

The negativeimpactsto be consideredin an assessmentarebriefly discussedbelow and in
greaterdetail in Appendlx B, supplementto t-his chapter.
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Heplth andEnvirpnment-al Impacts

via Water Pollution:

• Pathogens (bacteria, viruses, pnofozoa) may cause life-threatening infections In
humans.

• Toxic compoundsandelements(organiccompoundsfrom pesticidesand Industnlal
processes,heavymet-alsfrom met-alfinishing, t-anning,etc.) maycausecancers,blrth
defect-s,mlscarriages,anddamageto vanlousorgans.

• Suspendedsolids mayincreasethecostof watertreatment,reducethe attractiveness
of waterbodles,and inhibit the growth of aquaticplant- andanirnal life.

• Nitrogenat high concentrat-ionsmay causemethemoglobinemia.

• Nitrogen, phosphorus,andhigh BOD wast-esmaycauseoxygendepletionin water
bodiesandconsequentdamageto aquaticlife.

via Soil andLand Pollution:

• Pathogensandheavymet-alsmay causeilness In humans,affectcrop productivity,
andharmanimals,plants, andecosystems.

via Air Pollution:

• Hanmful pathogensandÎoxic chemicalsfrom wastewatercanenterthe air.

• Openburningof solidwastecanreleasedangerousparticulatesandtoxic compounds.

EconpmicImpacts

• Reducedproductivity of fisherlesandagniculturedueto waterandsoil pollution.

• Impedimentsto navigation, hydropowerproduction, irrigation, andrecreationfrom
solid waste in water bodies.

• Reducedincomefrom tourism.

• Decllning or depressedlandvalues.

• Increasedcostsof healt-h careandloss of productivlty.

Spcipl Impaçt~

• Disharmonyandconflict amongsegment-sof the population.

• Dlslocatlon of populations.
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• Reducedamenity value of the envlronment from objectlonableodors and vlsual
degradation.

3.4 Assessmentof Impacts

One of the dlfflculties In the assessmentof negat-iveImpactsIs that theymay be attnibutable
to morethanonesource.To understandthe full causalchainthat- relatesaparticularsource
to aparticularImpactwould takemorethanthefour weeksthatassessmentteams,particularly
thosethataredonor-funded,aretypically given to completetheir assignments.Fort-unately
specialistscan usually makelnferencesaboutlikely lmpactsfrom knowledgeof sourcesand
productionprocesses.

Sornetimes,Indeed,assessmentsmaybeconductedunderclrcurnstancesin which no presslng
negative impacts are currently observable.Such night be the case, for instance, if an
assessmentteamwere askedto makepolicy recommendationsto forestailseriousproblems
in the future. Here the assessment-of impacts would not focus merely or pnimarily on
prevaiingconditlons. Extrapolationsof known or suspectedtrendsmustbe made.For this
purpose,suchIssuesasthe expectedaccumulationof impactsoverlongenperiods,the resuits
of anticipatedeconomicdevelopmentandpopulationgrowth,andtherepercussionofchanges
in productlonprocessesmustbe takeninto account.Herethe Impactassessment-would rely
on acomblnationof carefulforecastingplus knowledgeof the likely Impact of sourcesand
causalprocessesthat- haveyet to be fully feit.

For purposesof assessmentsuslngthis document-,it will be sufficient- for an assessmentteam
to identify sources,determinewhetherthe negativeimpactsusually ascnibedto themarein fact
presentor could be expected.to occurin the future, andconfirmthat t-hereIs aplausiblelink,
by establishingthe existenceof oneor moreof thepat-hwaysby which apopulationgenerally
is exposed.

The assessmentteamshouldfollow thesefour steps:

• Identify the sourcesof concern,the impactsthat could be causally relat-ed, andthe
informationneededto conductthe assessment-.

• Gat-herthis information from exist-ing data, interviews,andobservations.

• Determinewhich impactsare presentor likely to occur, given a plausible link, and
estimatet-hein extent-andseverIt-y.

• Det-ermine the pniority In which they should be addressedaccording to their
importance.
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3.5 Consideratlons In AssessingImpacts

3.5.1 Typesof Information

The three types of information neededare quantitativedata, qualitative data, and direct
observations.

Quantltatlve data will cover

• sources(typesandvolurnesof wastegenerated,typesandconcentrationsof pollutants
In the waste,andcondition of the wastemanagementsystem)

• environmentalquality (concentrationsof pollut-ants In wat-en,soil, andair)

• exposurepathways(proxlrnity of communitiesandresourceslikeiy to be affectedto
the wat-er, soil, andair contaminatedby the source)

• impacts(morbidity andmortalit-y ratesfor environment-allyrelateddiseases,condition
of affectedecosystems,andtrendsIn economicactivitiessuch as fisheries,forests,
agriculture,andtounism).

Thesedatacanbe found in the recordsandplanningdocument-sof agenclesresponsiblefor
public works,environment-alquality, andhealt-h,andof t-heinoperatlonsoffices (ut-ilities, fleld
stations,clinlcs, et-c.), and in univensitystudiesandthe reportsof prevlousconsultancies.
Qualitatlvedataareoftenthemostvaluabletypeof information.Perhapsthe primaryexaniple

of qualitatlvedataareinterviewswithpublic officials, utility managers,communityleaders,and

otherkeyinfomiants,,whohelp in identifying direct impactsanddeterminingt-heinimportance.
Somedirect lmpact-sarebestknown to officials and residents.Thoseintervlewedmayhave
knowledgeof pasteventsandconditlons that- will not appearelsewhere.Thelr judgments
about- the relative importanceof various impacts—provldedthey are aware of the full
range—areshaped by economicconditions and cult-ural norms more relevant to t-hein
circumstancesthan arethe judgmentsof the assessmentteam. Interviewscanbe conducted
one-on-oneor In focus groupswhich, with adequatepreparation,canyield verysatisfactory
results.Qualitativedatamayalsocomefrom reportsandotherwrltten sourcesof information,
which record people’sperceptions.

Direct observatlonshelpteammembersto placeall other Information in perspectiveand
to Identify the behaviors and practices that night create exposurepathways. On-site
inspectionsof majorsources,wastemanagementoperations,andpointsof potentialexposure
shouldbe conductedas early aspossible.Occasionally, an experiencedconsultant-will spot
Indicatlonsof part-Icularimpactsnot apparentot-herwise.
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3.5.2 Evaluatingthe ExtentandSeverityof Impacts

Gauglngthe ext-ent and sevenityof InipactsIs not easyin the brief time availableduring a
typicalassessment.Different- typesof lmpactsarenecessarilymeasuredIn diffenent- unitsand
the amount-of InformatIon availablediffens considerablyamongImpacts.Nonet-heless,thene
are ways of axnlving at a judgmentabout the relativesignificance of different- impactsand
setting prioritles. Therearet-wo measuresof impactson health.Thepreferredmeasureis the
numbenof people who have or will developa diseaserelatedto exposuneto a specified
pollutant.2Givensufficlent- Informationonthe rateof exposure,thIsmeasurecanbeestimated
for manycarcinogens,usingstandardcancerrisk assessmentmodels,andcanbe applied to
either pastor future cases.

Fornon-cancinogens,the estimatemustbe derivedfrom mortalIty andmorbidity data,whlch
rarelyspecifythe causeof adlsease.For example,wit-hout detailedepidemlologicalstudies,
it is impossibleto determlnehow much of the incidenceof diarrheais attribut-ableto improper
wastewatermanagement,unsanitarypersonalhabits, consumptlonof contaminatedfood, or
severaiother possible causes.Frequently, the bestthat- can be done is to comparethe
incidencerate (e.g., numberof peopleaffectedpen100,000residents)with rat-esfrom other
locationsandjudge whethenIt Is low, moderate,or high.

The secondmeasureof healt-hImpactsis basedon exposureto a pollutant-, rat-herthanto a
disease,andusesbot-h thenumberof peopleexposedandthe level of exposure.It makesa
grossestlmateof the numberof peopleresiding in an areaservedby a wat-ensupply system
cont-arninatedby the pollutant, unlessmore detailedinformation Is available.The level of
exposureIs the concentrationof the pollutant to which the populat-ionis exposed,dividedby
an accepted“safe” concentratiori.The U.S.EnvironmentalProtectionAgencyhasestablished
“reference doses” for some non-carcinogenic pollutants based on estimated safe
concentratlons.Forotherpollutants, primany standards(e.g.,for pollut-antconcentrationsIn
drinking water) serveas ausefulbut imperfectsubstit-ute.3Select-edstandardsissuedby the
EPA andthe World Health Onganizat-ionare shown in Appendix C. 1f information is not-
availableon both thenumberof peopleexposedandthe level of exposure,t-hen information
on oneon the otheralonemay be helpful.

Many developingcountrleshaveadoptedUnitedStates,WHO, or EuropeanstandardsIn t-hein
envlronmentalprotectionprograrns.Unci-itical adoptionof westernenvironmentalstandards
is usually not a good practlce. Environmentalstandardsreflect a tradeoff amongvanlous
factors:avoidinghealthandecologicalimpacts,with technicallyfeasiblemeans,atasocialand

2 An equivalentmeasureis the probabilfty of developingthe diseasedueto the specified exposure,

calculatedas thenumberof peopleaffecteddivided by the total subjectpopulation The probability
estirnateis therisk thatanindividualbasof developingthe diseaseif exposedto thepollutant, andis the
mostcommonform In which the resultsof a risk assessmentareexpressed

~ They areImperfectbecausestandardsvarytremendously—amongmedia (air, drinking water, surface
water) andsources(USEPA, WHO, EC)—in the degreeto whlch they are basedon humanhealth
concerns,andincorporatearbitrary “safety factors” or limits basedon technologicalfeasibility andcost.
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economiccost that- is deemedacceptable.Thus, aparticular standardreflectsa particular
society’s“comfort level” wIth all aspect-sof this tradeoff.While citizensof developingcountrles
generally want- as much protection for t-hein healthand environmentas do the citizens of
industriallzed countrles, they may not havethe technological capacityto achievewestem
standardsor they may not be willing or ableto paythe costs of ahigh level of protection.
Adopting standardsthatareunrealisticallystringentoften leadsto tot-al disregardfor the law
becauseit cannot-beenfonced.Thus,developlngcountrieswouldbe weil-servedby establishing
standardsthat- reflect a tradeoffthat- is appropriatefor t-hein particulancircumstances.It Is a
goodstrategyto startwith lessstningentstandardsthat areenforceable,even1f moresfringent-
standardsareenvlronmentallyor politically desirable.Lessst-ningentstandardscanbeadopted
with a realistic schedulefor making the standardsmore stningentoven time.

The extentof Impactson environrnentalquality andecologicalintegrity is generallyrelatedto
the size of the areaaffect-ed.The severityis gaugedin termsof ambientconcentrationsof
pollut-ants, reductionsIn the population of a particular speciesor in a biodivensity index,
reducedproductivity of fisheries and forest-s,on other measuresappllcableto the particular
resourceaffected. Economic impacts are generally measuredas reductionsin regional or
naflonal income or as costs to mitigate on remedythe damagecaused.Impactson soclal
cohesionandpersonalwelfarearegenerallymeasuredin qualitativeterms,unlesscontingent
valuation studies have beenused to estimatethe economicvalue people place on the
amenitfesor socletalqualities theyfeel havebeenlost.

3.5.3 ComparingImpacts wlth Established Prioritles

ComparingimpactsIs asubjectlveprocess.In consideringthe nespectivenisksfrom exposure
to two carcinogens,which Is worse—breast,lung, liver, or bowel cancen?And comparing
effect-s on health—cancer,diarnhea,miscarniages?The needto usesocietal valuesto set
pnlorit-Ies becomesmore important when considering health effect-s among different
populatlons.Who should get- attention—children,working aduits, or the elderly, womenor
men,the poor or the affluent-, oneethnicgroupor another?Which ismoreimportant—health
or ecological integrity, economicgrowt-h, or the socialfabric?

Setting prionities involves valuejudgmentsandnequiresthe involvementof the approprlate
public officials andcommunityleadens.It would be helpful to havesomesenseof the priorities
from the counterpartagenciesbefore beginningthe assessment,but the teamcanproceed
wit-hout- this. It should makeit-s own prelimlnary judgments,proceedwith its analysis,and
makedearthat the recommendatlonsin it-s report ultimat-ely must be acceptedby the local
counterparts.
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3.6 Conclusion

ImpactsareImportant-in the assessment-of wastewat-erandsolidwast-emanagement,but they
are not easily measuredbecausedatafrequently arelacking andthere Is no time to go in
searchof t-hem. 1f prevlousstudieshavebeencarniedout, the taskwifi be thatmucheasier.

Howeven,the assessment-teamshould makethe bestdeterminat-lonof present-lmpactsand
thoselikely to occurandt-heinrelativeiniportance.With this Informationandsomeguidance,
the host country officials must t-hen decldewhich Impact-sto addressas amattenof public
policy. Determining the main Impacts leads to the next- step in the assessment,the
identification of key targetswhoseactions arecritlcal to improving the situatlon.

3.7 Hlnts and Guldeilnes for AssessingJmpacts

Data and Information from interviews and direct observationsshould be gatheredfor
environment-al,health,economic~andsocialimpacts.Quantitativedat-aon health,waterand
aIr quality, soil contaminatlon,economicactivities,andsocialconditionsareImportant-.Water
pollution should recelvespecial attentionbecauseit- is the primany route of exposurefor
pollutantsfrom wastewaterandsolid waste. Water should be consideredfor evldenceof
suspendedsollds, pathogens,toxins,nutnients,andoxygen-demandlngcompounds,andfor
the sourcesof pollution, such as local industnies.Where dataarenot available,the types of
industniesandlndustrlalprocessesin operationmaybesufficientto predlctthepollutantsbeing
discharged.

PrevIousanalyses,1f availableanddeemedto be reliable,shouldbe usedto supplementdata
on lossesIn economicproductivity or gnowth,decliningpnopert-yvalues,andIncreasedhealth
carecostsstemmingfrom wastewateror solid waste impacts.Dataon soclalimpactsshould
consider community t-enslons or harmony, population displacement,and quality of life,
especlallyfor thoseliving neanlargewastedisposalsitesor In marginalcircumstances.In every
case,it-is important-toJudgehow accurat-elythe datacharacterizethe Impacts.

IntervIews canbe conductedone-on-oneor In focusgroups.Public officials, utility managers,
sclentist-sand other technlcalexperts,andcommunity representativesshould be askedthe
following questlons:

• What- problemsareyou awareof thatarerelatedto wastewaterandsolid wast-e?Are
you awareof t-hemfrom your own expenienceor becauseothershavet-old you?

• Who or what do you belleve causesthe problems?Actions of people in general?
Actions of aparticular group?

• Are the problemsexperiencedonly In certaincircunistances?What- activitiesareyou
involved in whenyou areexposedto the pollutants?
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• Who is affectedby the problems?Who Is concemedabout t-hem?Who hasbrought
attentionto t-hem?

• What arethe most important reasonsfor addresslngtheseproblems?Concernfor
humanhealt-h?Economicconsiderations?Environmentalconcerns?Social justice?

• In your opinion, what are the most Important problemsthatneedto be solvedto
improve wastewatenandsolid wastemanagementin t-his jurisdictlon?

o Inadequatetreat-mentor dlsposalfacilities (runningout of capacit-y)?

O Needto expandserviceto new areas?

0 Need to increaseutility revenues?

o High cost of service?

O Inefficientservice(bureaucracy,waste,corruption,Irregularor poonperformance)?

O Inequitableservice (someareasunderservedor beaningunfair cost- burdens),
especlallyto peni-urbanareas?

o Lack of enforcementauthority?

0 Inadequatelevel of stafflng, or inadequatelyquallfied staff?

.
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Glossary

BOD (BlochemicalOxygenDemand).Indicatorof watercontaminationthat- analyzestherate
at which oxygenIs consumed.The higherthe numben,themorecont-aminatlont-hereIs in the
water. Expressedin milligrams per liter.

Exposurepathways. Route by which a pat-hogen on toxic materlal travels through the
envinonment-andcomesinto contactwit-h humansvia Inhalatlon,ingestion,ordermalcontact.

Partlculate.Partlclesthat- aresuspendedIn the air.

Pathogens.An agentthat causesdlsease,e.g.virus andbactenla.

Referencedose. The amount of a non-cardinogeniccompound which the USEPA has
determinedwill not- causean observable,negativephysiologicaleffect on humans,i.e. asafe
dose.

Suspendedsolids. Particlesthataresuspendedin water.

Toxic materials.Chernicalelement-sand/orcompoundsthat- maycausediseasein humansor
damageto the environment,whetherin their usableform or as waste.
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4

IDENTIFYING KEY TARGETS

4.1 Targets Defined

Policlesandprogramsdesignedto reducethe adverseimpactsof wastewaterandsolid waste
musttargetthoseIndividuals andorganizationswhoseactionsanddecisionsarecruclal. It Is
not enoughto comeup with a good solution for improvlng wastemanagement.It Is as
importantto clarify whosebehavioris to be changedandhow. Without the supportof these
key people and organizatlons, no effort is likely to succeed. They can transform the
characteristicsof residualsbeforethey enterthe environment,canlnfluencetheir movement
after theyhaveenteredthe environment,andcan mitlgate their effects on people. Table 1
summarizesthe differenttypesof targetsandprovidesexamplesof eachtype.

4.2 Types of Targets

4.2.1 Direct Generators of Residuals

The prlncipal direct generatorsof residuals are househoids, industrial and commerdal
establishments,andpublic faciities.

i. Households

Householdsgeneratehumanwasfe,garbage,andmaterialsdiscardedin domesticactivities.
Of these,humanwasteis generallythe mosttroublesomebecauseit carriespathogensharmful
to humanhealth. On the other hand, in many partsof the world humanwaste is amajor
resourceIn maintainingsoil productivity.

Forsomecasesof wastewateror wastemanagement,it is usefulto distinguishbetweensingle
househoidsand multiple-unit dwellings. Certain policles, such as chargesfor treating
wastewater,require individual meters,which areIneffective atreducingfiows whenattached
to multiple-unit dwellings (seeChapter6).

ii. Industrial andCommercialEstablishments

Industrial andcommercialestablishmentsaremajorsourcesof residuals,producingthesame
wastestreamsashouseholdsIn additionto chemicalandbiological wastes.Removalof heavy
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Table 1
Summary of Types of Targets

Types Examples

Direct generators of residuals:

households

industrial and commercial establishments

public facilities

individualhomes, apartments

factories, restaurants

hospita/s, military bases, government
offices

Indirect generators of residuals:

suppliers of materials

consumers —

manufacturers

individual consumers

Residuals managers:

waste managers

environmental resource managers

natural resource managers

impact mitigators

impacted parties

policy implementors

/andfi// operators, engineers, sewage
treatment plant operators

water treatment plant operators, water quallty
monitors

foresters, fish & game managers

health workers, sanitarians

communities

officials from regulatory and financing
agencies

met-alsandtoxic organiccompoundscan require costly andsophisticatedwaste treat-ment-
technologles.Changlngpackagingor productionprocessescanreducethe needfor cleanup
efforts or stningent- monitoning. The presenceof toxic onganic compoundsfrom the waste
streamwill usuallybe lesswldespreadin developingcountrIesbecausethe industnial sectoris
much Iess advanced,but- they arefound thereas well andcanbe locally quite severe.
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III. Public Faciit-ies

Public facilitles suchasmilitary bases,hospit-als,governmentoffices, schools,andparksalso
generateresiduals. Waste from hospltals and military basescan pose espedallyserlous
problems.

4.2.2 Indirect Generators of Residuals

Indirect generat-onsarethose who supply the direct genenatorswith mat-erialsandthosewho
consumet-hein flnlshed products.

1. Suppliers

Direct generators,whet-hentheymarkettheir productsor not-, aresensitiveto the cost- of the
inputsuponwhich t-heydepend.Policiesthat- encouragetheir suppliersto offer competit-Ively
priced and environmentally benlgnalt-ernativescan effectively reducewaste streams.For
example, flnanclal incentivesto beveragemanufacturersto use necycled glassbott-les wifi
encouragerecycling.Anotherexampleis whenIndustriesfacehighdisposalfeesfor hazardous
waste.

ii. Consumers

Consumerscanexertgreat-pressureupon product manufacturers.Consumerboycott-sand
slmilar dramaticprotest-sarethe most obviousways In which this pressureis exerted.More
subtle,but assuccessful,Is therefusalto buy environment-allyharmfulproduct-s.Publicpolicles
thatalterconsumerpneferencescarninduce generatorsof residualsto considerIess polluting
product lines. One Instancewould be apolicy to developmarketsfor necycledmatenialsand
reconditionedproduct-s. A recentrecyclingprojectIn Indoneslawasgearedto the production
of compost,but- consumersshowedlimited interestIn buying the product. Short-termprice
subsidiesmlghthavehelpedto createamarket.In general,consumersarelesswell onganlzed
in developing count-ries, but- in those that are advancing,such as Brazil and Malaysla,
consumergroupsarebecomingIncreaslnglyinfluential.

4.2.3 ResidualsManagers

Residualsmanagersarethosewho influencethe waysin whichresidualshaveenvlronmental
Impacts. They include waste managers,environmentalresouncemanagers,and nat-ural
resourcemanagers.WastemanagershandJeresidualsaftertheyaregeneratedbut beforethey
entertheenvironment.EnvironmentalresourcemanagersInfluencethemovementof residuals
through the environment.Naturalresourcemanagersprotectforests,fish, andwildlife from
the effect-sof residuals.
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i. Wast-e Managers

Wastemanagersovenseewastecollection anddisposalarrangements.For wastewaterthese
aresewagetreatmentplant operators;forsolidwastetheyarecollectionandlandfill operators.
Bothareusuallymunlcipalemployees.LangerIndustniesandbuslnessesalsooftenemploytheir
own wastemanagers.Wast-emanagersaregenerallyconsideredto bethemainstayof pollutlon
management-and are pivotal actorsin changingwaste management-policles. They can be
placedon theboid line comingout of “Polluting Acfivit-ies” (Figure 1) or beforeresidualsenter
the environment.

11. EnvironmentalResourceManagers

Environmental resource managers influence the movement- of residuals through the
envlronment.They include managersof niver basins,water treat-ment-plant- managers,and
water qualit-y monitors (such as a ministry of health). All have a stake in malntalning
acceptablelevelsof resldualsin waterbodies.Watert-reatmentplantoperatorsandwatershed
managersareinciudedin t-his categonysincetheymanagethe collection of waterthatmeets
consumptlonstandands.Environmentalresourcemanagerscanbe placedon the bold llnes
connecting“Polluting Activities” and“Environment” aswell as “Environment-” and“Impacted
Activities” (Figure 1). Individualsandorganizationsin thiscategonycontrolthefate of residuals
befonethey havean impact on people.

iii. NaturalResourceManagers

Natural resourcemanagersprot-ectfish andwildlife, veget-ation,and the ecosyst-emsin which
tl-iey lIve. Foresters,rangemanagers,andfish and.gamewardensarein thiscat-egory.Natural
resourcemanagerscancontrol the ways in which residualsaffect humanactivities. A simple
example is to restrict swimmlng in a polluted river that is used pnimarily for commerclal
purposesrat-herthanfor recreationalactivities.Nat-uralresourcemanagerscanbeplacedalong
with envlronmentalresourcemanagersin Flgure 1.

4.2.4 Impact Mitigators

Impact-mitigatorsInfluencethe waysIn which wastewateror solid wasteresiduals,by t-his polnt
acknowledgedpollutant-s,affecthumanweil-being.Theymayreducethesevenityof theImpact
(healthworkers),helpthoseaffectedto mitigatethe impactthemselves(educatons),or provlde
resourcesthat- faciit-at-e such rnitigation (social services).Many developingcountnies have
sanitarians and health inspectors who are responsible for monitoring the effects of
environment-alpollution.
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4.2.5 Impacted Parties

Thoseexposedto hazardsfrom wastewatenor solid wasteoften cantakestepsto reducethe
sevenltyof thoseimpacts.Af the slmplest- level, peoplecan boil thelr wat-er suppllesandkuil
the microbiologicalpathogens,reducingthe mostcommonnegatlveimpactof residualson
water supplies.In many countniesin thedevelopingworld, peopledrawtheir drinkIng water
from polluted irrigatlonditches,event-hought-hey havebeenprovidedwit-h weils.Suchpeople
arekey t-arget-sfor healthprotectionmeasuresandkey const-ituenciesfor bettermanagement
Initiatives andImpact mitigatlon policies. Communitiescanorganizethemselvesto pressure
governmentto changethe behavlorof pollutens.

4.2.6 Policy Jmplementors

Thosewho implementwastewateror solid wastemanagementpolicles, such asregulators,
enforcers,monitors,andflnanclngagencIes,arealsoImportantpollcy targetsbecausetheycan
be made more effectlve in carrylng out t-hein assignedroles. They often lack the strong
managementskills andanalyticalsupportneededto formulatesoundpolicy. Educat-ionand
training can helpt-hem whenthey havebeenoffered the incentivesto Impnove.

4.3 Inducing ChangeAmong Targets

Target-organlzationsmaybe eagento Improvetheir efflciency In reducingthe adverseeffects
of wastewateron solid wastebut maybe hamperedby Insufficlent- institutionalcapacity,alack
of analyticalsupport,on an inabiity to changepublic behavlons.They canbe encounagedby
efforts to Improvet-hein performance.

One of the most- successfulwaysto Inducechangeamongtargetsis to bnIng togetherpeople
with an important- stake in the out-come,enablingt-hemto air different points of view and
eventuallyachieveaconsensusfor actlon.Targetsthatneedto be involvedIn such discussions
Includegovernmentagencies,NGOs,private industry,flnancinginstitutions,andconsumers.
They could assembleIn a workshop, a formal conference,a taskforce, or working group
sessions.Fadiitat-ing communicatlon and planning amongthese groups is important In
identifying the crlt-ical issuesanddevelopingpotentialsolutions. All of theseactorshavean
Influenceon the currentsituationandall canbeinstrument-alin changlngIt. Involving asmany
actorsaspossibleandtaking Into account-t-heininterest-sIs morelikely to achieveanaccept-able
solution.

Another way to Induce change Is by providing technical matenialor equipment—anew
informationsystemformonitoringpoint systemdlschargesof wastewater,or arefinedfinancial
systemfor aregulatoryunit to manageexpenditures,or durablepart-s forsolid wastecollection
vehlcles.It Is usefulto keepin mmd that- many kindsof technologles,andnot- simply waste-
specificones,mayhelpimproveefficiencyor effectivenessandcontnibuteto amoreInformed
decision-makingprocess.
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4.3.1 Cultural Norins

Wastemanagementstrategiesmust- be consist-ent-wlth cultural normsto be effective. 1f they
run counterto prevaiingreliglousbeliefsor otherdeeply embeddedcuitural norms, theyare
lilcely to fail like manypastattemptsto adapt-Westemtechnologiesandpolicy approachesto
non-Westernsociet-ies.

Cultural Influencesdet-ermlnewhatpeopleeat-, how t-hey dress,wit-h whom t-hey assoclat-e,
how theythlnk aboutthe world aroundt-hem—andhowtheydealwlth wast-ewat-erandwaste
materlals.Indlviduals makemostof their decislonsin conformity with groupnorms, whet-her
the groupbethe family, the church,the corporation,the bureau,or the community.Behavlor
consistentwith group normsis rewarded,anddeviationsarepunished.

Lawsandcodesof conductestablishedby formal institutionswithin asocietyalsocreatesoclal
norms. Islamic law, for example,providesdetailedstipulationsabout-hygleneandsanitatlon
thatwereformallzedcent-urlesagoandarenot subjectto Individual dlscretion.All suchnorms,
whet-her formal or Informal, affect behaviorandmust be respectedby policy andprogram
deslgners.A careful inventory of cultural normsmostrelevantto wastewaterandsolid waste
managementprogramsmay seemaneedlessexerclse,but experiencetoo often hasshown
that they are easily forgotten In the enthusiasmfor import-ed t-ecbnologles or poilcy
Instruments.

4.3.2 Habits

One meansof irnprovlng managementof wast-esis to changeInapproprlatehygieneand
‘~sanit-ationhabits. Habits; as distinguished from cultural norms, are pattemsof behavior
susceptibleto modification.An exampleof an inappropniatehabit is dumpinggarbageout-side
thehomeor In apublic place.1f aregularcollectionservicewaspnovided,peoplewould have
to leamto put- out t-heintnashin acontainer.AnotherexampleIsdefecatingneara niverbank
insteadof in alatnine. The design of cult-urally appropniatelatrinesaccompaniedby hygiene
educationcanchangethis habit.

Habitualbehavioncanbe moreeasily changedthanbehaviordetenminedby cultural norms.
Rewardscanreinforcedesirablebehaviorsandpenaltiesdiscourageundesirableones.Because
the habitswithln a group or comrnunltyt-end to be similar, It Is recommendedthat, as with
cultural norms, alist of prevaiinghabit-sbe compiledasaprenequlsitefor policy andprogram
designin wastemanagement-.

4.3.3 Rules

Soclal customsare informal, undocumented,and implicitly understood,whereasrules are
formal, explicit-, andrecordedguidelinesfor conduct.Targetslike mndustrlal flrms, reslduals
managers,andmanyImplementorsareorganizationalandboth utilize andrespondto explicit
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directives.They too openatewit-hin aculture, andit maybe usefulto conslderhow rulescan
shapethelr actions.

Rules can be support-edby cultural norms and reinforcedthrough habit. But they do not
necessanilydependfor t-heinenforcementon theseformsof levenage.Somerules—likedniving
on adeslgnatedsideof the road—arevirtually self-enforcing.Eithersidewould do andthere
is no prlncipled commitment-to oneor the other. But onceachoicehasbeenmade,people
stick with it-to protectthemselvesandot-hers.

Regulationson emissioncontrolsor plansforgroundwat-ermanagement-containsanctionsfor
violatlons andsomemonitoring andenforcementmechanism.Wit-hout suchfeatures,many
rules would be Ineffectlve; with t-hem, it is possibleto exertconsiderableinfluenceover the
actionsof targets.The effectlvenessof rulesderiveslargelyfrom self-interest-.1f violationsare
costly in economictermsor bning negat-ivepublicit-y for industrial firms subjectto regulatory
standands,Infractlonsarelikely to decline.Again, cult-ural normsandhabits canalso helpIn
reinforclng rules, which offer great pot-ential for improving wastewateror solid waste
management-.

Rules do not- comeout of nowhere.Somearegeneratedby government-.Others—Including
environmentallawsandregulations—areadopt-edby lawmakersandregulatonyauthoritiesand
enforcedby regulators.Somearetheproductof agreementsamongnongovemmentalactors;
for instance,the provisionsof acontract.(Thesemiescarry weightbecausetheyarebuit- upon
principles govemlng the nature of contract-s.) Rules often also govem conduct wit-hln
organlzations,as when standardoperating proceduresin a firm determlnethe details of
packagingon industrial pretreatment.An apparentabsenceof rules can be misleading,for
ostensiblyunregulatedactivitles may actually develop within settingsthat are themselves
shapedby rules. An exampleist-he operationof markets,which arerellant- on expilcit mies
about-propertyrights,pnicing,contractlaw, andadjudicatlon.Rulesareadopt-edby choIceand
canbe changedIn thesameway. Rulesbecomethe toolsor instrument-sof policy andwill be
discussedIn detail in Chapter6.

4.4 Conciuding Comments

It is Important-toident-ify the impacts of solid waste or wastewat-erin a given setting, but
knowing aboutt-hemIs not- much help wit-hout- also recognizingwhoseactionscontnibuteto
themandwhosebehavlor,if altened,could improvet-hem.Finding solutionsthataddressthe
Interestsof keyactorsis essentialfor long-termsuccess.InterventionIn Improving wastewat-er
andsolid wastemanagementat the pointsshown in Figure 1 requirestheseIndividuals or
organizatlonsto changetheir behavior.

It-is essentialnot to focustoo narrowly on thosewho managewasteswhile ignoring the power
of many other Individuals andgroups.Direct and Indirect generatorsof reslduals,residuals
managers,In-ipact mitigators, Impactedparties, and policy Implementorsshould all be
consideredas targetsof change,sinceall havethe potentialto contribut-eto the effectiveness
andefficiency of wastemanagement.
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It Is important-todet-erminehow the act-lonsof thesetangetsmlghtbe swayedfor the bet-ter.
SomeinfluencesareIndirect or evenunconscious,ot-hersdirect andexpllcit. Someoffer the
promiseof improvementImmedlately,othersonly overthe longhaul.The Impactof aculture
and It-s normson the prospectsfor changeshould not- lie ovenlooked. Non should decislon
makersIgnonethe force of habit, which canobstructefforts to modify entrenchedbehavlor.

It Is equally importantnot- to be trappedby the statusquo. Technologycanbe introducedto
advantage,provided It-is adapt-edto the localcontextandcanbe support-edandmaintained
there.Rulesdenivedfrom publicpoliciescanalsolie of consequence,especlallywhent-heyare
consistentwith cultural expectatlons.

4.5 Hints and Guldelines for AssessingTargets

Targetsareselect-edwlt-h an eyeto their cunrentor potentialinfluenceon wastewat-eror solid
wastemanagementandon t-hein susceptibility to change.It is necessaryto understandthe
cult-ural normsandthe habitsthat det-erminetheirbehaviorandto Identify whateachhasto
galn, sothat what-evenactionsaretakenareseenasacceptableby t-hem.

Here are somequestionsthat should be asked in an assessmentof the targetsand t-hein
potential.

Direct GeneratorsofResiduals

• Which of the direct generatorsaresignificantsourcesof waste?What-proportionof wast-e
does each group account-for (households,Industrial/commerclalestablishments,and
public facilities)?

H0USEH0LDS:

• Is t-hein residuals-generatingbehavior likely to be much influenced by Informational
campaigns?By indivldual meteningandbilling?

INDUSTRIAL AND COMMERCIAL ESTABLISHTv!ENTS:

• How concentratedaret-hey by physicalarea?

• Do theyaccountfor the productionof chemicalandbiological wastesbeyondhousehold
types (like heavymetals,toxic onganlcs)?

• Are currentproductionor packagingprocessesa factor?

• Are altemativesavailable?Wit-hout costly technologicalchange?
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PUBLIC FAcrLrnEs:

• Degreeof concentration?

• Do senlouspnoblemsstemfrom any—for instance,hospit-al wast-es?

• Possibiitlesfor governmentalcontrol over t-hem?

Indirect GeneratorsofResiduals

• Do any firms currently offer recycledor biodegradableproducts?

• Doespublic poilcy supportmarketsforthesematerlals?DoesgovernmentItselfuset-hem?

• Doesthe consumingpublicknowabout- thesealtematives?How supportivearethey?Any
evldenceon willingness to pay?

• Do anyconsumergroupsfocus specifically on theseissues?

• Are fin-ns that generatenesidualssensitive to the pressurefrom their suppliers and
markets?

WASTE MANAGERS:

• Who aret-hey?

• Do any besidesthe munlclpalit-y haveany local impact?

• Any importantprivatesectorwastemanagers?

• How well trainedarethosecurnent-ly In placeandhow supportiveof irnprovements?

ENVIRONMENTAL RESOURCEMANAGERS:

• What-arethe keyresourcesthroughwhich theresidualstravel?Riverbasins?Groundwater
aquifers?Agnicultural systems?

• Who are t-hein managers?What- about water treatmentplant- operatorsand wat-ershed
managers?

• How cent-raI is eachenvironmentalresourcemanagerIn termsof current- impact-s?

• How likely Is eachto be influenced for improvement-s?

NATURAL RESOURCEMANAGERS (forest-ers,rangemanagers,fish andgamemanagers):

• Which areImportant- in the context?

• Which manageresourcesthatare affectedin significantways by reslduals?

• Cant-hey lie influencedto makelmprovement-s?
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IMPACT MITIGATORS (healthworkers,educat-ors,andsocialserviceproviders):

• How important- are thesepartiesnow In mitigation efforts?

• How amenablearet-hey to Influence improvement-s?

IMPACTED PARTIEs:

• Which arethe key ones?

• Are t-hey concentratedor dispersed?

• How largeIs their stakein potent-ial Impnovements?

• Can t-hey be reachedby specifically direct-ed approaches?(By area, on medium of
communicatlon,or Inst-itution, or otherform of concentratedefforl2)

• How awarearethey of currentImpacts?

• What est-imatecan be madeof thelr wfflingness to considerimprovements?

POLICY IMPLEMENTORS:

• Who andwhere arethey?

• Which implementpoliclesthat mostheavily influenceImpacts?

• What is t-hein capacity?Their degreeof support?

Inducing Change

TARGETS CURRENTLY COMMITTED TO IMPROVEMENTS:

• Are their efforts Impeded by insufficient Institut-ional capacity or a lack of analytical
support?

• Are theremechanismsthat- provide a forumfor discussionamongthe key actors?

• Can information, training, or other resourcesmake an Important- difference for thelr
effectlvenessor efficiency?Canthe introduction of new technologiesmakeadifference?

• Are theseforms of assist-ancelikely to be enough?

• How cost-ly would an effort to changet-heinhabits androutineslie?

CULTURAL N0RMs:

• Do cultural norms support practices or beliefs that aggravate wast-e management
difficulties?

• Are therewaysof changlngthesepracticeswit-hout violating cultural norms?
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• Cancult-uralnormsbe usedto supportachangein somecurrent-practicesthat-arecausing
aproblem?

HABrrs:

• Are therewidespreadhabitsthat confributeto the problem?

• Are thereany organizat-ionalroutinesthat- posedifficulties?

• Estimatedeaseof alt-ening?Costsof change?

SIGNIFICANT TARGETS:

• Whatmies help to lnfluence current practices?Which onesposeimpedlments?

• How easilycould they lie changed?

• Is thereadearforum for changlngt-hem (regulat-orybody, legislature,etc.)?

• What would lie neededto promulgateamendments?

• Degreeof controversyto be expected?

• Do the changesfit with cultural norms?

• What- arethe costsof changingrule-boundbehavlor?
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GLOSSARY

Cuitural Norrns. Views of approvedor disapprovedbehaviorthat are ImbeddedIn and
supportedliy a cult-ure.

Direct Generat-orsof Residuals.Househoids,businesses,industries,and otherentitiesthat
produceresiduals.

Envlronment-alManagers.Individuals, groups,or organlzationswho Influencethe movement-
of residualsthrough the environment-.

ImpactMitigators.Thosewho influencethe waysin which wastewateror solld wasteresiduals,
by this point acknowledgedpollutants, affect humanweil-being.

ImpactedParties.Thosewho bearthe effects of impropenly managedwastewateror solid
wasfe.

Indirect Generat-orsof Reslduais.Thosewho supplymaterialsto direct generatorsof residuals
andthose who buy t-hein finished product-s, if any.

Habits.Leamed,patternedliehavior. Habitsin organizatlonalsettingsareroutinesor standard
operatingprocedures.

NaturalResourceManagers.Thosewho manageforest-s,fish, andwildlife andprotectt-hem
from the effect-sof residuals.

- Poilcy Implementors.Thosewho implementwastewatenor solid wastemanagementpolicles,
such asregulators,enforcers,monitors,andfinancing agencies.

ResidualsManagers.Thosewho Influencethe ways In which residualshaveenvironmental
impacts. They Include waste managers,environment-al resourcemanagers,and natural
resourcemanagers.

Rules. Formal, explicit-, andrecordedguidelinesfor conduct.

Targets.The personsandgroupsat- whom wastewateror solid wasteprogramsandpoildes
are directedto build Institutional capacity,provide analyticalsupport-,or changebehavior.

WasteManagers.Individuals, groups, or organlzalionsthat manageresidualsafter t-hey are
generatedbut beforethey enterthe envlronment-.
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5

ASSESSING TECHNOLOGY OPTIONS

5.1 Definitlon

TechnologyIn t-his documentis definedas the engineeringmethodsencompassingstructural
andchemicalprocessesfor reducingpollutlon from wastewaterandsolid waste.Theint-ent In
t-his chapteris to focus on physicalandstructuralfacilities, leavingothermanagement-options
such as regulatory and institutional approachesto be discussedlat-er. Severalappropriate
technologiesaredescribedandsomeguidanceis offeredon selectingfrom amongt-hem. But-
thereis no int-ent- to provideanin-depthreview.Readerswho want- moredetail on Individual
technologiesshould consult the bibliography at the endof the document.

5.2 Waste ManagementApproaches

Technologiesare usedto separateor reducethe toxic elementsin the waste stream.For
optimal effectlvenessandefficiency, t-hey must- lie part of a strat-egythat is mlndful of such
scarceresourcesasenergy,capit-al, time, andeffort.

Retuming to Figure 1, technologlesareapplied asend-of-pipetreatment-sto bring reslduals
to an accept-ablelevel of concentrat-ionas they ententhe environment-. Before this point-,
however,therearepollution preventionmeasuresthat- begin wit-h wastereduction,recycling,
andreuseof mat-enials,andend with the treat-ment-anddisposalof wastes.

5.2.1 WasteReduction, Recycling,andReuse

Wastereductionshouldlie consideredthe first stepin wastemanagement-,precedingthe more
expensiveoption of treatmentand disposal that- necessitatesthe use of water and other
materials.Solid wastecanbeneducedby ilmiting single-usepackaging,makingproductsmore
durable,andeducatingthe public in usingresourcesefficientiy. Industnialwast-eproducerscan
be encouragedto changeto productionmethodsthat use less water and alternat-ive raw
matenialsto reducethe toxicity of t-heir effluent-s andthe volume of t-hein wast-es.Many
industries, especlally In developing countries, are unaware of the avaiabiity of new
technologiesthat- producelesswast-e or are given insufficient incent-Ivesto be concerned.

Wasterecyclingandreuseof mat-erialscan contribut-esignificantly to the reductionof waste
dischargesandthe volume of wastethat-needsto be treat-edanddisposedof. The reuseand
recycllngof the organlcmattenin wastewat-ersludge,newspapers,plastics,met-als,glass,and
wastewat-erIt-self conserveresourcesandenergy.
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5.2.2 WasteTreatment andDisposal

The waste that remalnsmust lie disposedof carefuily, generallyafter tneatment.In many
cases,however,safedlsposalIs possililein properlydeslgneddlsposalaneassuch assanit-ary
landfills for solid wast-es.Treatmentanddisposalshould not be consideredas the first line of
approachbut only afterreduction, reuse,andrecyclinghavebeentnied.

5.3 Wastewater

Wast-ewateris producedby households,by commercialoperationssuch as restaurantsand
retail stores,by institutlonssuch ashospitalsandschools,andby Industnlal operations.

The volumeof domesticwastewater,dischargedfrom washing,food preparat-lon,toilet-s, and
bat-hs, Is generally relatedto the amount of wat-er available to the householdandto the
locatlon of the dwelling. Affluent householdsgeneratethe most wastewater.Low-income
householdshavefewertaps,but- thenumberof usersperhouseholdis usuallylargerandthe
volumeof wastewaterperunit canbe high. However,in fast-growingunlian areaswherewater
shortagesare frequent-, erratic fiows can forcibly reduce consumptionand consequently
wast-ewat-erdischarges.

Commercialandinstit-utional wasfewateris usuallyof thesamequality asdomesticwast-ewat-er
but Is producedin langervolumes.

Industrial wastewat-ervarles In quality and can preclude or permit neuse. Steel mus, for
example,maydlschargewaterwit-h aheavyconcentrat-lonof toxic metalsunsuitablefor crop
applicatlon.Conversely,brewerlesproduceawast-estreamhigh In organicsbeneficlalto some
agnicultural land.

Appropriat-e technologiesfor wast-ewatermanagementfali Into four categonies:collection,
treatment,disposal,andsludge management.

5.3.1 Collectlon

Collection systemsInciude:

• Indlvidual on-lot treatment

• indivldual holding tanksandtruck collect-ion

• community systems

• reglonalsewerage

• small-diametergravity, vacuum,andpressuresewers

• shallowsewers

• flat sewers
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• simplified sewenagesystems

• solid-free sewerage

• conventionalsewerage

The first considerationIs whethen to treat wast-eson-sIte or to conveyt-hem elsewherefor
treatment.ThecholceIs Influencedby lot size,populat-londensity,topography,groundwat-er
elevatlon, andsoil characterlstics.On-sitedisposal Is appropriatefor low-density aneaswlth
nearlyflat- topography,good percolat-Ingsoils, anda wat-er tableat leastthreefeet lielow the
surface.For households,the on-sitechoicesarelatrinesor septictanksthat-comliinecollection
wit-h treatment-.

Off-site treatmentIs appropniateIn hlgh-densityareaswith gently slopingtopography,high
watertables,daysoils, or rock wlth poonpercolation,andwherespacefor off-sltetneatment
anddisposal Is available. The choice amongthe vanlous seweragesystemsmentionedis
determinedprimarily by cost; conventionalsewerageis expenslveandsuitable only for the
more affluent neighborhoodsIn most- developingcountries.

It shouldlie not-edthatthe collectlonsystemsllstedabovearenot- mutually exclusiveandare
often usedIn variouscomlilnations. (SeeUSEPA 1980 and1991 for furthenInformation.)

5.3.2 Treatment

TreatmentsystemsInclude:

• community on-lot systems

• oxidatlon dit-ches

• stabillzationponds

• aerat-edlagoons

• facultativelagoons

• wet-lands

• land treatment-

• aquaculture

• convent-lonalsystems(activatedsludge,trickllng filters, liiodlsks, etc.)

• physlcal-chemicalprocesses

• prelimlnary or pnimarytreatment-andoceandisposal

Convent-lonalsystemsgenerallyarenot employedin low-IncomecommunitlesIn developing
countriesbecauseof the dellcate andexpensiveopenationandmaintenancerequlrements.
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However, t-hey maybe necessaryIn densemetropolitanzoneswhereland Is at- apremlum.
Generally,the slmplenthe systemof treatment,the more reliableandeconomicalIt will beto
constructand operate. Physlcal-chemlcalprocessesare appllcable prlmarily to industnial
wastewater.Ponds,lagoons,wet-lands,aquaculture,land treatment-,and dit-chesare land-
intensIveand thus suitable for medium andsmallcommunities, not for langemetropolitan
areas.(SeeUSEPA1974, 1977, 1981 andWat-erEnvironmentFederation1992 for further
information.)

In coastalaneas,preliminary or pnimary treatmentandoceandlsposalare acceptablewlth
favonablecunrentsandsufficlentoceandepthsat- a reasonabledlstancefrom the shore.Ocean
dlsposalafter treat-ment,however,should be considenedvery carefully ascoastalareasare
sensitiveto extremechanges.

5.3.3 Disposal

DlsposalmethodsInclude:

• reusein agnicult-ure

• industrial andurbanreuse

• groundwaterrechange

• rapid infiltration

• undergroundinjection

• surfacewaterdlscharge

• nlghtsoil treatment-plants

• oceandlsposal

WASH has developedguidelines for wat-en reusefor the U.S. Environment-al Protection
Agency that-set-acceptablelimits for vaniousappllcations(Crooic et al. 1992). Theselnclude
fire fight-ing In urban areasand cooling water,boiler feed,and otherindustnialuses.Water
reuse is the most common In agrlculture, but- thereare many health risks that must be
consldered.Wat-er reuse in habitat restoratlonfor wildlife and recreationpurposesis not
unusual.Groundwaterrechangeandaugmentationof potablewatersuppllesarealsopossible
but- require carefulattentionto health concerns.

Most- of the disposalmethodslistedarelikely to requiresomedegreeof treatment,dependlng
on the natureandconcentrationof pollut-ants.Groundwaternechargeandaugment-atlonof
pot-able water supplles are consideredspecial applications becauseof the sophlstlcat-ed
treatmentnecessary.
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Sunfacewater dlschargehas many potent-lal lmpacts on wildilfe, recreation,and aesthetic
Int-erests(seewat-erqualltystandardsforrecelvingstreamsIn AppendlxC). Night-solI treatment
plant-sarean option wheneholding tanksandtruck collect-Ion areusedinsteadof sewerage.

5.3.4 SludgeManagement

Sludgemanagementinciudes:

• reuseIn agriculture on silvicult-ure

• landreclamat-ion

• compost-ing

• do-compost-ingwith municipal refuse

• landfffl

• oceandisposal

• Incinenation

• energyproduction

Generally, sludge from domesticwastewat-erIs suitable for application in agnlculture, land
reclamat-lon,or composting.SludgeIn metropolitananeaswheret-herearelangenumbersof
Industriesis usually contaminat-edwith t-oxic met-als that render it hazardousfor agnicultural
use.Pretreat-ment-to removethesecontanilnantsfrom Industrial dischargescancorrectthis
problem.

Landfilllng is acommonandacceptableopt-lon if thelandfill is properly locat-ed,operated,and
monltored.Compost-edsludgecan be usedas acover in landfills.

OceandisposalIs avery sensitiveoption becauseof concernsfor oceanandlieachpollutlon.
The cost of transport-ingsludgelong distancesto deepoceanwatensis alsoprohibitive.

Incineration hasseveralundesirablefeaturessuchas high capit-al andfuel cost-, air pollution,
andashdlsposal.

Energyproduction, t-hrough anaeroblcdigestionto createmethane,Is suitablein largeand
medlum-sizedcommunities,usingconvent-lonaltreatmenttechnologies.However,it-s Initial cost
Is high. (SeeUSEPA1979 for further information.)
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5.4 Solid Waste

Solid waste comes from the same three sources as wastewater: households,
institutlonal/commercialestabllshments,and Industnial openations. In general, it contains
putresdbleorganicmat-t-ersuchaskit-chen wastes,combust-iblemat-t-ersuchas paper,textiles,
oil and grease,and plast-Ics, and inert- mat-erialssuch as met-als, soil, andash. It can also
contain pat-hogenicorganlsmssuch as bacteriaand parasites,especlallyin nelghborhoods
wit-hout adequatesanit-ation where infant feces are thrown into the garbage.Toxlc and
hazardousmatenlalssuchaspestiddes,heavymetals,volatile onganics,andsolventsarealso
commonin the solid wastestream.

Thepercapitawelghtof soild wasteproducedin lessdevelopedcountniesIs about25 percent,
andthe per capitavolumeonly about6 percent,of that-producedin Industnializedcountries.
It also Is hlgher in organic content, moisture, anddensit-y, making certain alt-ernativesfor
dlsposaliessdesirable.For example,stabilzationin landfills wil] occur faster in the troplcs
becauseof the high temperaturesandhumidity. Incineration is not self-sustainlngbecauseof
the high molstunecontent-. Mechanlcalseparationfor recovery of matenialsIs usually not
economicalbecauseof the smallvolumeof necoverablesandthe lack of a mari-cetfor t-hem.
Compactiontrucksproducesmallneductionsin volume,which makethemImpnactlcalforsolid
wastetransport.

The technology appropniat-e to a specific community will dependon the locat-ion and
characteristlcsof thecommunity.In peri-urbanareaswith langelow-incomepopulations,small
dwellings, andnanrowstreet-s,smallercollection vehicles,nIght-collection, andlabor-int-ensive
methods are most suitable. Hot- dlimat-es require more frequent- pickups becausewaste
decomposesmore napldly.

The samemanagementstrat-egiesof reduction, recycling and reuse, treatment,and final
dlsposalusedfor wastewatenapply to solid waste.(USEPA 1989 andSeuss1985.)

5.4.1 Reduction

Reductionshouldbe aliasic goalof solid wastemanagement.Minimizlng wastegenerationwill
reducethe requlrementsfor collection anddisposal andtheir assodat-edcosts,will saveon
energyand materialsused in production, andwill lessenthe environment-alimpact-sof the
entire cycle of resourceuse,from the extractionof raw materialsto the disposal of wast-es.

Wastecan be reducedby product-s requlring less mat-erialper unit- (smaller cars, thinner
contaIners);product-swith longenlives (moredurablet-Ires andappliances);reusableproduct-s
(refillable containers)thatreplacesingle-usedisposableproduct-s; limiting the numberof units
per household (fewer cans per family); and adopting standardsto reducethe amountof
packaging(selling dry goodsfrom bulk stonageratherthanby package).Wastereductioncan
lie promot-edby educationcampalgnsandby rewardingthose who do cooperatewith lower
collection fees.
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Although theseexamplestakenfrom more affluent countrieswould not- generallyapply In
developingcountries,whereconservingmatenials,reusingproduct-s,andmlnlmlzlng wasteare
imposed by economic necessity for much of the population, they could be tried in
neighliorhoodswith wealt-hiennesldents.

5.4.2 Collection

Somemethodsfor collection andtransportationof solid wasteare:

• self-reliant-on-sitemanagement

• useof pushcarts,animal carts,tractors,andtrucks

• communalstatlonaryandport-ablecontainers

• curbsidecollection from lift-able containers

• block collection systems

• separatecollection of hazardouswastes

Reducingwast-ecanhavesignificant-finandal implicat-lons,sincesomemunldpalitlesspendas
much ashalf t-heinbudget- on solid wastecollection andtransport.On-sitemanagementcan
eliminatetheneedfor collec±ionandtransportationbut is feasibleonly in rural areaswith low-
densitypopulatlon. Backyardcompost-piles are onesolution in otherareas.

Pushcartsandanimalcartsmaybe the only vehiclesthatcannegotiat-everynarrow or steep
urban streets.Carts and wagonscan be constructedlocally to meetneighborhoodneeds.
Communalcontainersandblockcollectionsystemsthatrequireresidentsto dellvenwast-esto
apickup point- can reducecollection costsby reduclngtruck tips andcollection time.

Separat-ecollectionof hazardouswast-esfrom producerssuchashospitalsor gasstationscan
dlminish the toxicity of the wastestreamandprotectworkersandscavengers.

5.4.3 Treatment and Disposal

The met-hodsfor treat-ment-anddisposalof solid wasterangefrom pnocessesfor final disposal
to processesfor volume reductionandmatenialsrecovery.Among t-hemare:

• volume neduct-ion

• recycling

• composting

• landfilling

• incineratlonandenergyrecovery
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Solid wasterequlring dlsposalcanlie neducedby compact-lon,sourcereduction, necycllng,
incinenation,andcompost-Ing.Compact-ionIs Impractlcalin lessdevelopedcountries,except-
in the most affluent nelghborhoods,asexplalnedearller.

Recycllngmost-ly relies on the separationof reusablematenialsat the curb or at- a recycling
plant eit-hermanuallyon mechanically.In lessdevelopedcountries,materlalsareseparatedby
scavengerson liy municipal woricers,who pick reusablematenialfromthe wastestream,either
atthe curbor at- the landfill. Scavengingoftenstripsthe wastestreamof all itemsof value. In
Egypt, awell-organizedethnicgroup hastakenover the recycling operationandmadeit a
profit-able ent-erprise.Municipal workersin Thailand reportedly earnmorethant-heir salanles
from the saleof recyclableitems.

Solid wastecanbe compostedwith sludgefrom wastewat-ento produceamatenialusefulfor
agrlcult-ure or land neclamation,as pnevlously discussed.Compost-ing operationsIn some
developedcountrieshavebecom~quite complicatedandexpensivebecauseof odor control
requirement-s,landrequirement-s,andmarketrequirements.Developingcount-nieswith poor
or bad.ly erodedsoils,such as in Haiti, could profit- from usingcompost-asasolI conditioner.

Inclnenat-ioncanbe usedto recoverenergyfrom waste,to treat-medicalwaste,andto reduce
the volumeof the wastestream.It-is capitalintensiveandrequiressophisticatedopenationand
aIr pollution control equipment,andproducesashthat- mustlie propenly dlsposedof, usually
In asecurelandfill.

Landfilling Is the most common method of solid waste disposal liut is becoming more
complicat-edandexpensiveIn developedcountriesliecauseof stnict gnoundwatenprotectlon
laws. Landfills must- alsobe locatedawayfrom populatlon cent-ers,which Is an incentive to
reduce,recycle,andreuseto minimize transportationcosts.

5.5 Selecting Technologles

Select-ing an approprlatetechnology from the available array of choices nequlres t-hree
consideratlons.The chosentechnologyshould effectively solve the problemwit-hout creatlng
new ones.It should be sustalnablesothat the lienefit It confers canlast- for a long penlod.
Thereshould be a compet-ent-institutlon to overseeit-s application.To facilitate the selection
process,the followlng st-epsshould lie consideredIn the orderpresent-ed:

• conslderhow the wastesaffect healthandthe environment-

• ensunethat- the volume of wast-eshasbeenreducedby nont-echnologicalmeans

• venify whet-herslmilantechnologiesarealreadyIn use

• confirm that the skills requiredto operatethe technologyareavailable

• conflrm that theneIs an establishedO&M system

• confirm that- thereIs an effective management-system
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• confirm that- thereis a cost- recovenysystem

• verify that- the t-echnologymeet-sthe perceivedneedsof the beneficIanies

• remembenthat-smallandsimple is stil agood operatingprlnciple

5.5.1 Effects on Healthandthe Environment

Prot-ect-Ingthe health of the populat-lon and of the surnoundingecosystemsshould lie the
paramountconcernin select-Ingthe type and location of a wast-emanagementtechnology.
Waten-relat-eddiseasesandthosefrom bact-enlaIn humanfecesarethe great-estthreatsto the
populationsof developingcountnies.

As a first- prlorit-y, wastewatenand solid wast-esthat- contain feces must be isolated from
humansto prevent-suchdiseases.Avoiding contaminat-lonof drinking watersuppllesis at-op
priority. Insectvectors,suchas files androaches,andanimalvectors,such as rat-s, thnive in
most- wast-esandareresponsiblefor spreadlngdiseasesbeyondthe immedlat-eviclnlt-y of the
wast-es.Untreatedwast-esapplled as fertilizens are ahealthhazardbot-h to field wonkensand
to consumensof cont-aminat-edagniculturalproduct-s. Solid wast-escontainingfecesshould lie
transport-edby trucksandhandledwit-h care.A technologyas simple asshovelsandtrucks
with coveredbins maysuffice in poor communities.For more affluent communit-ies, closed
containersandautomatedcompactontrucksmay lie the solution.

Lat-nines,whlch arethe mosteffectivemeansof containing andtreatinghumanwast-esat low
cost, mustlie pnopenly designedsothat t-hey do not becomeasourceof pollut-lon. It Is also
Important to emphaslzethe need for blanket- coveragein a neighborhood. Individual
househoidswit-h improvedsanit-ationwill not beprotected1f othersin thenelghborhooddo not
haveit.

Industnial wastesareanothermajorhealt-hhazardwit-h t-hein long-termeffectsascarclnogens.
Tradeoffswill be necessaryIn selectingthe mostappropriat-et-echnologyasnot all riskscanbe
avolded,espedallywhenfinancialresourcesarelimited. Figure3 showsthetradeoffsbetween
availablefinances(level of economicdevelopment)andtherisks (constit-uent-s)to be avoided
by watersupply andwastewatertreatmentprocesses.TreatingliacteriaIn watersupplles,for
example, Is relatively cheap but treatingviruses and carcinogensis expensive.Similanly,
treatrnent-to filter solidsfor disposalin surfacestreamsis not ascomplexanddoesnot- costas
much asremovingnitrogenandphosphorus.

Human healt-h is not the only lrnpact, of course,to be consideredin wast-emanagement.
Impactson plant- andanlmallife andt-hein interrelatedecosystemsmustalsobe considered.
For exampie,a wastewat-ertechnology that- is growing in populanity is the constructionof
artifldal wet-lands.Theseare chosenspecifically to createor preservehabit-atsfor flsh and
waterfowl. Preservingnaturalhaliitatswill oftenbe aconsiderationin choosingtechnologyas
theremay lie importanteconomicandquality of life benefitsInvolved.
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“Restrictlveness” refers primarily to the complexity of treatment processes required to achieve a specific
water quality outcome. Treatment processes are designed to bring raw water or wastewater to a potable
or acceptable level. As a country develops, more attention will be paid to tackling increasingly complex
solutions to achieve higher standards.
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Source: Appropnate Methode of Treatfng Water and Wautewater In Developing Countnes. • edited by George Reld and
Kay Coffey. Bureau of Water and Environmental Raeources Research, The University of Oklahoma, 1978.

Figure3

Conceptual Representation of Socio-Economic Development
Bringing Additional Treatment Parameters and More Restrictive Levels of Control
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5.5.2 ReductionandRecyclingof Waste

TheneIs an Inverserelatlonshipliet-weenthe level of economlcdevelopment-andthe quant-Ity
of wast-esgenerat-ed.The wastestreamfrom the poorest-communitleshaslittle valueto the
recycling Industry andthereare fewer opportunitiesfor wasteneduction. However, every
country hassomerecydaliles,such aspapenfrom the commercialandgovernment-sectors,
that- must lie identifled. Of course, countnies that- are more consumeroriented or are
industnializedhaveahigherpotentialfor wastereduction.Thecountriesof easternEuropeand
the new CentralAsia nepubllcsoffer good opportunitiesfor wastereduction.

5.5.3 Introduction of New Technologles

Technologytransfenfrom the rlchen to the poorer countries haslong beena perplexing
problemIn developmentclrcles.An axiomof development,not alwaysfollowed, is thatit-Is
bestto build on availableexpertlseratherthan introducetechnologicalchangesthat- would
requirehighly speclallzedskills or radically new institutions.Forexample,it would be unwlse
to recommendasophisticat-edtechnologysuchasactvatedsludgetreatment-wherethenehad
beenno prevlousexpeniencewit-h aconventionalsludgeprocess.But- constructedwet-lands
mlght bea sult-ablerecommendatlonasa wast-ewat-ertreatmenttechnology,evenin acountry
thathadno prevlousexpenlencewith It-, 1f therewerefarmerswho knewhow to grow nicewit-h
wasteeffiuent.

5.5.4 Availability of Tralned Personnel

A technologyIs only asgoodastheoperatorusingIt. A wastewatertreatrnentfaciity to handle
heavy concentratlonsof chernicalsneeds a plant- operator who thoroughly understands
chemicalreactions.Ganbagecollectonswho pick up medical wast-esshould understandthe
necessityto avoldunduecontactwit-h Infect-iousmatenials.Trainingcanupgradeoperatorskills
but operatorsmust- haveminimalskills to beginwith. To rely on low-paid operatorswho are
illiterate, for instance,would be unwise. Operator skills should not be overlookedin the
selectionof an appropnlat-etechnology.

5.5.5 Effective O&M System

Every t-echnologywill eventuallybreakdown andrequire repairsor new part-s,making an
adequateO&M syst-em an Important- prerequisite.Donors often provide capital for the
constructionof afaciity andexpectlocal Institutionsto carryit-from t-hereon. Eachtechnology
has aparticular set of maint-enancerequlrementsthat must lie matchedwit-h the skills and
resouncesavailable.Theintroductionof atechnologyandthe establishment-of an O&M system
should go hand In hand.
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5.5.6 Capablilty of the ManagementSystem

Closely relat-ed to an O&M systemIs the needfor an individual or Institutlon with the
expenienceandskIll to makeday-to-daydecislonsin openatingthetechnologyandto planfor
the long term. It could be the home ownerIn the caseof latrines, or amunicipal sewerage
authorityfor acentralizedtreat-ment-system.In othercases,suchascommunalseptictanks,
managementresponsibilitymay lie lessclearly definedandwill require inst-Itut-lon building.
AgaIn, the introductionof atechnologyshouldlie fitted to an lnst-it-ution with the capaliilt-y to
sustainIt.

5.5.7 Cost RecoveryandAffordability

An assuranceof adequatefinancialnesourcesIs essential.Operation,maintenanceandrepalrs,
fuel, sparepart-s,andstaff salariesarebut- a few of the coststhatmust be met-.Many waste
technologlesarefundeddirectlyby wat-erandsewerageon garbagecollectionfees.Othersare
subsidizedfrom generaltax revenues.The chosentechnologyshould be compatible wlth
availablerevenuesto operateandmaintain it oven the long term.

5.5.8 Acceptability by Users

A t-echnologyis only effective1f it is usedcorrectly.Garbagecontainerson streetcomerswill
not lmprovesanitatlonunlesscit-Izensbellevethat a cleannelghborhoodIs worth the effort of
depositinggarliagein t-hemrat-herthandumpingit In a nearbydrainagecanal.Cult-ural norrns
andbehavlorpattemswere discussedeanller. Here It Is sufficlent to emphasizethat each
technologyhasadegreeof useracceptancethatmustlie clearly understood.

5.5.9 Keep It Small and Simple

It is good to nememberthat smallandsimple technologlesshould lie tried first. Sophlsticated
and compilcated technologlestransferredfrom advancedcountries have often failed in
developingcountries, but this should not mle thern out entirely. The objectlve Is to Isolate
wast-esfrom contactwlth humansand t-helr ecosyst-ems,and to treatt-hemso as to render
t-hemlesstoxic. For bot-h wastewat-erandsolid wastest-bene arecertainly economlesof scale
assoclatedwith blggeroperations.A single wastewat-ertreatment-facility or aregionalsanitary
landfill Is generallymore appropriatefor an entire met-ropolitanarea than several smaller
facilitles. Thetechnologlesoutlined in t-his chapterarelisted in increasingorderof complexlt-y.
In chooslngone, It is liet-ter to em on the slde of simplicity.
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5.6 Conciuding Comments

Alt-hough technologyIs certalnto lie part of anystrat-egy,nellanceon technologyalonewill not
be sufflcient for impnoving waste management.Resourceconstraintsmake reliance on
convent-lonal technologlessimply unaffordable. This chaptem has outlined a range of
technologieslieyond end-of-plpetreatment-.In select-inga technology,It is prefemableIn the
long run to consldenone that reduceswastenat-herthan to construct-facilitles to treat- and
dispose of an ever-expandingwastestream.The technologyshould fit the socloeconomlc
settIngand lie consistent-with the Instit-utlonal capabiityandfinancial mesourcesavailableto
sust-ain it-s use.It should also lie designedto serveasmanypeopleaspossible,especlallythe
poonandundenserved.

5.7 Hints and Guldelines for AssessingTechnologles

The assessmentof new technologlesshould lie mlndful of technologlescurrentlyIn useand
of thefeasibiityof introducingchange.It shouldalsoconsiderthepresentinstitutionalcapacity
for operation and maintenance.Care should lie taken to gat-her data at the national,
munidpal,andcommunitylevels.Thepemspectiveof nationalagenciesmustbecomplemented
by the viewsatthe municipal level, wherewasteis actuallymanaged,andby the opinionsof
the community, which must ult-imat-ely accept-andpayfor the servIce.

The following are questionsthat should lie askedin assesslngwastewatemandsolld waste
technologies.

Current Technologlesin Use

WASTEWATER

• Are thereany attemptsto reduceom reusewastewaten?

• How Is wastewatercurrent-ly collect-ed?

• Whatpercent-ageof wastewat-emIs treated?Whattechnologlesareemployed?

• How Is wast-ewat-ercurrent-ly disposedof? 1f wastewat-eris treated,how Is the sludge
dlsposedof?

S0UD WASTE

• Are theneany at-t-emptsto reducethe mate andvolume of solid waste?

• How is solid wastecollected?

• How is solidwastetreatedanddlsposedof? Isthereanyrecycling?Doesiandfilling remain
a vlableoption?
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AssessingPotential for Solutlons

• What quantity of wastesIs involved? Is it- smallenoughto be handledon site or will It
haveto be conveyedto a reduction, mecycllng, om treatmentcent-er?

• Is t-here a technologyto reducethe quantity of wastesproduced?Will It savevaluable
natumalnesources?

• How hazandousom toxic arethe wastes?

• Canthe wast-esbe recycledom reused?Are thenerecyclingfaciitiesalmeadyIn operation
om wifi they haveto be Introduced?

• What barriersare neededto shleld humansandtheir assoclat-edecosystemfrom the
wast-es?Canwast-esbe reroutedto avoldsensitiveareas?Canalandfill berelocat-edaway
from an aqulfer?Can It lie lined?

• After exhaustingthe possibiit-Iesof reduction, reuse,or recycling, which t-echnologles
mnlght be appropriatefor treat-ment-anddisposal?Are thereany new approachesthat
desemveinvestigatlonsuch asreclaiming old landfills for park andrecreationlands?

• Wifi cumment- policies supportthe introduction of lower-cost-technologies?

• What is the likely attitude of usersto new technologies?

• What role can public educationplay in the accept-anceof new technologies?Will mass
mediacampalgnson radio om by othermeanslie effective?

• What is the local expenlencewit-h trying new technologies?

• How capableareexistinginstitutionsIn operatingandmaint-ainingnew technologles?

• Which new technologiesare usenswilling to payfor?
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GLOSSARY

Technology.The engineeringmethodsencompassingstructuralandchemicalpmocessesfor
reducingpollutlon from wastewat-erandsolid wast-e.

Wastewat-er.Spent- waterfrom residences,commemcialliuildlngs, Inst-it-ut-ions, and Industnial
plantsandanygroundwater,surfacewater, andstormwat-emcombinedwith It.

Sludge.The accumulatedsolids sepanat-edfrom wastewat-erduming processing.

Soild Waste.Wastecomposedof solidmattenfrom household,commercial,instit-utional,and
Industrial sources.
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6

ASSESSING POLICY INSTRUMENTS

6.1 Definition of Instruments

Wastewaterandsolid wastemanagementcanbe provlded by governments,public agencies,
privateentrepreneurs,cooperatives,or prlvatecontractors.However,govemments—whether
or not theyaredlrectly invoived in management—haveauniquefunction in determininghow
wastesaremanaged.Through explicit policies, they establishthe playlng fleid andthe mies
of the gameby whlch wastewaterandsolid waste will be managed.They also Influencethe
use of materlalsandthe generatlonof wastes,as well as the physlcal andsocloeconomlc
context In which wastesmust be managed.Many of theseInfiuencesare inadvertentand
sometirnesperverse.Effectlve wastewaterandsolid wastemanagementrequlresthattheybe
consciousand helpful.

Poilcies areimplementedthrough poilcy Instruments,which are all the actionsthat can
takenby govemmentsto achieveapublic purpose.The mostobviousaredirect government
Investmentsin purchasingwastemanagementsites,constructingsewersandtreatmentfacilities,
andacqulrlngandoperatingwastecollectlon vehicles.TheseInvestmentsarenot alwaysthe
mosteffectiveor economicallnstruments.Otherpolicy instrumentsIncludemeasuresto reduce
the volumesandha.zardsof wastesgenerated;to encouragerecyclingandreuseto dlrn]nlsh
the needfor wastedisposalfacilitles; andto increasethe effidencyof wastewaterandwaste
managementservices.

Theselnstrumentsfail Into four groups: regulaflons,economicincentives,Information and
educatlonprograms,andassignmentof rights andresponsibiities(seeTabie2). An effectlve
wastemanagementstrategywill combinetheselnstruments,both within andacrossthe four
groups, wlth the approprlatetechnology.Aithough many of themhavebeenusedonly in
IndustrialLzedcountries,they may be relevantin developingcountrlesandarepresentedto
makethe readerawareof the optionsavailabie.

55



TABLE 2
Public Policy lnstruments for Waste Management

0,

Regulat/ons

Ambient environmental quality
standards
Land-use restrictions and
designat-ions, building codes
Facility siting, design, operation
and performance standards
Water and eifluent contaminant
concentration standards
Product content and
performance standards
Permits, licenses, charters for
service providers and users
Prohibited practices (bans)
Required practices (mandates)
Enforcement and compliance
measures

Economic Incentives

User charges (unit- and
marginal-cost pricing, flat fees)
Taxes, advance disposal fees
Deposit-refund systems,
refundable sales taxes
Differential taxes, tax benefits,
product surcharges
Performance bonds (contingent
charges)
Government procurement
preferences
Public investments
Other subsidies
Marketable permits
Collection systems
Fines
Linkages (revenue/expenditure,
tax/subsidy, deposit/refund)

Information and
Programs

Educa tion

Labeling requirements (content,
hazards, unit costs, impact,
recyclability, disposal
instructions)
Reporting requirements (e.g.,
annual emissions reports)
Itemization of pollution-based
charges
Public awareness campaigns
Training programs

Assignmont of Rights and
Responsibilities

Enforcement programs
Public enterprises, enterprise
funds
Publicly operated or contracted
collection services
Publicly operated or contracted
processing and disposal
facilities
Metering, monitoring, and billing
of service usage
Waste management financing
programs, revenue bonds
Waste management in
government operations
(e.g., military bases, hospitals,
offices, schools)
Industrial waste exchange
programs
Settiement planning
Liability assignment



6.2 Regulations

Regulationscover bot-h the basicst-andardsof envlronmentalquality andthe measuresby
which thesestandardsaremaintained.(SeeBemst-eln1991.)

6.2.1 Ambient andExposureStandards

Wastemanagement-mustbeginwlt-h ambientstandardsfor waterandair quality andexposure
st-andardsfor workemsandot-hersexposedto envlronmentalhazards.Bot-h must at leastlie
basedon acceptedinternationalnorms andcan be expandedto addresshazardsof local
significance.Appendlx C givesexamplesof waterquality standardsbasedon U.S. EPA and
WHO guldelines.Government-sshould not- assumethat st-andardsshould lie unlversal.For
example,theneis no reasonwhy wat-enbodiesnot usedasasourceof drinkIng wat-emshould
meet drInking water quality standards.In addition, standardsmay haveto lie phasedin
becauseof resourceconstraints.Many different- combinationsof poilcy tools canlie usedto
achievethesest-andards,inciuding bothregulatoryandnonregulat-omyinstrument-s.However,
thereIsno subst-itut-efor the mesponslbiityof government-to establlshminImum st-andardsof
acceptableambient-envlronmentalquality andhumanexposureto envlronmentalhazards.

6.2.2 Technology-basedand PerformanceStandards

The minimumstandardsfor wat-er and air quality areoften Implementedby regulationsthat
cover

• designandopematingstandardsfor wastemanagementfaciities

• effluent- standamdsfor pollutant-dischanges

• land-usecontrolsandfacilit-y-sitlnq criteria

• pmetreatmentmequirement-sfor Industrial wastewaten

Suchstandardscanlie codifled, appliedconsistent-ly,andeasilyenforced,andthus provide
deardirectionsfor engineensdesigningfaciitiesandfor local government-sInvestingin t-hem.
However,theyalsohavedisadvantages.Theymaybeuniform acmossdiverselocationswhere
they may not- alwaysbe necessamyor approprlate;theymayrequire inst-allation of part-icular
technologiesthat- preempt-moreinnovat-ivesolutions;andtheymaybe morecostly andrigld
thanot-her policy incentivesthatcould achievethesamepunposemoreeffectively. Standands
thereforemustlie camefully consideredalong with alt-emativepolicy tools such as economic
incentives,labeling, andreporting requimement-s.Even whent-hey do appearto be the best
measures,they must- be designedfor flexibiity andavoid creatingunint-endedincentivesfor
evaslonor for unsafedisposal.One way of achievlrig t-his Is to writ-e the regulatlonssothat
t-hey require fulflllment of specific performancecriteria rather than the use of partlcular
technologles.
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6.2.3 DisposalRestrlctions

Restrictionsarewldely usedto preventdumpingandlit-t-enlng, impropemdisposalof hazardous
liquids, poisons,andtiresIn municipal landfills, andcombustionof matemialscont-alning toxic
met-als.However,suchrestrictionswill be evadedunlesspeoplefind thatit-Is not Inconvenlent
to abideby t-hem. Any dlsposalmestrictionsmust-becombinedwit-h accept-abledisposaloptIons
andeffectlveinformationandenforcementstrateglesto ensureapproprlatemesponsesto the
restnictions.

6.2.4 Product Standards

Product-standards,whlch est-ablishqualit-y levels for particular goods such as papenbags,
permit more flexible use of recycledmaterials.In somecounfries, virgin-materlalscontent
requlrementscreate unnecessarybarniers to recycled and recoveredmaterials. Product
standardscan also be used to mestrict- toxic Ingredients. The EuropeanCommunity, for
instance,prohibit-snon-biodegradabledet-ergents,andmanycount-riesrest-rictthe content-sof
insecticides,herbicldes,and fertilizers. Product standardscan also be used t-o ensurethe
homogeneouscontentof large-volumeproduct-s (containers,for instance)sothat- theycanbe
recycled,andto limit tracecont-aminantlevelsthat-might- be hazamdousto consumersor waste
handlems.Many productst-andardsaredevelopedby voluntary cooperationamongproducers
and distributors; others may be imposed by governmentmandat-es;stil others may lie
encouragedby government-procurementspecfficatlonsthat- cmeate markets for deslrable
productchamacteristics.

6.2.5 Mandatory Take-back Requirements

Germanyhaspioneenedthe use of take-backrequirementsthat compel manufacturensand
retailersof specifledproduct-sto take t-hem back for recydllng or dlsposalwhen they are
discarded.Somecountriesrequlrepesticidecontainersto berecycled.This could lie extended
to batteriesandtires,consumerelect-ronlcs,andevencontainersandpackagingmat-erlals,thus
transferiingthe disposalresponsibiit-yandcostsbackto the producersanddlstribut-oms and
giving t-hem the incentive to plan these cost-s into product design. Some government-s,
inciuding U.S. stategovernment-s,haveintroducedmorelimited take-backrequlrement-sfor
productssuch as lead-addaut-omobilebattenles(Sinha 1990).

6.2.6 Flow-control Laws

How-control laws stipulatethatcertaInwastesmust lie managedonly in speclallydesIgnated
faciit-ies. DenmarkandseveralGermanstatesnequirethat all hazamdousindustrial wast-esbe
treat-ed and dlsposed of In state-operat-edfadiit-les where high levels of safety and
environmentalprotectioncanbe maint-ained.Wheresuch faciitiesexist,canbe afforded,and
areeffectively regulatedandmonltored,theyoffer potentialfor high levelsof envlronment-al
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protection.In manydevelopingcountries,howeven,theycould createmonopollesthatbreed
inefflciency or cormuption, wit-hout- providing commensurat-ebenefits in great-ersafety and
environment-alprotection.

6.2.7 Procedural Requirements

Regulatorypoilcies may also be used to introducea systematicadministrativeprocessfor
wastewat-erandwastemanagement.Regulationssuchasplanningrequlrementscanlie used
by nationaland reglonal government-sto encourageprofessionalizationof municipal wast-e
managementsystems,andmandatorywastereductionandrecydlingstandardscanserveas
incentivesfor design of suchplans.

Malaysia, for example, has adopt-eda national policy Intendedto establisha solid waste
managementsyst-emthat coversall local aut-honitiesliy 2010. This policy inciudes

• strengtheningthe capahiitlesof local aut-horitiesto provide effIcient-andeffectivesolid
wast-emanagementsemvices

• adopting regional approacheswhereverapplicable

• prepaminglong-termmunicipal solid wastemanagementplans,with perlodic revislons
for all urban cent-ens

• ensuringthat all municipal systemsprotectpublic health, the healt-h of workers,and
environment-alconditions,andprovldetechnicallyandfinancially viable management
systems

• holdinggenerat-orsin ruralareasresponsiblefor disposalthat-meet-snationalstandards
of sanit-ation

• reduclng waste generatlon,especlally of pacicagingand householdchemicals,in
cooperat-lonwith producers,dlstnibutorsandconsumers

• treatingmunicipal solid wastesasresouncesto be recoveredand recycledwheremast-
of t-hemnow areliurned om bunled

• openatingmuniclpal solid wast-eserviceson a self-financlngbasIs,support-edby user
chargesom other methods

• encouragingprivate sector Invoivement In solid wastemanagement,especlallyas
contractorsandmanagementconsultant-s

• promotingcleanlinessandresourcerecoveryt-hroughbot-hpublicawamenesscampalgns
andstrict anti-litter enforcement-

• Identifying andreservingland for future wastedisposalsitesby local authoritleswith
the assistanceof stateandreglonal govemments

• stmengt-henlngresearchanddevelopmenton wast-emanagement.
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6.3 Economic Incentives5

The second group of policy instrument-s are economic incentives, actlons by which
government-scanalt-erthe at-tractlvenessof choicesfor wastewaterandwastemanagementby
individuals and liusinesses. Incentives can lie designed to finance services, support
enforcementprograms, and lncreasewaste meduction and recycling by the creation and
maintenanceof marketsfor recycledmaterials.At thesametime,theycancreateundesirable
effects.An increasein t-he costof legal disposal,for example,mayencourageunsafedisposal
unlesstherearestnictllttering restrictionsor othercount-ermeasuresto preventt-his. Also, slnce
the Impact-s of waste st-reamsare Interconnected, solving one disposal problem may
unintentionallyworsenot-hers,andreducingwast-esat one point- in amatenial’slife cycle may
only increaset-hem at another.A numbemof widely usedincent-ivesaredlscussedbelow.

6.3.1 Finesand FinancialPenalties

Finesandfinancial penalt-iesarethe usual incentivesto stop unsafedisposal,lit-tening, and
othervlolatlonsof wastemanagement-standardsandregulatlons.But- in manycountriest-hey
are frequently ineffective, eIther becausethey are t-oo small to mat-ter or becausethe
government-is powerlessto enforcet-hemefficlent-ly. The abiity of government-sto enforce
regulationsis discussedmorethoroughly in Chapter7.

6.3.2 EmissionandDisposal Charges

Emission charges,based on the characterist-icsand quant-ities of wastewatereffluent or
discardedmatenials,6canlie levied eitherat a flat- rate or a per unit- basis,wit-h higher rat-es
for dischargesthat-aretoxic. TheyhavebeenimplementedIn manycountnies,inciuding most
OECDcountries,China, andsomeeast-emEuropeancountrles.

In pnlnclple, enilssionchargesare asourceof revenueandan incentlve to mlnlmlze waste
generation.To be effectiveasanIncent-ive,theymustbe basedon meteredfiows, not- simply
flat rates;theymust be billed to Indlvidual househoidsom wastegeneratingunits, not- simply
tothe ownerof an apartment-complexom to the generaloverheadaccountof abusiness;and
they mustlie set-higher than the marginal cost of pollution abatement-.1f t-hey lack this last
feature,as often happens,the feesservemerely asamodestsourceof revenue.7

~ Matenalin this secfiondrawsextensivelyon OECD 1991 andBemstein 1991.

6 For more detaileddiscussionof existing chargesystemsandtheir strengthsandweaknessesseeOECD

(1989), pp. 33-74.

~In China, for Instance, 80 percentof the proceedsare allocatedto an earmarkedenvironmental
improvementaccountto financewastewatertreatrnentfacilities (RobertBohm, UTN WasteManagement
Researchand Educatlon Institute,Winter 91 4/4 newsietter),slnular speclal-purposefundsexist in the
CzechRepublic. Properallocationcriteriamustalsobeusedfor Investmentsfromsuchfunds,whichalso
doesnot always occur.
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Disposalchargesarealsoan economicincentive. Simple charges,calledtipping fees,based
on welght- om volume are now widely usedfor solld wast-e In most OECD countries.More
sophlsticat-edsystems,adjustedfor toxlcit-y or other charact-erlst-ics,are lesssuitablefor solid
wastethanfor wast-ewatermanagementbecauseof t-he greatervarietyof bot-h generatorsand
compositlonin solid waste.Suchchargeswork best-whentheyaretargetedto dlschargerswho
cannoteasilyevadethem,suchassmallnumbersof polluterswhosehazardouswastestmeams
arelangeliut nelativelyhomogeneous.The chargescanbebasedon the specialhandllngcosts
of thesespeclallzedwastestreamsandthe Imputedcostsof their environmentaldamage.

6.3.3 User Charges

Usercharges,abroadlyapplicableform of disposalcharges,diffen from effluentchargesin that
theyaremorecloselyassociat-edwith actualcost-sandprovislon of treatmentservices.They
can be assessedas a flat peniodiccharge (for Instance,weekly or mont-hly), as a variable
chargebasedon amount-scollected, as an ad hoc feepalddirectly to the collector, om as a
tipping feepaid atthe point of disposal.Product-charges,asfor standardizedwastecollection
bagsor requlredt-ags, can alsolie usedas aproxy for usercharges(seediscussionbelow).

In developlngcount-nies,wheremunicipal government-soften spendup to 50 percent-of t-heb
total budgeton solid waste management-,user feescan lmpnove t-hein nevenuebaseand
lncreasethesustainabiityof t-heinsystems.Wheredesired,usemfeespemmitcrosssubsidization,
by whlch hlgh-Incomenelghborhoods(wbichusually enjoy ahigher level of service)paymore
thanthe marginalcostof serviceto offset- the cost of servicein low-incomeareas.

Userchargesareaneffectivemechanismbot-h for payingthe costsof soild wastemanagement
and,to the extentthatacceptableoptionsareavailabie,for encouragingwastereductionand
least-costmanagement.Most effective are per-unit chargesbasedon volume om welght for
wast-eswith measonablyslmilarcharacteristlcssuchashouseholdwast-es;higherchargescanbe
set for materialsthatcauseproblems.8It-is essent-lal,however,thatariy systemof chargeslie
backedby effective enforcement-measuresagainstunsanitarydumping andlittering.

There are four questionsthat must lie addressedin set-ting user charges.The first is t-heb
purposeandlevel. 1f theyareintendednot merelyto payfor the costof serviceom to generate
revenuesliut asanincentivefor wast-ereductionor recycling, It-is necessaryto determinehow
high theyshouldbe set-to be effective.Thecostsof accept-allealtemativesandthe costsand
effectivenessof enforcementprogramsmust be estimatedto ensurethatwast-egenerat-orsdo
not simply tum to cheapenbut unacceptablemethodsof disposal.

The secondquestionis the lialancebetweenwhat is desirableand what- is administratlvely
practical. In theory, the chargesshouldreflect the costsof treat-ment-anddamagefrom each

8 Seee.g. U.S. EnvironmentalProtectionAgency (1991), a usefulreview of economicIncentivesfor

environmentalprotecüon Pp. 2-7 through2-12 descnbeunit-pricing iniflatives; pp. 2-13 through2-17
deacribehigher-feeprogramsfor managementof scraptires.
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of severaltypesof pollut-ants,but- In pmacticesucha syst-emwould lie t-oocomplexandcostly
to Implementandenforce.

The thIrd questionIs the purposefor which the revenuesareIntended.1f theyareintended
to meetthe costof service,theyshould be earmarkedfor wastewat-emor wastemanagement
(treatment-,composting,recycling,andenforcement).Thereis alwaysthepossibiity,however,
thatt-heymaylie divertedto otherpurposesom junisdictionsfor political reasons.ConsideratIon
must alsobe given to the extentto which chargespaidby someusers(the more affluent or
businesses)should be usedto subsidizeot-hems (low-income usersor househoidsgenerally),
eitherasamattenof redistributiveequityor asapmacticalnecessit-yfor the protectionof public
healthandsanitatlon.

The fourth question wlth user chargesis t-hein enforceabiit-y. The normal penalty for
nonpaymentis acutoif of service, whlch is easy 1f the user fee for wastewateror waste
managementis chargedon theelectrlcityom waterbill. But 1f electricityandwaterareprovided
by nat-lonal om reglonal utilitles andsolid wastecollection Is chargedon It-s own, acutoif of
service would slmply defeatthe purposeof contmolllng sanitationandpossilily violate the
government’smesponsibiit-yin that- regard.

6.3.4 Product Charges

Product chargesare imposed on products nesponsiblefor incmeasingthe costs of waste
managementor environment-aldamages..Somecountrieshaveleviedchargeson Identifiable
high-impactwaterpollutantssuchasdet-ergent-s,fertilizers,andpesticides.Ot-hershavelevled
t-hem on product-sthat causespedalmanagementprobiemsor environmentalhazardsin
landfills, such as t-bes,fuels andoils, fert-ilizers, andpesticides.

Productchargescanbelevledassalest-axesatthe point- of manufactureor sale.Theycanalso
le different-lated by concentratlons,and in some casesthey can be used as a proxy for
emissioncharges.Oneuseof productchargesis asasunrogatefor disposalfees,for example,
by requiring t-hat- all wast-esle disposed of in specified bags, om bags wlth official charge
stickers,sold atapricemeflect-ingthe averageor marginalcost- of wastedlsposal.

A seconduse Is as a sunchargeor advancedisposal fee levled on pmoductsthat- present
particulam problemsom hazamdsin disposal.Revenuesfrom thesecharges(like otherproduct
charges)can t-hen le redistribut-ed proportionally to the omganizationsthat provide wast-e
managementservicesfor theseproduct-s.9This chargeis particulanly sultablefor high-volume
product-swithshort-termuse(for instance,packagingmat-erialsandnonreturnablecontainers)
andproblemat-icor toxic product-swIt-h a longlife (for instance,tlresandaut-omobilebattenles).
Examplesof productchargesarethoseon nonmetumablebevemagecontainersIn Finland, on
plastic bagsin It-aly, andon lubricat-Ing oils in Fmanceand Germany.Product chargesare

‘~An exampleis specialsalestaxsurchargeson tiresby someUS. states,whlch usathe revenuefor scrap
themanagementprograms.
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espedallyusefulas asourceof revenuesto financeextraservicesfor problemwast-es;their
valueas anincentive, however,dependson the availability andrelat-ivepnicesof subst-itutes.
In general,product chargeshavemoderatepotent-lal for lmprovlng wastemanagementand
high usefulnessfor wastemanagement-of afew keyproblemproduct-s. Forexample,Norway
andSwedenImposet-hemon fertilizers andpestiddesto neflectthe advenselmpactsof these
product-son waterquality. Here,too, the issuesof revenueversusincentiveandof revenue
usesareimportant.Productchargeswill reduceconsurnptlononly of product-swhosepnice
elasticity Is high relative to the availaliilty of cleanersubst-it-ut-es; ot-herwisethe chargeswill
simply lie a new sourceof revenue.Such chargesalso should le allocat-edspecifically for
wast-ewaterom wastemanagement,andImposedonly on afew product-swith relativelyuniform
chamacterlstlcsandseveneenvironmentalImpacts.It would lie adminlstrat-ivelyimpractical to
imposet-hemon a largenumbenof product-s om on productswhosecont-entsdiffered widely.

6.3.5 Deposit-refund Systems

Deposit-refundsystems,under which the consumerpaysa productchargethat is refunded
upon return of the usedproduct,aremostwidely appliedto recyclablebeveragecontainers.
They arealsoapplied to pestiddecontainers,automotiveandapplIancebat-t-erles,tires,and
evencamhuiks. Sweden,for example,leviesanefundaliledepositequlvalent-to aboutUS $50
oni eachnew can; Norwayhasasimilarprogram(seeOECD 1989: 82-88). Maine andRhode
Islandoperatedeposit--refundsystemsfor lead-acidautomobilebatt-erles,charging$10and$5,
respect-Ively;deposit-refundom recyclingcredit- systemshavealsobeenproposedfor usedoil
(see USEPA 1991). Deposit--nefundsystemsare very effective for a few large-quantlt-y,
relatively homogeneousproduct-sthatareeasyto collect-andhavearecyclablevalue (suchas
beveragecontainers).

6.3.6 Tax Differentiation

Differenfial tax rat-escanlie chargedon pmoductsthathavedifferent- environmentalimpacts.
For instance,governmentcan assessahighentax on apollutlng productandprovide at-ax
benefitfor a less-pollutingalt-ernative.The Netherlands,Norway, andSweden,for instance,
chargedifferent-ialtaxrat-eson automoliilesdependingon t-hein airpollution chamact-erlsticsand
on whet-her t-hey use leaded om unleaded gasoline (see OECD 1989: 69-72). Tax
differentiatlonsystems,like many othereconomicincentives,canalsolie designedtofunction
purely as incentivesystems(that is, asrevenue-neutralinstruments).Their main Iimitat-ion, as
wit-h many of theotherinstrument-sdescribedhere,is the compiexit-y of applyingt-hemon an
it-em-by-itembasis to morethanafew hlgh-priority product-s.
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6.3.7 MarketablePermits

Marketablepermitsenabledischargersof wastewateror wastesthatarecost-ly to control to pay
inst-eadto cleanup dischargesfrom other sourcesthat could achievethe samedegreeof
environment-alprotect-lon. Market-ablepermits have beenmost wldely used to reduceair
pollution, but- canlie usedto reducewaterpollution aswell. Ari exampleIs tradingcleanup
Investmentsamong point sourcesof water pollution, such as industrles and municipal
treatment- plant-s, om betweenpoint- and nonpoint sources,such as treatmentplant-s and
agriculture (seeOECD 1989:88-100;Hahn andHester1989). Marketablepermlt-sareless
usefulfor solid wastemanagementbecauseof the complexity andvanlabiity of soild waste
discands.

6.3.8 Subsidies

SubsidIes are often used to promote investments in wastewatertreatment or waste
management-facilities, eit-herthroughpublic investmentsom through privatetax concessions
such as tax credits, accelerateddepneciatlon,and specialtax mellef. However, t-hey tend to
distort incentivesfor properwastemanagement-andthereforeshouldbe usedonly to reduce
important rlskswhosecorrectionwould otherwiseImposeseverefinancial hardship.Capit-al
investmentsubsidiesmayalsole wast-ed1f theyarenot linked to finandally viablesystemsfor
paylngoperating,maintenance,andreplacementcosts (seeOECD 1989: 74-82).

Two types of subsidiesrelatedto the creat-lonandmaint-enanceof market-sfor recycledand
recoveredmaterialsareappnopniatefor solid wastemanagement.One is procurement-pnlce
preferencesfor recycled mat-erfals, which help to createand stabiize marketsfor these
mat-eminis and thus to pmomote pmlvate investment-in reprocesslngfacilities at appmopmiat-e
economlesof scale.The otheris director taxsubsidiesfor the development-of suchfadiities.
In bothcases,thesubsidiesarejustified solong asrecyclingcostslessthanusingnew materials
and dlsposlng of the waste materials In other ways (such as Iandfilling, composting, or
Incineration).

Withdrawlng subsidies is anotherpolicy option. When water is priced at mamket rates,
conservatlonreducesthe volume of wastefiows and Increasesthe volume of higherquality,
naturalstreamfiows.

6.4 Information and Education Programs

The third group of pollcy instrument-sareinformation andeducationprograms,which meet
t-wo types of needs:horizontal informationneeds,andverticalinformation andaid needs.

Horizontal informationneedsaret-hoseforInformationexchangesamongdevelopingcountries.
Traditionally, most technologytransfersto developingcount-rieshavebeenfrom developed
countriesandoftenhavebeeninappropmlateto local conditions.Becausetherearesignificant-
sodal,cult-ural, economlc,andreligiousslmilanitlessharedby manydevelopingcountmies,such
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as thosein SouthAmenica, amore appmoprlateexchangewould lie amongthesecountnies
themselves(Sakunai 1986). This would apply in exploning solutlonsto waste management
problems.

Informationandeducationcovercampalgnsto increasepublicawarenessandtechnicaltraining
programsfor thosewho must-rnanagewast-ewaterandsolid wast-es.Theyalsoincludethe use
of labelingandreportingnequlrementsas incent-ivesforsaferandmoreeffectivemanagement
practices.

Vertical Information and ald needsare those for information and ald from Industnialized
countries, anessentlalcomponentof any successfuleffort to assess,establlsh,om Implement
pollutlon management-poilcies andprograms.There is aprofusion of avallableinformation.
The challengeis to seekout- what is usefulandprovide it in usableform to the night people.

6.4.1 AwarenessandTraining

Waterusers, wastewaterdischargers,and waste generat-orscan all benefit from adequate
information andawarenessin the management-of solid waste and wastewater.Economic
Incentivesprovlde important- Information in the form of price signals, especlallywhen usen
chargesareassessedon apen-unitbasisandarecleanlyitemlzed,sothat- indivIdualscanalt-er
themby changingt-heirown behavlor.But- campaignisarealsoneededto pubuidzeandmarket
low-costtechnologiesforwaterconservation,leakagereduction,andwastewat-erlmprovement.

Public awamenessprogramscan also be used to promot-e recycllng, waste reduction, and
sanitarydisposalpractices,andto organizecoopemativewasteseparation,collection-transfer
stations, and neighbonhoodclean-up activities.’°Many Informed oliservers agree that a
sharedpublic commit-rnentto lmproved wast-e managementatthe nelghborhoodlevel Is a
crudal factor In Its success.In developingcountries, groups that- typlcally have weak om
nonexlstent-t-lesto localofficials but areimportantto effect-ive wastemanagementandthusare
suitablet-arget-sfor public awarenessprogramsare:

• residentsof peri-urbanfringe areas,whemesanit-at-ion Is often most problemat-icand
servicesmost lacking

• women,who arethe real generatorsandmanagersof wastesandarealsoresponsible
for their farnilles’ health

10SeveralexperimentsIn communityparticipationhavebeendocumentedfor lmprovlngcollectionof wastes
In peri-urbanareaswheremotorlzedcollectiori servicescannotbeprovided(Sakurai,1986). In Tijuana (Mexico)
andValparaiso(Chile), for example,residentsbangtheir refusedown to communalcontainersatthe foot of the
huis; In Rio deJaneiro(Bi-ard), openductsandin someplacesaerialcablewaysareprovidedon theslopesfor It-ds

purpose. In Nigeria, everymonththereis an“EnvironmentalSanitationDay” duringwhichall garbageon streets
Is removedand empty lots are cleaned;no carsor trucks are allowed unlessthey areInvolved In sanitatlon
activitles,no comnierclalactivitlesareopen,andall peoplevisible in public aresupposedto be busy clearilng up
or theymaybe fined; all ownersof trucksareexpectedto offer theirvehicies,with drivers, for sanitationactlvitles.
This projectEs reportedlyqulte successful.
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• scavengersom wasteplckers,who in many countriesoperateinformal buslnessesfor
wastereuseandrecyclingbut undemhighly unsanit-aryconditions.”

Another importanttarget-Is local public officials themselves,who oftenperceivesanitatlonas
a problem niainly for illegitimate squatt-er settlement-s in peri-urban fringe areas, and
accordinglyas amatter of low priority. But the nesidentsof peni-urbanareasoften work as
maids, vendors,wait-ers, and In otheremployment-In the city, andtheir healthis Important-
not only for t-hem but for the whole city.

A particularinformationalneedis technicalassist-anceon wasteminimlzation for small- and
medium-scaleindustrlesandbusinesses,inciuding infonmal sectoroperators,whodo nothave
the requlsit-eexperuse.

6.4.2 Reporting andLabeling Requirements

Reporling and labelinglaws require documentationanddisclosumeof information necessary
for effective wastewat-erandwastemanagement.Reportingrequlrementscan lie established
for wastewaterand waste disposal facilities, cdllection service providers, and mevenue
assessmentagendesto provide information on fiows of materlalsandcoststo monitor the
efflclencyandeffect-ivenessof the wastemanagement-syst-em.A recentInnovation is ernissions
reporting, such as that mandatedunder the U.S. Toxics ReleaseInventory, which requlres
everyfirm thatdlschargesmorethana specifledamountof some200 toxic chemicalsto make
an annualreport. This informationis usedliy ememgencyservlcespersonnelandpublichealth
officials to plan for pot-entlal hazard control; but- It has also createdpublic pressureoni
companiesto managet-helm wast-esmoresafely, andhasled businessexecutivesthemselves
to quest-lonthe amount-of costly mat-enialst-hey arewasting eachyear.

Labeling requlrement-scan lie used to gulde and influence consumersin their purchases.
Examples are labels Identifylng recyclable products by content- type (such as recyclable
containersanddlfferent gradesof plastics); labels identifying hazardouscontent andgivlng
specialInstructionsfor useanddisposal (suchas pesticidesand householdchemicals);and
labels identifying other fact-ors that could influence consumerdeclslons(such as advance
disposal fees or deposits Included in the product pnlce, and recycled-matemialcontent).
Itemlzatlon of all waste managementcharges,especiallyvaniable ones, is essentialin any
incentive syst-emto promoteefficlent wastemanagement.

LiFor exarnplesof Innovativepilot projectsin formalizings~vengingandwaste-pickingoperations,seee.g.
Furedy(1990).
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6.5 Assignment of Rights and Responsibilities

Thefourth groupof pollcy instmmentspertainsto thetermsandconditionsunderwhichpublic
agencies,contract-ons,andpmivate organizatlonsprovide wastemanagementservlces.

6.5.1 Public SectorResponsibilitles

Even In predomlnantlyfree-market-economles,government-sfrequent-ly are responsiblefor
providingwast-ewatemandwastemanagementservices,eitherdirectly or throughcontract-ons.
Theseinclude lioth collection andtmeatmentsemvicesto liusinessesandhouseholds,andto
military bases,hospitals,schoolsanduniversities,andotherpublic enterpnlses.Government-s
also takeactions for other punposesthat can either ald or hamperwast-ewatemandwaste
management.Examplesinciudethe planningof settlementsandlanduses,reservingor failing
to reserve sit-es for disposal facilitles and fransfer stations, and promot-Ing economic
developmentandindustnlalrecruitment.Thesepolicy inltiat-ives areoften moreimportantto
local officials than improving sanit-ation it-self, and pantlcularly In developlng countries,
therefore,it-is essentialto ensurethat- wastewaterandwastemanagementareintegrat-edinto
thesepolicy init-iatlves.

6.5.2 Private SectorParticipation

PrivatesectorpartidpationIn wastemanagementhasbecomepopularIn recentyearsandhas
beenencounagedby internationalagencies.Policy changesareusuallyunnecessarywhenthe
pmlvat-e sectort-akesoven billing om meter reading,but would be requlredwhen public assets
areturned overto pmivat-ecompaniesasin the currentpnivat-Izationof the BuenosAireswater
ut-ility. Thelegalprotect-lonthat-privatecompanlesdemandissomethingthat-only governments
canprovide. Privatesectorpant-idpationis discussedmore fully in Chapter7.

6.5.3 Liability Prlnciples

A different rearrangementof property nights occurs when the governmentdefines the
boundarybetweenthe night- to dischargewastesandthe night- to lie prot-ectedfrom pollutlon
andenvlronmentalhanm. Thosewho havea legal night- to protect-lon cant-hen bning action
agalnst the pollutens to compel t-hem to correct the violation om to pay compensat-lon.
Governmentit-self may exercisethis night- on it-s own behalf om on behalf of the victlms.
Pollut-ers are thus held liable for dan-iagescausedby t-hein emissionsand waste disposal
practices,andaredet-emredliy the potentialcost of judgment-sagainstt-hem.

Where the law permits, damagescan also be recoveredfor unsafe disposal by waste
genenatorsom waste managementfacilitie.s, but- this makes sense only against- lange
organizat-lonswit-h sufficient-economicassets.Law suitscanalsohaveunintendedsideeffect-s.
Theintroductlon of strict joint andseveralliabulity for abandonedhazardouswastesitesin the
UnitedStates,for Irist-ance, hascausedmany industniesto lie far morecareful in the disposal
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of new wast-es,but- It hasalsoled to expensivelawsuits by partiesseekIngto avoid om meduce
financial penaltiesom to force othersto sharethe cost.

Performancebonds are a simple way of provuding contingent llability to ensuresafe waste
management-by privatecontract-ons.The firm depositsaspecifiedsumthatis retumedif the
firm fulfills its obligatlons.1f it fails to do so, governmentcanforfeit- the funds.

6.6 Conciuding Comments

Severalconciusionsmaylie drawnfrom studiesof wast-ewaterandsolid wastemanagement-
strateglesIn developingcountries.Programsthat- areheavily reliant on foreignexpertIseand
foneign exchange,that instit-utionalize “command-and-control”and “end-of-pipe” control
strategles,and that- dependon fonmalizedjudicial and adn-dnistrativemet-hodsof dispute
resolut-ionareunlikely t-o lie effect-Ive. In contrast,processesthat integrateenvironment-aland
economic planning activities, selectively borrow from extemal sourceswhile cultivating
indigenous skills, avoid pollutlon to begin with, and rely on self-enforcementt-hrough a
combination of outright pnohibit-ions andmarket Incentives will increasethe Ilkelihood of
achievlngenvironmentalprotection. St-nategiesandpolicy t-ools thatlimit- the rateof growt-h of
demandfor wast-emanagementservlces,such asmeducingwastegenemationat the source,
should precededeclslonsabout- the slze andcostof facilities.

This chapt-erhasout-linedfour broadgroupsof policy instrument-sthat- canlie usedto develop
an effectivewastewaterandsolid wastemanagementstrategy.Developingcountrlesfor the
mostpart havelimited expemlenceIn applylng thesepolicy Instrument-s.Yet- asgovernment-s
andinternationalagenciesIncreaslnglyrealizetheneedto makethe mostof scarcefinandal
resources,It Isto theseinstrument-sthattheywill t-um. With growingexperiencetheywill leam
whlch instrumentsor combinatlonsof instrument-sare likely to be most effectlve In a glven
situation.

The next chaptemdiscussesthe capabiit-iesof institutions. They are present-edlast since
t-echnologlesandpolicy instrument-scannot-lie applied wit-hout t-hem.

6.7 Hints and Guidelines for SelectingPolicy Instruments

The selectionof policy instrument-srequiresnot- only awarenessof the possibulities,but alsoa
weil-designedprocessfor generatingunderst-andlng,accept-ance,andrapportfor aworkable
combinationof solutions. The selectionpmocessshould lie guidedby two princlples:

• The incentivesoffenedby policy instrument-s,whet-herposit-Iveor negative,shouldlie
strong enoughto havesignificant and purposeful effects on wast-ewateror waste
management,andshouldavold Introducing significant- new undesirableside effects.

• The benefitsof theseinstrument-swifi be only asgreatas the commitment-of the key
stakeholders—government,businesses,househoids,andserviceproviders—toadopt
anduset-hemto solve wastewat-erand wastemanagement-problems.
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Somequestionsto be askedIn the selectionof policy instrument-sfollow.

Local Public Officials

DATA ON WASTEWATER AND WASTES

• What factual Information can lie obtained about the quant-it-ies, composit-ion, and
sourcesof wastewaten,generalmunIcipal wastes,and industrial hazardouswastes?

• How detailedis the breakdownby matenialsandcharacteristlcs(e.g.,moisturecontent,
contaminant-concent-rations)?

• Is information dlsaggregatedby geogmaphicareasor nelghbomhoods?By seasonal
vaniatlonandover time?

• How recent- arethesedata?How weret-hey collected?Which of themarecollected
andmonit-oredcontinually (e.g., weightsof materialsdisposedof in official landfills)?
Which only in ad hoc studies?

STANDARDS AND REGULATIONS

• Whatstandards(national,state,andlocal) exlst- for pmotectionof ambientairandwater
qualit-y from wastewaterdlschargesand wastedisposal?For sanitation?For human
exposureto wast-e-relat-edt-oxins, pat-hogens,or vectors?

• Are programsprescribedat- the national om state/provinciallevel?

• Whatstandands,megulations,permit- requirements,or otherpolicy mandatesexistfor
wastewatercollection andtreat-mentservices?For waste collection andtreatment,
storage,anddisposalfacilities?Are thereseparatemestnlctionsfor hazardousIndust-rial
dischargesandwast-es?What- regulations1f anydealwit-h the siting of facilitles?With
t-heindesign?With their ongoing operations,monitoring, andmanagementpractices?
WIt-h their continuedeconomicviabiit-y?

• What requlrement-sare therefor record-keepingandreporting by wastewaterand
wastemanagementfacilities?

• Who implement-sand enforces theserequirements,and how effectively are they
enfomced (to be asked of all stakeholders)?

• Is legal authomity adequatefor enforcement-, om is the lack of It a hindrance to
implementationandenforcement?

• Who (if anyone) is liable for any public health hazardsom envlronment-aldamage
resuitingfrom wastewatemom wastemanagementactivities?Aretheseliabiity provlslons
actually enforced?Why om why not-? What- actions can victlms take to invoke this
ilability? Are thereexamplesof recentsuccessfuldemandsfor compensation?
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• Are wastewaterandwastemanagement-considerationsfactoredInto anyotherpolicy
sect-ors?Landuseandtransportationplanning?Tax policies?Economicdevelopment-
strategies?Budget-sfor healtheducation?

• What- groupshaveimportantrolesandstakesIn wastewat-enandwastemanagement
decislons,andhow cantheylie persuadedto participateconstructivelyin defining the
issues,developingpossiblesolutions,andputting t-hemlnt-o practice?(Probe for and
Involve functionally Important but marginalized groups; for instance, Indigenous
networks and leaders In peri-urban settlements, women, waste picker and scavenger
networks.)

• Is prlvatization of someservicesan option? Which arethese?

All Stakeholders,asApproprlate

ECONOM1C INCENTIVES

• Who payswhornfor wast-ewaterandwast-emanagement-services?How doesthisvary
by sector (commerclal,industnial, inst-itutional, residentlal)?

• In what forrns are thesepayment-smade?Generaltaxes?Earmarkedor special-
purposet-axessuchas levies on particular product-s?Userfeesor chargesby private
haulens?At- what rat-es? How aretheserat-esdetermined?

• Do existingpnicing mechanismscreateanyincentivesom disincentivesfor properwaste
management?

• Are costsdifferentiatedby weight-om volumeof wast-es,by wastecharact-enist-lcs,or any
other factor?On what- basisarethey billed or assessed?

• What are the appmoximate cost-s per household for wast-ewater and waste
management-?Perbusiness?Whatarethe cost-sandrevenuesto the municipality it-self,
andto the organlzat-Ionsresponsiblefor wastewat-erandwastemanagement-?

• What is the approximatecost per ton of household wast-e to the responsible
management-organlzation?Of commerclalwaste?Of industrial hazardouswaste?

• Whatfractlonof t-his managementcost-is for collectlon,for treatrnent-,fordisposal,and
for administration?For labor, for capital equipment-,for operation,maintenanceand
replacement-, for treat-ment- fadiities and disposal sites? For compliance wit-h
environment-alquality st-andards?

INFORMATION AND EDUCATEON PROGRAMS

• What- information om education programs now exist- for wastewaterand waste
management?What- aret-hein goals,target audiences,and levels of effort-? What- are
t-hey achievlng?
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• Are t-here any public awarenessprograms?At what groups are t-hey t-angeted?
Communities?PublIc officials? Langewast-egenenat-ors?

• Are t-heme any reporting and labelinglaws? Are they effective?

Consultant/Analytical Team and Other Outside Sources

• What policy actlons by hlgher levels of government,beyond the authonit-y of the
municipality In question,could significantly help in impnoving local wastewaterand
wastemanagement-?

• Standardizationof product ialieling, container content-, om other charactenlstics?
Wastewat-emom wasteplanning, record-Iceepingandreportingrequirementsfor local
government-s?

• Will the policy instrument-sunderconsiderationservethemostvulnerablepopulations,
om merelythosethat areeaslestom cheapestto serveor havethe gmeatest-abiity to pay
for semvices?

• How much andhow meilablywifi t-hey neducethe mostseriousrisks, andat what cost
comparedwith other options?

• Whatnew nisksrnlght- eachoption lntroduce?How can thesebe minimized?How do
they comparewit-h the rlsks of ot-her options as well as existing condit-ions? (For
instance,by collectingandmovingwast-esto adifferentsit-e do t-heysimply reducerisks
to onepopulat-ionat the expenseof anot-her?)

• Which policy options will be mosteffect-iveIn neducingwasteat- thesource?MInimIzing
leakageandwastefuluseof wat-er?Sulistit-ut-ing lesshazardousproduct-sandmatenials
for toxic ones?Reducing excessiveandslngle-usepackaging,andmakingproduct-s
moredurable?

• Which optionsmight- helpto developmarketsfor mecyclingandreuseof water and
solid wast-e, either in t-hein exlsting form (such as some containers) or after
meconditIonlngom reprocessing?

• Whlch policy options appearto contributemost to the efficient opemationof waste
management-services,such as collection andtreatmentanddisposal?To the most
efficient useof all resources,including bot-h the materialsandenergybeingmanaged
andthe humanandcapit-al resourcesInvolved in managingt-hem?

• Which policy options appearto contnibutemostto fair sharingof the benefits,costs,
andrisksof wastewaterandwastemanagement-services?
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GLOSSARY

flow-control laws. Laws stipulating that certain wast-esmust bemanagedonly in speclally
deslgnatedfacilitles.

Horizont-alInformation.Informationexchangedamongcount-nieswith similarcharacteristicsand
atasimilar stageof development.

MarketablePermits.A systemundenwhlch generatorsof waste that- is costly to control can
tradeto pay for cleaningup dischargesthatarecheaperto manage.

Policy Instrument-s.Measures,suchasregulat-ions,incentives,andinformationcampalgns,by
whlch government-poilcies are Implemented.

ProductCharges.ChargesIn-iposedon productsresponsiblefor Increaslngthe cost- of waste
management.

Product St-andards. Quallty levels for product-s, as developed by agreement- among
manufacturersanddistributomsom Imposedby governmentmandate.

Tax Differentiat-lon. The use of differential tax rates on product-s according to the
environmentalimpact-they have.

VerticalInformation.Informationtransferredfromtheindustrializedcountniesto thedeveloping
countries.
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7

ASSESSING INSTITUTIONAL CAPABILITIES

7.1 Definition of Institutions

Iristitutions forpurposesof this assessment-meanorganizationsandthelinks amongt-hemthat-
makeup int-erorganlzat-ionalamrangement-s.

Impmovementsin wastewaterandsolidwastemanagementrequireact-lonby institut-lons,whlch
usepolicy instrument-sandtechnologiesto effectchange.Eventhe bestpolicy instrument-sare
of Iittle avail without- an approprIat-elycraftedinstit-utlonalarrangement-to managethe process
of changethrough careful monltoring andenforcement-andthe provision of channelsfor
feedback.Technologlesalsorequlrethe Institutional capacityto plan,construct-,operate,and
maintain t-hemandthe abiit-y to finance t-heminitially andover the long term.

Instltut-Ions are consideredIn this chaptenas agent-sof change.The most- obviouspoint- of
changeIs in reducingthe impactof polluting act-ivit-les.However, institutionscanalsobeuseful
in the policy process.It Is Important- to considerabroad range of instit-utions that- may lie
availableto assist.They maybe public or quasi-publicorganizationsat- the nat-ionallevel, like
government-ministrles;state,meglonal,or localagencies;parast-atalunits or publicent-erprises;
anddonororganlzations.Howeven,aninst-itutionalassessment-shouldalsoconsiderinstit-utions
out-sidethe public sector, organizationswith nonbureaucrat-icstructures,interorganizational
pattems(HonadleandCooper, 1989), and institutionsnot- current-ly engagedin combating
pollutlon but wit-h the pot-entialto makeacontnibution.Schools,healthcllnics, andthe media
are examplesof this last category. The questlon is how analystsmight- identify the best
institutionsto help in the solution of wastewat-erandsolid wasteproblems.The approachto
assessinglnstltutionsIs to ident-ify thoseof int-erestin apartlcularsettingandthendet-ermine
which of t-hem arelikely to be usefulin dealingwith the most pressingproblems.

7.2 Types of Institutions

Thet-wo levelsof institutionsto lookfor arethe organizationof the sectorit-self andthe dIscrete
organizationswit-hin the sector.

The term “sect-oral organization” refers to the tier where policy and lnterorganizat-ional
arrangementsaffecting overall wast-ewaterand solid waste managementare developed.
Dealingeffectively at- t-his level requlresthatthe sectorit-selfbe structuredto set-poilcies,plans,
define Jurisdictlons, and managefinancing and implement-ation. Thus, one aspectof
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institutional assessment-Is to seewhetherthe sectorit-self is well organizedto deal with the
range of funct-lons thatmustbe accountedfor.

It Is Important-to deterrnlnewhet-herthereis aneffectiveforum for the wast-ewat-erandsolid
wastesectorasawhole. The majorsectort-asksaresettingpolicies,planning, financing, and
ensuringthe implementat-lonof programs.The organlzat-lonof the sectoris important- for It-s
impacton policy making,andan assessmentteamneedsto discoverif theneis asigniflcant
institutional presencecompet-entto carry out the wide rangeof sect-oralmesponsibiit-Ies.

Organlzat-lonswithin the sector, the second category that should be conslderedIn the
assessment,are regulatory,service-delivery,public health, educationalandInformational,
advocacy,andfinancing instit-utions.

7.3 Regulatory Institutions

RegulatoryInstitutionsdevelopandenforcerules,megulat-ions,andsanctionsfor compliance
with wastewatemandsoild wastemanagementpolicles.Theycanbehighly effectivein dealing
with problemsatmorethanonepoint- In the pollution cycle (seeBemstein1991). The more
pressingthe perceivedpollution problem,the greatenthe temptationto interveneatthe point
of discharge;however,the largestlong-termpayoffscomefrom lesseningthe product-ionof
polluting matemialsin the first place.

Wherecontrolsareimposedat- the point of dlscharge,regulationIs likely to be costeffective
formoreconcentrat-edwast-estreams.And no matterwhat- thet-arget,the lessregulatoryefforts
conflict- with normsandthe lessbehavioralchangetheyrequlre,the more likely theyareto
succeed.Indeed, one of the most cost-effectiveregulat-ory options is negativeregulatlon:
removing impediment-s that- restnict the abiity of tamgets to deal with waste management-
problems.

Even under otherwise Ideal circumst-ances,effective central megulation requires several
institutional featuresthatmay not lie presentin sufficient- strengthin adevelopingcountry.

7.3.1 Government Regulators

Generally,waterpollutlon is negulatedatthe nationalor provincial level, while solld waste Is
regulatedatthe district level.But no mat-t-erat- whatlevel,governmentregulatoryorganizat-ions
have a substant-ial impact only if a number of requisitesare in piace. One of the most-
important-Is that the regulat-oryinstltution should havesufficientauthority.This is most- likely
to happenwhen It is est-ablishedwith a specific regulatory mandate,like an envlronment-al
ministry. However, when the institutlon entrustedwith regulat-oryfunctions is weak,other
government institutions—wit-h an acceptablejurlsdictional fit-, adequate resources,and
perceivedaut-horit-y—shouldbe considered.

Whie authorityis derivedfrom formal jurisdlction, it-is alsoinfluencedby thesize of resources
andthe quality of pemsonnel.It is difficult to say precisely what staff or budgetshould be
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consideredadequate,but It should lie easyt-o determine1f existingregulat-oryInstlt-utions are
the size andqualit-y needed.Regulatoryunits In somecountrles, for inst-ance,arelittle more
thansmallstaffsIn offices in the capitalcity. Effect-iveregulationIs Impossiblewit-hout analysts,
amonitoningandenfoncementstaff, andafleld presence.

7.3.2 NongovernmentRegulators

Technicallyspeaklng,regulationis agovernmentfunction. But nongovernmentonganizations
sometimesfulfill thefunctionby agreement-amongthemselves,aswhenmanufacturersor large
dischargersdecideto limit- pollution or householdstakenesponsibiit-yfor reducingthreatsto
the erivironment. Neitherconstitut-esregulationin the narrow sense,but- both illustrate the
assistancethatnongovemmentbodiescanrender.

Typically, t-his kind of self-regulationby largedischargersis encouragedby an industry or
businessassoclation.It mayalsolie encouragedby government-.Alt-hough rulesadoptedby
assoclationsmaylie prompt-edby self-interest-,theyfrequently areableto reducepollutlon in
cost-effectiveways.However, restnictionson manufact-urlngprocessesaffect-different- flrms in
diffenent ways andmay constituteamoresubfle form of competitlon.

Self-regulat-ionliylndividuals orhousehoidsIsoftenaccomplishedthroughcooperatives.1fthey
areableto lnfluencethe polluting or waten-consumptionliehaviorof theirmembers,theycan
be of specialimportance.They arealsouseful in servicedellvery, asexplainedlater.

7.4 Service-Delivery Institutions

RegulationIs of litfie helpwit-hout adequateInstit-utionalsupportfor servicedelivery.A careful
assessmentshouldconsidemstandardpublicservIcedelivery aswell asinformal institutionsand
should not- overlook interorganizat-ionalrelations.

7.4.1 Standard Public Service Delivery

Wastewatertreatment-andtheremovalof solidwasteareusuailymunicipal functions,although
somedevelopingcount-rieshavenationalom regional aut-horitiesresponsiblefor theseor may
offer t-echnicalasslst-ancefrom the nationalgovernment.

Servicesfor wastewat-ertmeatment-are provided by severaltypes of public organizationsor
clusters of them. The instit-ution may be a government-departmentom a pamastatalunit
responsililefor wastewater(or waterand wastewater)services,om It may lie integrat-edwit-h
other infrastructural functions. Theme is no single best way of omganizing such services.
Structuresthatarefunctionally integratedcansometimestakeadvant-ageof economiesof scale
andgreat-erplanning pot-ential but- lose adearfocus on water. The needsandprionities for
servIcedellvery mustbe considemedin the specific context in which they occun.
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Thereareanumberof varlalilesIn det-erminingtheinstitutlonal effectivenessandeffldency of
the typlcalstructuresforservicedelivery: inst-it-utlonalautonomy,leadership,management-and
administration,commerclalonient-at-ion, consumerorientation, t-echnicalcapabiity,abiit-y to
developandmalrit-ainstaff, organizat-ionalculture,andquality of interact-ioriswith keyexternal
institutlons.St-andardsof measurementfor theseperformanceIndlcatorshavebeenestablished
for severaldevelopingcountries In whlch public wastewaterservlceswere examined(see
Cullivan et- al. 1988).

Realist-Icjudgmentsmustbe madeabout institutional deficiencies,which often arerelatedto
resourceshortagesorpolltically imposedconstraints.Forinstance,forpolitical reasons,leaders
mayfavor capltal investrnentIn new project-soveradequatemaint-enanceof exlstingfacilities,
despit-e the efficlency advant-agesof the lat-t-er. Anot-her constraint- often found is an attit-ude
thatdeclinesto considenslrnplertechnologie.sfor wastewatentreatment.Agenciesstaffedby
t-echnicalspecialist-stralnedin advancedwastewat-ertreatment-methodswill dingto theseeven
if theyareimpractlcalom unaffordable.

Solid wasteservicesIn developlngcount-niesareconditionedby the high organiccontentof the
wastecombinedwith the high temperat-uresthat- generallyprevail. This meansthat frequent
collections are more important than technology for compaction, which in any caseis
in-ipractlcal with the denserwastes.In crowdedurban areas,solid wasteis best-handledby a
service able to collect waste from many householdsand transport It to the disposal site
efficient-ly. Therefore,a fleet of smallvehicles is moreappropmiat-ethansomesophisticat-ed
solid waste t-echnology(seeCointreau1987).

Many of the InstItutlonaldifficulties of negulat-oryagenciesdiscussedearlierapply hereaswell.
Both solidwasteservicedeilvenyagendiesandwastewat-ertreat-ment-units maylie unsuccessful
in retainingaskilled andmotlvatedworkforce. In Bangkok, for inst-ance,sanitationworkers
spendmuchof thelr timeretnlevingusablematerialsbefomedisposingof wastebecauseprofit-s
from recycling are approxlmat-elyequal to t-hein salaries(see Colntreau1987: 548). Thus,
applyingefficiencystandardsvalld In the industmlalizedcountrieswouldlie inappropriate,and
addressingsuchmaffersaswagescaleswould lie morerelevant-to improvementsin standard
servIcedelivemy.

Other institut-ional difficulties alsostemfrom a scancity of resources.Chronic malntenance
problemsprecluderegular, neliablecollection of refuse,alt-hough theseproblemsare often
attributableto politlcal choicesrat-herthanresourcescarcity.Irregularcollectionsin trim lead
Individuals to seeklesssanltany,alt-ernativemet-hodsfor the disposalof wastes.

Servlce-dellveryinstitutions,too, mayrequlre cornmunit-y support.Such tasksas collecting
tariffs or stoppingleaksIn sewag~systemsaremadeeasierwit-h helpfrom apopulatlonthat
views the serviceunit with favonrat-herthanasan unresponslvebureaucracy.Also, It maylie
important-to identify servlce-deliveryinst-itutions at the level of government-responsiblefor
enfomcementof relatedregulations.An additional point is that standardinstit-ut-lons for solid
wastedisposalmay haveopportunitiesto cooperatewith partsof the informal sector.
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7.4.2 Informal Sector

Becausesolid wastedlsposalin thedevelopingcount-niesyieldsrecoverablemat-enlalsof value,
It att-mactsweil-onganizedInformal part-Icipationby groupsseekingan income. Thus, In cities
like Cairo, scavengemshandle a sulistantial portion of the solid wasteoperation, albeit in
unsanit-aryways.

Somet-Imesstandarddeilvemy servlcesandthe informal sectorwork together.In Ecat-epec,
Mexico, scavengersareregisteredwit-h the city for the night to searchfor recoverablesat the
disposalsite, andcity workersomganizet-heindumpingroutinesto protect-t-hemfrom infectious
om hazardouswast-es.Neediessto say, managingrelationsbet-weenthe city agency and
scavengersrequlresuncommoncareandsensitivIty.

7.4.3 NongoverninentOrganizations

Nongovemmentorganlzations(NGOs) do not usually feature in servicedelivery, but they
shouldbeconsidenedwhenstandardgovernment-provideddelivemysystemsareunsatisfact-ory.
The mostappropriat-ecanobviously lie identified only in aparticularcontext-; t-hey should be
respectedandreasonalilyeffectiveIn what theydo. With NGOs aswlth otherinstitut-lons, It
is Important-thatorganlzationalcapadty,skills,andotherresourcesshould mat-chtheservice-
delivery needsto be met.

7.4.4 Private SectorParticipation

Prlvateentrepreneursprovide wastewaterandsolidwasteservicesin expectationof afinancial
return andthus look for favorable conditlons: attractivemarkets,regularrevenue,politica!
stability, ahelpful businessenvironment,andminimum risks. Themeareseveralmet-hodsof
pnivate sectorparticipation(see Cullivan et al. 1992: 39-40):

• Divestitureof Assets.Thegovernmenttransfersit-s ownershlpof wastewat-erandsolid
wastefacilities andgives the private party exclusivenightsto, andresponsibuit-Iesfor,
servicedelivery.

• Concessions.The government-awardsprivate concesslonsfor all phasesof new
servIce.

• ManagementContract-ing.Privatecontnactorstake over the operation,maintenance,
andrepairof publicly owned facilities, usually for ashort penlod.

• ServiceSupportContracting.PrivatesectorparticipatlonIs llmited to providing such
semvicesasbilhing.
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Thedifferencesamongtheseformsof pilvatesectorparticipationareimportantwhenofficials
areseekingthemostappmoprlateonewit-h whlchto matchobjectives(seeDonahue1989).Not
all of them merlt- discussionhere, but a few can lie briefly revlewed.

One purposeIn uslng the private sector is to attract- capit-al for the developmentof an
infrastmcture. Investrnentswill lie made, provlded the flrms are sufficiently compensated.
Bargainscanlie stnuclcsothatlargecapit-alproject-sareconst-ructedwithout anydrain on the
public treasury. Cost-s usually are passedalong t-o consumersor potential consumers.
However, certainprecautionsarenecessarybecausepnivatesectorinvolvementmayresult- in
servicefor thosewho canpay andthe neglectof poorersect-lonsof the community.Project-s
thatappearattractlvefrom the viewpoint of the governmentmayImposesubstantiallong-term
costs on apopulation.

Another private sectornole Is the operat-ionof a wastewat-eror solid waste systemunder
contract with the government.Pnivateexpertisemayachievesome gains in efficlency, but
except-in very smalllocalitlesor whereoperationsareunusuallyinefflcient, contract-ingIs not
likely to bring dramaticresuits.Thenumberandqualit-y of pnivatefirms areimportant.1f there
Is no competition,privatizationmaymerely substit-utea privatemonopoly for a pulilic one,
with 111±1egain in effidency. Competitiont-endsto producesavingsandit-s absencetendsto
meannegligible efficle-icy advantages.

In solid waste,theremaybe untappedmarketsfor pnlvat-eenterpriseIn recyclingandrecovery.
1-lelping to cmeatesuchmarkets,or at leastremoving Irnpediment-sto t-hein operation,maybe
worthwhile. Anothenprivate sectorrole Is management-om managementconsulting.

Sat-lsfactorypnivat-e sectorparticipat-lon is contingent- on competentpublic sector oversight.
There should be careful attention to the terms of contract-s and the service areasand
responsiliilitiest-hey cover,contractduration, ownershipandmaint-enanceof physlcalassets,
penaltles for nonfulfillment, and competitivenessIn the contract-ing procedureItself. A
competitivemarket-for serviceprovlslonis likely to needlessattentionthanoneorganizedon
apublic utility model, which mayrequire regulationto prevent-monopoly profit-s andservice
detenloration.In fact, the prlvatizat-ionof awatercompanywill not necessarilylower costsbut
will shift the responsibiityfor cost recovery from government-to the pnivate sector. Public
decisionmakersshould also avoid arrangement-sthat entail excesslvelong-term cost-s.

7.4.5 Self-OrganizedArrangements

In addition to public, NGO, andfor-profit amrangementsfor servicedelivery are Inst-itutions
organlzed by the membensof a community themselves.The most obvious candidatesare
strong, well-respect-edcoopenat-ivesalle to performseveralwaste-relatedtasks:encouraging
compliance with regulat-ions, monitoning vlolations and perhaps enforcing penalties,
constructingandmaintalningappmopriatetechnologyandtrainingthepopulationIn itsuse,and
collecting solld wast-e.A community that perceiveswaste managementas a mattenof self-
interest, is wilhing to give a cooperativeunst-inted support, and Is committedto long-term
particlpationis morelikely to benefitfrom a self-omganlzedarrangement-.
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7.5 PublicHealth Institutions

Public healt-h institutionsassist-not by reducingor removingwastebut by protecting people
from it-s iii effect-s.They Includeminlstries of health,community-basedhealthorganizations,
health-nelat-edNGOs,andhospitalsandcllnics. Theyareessentialin combat-ingacrisis like a
water-relatedepldernic andserve as agent-s of change in educatingpeople to alter t-hein
polluting behaviors.Theyserveto Insulatepeoplefrom unsafesituations.

7.6 Education and Information Institutions

EducatlonandInformatIon instit-utlonsarealsowonth attentionIn anassessment.They include
schools andtraining centers,public healt-h educat-ionalnetworks, mediaorganizations,and
sectionsof governmentministries.Theseinstitutionscanimprovepopularunderstandlngof the
importanceof wastewat-erandsolid wast-emanagement,ertcouragepeopleto actout- of self-
Interestas well asfor the commongood, explain the significance of official injunctions, and
Inform them of the optionsat thelr disposah.

In tum, public part-Idpatlonis bestassuredwhen individuals who producewasteknow that-
t-hein viewsaretakeninto accountin decislonson sanitarydisposalmethods,andthis makes
management-moreeffective.Educationandinformationorganlzatlonsarevaluablewhenthey
convey accurateandunderst-andalileinformation on problemsand solutions, pay heedto
publIc concerns,tap exlsting action netwomks, Instill respectfor conservationand the
envlronment,andare mealisticaboutsocloeconomlcandpoiltical constralnt-s.

7.7 Advocacy Institutions

Advocacy institutions are anothemtype of organizationthat- should be considered.They
promot-epollcy innovat-lonsor sodal changesfor the welfareof certainsegment-sof society,
andusepuliuicity, community omganization,andpolitical activlsmto presstheir agenda.They
frequently explolt t-hein connectionswith Individuals In important positions, Inciuding public
officIals sympatheticto thelr cause.

Advocacyinstitutionsarerarelylnvolved in the detailsof servicedelivery or regulationandfew
areprlmarily concernedwlth envlronmentalmat-t-ers.Nevertheless,someof t-hemmayfind that
publiclzlng wastewat-erandsolid wasteinformationandproposlngimprovementsin policy and
managementareideaswith consideralileappeal.Theymayalsobeof assistanceIn presslng
for legislative or admlnistrativechangesom in get-tingenvlronmentalissueson the agendaof
policymakers.
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7.8 Financing Institutlons

Flnance, whlch is essentialfor the successfulImplementationof wast-ewatenandsolid waste
impnovements,alsorequinesan Inst-Itutional presence.Financing issuesmequire supportfor
analysisand Implementationof financing ideas and provision of direct- flnandal ald. An
instit-ut-lonal assessmentmustindude an inquiry into the existenceof suitablesourcesfor the
necessaryfunding,suchasthemninlstryof finance,development-banks,commercialbanks,and
the savlngsandban industry.

7.9 Concludlng Comments

InstitutionalassessmentIs anImportanttaskbut shouldnot- lie regardedas time-consumingom
burdensome.A systematicreviewcanlie conductedwit-hout difficult-y by individuals with some
knowledgeof the local sceneand a willingness to gathera modest-amount- of addltlonal

information. The assessment-of Institutional capabiitlesIs the last- step In the processof
assemblingthe flndings neededto developastrategy.

7.10 Hlnts and Guldelines for AssessingInstitutions

The institutional assessmentent-ails the Identificat-lon of organizationswith the capacityto
improve wastewat-erandsolid wastemanagement-.The following arethe kinds of questlons
that- should be asked.

Institutlonal Framework

• What- organlzatlonsareresponsiblefor wastewat-erand wastemanagement-servlces?

• What servicesdo t-hey provlde?Which areasarefully served?Inadequatelyserved?

• What- organizationsactually provide theseservices?Public agencies?Cont-nactors?
Privateentrepreneurs?Cooperativesom communit-yagencies?Informal sector?Wbat-
benefitsdo theyrecelvefor provlding theseservlces?

• To whatextentdo public officials tolerateom encourageserviceprovldemsoutsidethe
forma! Inst-itutional framework?Under what- conditionsor restrlctions?

• Which of theseinformal providers areeffective?

• What Is the capacityof cumnentcollection, treat-mentanddisposalfacihities,andwhen
andat what rat-eswill t-hey requineaugmentatlonom replacement-?

• What organizations are responsible for protecting public hea!t-h and enforcing
environment-alstandamds?

• Which of theseare local, and what roles if any are played by regional, state and
nat-lonal organizations?
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• Doesthenationalgovernmentprovidet-echnicalor financlal support-for wastewateror
wastemanagement-?

• What- aut-horityandaut-onomyaredelegatedto local government-sfor wastewaterand
wastemanagement-?Doesthelocalgovernmenthaveauthorityto levyuseror product-
chargesto financewastemanagementservices?

Hints for GatheringData

• Pobiticalandadministrativeofficials, leadersof communitygroups,soclalorganizations,
the businesscommunit-y, environment-alists,meliglous leaders,andrepresentat-Ivesof
the mediashould be askedto identify organizationscurrent-ly Involved In wastewat-er
andsolld wastemanagementandotherorganizationsthat could help.

• Where t-here is disagreement-,om whemeadditional Information is needed,reportsom
memorandashould be sought.

AssessingEffectiveness

SECTORAL INsTrrurioNs (seeEdwands,Salt-, andRosensweig1992: 82):

• How is the sectororganlzed?

• Are roles andresponslhiitlesdivlded efficient-ly?

• What- kind of coordinatingbodiesexist?At- what- level?

• Is t-heinfunctioning relevant-to the operationof the sector?

• Are moles andmesponsibiltiesdefinedin away that- consist-ent-lysupportsart-Iculat-ed
pollcy?

REGtJLATORY INSTITUTI0NS:

• Do units haveforma! authorization?At which levels of government?

• Is this authonizationcompromlsedby jurisdictional division?

• Are regulatorystandardsreasonableandadapt-edto the local context?

• Do existingpolidesactually Irnpedemegulatorsandundercutt-heIn credibilit-y?

• Are regulat-lonstreatedseriouslyand implement-edImpartially?

• Is monitoming effective?

• Are peri-unbanareascovered?

• Is the regulatory inst-It-ution perceivedas fair?

• Are financialand inforrnatlonalresourcessufficient-?
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• Are the personneladequatein numbersandspeclalties?

SERVICE-DELIVERY UNITS:

• Doesthe struct-ureof serviceinst-it-utionsmat-chthetechnicaland/orpolitica! demands

of the set-t-Ing?

• Is their effort given st-rong polit-icah backlng?

• Do they havethe feat-uresrequlredfor effect-ive performance?

• Is the servicebeingprovlded falrly andregubarly?

• Are managersattunedto issuesof appmoprlatet-echnology?

• Do units havesufficient- revenuesources?Do they collectfeesregubarlyandfainly?

• Whereapproprlat-e,havetheydevelopedsatisfactoryworking melationshipswith the
Informal sector?

PRIVATE SECTOR UNITS:

• Is the politica! regimehostie or friendly to the private sector?

• Are weil-managedandcompetent-flrms available?

• Are business-governmentrelationsrelatively free of corruption?

• What pmecisepurpose(s)rnlght- be servedliy involving the pnivat-e sector?

• What- financing options arepossible?Who pays?When?How much?

• Does competition exist? Is it possible to contractfor a sufficient-hy short period to
malntainthe competitlvestimulus on asuccessfulcontractom?

• How much effidency gain canlie expected?

• Is servicequality likely to be influenced?

• Is thereatendencyto servethosewho areeasiestto satisfy om can paymore?

• Does government possessthe capacity to negotiate appropriatet-erms, analyze
financlng options, monitor performance,and ensurethat the public prionities are
emphasized?

CO0PERATiVEs:

• How well do the wastestreamsmat-chthe group’sjurisdiction?

• Is wast-ewater/solidwasteviewed as an Important- issue?
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• How langeis the community,andhow much mutualt-rust andlong-term penspective
seempresent?

MASS EDUCATION AND INFoRM~vrIoNUNITS:

• Are therewidely noticed channelsof communication?

• How expensiveis it- to obt-aln accessfor a wastewat-en/solidwaste informational
campaign?

• Is thereagood matchbetweentargetpopulationsandthe audienceserved?

• How bellevable(authoritative)arethe existingeducationalonganizations?

ADVOCACY ORGANEzATIONs:

• Are theseunits suffidently weil-organizedandrespectedto play auseful role?

FINANCIAL UNITs:

• Doesthe governmenthaveaunit for wast-ewaten/soildwastefinance?

• How respect-edis in?

• How ableto selectand implement-approprlatefinancial Inst-numents?

• Are banksalle to work with governmenton solid waste/wastewaterproject-s?

• Is accessto capital easiyarranged?Fairly effected?
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Glossary

AdvocacyInstitutions. Organizationsthatpromotepolicy Innovationsom socialchangesforthe
welfareof certainsegment-sof societyandusepublicity, communit-yorganizat-ion,andpolit-Ical
activismto pnesst-hein agenda.

Aut-honity. The ability to induce cooperativeeffort stemmingfrom the power inherent In a
prindpie, organlzation,positbon, om person.

CommonInt-erest.The int-erest-sharedby different- partlcipantsin an enterprise.

Cooperatives.Voluntary associationsof producersom consumems.

Exchange.Inducementtowardcooperationbecausethesharedenterprisepmovideseachwith
somethingof value.

Informal Sector.Unoffidal, loosely organizedprovidersof service.

Institutions. Organizationsandthe links betweent-hemthat- makeup an Interorganlzatlonal
structure.

RegulatomyInstit-utions. Organlzationsthatutilize rules,regulations,andsanctionsto directthe
behaviorof targetstoward cleanwater goals.

Sect-omal Institutions. Organizationsinvolved in developing policy and Interorganlzationab
arrangement-sthat affect overall wastewater/solidwasteoperations.
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8

DEVELOPING STRATEGIES FOR IMPROVING WASTEWATER OR
SOLID WASTE MANAGEMENT

8.1 Introduction

Earlierchaptershavecovereddifferent- stepsin the assessmentprocessshownin Figure 2,
Including a determinationof wastewaterand solid wasteproblems,a definition of the key
t-arget-s, andan assessmentof technology,policy Instrument-s,and institutions. This chapt-er
nepresentsthe final step—ananalysisof the informationandfindings from the previoussteps
andthedevelopmentof strategiesfor action. This chapterwill provide guidanceon how to
synthesizethe Information gatheredanddeveloprecommendationsfor the next- steps.This
processwill not result, however, in adefinitive strategy,sincethat- will requiremorein-depth
studyanddiscussionthanis possiblein an Initial assessment.

8.2 Designing Strategy

A strategyfor irnproving wastewaterom solld waste management,taking Int-o account-the
resourceconstraintsthatexistin mostdeveloplngcount-ries,musttry approachesthatdo not
rely primarily on conventionalapproachesas In the past.In mostcases,t-he useof availalile
options will mequire actions at all levels of governmentandoften the assistanceof external
agencles.Thestrategymustmakeacholceof policy Instrument-sIn aninstit-utionalcontextthat
canemploy t-hem effectively with affordabletechnologies.

The two point-s to rememberin designinga strategyare:

• Policy Instrument-sandinstitutions should lie consideredin tandem.

• Theseinstrument-sandthe technologles,whereappropriate,should lie selectedsoas
to addressthe most- important- Impact-s.

Policy instrument-som technologiesareusedin andthrough instit-utlons.LikewIse, institutlons
act on t-argetswith instrument-som technologies.Not- all Instrument-scan lie employedwit-h
equal easeby a given institution, and not- all institutions are well adaptedto a part-icubar
Instrument om technology.To emphaslzet-his point, the term option is used to mefer to a
specific combinationof instrument,t-echnology,and instit-ution.

Decisionmakersshouldconsiderregulatoryinstrument-sift-hey areworkingwhereauthorit-ative
Instit-utions can do someof the regulation. Economic instrument-smay lie worth attention
wherethereis a reasonalilydevelopedprivate sector,awell-definedandnecognizedmarket-
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wlth associatedInstitutions (like financing units and dear laws regarding properly), the
opportunity for competition,anda regimeopento privateInvolvementin traditionallypublic
servlces.Furthermore,Implementationof appropriatetechnologyIsmorelikely tobesuccessful
if the inst-Itutions are staffed wit-h expertswho havehad experiencewith lower-cost, less
advancedtechnologies(aswell as more sophisticatedones)and do not haveIncentlvesto
adoptinappropriateones.Indeed,the Importanceof select-Ingoptionsnot- drivenby hightech,
high cost- crIteriacannot be overstated.

The secondpoint- in strategicdesignimplies adeterminatlonof pnioritiesthataddressthe most
pressingneedsthat feasibby can lie confronted. To do this requlresa set of prlnciples for
evaluatingalternativesolutionsto wastewaterom solid wasteproblems.

One statementof guidanceorganlzesthe remainderof the discussion:

Strategy development: Select policy instruments, technologies, and
institutions sothat they have the greatestimpact in addressingthe most
importantproblems.

ThIs stat-ementIs elaborat-edandclarified in the sectionsthat- follow.

8.3 Fundamental Principles

The choiceof strategiesshould be guldedby five fundamentalprinciples:

• RIskreduct-lon

• Pollutlon pmeventionby wastereduct-ion

• Effective andefficient- wastemanagement-

• Equity andcostrecovery

• Selectionof appropnat-etreatment-anddisposaltechnologies

Theseprinciples might not all apply with thesameemphaslsIn agiven case,but- they offer
approprlatedinection andhaveinformed the discussionin the precedingchapt-ersaswell.

• Risk reductipn.The foremostconcernshould beto reducethe risksof wastematerials
to public healthandthe ecology. The sevemestcanbe detemminedfrom the guidance
given in Chapter3.

0 Will the options beingconsideredprot-ect the most vulnerablesegment-sof the
population,or merelythosethatareeasiestom cheapestto serveom can payfor
services?

0 How much and how relialily do they reducethese rlsks, and at what- cost-
comparedwIt-h otheroptions?
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o Wbat new nisks doeseachoption int-moduce,how cantheselie rninlnilzed, and
how do theycomparewith the risksof otheroptionsaswell asexistingconditions?
For instance,by collect-Ing andmoving wast-esto a different- site do they simply
reducerisks to onepart of the populat-lon at the expenseof another?

• Pollutbon prevention by waste meduction. The least cosily strat-egiesare thosethat
prevent-pollution by reducingwasteat it-s source,rat-hemthanmerelymanaglngIt once
in is generat-ed.The most desinableoption is waste reduction at the source,
followed by the development-of marketsfor recycling andreuseof waste,either In
existingform (suchassomecontainers)om afterreconditionlngom reprocessing.To the
extentthatusedmatenlalssubstitutefor new ones,recyclingand reusecontribute to
waste reductionas well. In some drcumstances,additlonal mat-erlalscan t-hen lie
recovered for other uses such as composting, land appilcation, or enemgy
production.The residuewith no furthereconomicvaluemustrecelvesafedisposal
ataproperly managedslte.

Optionsto reducewasteshouldthereforeprecededecisionsabout-the sizeandcostof
facilities for wastecollection, treatment-,anddisposal.Wastemanagementmust also
be deslgnedto accommodatechanglngtrends in waste generation,inciuding both
population and urban growth and changesin the mlx of waste streamsdue to
Industrialization,lncreaseduseof packaging,andotherexpectedshifts.

• Effective andefficlent wastemanagement.The mar~agement-of wastewaterom solld
wasteshouldle aseffectiveandefficientaspossible.Effectivenessrefersto thedegree
of achievement-of goals;efficiency meansmaximizingout-put- for a givenlevel of effort
om Input, including lioth matenialsandenergyaswell ashumanandcapital resources.
Effect-ive and efficient- wast-e managementcan lie achievedonly 1f the Inst-itutions
mesponsiblehavethe capaliiity to implement andsustainchangesandthe political
supportto maket-hem.

• Equitv andcost recpverv. Both the availabiity andthe costsof wastewateror waste
managementservicesshoubdlie distributedfainly amonglieneficianles.Thecostsshould
lie bomeby thosewho benefitboth direcily (households,businesses,andInstit-utions
that- discard wastes)and indlrect-ly (manufacturersand retailers), as discussedin
Chapt-er6. Producersandpurchasersof raw materialsshouldalsobeexpectedto pay
prices meflectlng the full healt-h and envlronmentalcosts of resourceextraction.
Paymentof the real costsfor virgin matenlalswill increasetheir prlcesrelativeto those
for recycledom reusedsubstit-utes.

Somemlghtanguethat- thisprlnciple neglectslargeexistingInequitiesin abiity to pay.
However, subsIdieswill not remedytheseinequitiesandare likely to createsenious
dist-ortionsin the useof services(for example,encouragingwastefuluseof wat-er and
other mat-erlals), whlch raise costs as well as envinonmentaland healt-h nisks for
evenyone.Insofaraspossilile,therefore,chargesforspecificservicesshouldreflecttruc
cost-s,and Incomeinequitles should lie dealt wlt-h liy othermeans.
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Even In poor areas,hlghly subsldizedsystemsdo not- succeedfor long becauseusers
have no st-ake in t-hem. Encoumagingmaint-enanceand effldent- use meansthat
residentsshould bearmost of the cost-s of managingt-hein wast-es(Sakunai, 1986).
Thesecostscanbe minlmlzed t-hroughcmeatlveuseof cooperatlvesandthe Informal
sector (seeChapter7).

• Selectlonof approDriatetreptment-and dlspospl technpbogie.s.Wastemanagement-
polldes must assurethe selection of appropriateand affordable t-echnologles, as
explalnedin Chapter5. The blastowardsthe useof conventionaltechnologiesmust
lie changedasdeveloplngcountrlessinnply do not havethe resourcesto payforthem.

The prindplesfor the cholce of strategiesalso are useful in the design of project-s and
programns.What now needsto be explalned is the selection of options, accordingto the
generalstatementaboutstrategydevelopmentpresent-edeamlier.

8.4 Designing and SelectingStrategles

The information gatheredduring the assessment-processcan le used for mat-ching, om
‘~frIangulat1on,”to narrowthe rangeof opt-Ionsfor semlousconsideration.What is necessaryis
to select, with the help of the guiding principles, policy instruments, technologles, and
institutions so that they have the greatest impact in addressing the most important problems.
Thestepsareshownin Figure 4.

8.4.1 Step One: Rank Impacts or Problems

InformatIon gatheredon impacts (Chapter3) may le poslt-Ive or negative. The negative
Impactsarethe “problems,” which must- lie rankedin order of importanceasthe first st-epin
developlng a strategyfor Improvement-. Not all problemsare wort-h equal attention. The
problemswill le thosepercelvedby the assessmentteamIt-self and thosereveabedIn the
opinlons of the local populatlon.

In all likelihood, the health impact will headboth list-s as the most- pressingprolilem, and
Information on mort-ality andmorlildity ratesgatheredin the surveycan lie usedfor furt-her
analysls.Sometlmesthe economicimpact-will emergeas importantandwill haveto lie studied
In thesameway. Generally,most- peoplewil] agreeon the biggest-pnoblems,even1f theydo
not seet-hein way to the samesolutions.

The assessmentteamshould take advant-ageof it-s own expertiseandaccessto data, yet
recognlzethat the Information provlded by both local officials andthe local populatlon is
important-andmay well contnlbuteto letter prolilem diagnosls.In any event,wit-hout t-hein
support-andcooperatlonany strategyfor improvementwifi lie an uphill task.
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Rank impactsof problems

+
Sortandranktargets

Orderinstitutions

Designoptions
(institutionspluspolicy toolsandlortecnologies)

Selectoptions

Figure 4

Designing a Strategy
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StepOnewill producealist of problemsrankedin orderof importance.The actionto le taken
is: Give special attention to thoseproblems seenas significant on both sets of
measuresby both anaiystsandthe local population.

8.4.2 Step Two: Sort andRankTargets

Efforts to correct the negativeimpactsor problemsof pollution must le direct-edat one om
moreof the targetsdiscussedin Chapt-er4: residualsgenerators,mesidualsmanagers,Impact
mit-igators,policy implementers,andothers.Someof thesearesureto le moreeffectivethan
others.St-epTwo conslst-sof rankingt-hemaccordingto expectatior~sof t-heincontilliutions to
solutionsof the majorproblemsandt-hein amenabiit-yto changesin behavior.

Somequestionsin making this determlnationare:

• Whlch of thesetargetsaresufficient-ly concentratedsothat policy instrument-scanle
direct-edat t-hem,compliancereadily monitored,andrecalcitrancediscouraged?

• Which canle influencedby information?Regulation?Economicmechanisms?

• Which canmost- afford, wit-hout economicloss, to alt-er t-hein behavior?

• Whlch areunlikely to usepolltics asameansof resistance?

• Wbich canreducenegativeimpact-swlthout vlolating cultural norms?

Changingthe behavion of targetsthat cannot be of help Is a wast-e of time, effort, and
resounces,but working on importanttargetsthatcannotlie influencedIs alsopointless.The
actionto lie taken is: Concentrateon targetsthat arelikely to contribute to solutions
to priority problems andare Ilkely to changetheir behavior.

8.4.3 StepThree: Order Institutions

Instit-utionsdiffer in the scopeof t-heingeographicalreach.Wat-erandwastewatemgenenallyare
managedat the municipal or local level, asarethe lehavior of households,businesses,and
organlzationsthatpurchaseproduct-sandgeneratewast-ewaterandwast-es.Many innovations
In waste managementoccum first at this level and are thenapplied elsewhere.Examples
IncludeneIghborhoodcooperativesfor wast-ecollect-ion andthelevy of usercharges,andthe
privatization of collection and disposalservicesthrough competit-Ive bids. In severalLatin
American countries,youngunemployedpeoplein inaccessiblehillsidebarrios arepaid by the
nelghborhoodsto liring garbagedown to communalcontainersat transferstationsat- the
bot-t-om of the hill.

However, some element-sof management-requlre reglonal, state,om national government
attention.Thediversity of jurisdictionsmaymequireastateor regionalgovernmentto organize
semvices,authonizethe useof landfor disposalfacilit-ies,andpnomot-emarketsforrecycledand
recoveredmatenialsto achievereglonaleconomlesof scale.Thenationalgovernmentmustset
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minimumstandamdsfor healt-handenvironment-alquality, aswellasforfinandalmanagement-
of public ent-enprises.It mustalsodeterrnlneproductstandardsandproductchargesfor goods
sold throughout- the country and allocate national revenuesfor wastewat-erand waste
management.National leadershipis requiredfor promotingplanningby eachlocalandstate
jurisdiction, supportingresearchusefulto manyjurlsdictions,dissenilnatingInformationabout-
transferableinnovations,andproviding training andtechnicalassist-ance.

StepThreein the designprocessconsistsIn gradinginstitutionsaccordingto t-heinlikely abiity
to serveaseffective agent-sof change.In somecases,institutionsmay le willing to support
changebut- mayneedto be stmengthenedin aparticular areabeforet-hey canbe of use.

Instltut-lons should le rankedon the liasis of four criteria:

• Leveragewith the top-prioritv targets(identifiedin StepTwo).Which Institutionshold
pmomlseof dealingeffectively wit-h thesetargets?One aspectwould le their reachor
jurisdiction.

• Generalinfluence

O Which institutlons aremostpowerful?

o Which havereput-atlonsfor leing alle to get thingsdone?

o Which havemelatively few antagonists?

• Empat-hy wlth envlronment-al/healtholijectives -~

o Which inst-itutions haveleademshipthat- knows andcanesaliout theseoljectives?

o Which could le encouragedto developan intemest?

• Willlnqnessto strenqthenoverall capabiity

The actionto le takenIs: Considerfor specialattention thoseinstitutions that meet

at least three of the four criteria.

8.4.4 Step Four: DesignOptions

This st-epinvolves theselectionof tools—policyInstrument-sandtechnologles—inthe context
of Institutionalcapacit-ysoasto arniveatthe mostattractiveoptionsfor improving wastewafer
om solidwast-emanagement.Theguidingprincipiesshouldlie: risk reduction,wastereduction,
efficient-andeffectivewastemanagement,eqult-y andcost-recovery,andthe useof appropriat-e
technologles.

The main points in evaluat-Ingt-echnologIesare usefulto keepin mmd.

• Selectatechnologythat is acceptableto thecommunityto beserved,thatmeet-s
minimum environmentaland healt-h standands,andthat can provide serviceat the
lowest cost.
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1 Consldemthe ability to Lmplementthe technology

• Considerthe capacity to operateandmaintain the systemefficlently.

• Make surethat the capital, operating,andmaintenancecostsare affordabie
by the leneficlarles.Usually,technologiesthatarecheapemareeaslerto operateand
maintaln.

StepFour rankspolicy instrument-sandavailabletechnologlesaccordingto:

• th~irlflçely fit wit-h the mpst promising institutipns (from StepThree)

• their cost

• the fiye principles in the choiceof strateqiesexplainedin Section8,3.

The action to le taken Is: Considerthosepolicy lnstrumentsandtechnologlesthat
arecompatiblewith promising Institutlons, that meetbudget constraints,andthat
satisfymost of thefive guldmg principles.

8.4.5 Step Five: SelectSetsof Options

Thefourst-epsyield options (combinationsof institutions,polIcy instrument-s,andtechnologles)
that cannow lie rankedin pnlority. Selectthe highest-rankedoptions or, more ilkely,
groupsof options for more detailed study wlth the goal of implementatlon. Some
suggestionsfor additional reflnement-sareoffered next.

8.5 Helpful Hints for Strategy Development

It is advisableto consldergroups om packagesof options ratherthanfocus only on the top
oneor two. Theselectionof perhapssix to elght would lie moreprudent-.Therearemargins
of errorthatenterInto nanking, andtheneareconstralnt-slike political int-erfenencethat- could
rendena single cholce-inappropriate.Pursuing a set- of severalopt-lons also makes sense
becauseit allowsdecisionmakersto proceedon morethanonechoiceslrnultaneously.In this
process,onemay appearmoreattractlveom lesscost-ly.

Timing is also important and not- the least of the many factorsthat Influencesuccess.The
vagariesof sequencing,rislngandfalling expectations,andpolltlcscannot-lie dlscounted.Also,
the onder in which hlgh-priority wast-ewat-erom solid waste project-s is undertakenis not
Inconsequential.Early successwlth one may make the successof others more likely (a
bandwagoneffect).

Sometimeschoicesmust le madeunder unfavorableclrcumstancesthat offer no flexibiity.
Whentherankingprocessproducesno stronginstitutionsthatfit thepreferredt-echnoiogyand
pollcy Instruments,or the optionsavailalle do not matchthe mostimportanttargets,It mnlght
benecessaryto lower thestandardsof selectionor considertapplngastrongInstitution In new
ways.
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Another possibilit-y Isto repeatthe processafterexperlencewith the “first cut.” Goingt-hrough
asecondround can revealpoints or relationshipsthat might havebeenoverlooked.

It is alsoimportant-to sharet-ent-atlveconciusionsaboutstrategieswith otherinformed partjes
who canverify the accumacyof the information on which the analysishasbeenbased.Such
discussionscould uncovernewoptionsandsuggesthowsomeof thosebeingconsideredmlght-
provide leveragefor the adoption of others.This point may be especlallyrelevant when
political considerat-lonsareimportant. Analysisshould not simply yield to political dlfficult-ies.
Yet It-is necessaryto recognizethe polit-ical context in which analysistakesplaceandin which
accommodationsmight- haveto be made.Assessment-teamsmayfind themselvessuljectto
the prIorities of a regime.No solutionstheydevisewill lie accept-edwit-hout- politica! support.
To recognize,for Instance,that-pnivatesectorparticipationin servicedelivery could lie vlewed
asahigh om low priority in a particularcountryis to be alertto a factorof obviousrelevance.
Local pnioritles andpolitical const-raintsareas importantas the analysisit-self.

The involvementof localdecision-makersin thedevelopmentof strategiesis soimportant-that
It cannotle overemphasized.The assessment-teammustallow adequatetimeto interactwit-h
local decision-makersandto explain the findings sot-hey are clearlyunderstood.But- more
lrnportantiy,such int-eraction will aliow the teamto understandthe concernsand issuesthat
local officials have.The local perspectiveis fundament-alsince ultimately no action will be
t-akenunlesslocal decisionmakersareconvincedthatt-heir concernsandprioritieshavebeen
takeninto account.The assessmentteamshouldensurethattherearestruct-uredopportunities
for t-his interaction to take place, i.e., working meetings,short workshops,om t-ask forces.
Whateverthe processselect-ed,t-hereshould be adequatetime for discussion.

8.6 An Example of Strategy Development

The exampleon page94 providesan illustration of what could actuaily happen.

The exampleis somewhatoversimplified,but It- doesillustratethe typeof analysisthat could
le madely using this document.The difficulties andopt-ions in a real casecould lie more
complex,the links om nivalries betweenorganizationsmore marked,the political constraints
moresevere,andthe causesof negativeimpactsmoreproblematic.Stil!, the illustrationgives
a senseof how much is possible, absent weil-funded regulatory operations om major
Investmentsin advancedtechnology.

It alsocoverseachelement-in the conceptualmodel: the mostpressingproblems,the most
promisingtargets,andthe most sensibleoptions.

8.7 Conciusion

The processoutlined hereoffers away of developingoptions to alleviatesomeof the most
senlouswast-ewat-erom solid waste hazards.As hasbeenemphasizedt-hroughout, the most
vexingchallengesoften stemnot from the complexit-y of the pollution problems,but rather
from limit-atlons on financial resourcesandthe frequent lack of effective regulation. This
documentpointsout othercontrolsbesideswastetreatment-anddisposal: policies to change
the behavior of polluters lefome residualsenterthe environment;policies to lnfluencethe
actionsof thosemesponsiblefor the movement-of residualsthroughthe envinonment;and
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Hypothetical Example

An assessment team in a large urban area In Latin America has Identifled several problems
attributable to wastewater or solid waste: intestinal diseases and other evidence of poor
heatth, some of this clearly stemming from the quality of water In thearea; seasonally elevated
mortality rates apparently due to water-borne diseases; and evidence of chemical toxicity
among resldents of slums near an industrial tract on the edge of the city. There are other
problems as well, but the assessment team, using its own information and the views of the
local population, concludes that health-related problems are the mast significant.

The assessment discovers that there are several causes at work: Improper placement of on-
site treatment technology in 60 percent of the househoids where it is being used; negligence
In the maintenance of individual facilitles and the simplifled sewerage system and stabilizatlon
ponds in a few neighborhoods; probable leeching of dangerous pollutants Into groundwater
from a poorly designed landfill in the industrial district; unsanitary conditions in several
nelghborhoods where solid waste is collected sporadically by municipal vehicles (the local
agency faces shortages of capital and spare parts); and vlolations of emission standards by
several heavy industries that had been encouraged to locate here by the prevlous government.

A revlew of available Institutions suggests several possibilities. Public health clinics set up by
en NGO to dispense medlcines could be tapped in an Information campaign. The national
regulatory agency is reasonably competent, weli-intentioned, and nonpolitical but lacks staff
and wastewater monitorlng capacity. A new associatlon of industrial firms led by a small group
intent on improving the city’s image is seeking financing from abroad for further development.
A community-based religlous organization is trying to lncrease awareness of health issues
among the population. The Industrial development that has given rise to pollution has also
spawned a small sector of service firms that profess competence in solid waste removal.

Policy instrument-s like deposit-refund systems and packaging regulatlons are obviously out of
pIece here. New capital-intensive technology is unaffordable. But a combination of local talents
and institutions may be worth pursuing. Educational and social marketing efforts by the public
heatthcllnics, in concert wlth the organizatlonal capacity of the respected religlous group,
might succeed in rebuilding and maintaining technology at the household level. This group
could be asked to organize neighborhood monitoring to reduce noncompliance with approved
practices. The regulatory unit could be induced to work wlth the industrial association by
of-tering to support the search for further Investment (or at least not oppose It) under clearly
specified conditlons, like the assoclation’s willlngness to set producer-enforced emission
standards to reduce chemical toxicity. The regulators mlght also work with the association to
offer technical assistance to firms and combine this with selective economic Incentlves like
fines on large-scale dischargers.

Local political leaders might consider working wlth the private sector to determine It
competitive contracting could replace the current arrangements for solid waste. Until this
happens, budget reallocations could emphasize the maintenance of collection vehicles over Iess
essential capitat expendltures. Solid waste collection could also recelve a boost through the
assistance of the religious organi~ation, which has the support of local scavengers.
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policies to help people cope with the adverseimpactsof pollution. This range of options
greatly Increasesthe possibiitiesfor improvedwastewat-erandsolid wastemanagement.

No mat-ter how well conducted,strategydevelopmentIs no subst-ltute for the careful
exploration of promisingoptionsbeforeIt- is undertaken.No assessment-team,for instance,
can delivem a plan for private sectorparticipation in a few weeks’ time. The processcan,
however,suggestsomeof the requisitesof nontraditionalchoices.

It canalertdecislonmakersto theimportanceof assemlilingset.sof options.Projectdesigners,
for instance,needto look at policy andinstitutional implicationsbeforeyielding to the easy
t-emptationof recon-imendingatechnologicalsolution. However,technologycanlie aleverto
Inducegovernmentto consideroptionsthat- reinforceIt-s lienefits. The options recommended
must accomrnodat-ethe political constraintspresentin every setting. An assessmentthat
identifiesinnovativeoptions, while keenlyawareof the political limt-tations, offers the surest
guamanteeof success.
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Glossary

Option. Any combinatlonof policy instrumentsand/omtechnologywith institutions.

Priority Ranking. ArrayIng itemsin a list in order of priority accordingto statedcriteria.

Strategy.An approachto solving or mitigating aproblem.A strategymakesa choiceof policy
instrumentsin an institutlonal context- that- can employ t-hem effectively, with affordable
t-echnologles.
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Appendix A

ANNOTATED BIBLIOGRAPHY

The following annotatedbibliographyis intendedto helpreadersfind additional information
in the variousareascoveredin this document.Thecitationsaredivided int-o eight categories
that correspondto the eight chaptersin the documentto makeit easyfor readersto locate
referencestheywant. Severaldocumentscould havebeenplacedin morethanonecategory.

• Introduction. Referencesthat elaborateon the dimenslonof the problemscausedby
inadequat-emanagement-of solid wasteandwastewat-er.

• ConceptualFramework.Refemencesthatmakethe casefor anintegrat-edapproachto
wastemanagement,pollution prevention,anda sector-omientedstrategy. - -

• !mpacts.Sourcesthatprovide informationon assessingthe impactsof poorsolid waste
and wastewat-er management.This category also inciudes some references on
environmentalandsocial impactassessments.

• Targets. Documentsthatdefinethe targetsof actions.Very few referencesareavailable
on this subject.

• Technologies.Documentsthatprovldeln-depthinformationon therangeoft-echnologles
for solid wasteandwastewatermanagement:collection, recycling,reuse,treatment,and
disposal.

• Policy Instruments.Referenceson the different- types of policy inst-rumentsInciuding
regulation, economicincentives,andasslgnmentof right-s andresponsibiities.

• Institutions. Sources of information on broadem institutional issues such as
decentralization,privatization,andsectoralorganizat-ion.

• StrategyDevelopment.Document-sthat-describecasestudiesof project-sandprograms.
This categomyalsoincludescross-cuttingreferencesandsomethat- could be placedin a
numberof the other categoriesaswell.
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U Introduction

Hardoy, Jorge,andDavid Satterthwait-e.“Third-Worid Cities: The Environmentof
Poverty.” World ResourcesInstitute Journal. 1985.

Focuseson pollution, sanitation,housing,and land useas fundamentalproblemsin
city slums.

Martlnez, Martin Medina. “Municipal Solid WasteManagement-In Developing
Countries.”Unpublishedmast-er’sthesis,University of North Carolinaat- ChapelHill,
ChapelHill, NC, 1990.

Identifies issues,technologies,andneedsin municipal solid wastemanagementIn
developingcountrieswit-h Mexico as aprirnary example.

Stren,RichardE. andRodneyR. White (eds.).Afrlcan Citles in Crisis, Managlng
Rapid (Jrban Growth. African Modemizat-ionandDevelopmentSeries,WestviewPress,
1989.

A compilat-lon of paperson urban growt-h andmanagementin African cities.

World HealthOrganizatlon.EnuironmentalPollutlon Control In Relatlon to
Development.63 pp. 1985.

An overviewof urbanlzation,det-erloratingenvironments,andconsequencesfor
public health. Identifies humanexcretaas the principal sourceof pathogenic
organismswhlch spreadentericandviral diseases,the leadingcausesof deathin
areasinhabitedby 2/3 of the world’s people.Advocatesnon-conventional
seweragesolutionsand labor intensiveapproaches.Caseof Manila’s 10,000street
sweeperscited as good example.

• ConceptualFramework

Huislngh, D., andL. Martin, H. Hilger, N. Seidman.ProuenProfltsfrom Pollutlon
Preuentlon:CaseHistorles In ResourceConservationand WasteReduction.Institute
for Local Self-Reliance,316 pp., 1986.

Collect-edcasestudiesfrom developednationsoffer a rich sourceof Ideasfor
programmanagersIn developingcountriesaswell.

Makela, T. “Improved Industrial Wat-erPollution Control in Botswana:From Strat-egy
to PracticalImplement-ation.”WaterScience& Technology,24(1): pp. 15-24, 1991.

Reviewspolicy guidelinesdesignedto curtail pollutlon wit-hout constraining
economicdevelopment-.Emphasizesneedto dearly define responsibilitiesof
polluters In bestinterest-of prioritlzation, andto keeppolicy alireast-of trendsin
Industry.

Ô
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United NationsEnvironmentProgram.Policy Guldelinesfor the Control of
EnuironmentnlPoliution in Urban Areas of DeveloplngCountries, 158 pp., 1987.

Targetedto policy makersIn urban pollution management.Technicaloptions are
revlewedbut emphasisis on belief that constralntsto pollution control areprimarily
institutlonal, soclal, andeconomic.

• Impacts

Arda, Gustavo,EugeneBmantly, RobertHet-es,Barry Levy, Clydet-tePoweil, Jose
Suarez,andLinda Whitefomd. EnvironmentalHealth Assessment:A CaseStudy
conductedin the City of Quito and the Countyof Pedro Moncoyo,Pichincha
Provlnce, Ecuador.WASH Field ReportNo. 401 Arlington, Va., WASH Project,
1993.

An appilcatlonin Ecuadorof methodsfor evaluatingandcomparingenvironmental
healthproblemsusingrisk assessment,public heaithdata,andet-hnographicdata.

Bowies, R.T. SocialImpact Assessmentin Small Communitles.Toronto, Butterworths,
1981.

Discussessomeof the basicprinciplesandguidelinesfor the appilcationof SlA
methodologies.

Bmanch,K. et al. Gulde to SodalAssessment:A Frameworkfor AssessingSoclal
Change.Boulder, WestviewPress,1984.

A basicdiscussionof guidelinesfor SlA with detailson methodology.The
contributorshaveawide rangeof experiencewlth the process.

Brantly, Eugene,Roliert Hetes,Barry Levy, Clydett-ePoweil, and Linda Whlteford.
EnulronmentalHealth Assessment:An IntegratedMethodologyfor Rating
EnulronmentalHealth Problems.WASH TechnicalReportNo. 91. Arlington, Va.,
WASH Project,1993.

Information on using risk assessment-,public healthdata,andethnographicdatain
determiningImpactson health.

Burdge,R.J. “The SocIal ImpactAssessmentModel andthe PlanningProcess.”
EnvironmentalImpactAssessmentReview7(2): 141-150, 1987.

A discussionby an Austmaliansocialscientiston the goals andbenefitsof SLA.
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Cafrncross,A.M. “Health Impactsin DevelopingCountries:New EvIdenceandNew
Prospect-s.”Journal of the Institution of WaterandEnvironmentalManagement,
Volume 4.

Suggestsguidelinesby wbich new wat-emsupply andsanitatlonfacilities can lie
channeledto the usergroupsthat will benefitmost andhencewifi lie the most
wllling to pay for t-hem. Behavioral changesthatmust accompanyservicedelivery
to achievethosebenefitsareemphaslzedas well.

Caimcmoss,A.M. andR.G. Feachem.EnuironmentalHealth EngineeringIn the
Troplcs: An Introductory Text.JohnWiley, 1983.

A comprehensivereferencefor low cost- drinking waterandsanit-atlontechnologies
and wat-ersupply andsanitation-relatedhealthimpacts.

Corbitt, R.A. StandardHandbookof EnvironmentolEngineering.McGraw-Hill, 1990.

Handbookcontaining adiscussionof methodologiesfor environmentalimpact
assessmentandtypical compositionsof wast-ewaters.

Derman,W. andS. Whiteford, (eds.). SocialImpactAnalysisand Development
Planning In the Third World. Boulder, Westview, 1985.

Containscontributionsliy socialsdentistswho apply SlA in the Third World.
Especlallyvaluablefor furtherreferences.

Eckenfelder,W.W. Industrial WaterPollunon Control. McGraw-Hill, 1989.

Charact-erizationof industrial wastewat-er.Treat-mentprocessselectionanddesign.

Esrey,StevenA., LeslieRoberts,JamesB. Potash,andClive Smith. Health Beneflts
from Improuementsin WaterSupplyand Sanitation: SurveyandAnalyslsof the
Literature on SelectedDiseases.WASH TechnicalReportNo. 66. Arlington, Va.:
WASH Project-, 1990.

Conciudesthat “in achievingbroad healthImpacts,safeexcret-adlsposalandproper
useof water for personalanddomest-Ichygieneappearto be moreimportantthan
drinking waterquality.” Four mostimportantcategoriesof Int-erventionareexcreta
disposal,personalhyglene,domestichygiene,anddrinking waterquallty.

Fmeudenburg,W.R. “Social Impact Assessment.”Annual Reviewsof Soclology 12:
451-478, 1986.

A generaldiscussionof the goals andmethodsof SlA.
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Huttly, ShamonR.A. “The Impact of InadequateSanitaryConditions on Healt-h In
Developing Countries.” World Health StatlsticsQuarterly, 1990:- -

Sumsup findings on the melationshipbetweenhealthandsanitationat theendof
the International Drinking WaterSupply Decade.Focusis on gains agairistdlarrheal
diseases,helmint-h infections, guinea-wormdlsease,andnutritlonal defidencies.

de Koning, H.W. (ed.). SettingEnulronmentalStandards;Guideilnesfor Decision-
Making. World Health Organization,98 pp., 1987.

An introductionto options for measuringbiological andchemicalpollutants.
Guldelinesfor determlning“acceptablerisk,” etc. Chapter5, Strategiesfor
Prevent-lonandControl, examinespracticalmeasures(elimination atthe source,
labeling andhandling requirement-s,releaselimits, etc). Arguesthatdeveloping
countriesshould not view such constraintsas abarmier to economicdevelopment-.
Consequencesfor improved healt-h arean invest-ment-and, furthermore,thereis no
evldencethat “an Industrializlng country will determultinationalcorporationssimply
by requlring t-hemto adhereto environment-alcodessimilar to thosein effect in
developedcountries.”

Examinesthe socioeconomicfactorsfor determining“acceptablerisk.” Looksat the
scientific andpolitlcal/adminlstrativestagesthat coincide with detectionand
evaluationof hazamdsvs. considerationof establishedhealthgoals.

McJunkin, F.E. WaterandHumanHealth. Preparedby the NationalDemonstration
WaterProjectfor the U.S. Agencyfor InternationalDevelopment,Knowledge
SynthesisProject,EnvironmentalHealth Information Activity, 1982. -

Comprehensivediscussionof water-relatedhealt-hissuesin developingcountries.

Pumdom,P.W. (ed.). EnulronmentalHealth. AcademicPress,1980.

Generalreferenceon the environmentandhealt-hInciuding charactemizatlonof
wastewat-erandsolid waste.

Reg, H. “ImplementingSodal Impact Assessment-in DevelopingCountries: a
ComparativeApproachto the StructuralPmoblems.”EnulronmentalImpactAssessment
Revlew10(1/2): 91-101, 1990.

Exploresthe useof ELA techniquesIn the Third World, with a focus on the transfer
of scienceandtechnology.

Salvato,J.A. EnulronmentalEngineeringandSanitation.Wiley-Intersclence,1982.

GeneralhandbookcontainingInformation on water quality standardsandtypical
qualItiesof wast-ewat-er.
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“Suggest-edMicrobfological Wat-erQuality Testsfor Developing Countriesand Rural
andIsolatedNorth American Communitles.”NatlonalWaterResearchInst-Itute,
Contribution No. 89 - 153. -

Describestwo simple test-sfor gauginghazamdsposedliy raw andrecreational
wat-ers.Discussesconsequencesfor use in developingcountries.

Test-er,F.J. andW. Mykes (eds.). SoclalImpactAssessment—Theory,Methodsand
Practice. Calgary, DetseligEnterprises,1981.

A collection of articleson the theory andappllcatlonof methodsin SlA.

U.S. Agencyfor InternationalDevelopment.Office of HousingandUrbanPrograms.
RankingEnuironmentalHealth Risksin Bangkok, Thailand. Working Paper,December
1990.

Rankshealthrisksof environmentalproblems,Inctuding air andwat-er pollutlon,
food cont-amination,solid andhazardouswast-es,met-als, andmicroblological
diseasesin Bangkok,Thailand t-hroughcomparat-Iverisk assessment.

U.S. Agencyfor International DevelopmentandResearchTriangle Institute.
Summary-Discussionof WorkingGroup B. Presentedat- Agency for International
Development-EnvironmentalHealth Workshop,Washington,DC, February14-15,
1991.

Discussesenvironment-alhealthissuesin developingcountries.

The World Bank. EnvironmentalAssessment-Sourcebook.The World Bank,
Washington,D.C., World Bank TechnicalPaperNumber 139, two volumes, 1991.

Thesetwo volumespresentWorld Bank guldelinesfor environment-alassessmentIn
all sectors,Inciuding solid wasteandwastewatermanagement.

Yacoob, May, EugeneBrantly, and Linda Whiteford. A Modelfor Promoting
Community-BasedEnuironmentalManagementin Peri-Urban Areas.WASH Technical
Report No. 90. Arlingt-on, Va., WASH Project, 1993.

Present-saconcisemodel andspeciflc methodologyfor using community-based
processesto identify andevaluateenvironmentalhealthproblems,set-priorities, and
developenvironmentalmanagementplans in peri-ubanareas.
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• Targets

Furedy,Christine. “The PeopleWho Get in the Way: ChangingValuesin Urban
WasteManagement.”Treatment,Disposaland Managementof Human Wastes,
18:7/8.

An examinationof the cultural misuriderstandingsthat candoom otherwisesound
intervention.Striking examplesof how insufficlent conslderatlonof intended
beneficlarieshasthwartedproject-s in Calcuttaanddiminishedwhat wasthe world’s
mostextensivesystemof sewage-fedflsh ponds in the world.

Fumedy, Christine. “Social Aspectsof Solid WasteRecoveryin AsianCitles.”
EnvironmentalSanitatlon ReviewsNo. 30, December1990.

In-depth discussionof social aspect-sof wast-erecoveryliy the urban poor in Asian
dries; identifiespotentia] solutionsto wasterecoveryproblemsand issuesin
compost-making.

• Technologies

Alexander,H.D., andJ.V. Int-errante.WasteMinimizatlon: CaseStudy. Hazardous
andIndustrial Wast-es:Proceedingsof the 2lst Mid-Atlantic Industrial Waste
Conference.TechnomicPulilishing Co., 1989. - - - -

Wastemlnlmlzation yields a doulile benefit in savingsof raw materialsand
treatmentcosts.Proposesst-epsfor assessingminimization plans: developan
accurat-eInventory of waste generat-ed;det-ermlnehow such wast-esareproduced,
handiled,anddisposedof; choosethe minimization options wit-h the bestchancefor
real wastereductionsandsavings; presentresultsto management.

Anda, M., and1. Mat-hew. “Appropriate TechnologyHygleneFacility for Small
Communities.”WaterScience& Technology,24:5, 163-173, 1991. -

Describescommunalwashlng/laundering/waste-watertreatment-anddisposal
facility designedfor usein niral setling. Arguesthat installatlonandmaintenanceliy
beneficiarlesfosterscommunity-basedconstructionskills, healtheducatlon,and
generalsanitation.
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Bagchi, Amalendu.Design, Construction,and Monitoring of Sanitary Landflhls. John
Wiley andSons, 284pp, 1990. - -

An introductionto state-of-the-artlandfill operation. Emphasizesconcept-sIn design,
construct-lon,andmonitoring,andout-lines the challenges,if not- the solutions,to
installatlon In developingcountry set-ring. Assumessomefamiliarity with geology
andengineering.Providesthoroughtreatmentof datacollection andslt-e selection.
Considerssuch variablesas soil types, wastecharacterization,andresultingdesign
features,anddiscusseschoice of liners andbarriers,drain Installation, venting
systems,day-to-dayoperations,consequencesfor groundwatemcontamination,and
cost analysis.

Bartone,Cari. “Recycllng Waste:the World Bank Projecton ResourceRecovery,”
Journal of the Societyfor InternationalDeuelopment,No. 4, pp. 35-39, 1986.

Findings of a project undertakenwith the U.N. DevelopmentProgram.Goal was
increasedcommunity participationin reuseoperations,which indudedbiogas
generation,irrigatlon with effluent, andcompost-ing.

Bhattacharjl,Somdev,GeraldM. Fmiedman,Horst- J. Neugebauer,Adolf Seilacher,
eds.SwissWorkshopin LandDisposal of Solid Waste.Springer-Verlag,1988

Nineteenpaperson currenttopics in landflll science.Two cat-egoriesfor discusslon:
Landfill asaReactorandLandfill asFInal Storage.Key questionsInvolve measures
to accelerat-edecompositionandcompoundsto be excluded.First four essaysgive
solid backgroundin blological processes,chemicalprocesses,massandelement
balances,andthe technicalconcept-susefulfor management.

Carra, JosephS., andRaffaello Cossu.International Perspectiueson Municipal SoIld
Wastesand Sanitary Landflhllng. AcademlcPress,234 pp, 1990.

Reviewsstate-of-the-artincinerationin developedcountriessuchas Swltzerlandand
Japan,wherehigh population densityandlimited spacefavor the practiceover
landfiulng. Leachatemanagementconstitut-esbiggest-fleld of inquiry.

Flintoif, Frank. Managementof Solid Wastesin DevelopingCountries.World Health
OrganizationPublication,South-EastAsia SeriesNo. 1., 1976. -

In-depth explorationof numerousaspect-sof solid wast-ecollection, disposal,and
composting.Addressesmany engineeringandplanning issues,including
appropriatevehicles,collection altematives,andsomefinancial optioris.
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Hershkowitz,Allen. GarbageBurning: LessonsFrom Europe: Consensusand
Controuersyin Four EuropeanStates.Inform, Inc., 53 pp, 1986.

High population densityandscarcity of land for burial of garbagehavemade
incineratlonapopularoption for many Europeancountries.Similar clrcumst-ances
mayforcedesignersof programsin the developingworld to conslderthe option. A
critical look at a long-standingpractice.

Kalbermatten,JohnM., DeAnne S. Julius, CharlesG. Gunnerson.World Bank
Studiesin WaterSupplyand SanitationNo. 1. The JohnsHopkins University Press,
1982.

Result-sof t-wo yearsof field studiesby the World Bank in 14 countries.Very
comprehensive.Providesguldelinesfor designandmanagementof both solid waste
andwastewatermanagement.Makesstrongcasefor nonconventional
(nonsewerage)solutions. Outllnes factorsin choosingappropriatesanitarysystems,
such asclimate, soil type, populatlon density, andsocialconsiderations.Includes
analysisof varlous treatmentstrategies,economiccomparisons,andprojected
health benefits.Providesdetailedalgorithmsfor matchingspecific latrlne systems
with communit-yneeds.

Kumar, P., andR.J. Garde. “UpgradingWastewaterTmeatmentby Wat-emHyaclnth in
DevelopingCountries.” WaterScience& Technology,22: 708, pp. 153-160, 1990.

Recenttestsshow efficiency gains of up to 20 percent-where waterhyaclnt-h was
Introducedto oxidatlon ponds. Technologydeemedapplicablein new treatment
plant design aswell as for upgradlngold facilitles. Cautionarynoteon dlssolved
oxygenlevels, which werereducedby the plant-s. Aerationrecommendedbefore
usingtreatedwater for otherpurposes.Pot-ential aquacult-urebenefits.

Montanari, F.W., T.P. Thompson,T.P. Curran, W. Saukin (eds.). Resource
Mobilizationfor Drinking Waterand Sanitationin DevelopingNations.New York:
AmerlcanSocietyof Civil Engineers,1987.

Pmoceedingsof the International Conferencesponsoredby the WaterResources
Planning andManagement-Division andthe EnvironmentalEngineeringDivlsion of
the AmericanSociety of Civil Engineers,SanJuan,PuertoRico: May 26-29,
1987. Containsseveralarticleson sanitationandsolid wastemanagement
technologles,especlally:G.J. Newman“A Sanitat-ionSystemSelectionProcessfor
Small Community Housing Project-s”; S.J.Colntreau“Solid WasteManagement-in
DevelopingCountries”;R.J. ScholzeJr., E.D. Smith, S.P.Shelton “Appropriate
SanitationApplications.”
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Neal,A.W. RefuseRecyclingand Incineratlon. TechnicopyLimited, 170 pp, 1989.

TechnicalconslderatlonsIn solid wastecollection andseparatlonpreparatomyto final
disposalby Incineration.Revlewstypes of incinerators,caloricylelds of varioustrash
constituents,prospectsfor heatrecovery, andhealthmisks posedby Incinerat-lon of
hazardoussubsîances.Specific considerationglven to Incineratorneedsof various
industrial bypmoductsaswell as modelsfor the publIc sector.Briefly examines
altemativesto Incineratlon(refusecollection, recycling, composting,andbio-gas
genematlon).

Pacey,Amold, ed. Sanitationin a DevelopingWorld. Oxfam andthe RossInstituteof
Tropical Hyglene. JohnWiley & Sons, 1978.

A collection of 46 articlesandcasehistorlesthatareagood companlonto the
above. Casehlst-orles (groupedby latrlne style) are helpful in tandemwith the
algorithmsof Sanitationin a DevelopingWorld whenconsideringthe many
nonconventionalaltemativesto tradit-lonal sewage.

Rao, S.V.R. “Urban andSemlurbanPlanningin Developing Counirlesfrom a Wat-er
andWastewaterTreatmentPolnt of View.” International Journal ofEnWronmental
Studies,31:2-3, 129-142, 1988.

Advocatesdown-scalingconventionalwatertreatmentfaciities andreplacing
seweragesystemswlth low-coston-sitetreatment-.

Sanitatlonin DeuelopingCountries. Pmoceedingsof aWorkshopon Training Held in
Lobatse,Botswana,172 pp, August 1980.

Thirty-nine casehistorlesfrom varlousAfrican nationsaredivided int-o three
categorles:technology (humanwast-e), software, (education,community
participation, financing schemes),andtraining. Articles areconclse,written in
nont-echnicallanguage,andhighly readable.Judlcioususeof subjectheadings
rnakesrelevantinformationeasyto locate. An excellent-referencefor anyone
working in rural Africa om Introducing humanwast-econtainmentsystems.

Singh, U.P. andO.J. Helweg (eds.). Supplying WaterandSavingthe Environmentfor
Six Billion People.New York: AmericanSociety of Civil Engineers,1990. Proceedings
of selectedsessionsfrom the 1990 ASCE convention.SanFrancisco,Califomla:
November5-8, 1990.

Containsseveralarticleson sanitationaltemativesandsanitatlonplanning,
especially: R.N. Middieton andJ.M. Kalbermatten“StrategicSanitationPlanning”;
W.J. Oswald“AdvancedInt-egratedPondSystems”;D.W. Elliot “Altematlve
Technologlesfor WasteMinlmlzatlon.”

0
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Shuval,Hillel 1. “Health GuidelinesandStandardsfor Wastewat-erReusein
Agriculture: Historical Perspectives.”WaterScience& Technology(Kyoto), 323:2073-
2080, 1991.

Hlstory of developmentsleadingto current standardsgoveminguseof treatedand
untreat-edwastewaterin agricultureandaquacultume.For measonsexplalned,
restrlctionshavebeenrecentlyrelaxed: 10,000 coliforms andonehelmlnt-heggper
liter of waterarenow recommendedlimits for applicatIonto producethat wifi be
eatenraw.

Treatment,Disposal andManagementof Human Wastes.InternationalAssoclationon
WaterPollution ResearchandControl, 18:7/8, 1986.

Fifty country reportsandcasestudieswith emphasison SoutheastAsia. Papers
deal with soclal obstaclesto Implementation,planning andmanagement,and
applicationof humanwastesto fish ponds,soil, chernlcalprocesses,dentrification,
et-c. Comprehensiveand well-organizedstudy of the waterpurlfication options
sulted to the developingworld. Written for the nontechnicalpersonyet includesall
the detailsandschematicsan englneerwould mequlre to designhis own system.
ChartsindudedareWHO’s guldelineson water-bomecontamlnants.Appendices
inciude “Simplified Proceduresfor Wat-erQuality Analysis.”

Walker, J.M., andM.J. O’Donnell. “ComparativeAssessmentof Munidpal Solld
WasteCompostCharacteristlcs.”Biocycle,32:8, 65-69, August 1991.

Usesresultsfrom nine operatingand pilot project-s to assesspotentia] benefitsof
compost-Ingmunicipal refuse.Suggeststhat high pH levelsamelioratedsomeof the
worst effect-sof heavy metalscontamination.Suggestsmoreresearchto estabiish
st-andards.

WasteMinimizatlon:HazardousandNon-HazardousSolid Waste.National Technical
Information Service,1987.

An annotat-edbibilography compiledby EPA’s Office of Soild Wast-eto facilitate
wastereductionefforts.

“Waste Minlmlzation.” Industry andEnvironment12:1-50,Jan./March,1989.

Fifteen articlesdescrlbingwastemlnlmlzationefforts In both industrializedand
developingnations.
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WastewaterTreatmentSystemsfor Rural Communities.1973 Village Technology
Handboolç. VITA (Volunteersfor InternationalTechnicalAsslstance)College Campus,
Schenectady,New York, 1973.

Condseintroductionto the conceptof sustainableliving emphaslzesminlmlzation at
the source,recycllng what- is ultimately usable,andproperdisposal of what cannot
be used.Lot-s of examplesof successfulproject-s for wasteminimization, recovery,
andreuseIn varloussettings.Comment-son someof the regulatory options,
inst-Itutional changes,andfinancial innovationsthat variousgroupshaveusedto
overcomepolitica! oppositlonandhumaninertia In instituting change.

Winbiad, Uno, andWenKilama. Sanitation WithoutWater. McMillan, 158 pp, 1985.

Guide to lafrmnesof the world. Stylesfrom 17 countriesevldencingvarylngdegrees
of complexityare representedandexplained.Separatechapt-ersdevotedto criteria
for selectingspecificstyles,generalengineering,anddirectlonsfor constructingthe
most populardeslgns:pour-flush, ventilated improved,andcompost-Inglat-rines.

World HealthOrganization.Health Guidelinesfor the Use of Wastewaterin Agriculture
andAquaculture.TechnicalReportSeries778, 78 pp, 1989.

Revlew of currentpract-Ices,suggestlonsfor upgradlngold systems,andguldelines
for planningnew ones.Consequencesfor health,Implementingsafeguards,and
suggest-Ionsfor research.

U.S. EnvironmentalProtectionAgency. Innovativeand AltemativeTechnology
AssessmentManual. Washington,DC, 1980.

Comprehenslveguideto wastewatertreatmentunit operatlon, inciuding design
criteria, enemgyrequlrements,environmentalimpacts,andcosts.

• PoIicy Instruments

Bartone,CariR. “International Perspectlveon Wat-erResourcesManagementand
WastewaterReuse—Appropriat-eTechnologies.”WaterScience& Technology, (Kyoto)
23:2073-2080, 1991.

Suggeststhat unnecessarilystringent requirementsresult In noncompliance.
Advocateslowering bacteriologicalstandardsandcreatingnew onesfor helmlnths
(and otherpathogens)currenfly overlooked.
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Bart-one, Cari R. “Investing In EnvironmentImprovementsThroughMunidpal Solid
WasteManagement.”Present-edatthe ReglonalWorkshopon Municipal Soild Waste
Management-,Kuala Lumpur, Malaysia,February26-March 2, 1990.

DescribesWorld Bank involvementin improving solld wast-emanagementandthe
lessonsleamed.Addressesthe needfor a comprehensivesolid wastemanagement
policy frameworkandissuesto be consideredthemein.

Bemstein,JanisD. AltematlveApproachesto Pollution Control and Waste
Management:RegulatoryandEconomicInstruments.DiscussionPapem.UNDP/World
Bank/UNCHSUrbanManagementProgram.1991. -

Exploreshow megulat-oryandeconomicinstrument-sareusedto control air and
wat-er pollution, protectgroundwat-em,andmanagesolid andhazardouswastes.

Bhatia, RameshandMalin Falkenniark.WaterResourcePoliciesand the Urban Poor:
InnouatiueApproachesand Policy Imperatives.Backgroundpapemfor the Working
Group on Wat-erandSustainableDevelopment,InternationalConferenceon Water
andthe Environment:Development-Issuesfor the 2lst Century, Dublin, Ireiand,
January26-31, 1992.

Identifies symptomsof amalfunctioningsector,expectedincreasein urban
demandsfor wat-em, andpolicy optionsandkey policy Instrument-sto addresswat-er
supply anddemandproblems; present-sfour casestudiesof increasedwatersupply
to urban poor and imperativesfor anew approachto wat-er sectorissues.

Bowem, Blair T. Urbanizatlon andEnvironmentalQuality. Office of HousingandUrban
Programs,U.S. Agencyfor InternationalDevelopmentWorking Paper,November
1989.

Identifies adverseenvironmentaleffectstypically resultingfrom urbanizationin
developingcountriesandthe responsesof govemmentsto theseproblems.
Discussesfactorsthat- restrictthe abiity of urban government-sto manage
environmentalquality andthe role thatmajordonorscanplay in assistingthem.

Cointreau,SandraJ. Financial Arrangementsfor Viable Solid WasteManagement
Systemsin DevelopingCountries.Presentedat the Third InternationalExpert Group
Seminaron Strat-egiesfor DeveloplngResponslveSolid WasteManagement-in Aslan
Metropolises,Bandung,Indonesia,February4-8, 1991.

Discussesflnancial resourcesusedto payfor solid wastemanagement-services.
identifies Issuesof significanceto developingcount-ries,suchas fmnancing of services
to low-incomeneighborhoodsom ifiegal squattersettlements.Discussesprivatization
asameansof obtainlngcapital and implementingusercharges,andrecydingasa
meansof decreasingthe financialburdenfor collection anddisposalservices.
Oufilnesfinancial incentivesto supportrecycling.
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Cointreau,SandraJ. Policy Optionsfor Improving Solid WasteManagement.
Presentedat the SecondExpert Panelto Improve Solld WasteManagementIn Asian
Metmopolisesheld in Kltakyushu,Japan,October1989.

Identiflesmany issuesthatneedto be addressedby policy, including citlzen
cooperatlon,adequacyof budgetandrellablecashflow, procurement-,
account-ability,andpublic education.

Cointreau-Levine,Sandra.Private SectorParticipation In Municipal Solid Waste
Servicesin DevelopingCountries.Present-edto U.S. Agencyfor International
DevelopmentandWorld Bank, December1991.

Posesthe questionof whenandhow to privatizesolid wastemanagementservices.
Identifiesthe many, sometimesconflicting, goalsof privatizatlonand outlinessome
of the pitfalis.

Cross-SectoralIssues:Utilizatlon of EconomicInstruments:ProgressReport of the
Secretary-Generalof the Conference.Reportfrom the PreparatoryCommitteefor the
United NationsConferenceon EnvironmentandDevelopment-,Third Session,
Geneva,August 12-September4, 1991, PlenarySession,Item 2(C) of the pmovislonal
agenda.

Backgroundpaperon the mole of many existingandpotential economicinstruments
in lmproving the quality of the environment.

Hahn, R. W. & Hester,G. L. “Where Did All the MarketsGo? An Analysis of EPA’s
EmlssionsTradlngProgram.” Yale Joumalon Regu!ation,6:106-153,1989.

Providesa history of economlcincentives,wlth specialreferenceto U.S. EPA’s
emlsslonstradlng programsinciuding banking,off-settlng, bubbling, andnetting.
Inciudesonecaseof waterpollutantdischargerights trading.

Montgomery,JohnD. “EnvironmentalManagementas aThird-Worid Problem.”Policy
Sciences23:163-176,1990.

Arguesfor sector-levelapproachto environmentalmanagementin developing
countrieswherecurrent responseis left to conventionalbodiessuch asagriculture,
industry, andforestry.

Organizationfor EconomicCo-OperatlonandDevelopment.EconomicInstrumentsfor
EnuironmentalProtection. OECD, Paris,France,1989.

Excellentoverview of the useof economicincentivesin the environmentalpolicy.
Coverscholce,context,andtrendsin application.
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Organizationfor EconomicCo-OperationandDevelopment-.EnvironmentalPolicy:
How to Apply Instruments.OECD, Paris,France,1991. -- -

Very goedpresentatlonof guidelinesandrecommendationson the applicationof
economicinstrument-sin environmentalpolicy.

Roark, Philip, MenajemBessalel,David Dalmat-, andKevin Murray. MarketSurueyof
Soild WasteManagement,Port-au-Prince,September10-28, 1990. Volume 1. WASH
Fleld ReportNo. 319. Arlington, Va., WASH Project. 1991.

Presentsmesuitsof a solid wastemanagementsurvey carriedout in Port-au-Prince,
Haitl, of households,industry,andbusiness.Identifies severalplausible scenarios
for improvementof wastemanagementand offers preliminaryrecommendations
andfinancial projectionsfor each.

K. Sakurai.“Basic Conceptsand Proceduresfor the Improvementof Solid Waste
Management-in Urban Fringe Areas.” WaterScience& Technology, (Tokyo) 18:113-
120, 1986.

Providesdetaileddiscussionof issuesIn solid wastemanagement-in urbanfringe
areas,partlcularly suchproblemsas topographyandapproprlat-etechnology,roles
of women, attitudesof public aut-horities,andcost--bearing;indudesexamples;
emphaslzesImportanceof community particlpationIn implementingsolut-lons.

“Using EconomicIncentivesto Maintain Our Environment.” Challenge332:4246,
1990.

Discusseslegal and institutional changesto bring market-forcesto bearon
environmentalproblems.Some measuresconsiderneedsof developingcountries
explicitly.

• Institutlons

Bartone, Cari R. Institutlonaland ManagementApproachesto Solid WasteDisposal in
Large Metropolitan Areas.Present-edatWorld Bank Seminaron Envlronment-alIssues
in UrbanManagement,Washington,DC, May 30-31, 1989.

Dlscussesareawldeversusdecentralizedapproachesto solid wastemanagement
andcomparest-hreeapproachesusedin largemetropolit-anareas.
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Cullivan, Donald, Bruce Tippett, Daniel B. Edwards,FredRosensweig,andJames
McCaffery. Guidelinesfor InstitutionalAssessment:Waterand Wastewaterinstitutions.
WASH TechnicalReportNo. 37. Arlington, Va., WASH Project-. 1988.

This report, referredto In Chapter7 of this document,focuseson the provislon of
waterandwastewat-erserviceby public utilities. Presentsa detailedprocedurefor
assessingthe performanceof theseunits. Coversquestionsto be answered,datato
be examined,andanalysesto be conducted.Includesadviceon settingprioritles for
actionon the basisof the assessment-findings.

Donahue,JohnD. ThePrivatization Declsion: Public Ends, Private Means.New York:
Basic Books, 1989.

Focusesneitheron LDCs nor on wastewater,but pmovidesoneof the best
overviewsof privatecontractingfor public services.Coversarguments,most-ly
basedon economlcs,for Increasedeffidenciest-hroughthe useof privatefirms;
discussest-he criteria thatdeterminewhethersuchefficlenciesare likely in a given
case;andprovidessubstant-Ialevldencefrom severalfields of serviceprovision. Sets
asideideologically basedargument-sin favor of careful reasoningandglvesattention
to the real considerationsthat- affect decision-makingon t-his issue.

Edwards,Danlel B., Edward Salt, andFredRosensweig.Making Cholcesfor Sectoral
Organizatlonin Waterand Sanitatlon.WASH TechnicalReport No. 74. Arlington,
Va., WASH Project. March 1992.

Also referredto in the text- of t-his document,the report coversthe detailsof
sectoralorganizationwith an emphasison how to determinestrengt-hsand
weaknessesof the overall structurefor performance~Providesaframework for
assessingthis patternandsummarizesstudiesfrom five LDCs with the lessons
learned.

Honadle, George,andLauren Coopem. “Beyond Coordination andControl: An
Int-erorganizational-Approachto StructuralAdjustment-,ServiceDelivery, andNatural
ResourceManagement.”World Development17, 10: 1531-1541, 1989.

Although deallngbroadly with natural resourcemanagement,this artidesketches
the implicat-lons of inst-itutlonally complexsett-ingsfor development-efforts. Argues
that the typlcal contextfor projectshasno single agencyom hierarchicalcontrol
mechanismto enforcethe coordinatedeffort neededfor success.Analyzesways to
Involve diversestakeholdersIn the programprocess.
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Peterson,George.Decentralizationand DemocraticGovemance:A Reviewof Latin
Americ.anExperienceand Lessonsfor Sub-SaharanAfric.a. Office of Housing and
Urban Progmams,The Urban Institut-e.

Reportson how recent-decentralizationin Lat-in Americahasled to riseof local
decision-maklngbodies.Their experiencewith the provision of urban servicesoffers
lessonsfor Sub-SaharanAfrica (and otherlocales) wherecentralizedpower
continuesto be the mule.

• StrategyDevelopment

Cointreau,SandmaJ. “Solid Wast-eManagement-in Developing Countries.” In F.W.
Montanarl, TerranceP. Thompson,TerenceP. Curran,andWalterSaukin, (eds.).
ResourceMobilization for Drinking Waterand Sanitatlonin DevelopingNations.New
York: American Society of Civil Engineers:544-551, 1987.

Succinctlycoverssevemalaspectsof solid wastemanagementin urban areasof
developingcountries.Providesbrief but practicaladvlceregardingsuch Issuesas
appropriatetechnologles,administrativeorganizaflon,andopematlonsand
maintenance.

Cook, Davld B., andJensLorent-zen. “Overview of OperationsandMaintenance
Issues.”In F.W. Montanari,TerranceP. Thompson,TerenceP. Curran,Walter
Saukin,eds..,ResourceMobilization for Drinking Waterand Sanitation in Developing
Nations. New York: AmericanSociety of CivIl Engineers:561-567, 1987.

Succlnctobservationsregardingavariety of O&M issues,induding the low priority
often glven to maintenanceby political leadems,impact on the urban poor, the
effect-sof intergovemment-alrelations,the role of internationaldevelopment
agendes,possibiitiesof privatesectorparticipation, andcornmunïtyparticipation.

Nicolalsen,Dieter, Ursula Plog, EckhardtSpreen,andSashiBahadurThapa.Solid
WasteManagementwith People’sParticipation, An Examplein Nepal. Deutsche
GeseilschaftfuerTechnischeZusammenarbeit-andSolld WasteManagementand
ResourceMobillzation Centre, 1988. - -

Detaileddescriptionof a long-term projectundertakenby the Germanand
Nepalesegovernment-sto Improve wastemanagementin Kathmandu,Nepal. In
English andGerman.

Poerbo,Hasan.“Urban Solid WasteManagementin Bandung:Towardsan Integrat-ed
ResourceRecovery System.”Enulronmentand Urbanizatlon3:1, April, pp. 60-69,
1991.

Describesorganizationof scavengingcommunitiesint-o integratedresourcerecovery
modules (IRRMs). Objectiveslncludedcomposting,recycling,andmarketingof
recoveredmat-erials,wlth endgoal of decentralizingwastemanagement.
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Putting PeopleFirst: Sociological Variablesin Rural Deueloprnent.International Bank
for ReconstructionandDevelopment,591 pp, 1991.

Emphaslzesgrassrootsorganizationandcommunity particlpat-lonto protectwater
and landresources.Considersadvemseimpactson marginal groupsasresult of
change.Present-sresultsof recentlytestedsurveyt-echniquesand offerssuggestions
for informationgathering.

Syme,G.J. andE. Eat-on. “Public involvementasaNegofiation Process.”Joumalof
SoclalIssues45(1): 87-107, 1989. - -

Dlscussespartidpatoryplanningin development.

U.S. Agencyfor International Development.Towardsa StrategyandAction Plan for
HelpingDevelopingCountriesto ManageUrban and Industrial Pollution. Working
Paper.1990.

A.I.D.’s approachto asslstingdevelopingcountriesin upgradingenvironmental
conditions.Calls for effective policies and Institutlons to promotesoundpollution
managementasaprerequisiteto sustalnabledevelopment.Emphasizesneedfor
private sectordevelopment,improvedpublic educatlon,adjustmentof A.I.D,’s
current-operations,and improvedcoordlnationwlth other donors,and researchers
anduniverslties.

White, Allen, andSrinivas Emani. EnuironmentalRegulatlonsin DeuelopingCountries:
CaseStudiesof India, Thailand, and Venezuelaand Priorities for a Capacity-Building
Program. Submittedto Centerfor EnvironmentalManagement,Tufts University, March
1991.

Contrast-senvlronmentalmanagementappmoachesIn Venezuela,Thailand,and
India andpresentspriority recommendationsfor a capacity-buildirigprogram.

Women,WaterSupplyand Sanitatlon:A NatlonalTraining Seminar.Kadugli, Sudan,
January1988. UnitedNations InternationalResearchandTraining Inst-itutefor t-he
Advancementof Women (INSTRAW), 51 pp, 1988.

A summaryof discussionsand suggestionsfor increaslngthe role of women in
planning, Implementation,andmanagement.
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Appendix B

SUPPLEMENT TO CHAPTER3:
POTENTIAL NEGATIVE IMPACTS
OF WASTEWATER AND SOLID WASTE

1 Health and Environmental Impacts

Poormanagementof wastewat-erom solld wastecancausecont-aminationof water, soil, and
air. Pollutedwaterisusuallythemostsignificantbecausethe contaminantsin it aresolubleand
easilytransported,it is usually dischamgedinto waterways,andall formsof life needwaterto
survive.

1.1 Water Pollution

The mostcommoncontamlnantsIn polluted wateraresuspendedsolids, pathogens,toxins,
nutrients,andoxygen-demandingcompounds.Their presenceIs an indicat-or of detrimental
impactson aquaticlife and public health.

Suspendedsolids.Suspendedsolidsconsist-of organicandinorganicmatterdischargedIn
domesticand industrial wastewat-erandmnoff from solid wast-edisposalsltes.Organicsolids
in lakes,rivers, andestuariesmaybe blologically degraded,reducingthe oxygencontentof
the wat-er body andcausingthedeathof aquaticlife. Suspendedsolidsby themselvesdo not-
resultin adversehealthimpacts.Theyreducetheeffectivenessof somedisinfectiontechnlques,
increasethe cost of wat-er purification, contain toxic materlalssuch as heavy metals,and
reducethe aesthetlcappealof the waterbody. Suspendedsolidscanbe detectedvisually om
by laboratoryanalysis.Properlytreatedwast-ewatershouldcontain lessthan30 mg/L of total
suspendedsolids (TSS).Untreat-eddomest-icwastewat-ercontains100 to 500 mg/L of TSS,
andindust-rial wastewaterfrom food processing,textile manufacture,and leatherprocessing
containsmuch largeconcentrations.Table6-3 in Appendix3a is basedon the Califomia State
WaterQuality ControlBoardrecommendat-ionsandshowsthat- TSSshould be Iessthan100
mg/L for most uses.

Pathogens.Pathogensare often presentin domestic wastewat-er,wastes from animal
productionandprocessing,andrunoiffrom solid wastedisposal.WhenImproperlycontrolled,
t-hey can infect the populat-lon through drinking water andfood. Becauseof difficulties in
detectingt-hem,the presenceof indicator organismssuch asfeca]andtot-al coliform andfecal
streptococcusbacteriaareconsideredevidenceoffecalcontaminationof water (and,therefore,
the likely presenceof pathogens).
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The presenceof coliformbacteria(measuredast-otal om fecalcoliform) is usuallynot acceptable
In drinking water, accordingto the USEPA andthe World Health Organlzation.However,
occaslonalsamplescontalningup to threecoliform omganlsms(total coliform) per 100 mL in
piped distribution systemsandup to 10 per 100 mL in unpipedsuppliesareallowedto pass
(seeTables6-13 and6-21).TheStateWaterQuality ControlBoard in Californiarecommends
Irmigation wat-er cont-ainlng fewer than1,000 totalcoliformn per 100mL for use on frults and
vegetableslikely to be eatenraw. Therecommendedlimit for othercropsis 10,000per 100
mL. Raw waterfor drinking should containfewerthan100 tôtalcoliform bacterlaper 100 mL
andfewerthan20 fecai coliform organismsper 100mL 1f the wateris to bedislnfectedbefore
dlstribution. Raw water that will be filtered cancontain up to 5,000total coliform per 100
mL.’ UnderIdealconditions,t-hen, assessIngimpactswould involve mat-chingpat-hogen(and
other contamlnant) concentrationswlth wat-er usesto isolate problemsto be addressed.
Frequentsamplingis neededfor propermonitoring of the water quality.

Toxic compounds.Toxic compoundsIn waterinciudeheavymet-alsandorganiccompounds
such aspesticidesandsolventsreleasedby industrial om agricult-ural actlvitlesandsometimes
found in municipalwastewater.Theirharmfuleffect-son humans,plant-s,andanimalsmaynot-
becomeevidentuntil many yearsafter exposure.Indust-rial wast-esdepositedIn solid waste
facilities can contaminaterunoif and leachatethatentersurfaceandgroundwatersources.

The laboratomy analysesto detecttoxic subst-ancesare complexand require sophlst-icated
equipmentandthereforearenot oftenmade.An assessmentteamIs left to inferthe presence
of thesesubstancesfroman inventoryof indusfrial activitlesassodatedwith t-hem. Information
on the compoundsto be expectedfrom specific Industriescan be obt-ainedfrom USEPA
documentsandthe lit-erature on wastemanagement-for theseindustries.It-is necessaryto
knowthetypesof industriespresentandthetoxinsassodat-edwith theseindustries.Acceptable
concentrationsfor someof themorecommontoxinsin drinking wateraregivenin Tables6-16
and6-21. -

Nitrogenandphosphoruscompounds.Nitrogenandphosphoruscompoundsdlscharged
into lakesandstreamscauseeutrophicatlon,stimulatingthe growth of algaethat-makewat-em
treatmentmoredifficult-. Excessalgal growthcanalsocausedepietionof dlssolvedoxygen In
waterbodieswhenalgaedIe andareoxidized by bact-eria.Themnain healthconcernsarefrom
nitrat-es,whlch are particu]arly problematicin groundwatem.Nitrogen, and to someext-ent
phosphorus,arenaturalcomponentsof domesticwastewater.Phosphorusconcentrationsare
elevatedby the useof detergentscontalningphosphates.Typical domesticwastewat-erin the
United Statescontalnsbetween20 and85 mg/L of total nitrogenand4 to 15 mg/L of total
phosphorus.2

Industrieswlth the potential for high phosphorusloads aremet-alfinishlng andtextiles.High
riltrogenloads arefound in the food processing,dairy, meat,alcohol, andleatherindustries.

1 Salvato, 1982 andPurdom, 1980

~Corbltt, 1990
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Concentrationsof nitrogenandphosphoruscompoundsIn Industrlal wastewaterare highly
variable but- much great-erthan in domesticwast-ewater.

Landfill leachatet-ypically containsorganicnitrogencompoundsandammonia(20 to 1,400
mg/L total nitmogen) andsomephosphoruscompounds(0 to 70 mg/L tot-al phosphorus).~
Agricultural nonpoint sourcesof nutrlentsalso contributeto the nut-mientloading in asystem.
The acceptableloading of nut-mient-s into aquatic environmentsIs determined by the
characteristlcsof eachwat-embody. Desirablenitrateconcentrationsin drinking waterarebelow
10 mg/L asnitrogen.

Oxygen-demandingcompounds.Oxygen-demandingcompoundsconsistmainlyof omganic
mat-emialsandammoniaandaremeasuredin t-erms of blochemicaloxygendemand(BOD).
When dischamgedInto wat-er bodies,thesecompoundsare oxidized by bact-eriaconsuming
dissolvedoxygen. Given the condltionsof high BOD concentratlonandlow oxygentransfer
from the air, the dlssolvedoxygenconcentrationin the waterbody can be depletedto the
detriment of aquatic life. The sourcesof BOD are domestic wastewater,animal feeding
operations,andindust-riessuchas food processing,dairy product-s,meatprocessing,alcohol
manufacture,andleathertanning.Solid wastelandfills canalsoleachBOD-containingwastes
Into surfaceandgroundwater.The five-dayBOD (BOD5) concentrationsin the UnitedStates
are bet-ween 100 and 400 mg/L for domestic wastewater,several thousandmg/L for
industrial wastes,andfrom 2,000to 30,000 mg/L for landfill leachates.

4

The contamlnantsreleasedinto the environment-by wastewateror solid wastehavea range
of lmpacts, of which the impact on health has especially high priority. When specific
Information is not available, as is often the case,health indicatorsare usedto gaugeboth
impactandseverit-y.Thesearemorbidity dataof watersupply andsanitation-relateddiseases:

• incidenceof diarrhealdisease(e.g., cholera)

• incidenceof hepatitisA

• incidence of typhoid

Indirect indicatorsare

• percent-ageof watersupply coverage

• percentageof sanitationcoverage

• percentageof solld wastecollect-ed

• estimatedvolume of industrial wastewatergenerated

• estimatedvolume of domest-icwastewatergenerated

~ Corbitt, 1990

~Corbitt, 1990
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• estlmatedpercentageof industrial wastewatertreated

• estimatedpercent-ageof domestlcwastewatertreated

Someof theseindicatorscanpolnt to obvlousimpactslike high mombidity ratesfor cholera.
1-lowever,It Is Importantnot to Ignoreotherindicators,like hazardouswast-esor largevolumes
of unt-reatedwastewater,which canalsoposesemlousthreats.

1.2 Soli andLand Pollutlon

The major contamlnantsherearepathogensandheavymetals,whlch canreachthe soli from
land disposal of wastewater,Irrigation with wastewater(or surfacewatercontaminatedwfth
wastewater),landdisposalof wastewatersludge,andsolid wast-esin landfllls, posing hazards
for humansandcauslngcrop damage.U.S. standardsfor acceptableconcentrationsof met-als
in sewagesludgeappliedto agriculturalland, forestland,siteswherepubliccontactIs possible,
andreclamationsltesare shownbelow.

RECOMMENDED MAXIMUM METALS CONCENTRATION
IN SEWAGE SLUDGES To BE LAND APPLIED

Pollutant

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Molybdenum

Nickel

Selenium

Zinc

Concentration
(mg/kg - dry weight)

41

39

1200

1500

300

17

18

420

36

2800

Source: 40 CFR 503.13, Table 3, U.S. EPA Regulations

These concentrationsshowingrelativetoxicities canbeusedto determinewhenmetalspresent
in sewagesludgeare likely to be athreatto healthand the environment.Somepathogensin

.
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wastewaterom solid wast-e can survive for extendedperiodsin soil; on crops, they rarely
survivemorethan2 months.5Soli contaminationcanbe gaugedfrom healthindicat-orssimilar
to thoserecommendedfor water pollutlon.

1.3 Air Pollutlon

The air canbe pollut-ed by partlculates,pathogens,t-oxins, andodors. Wast-ewatertreatedin
anaerobiclagoonsandtransportedin open channelsreleasesodors. SprayIrrigation wlth
wastewaterspreadspat-hogensas well as odors. Open burning of solid wast-esgenerates
partlculates, odors, and toxlc gases from incomplete combustion. Measuring these
contamlnantsis difficuit, soIt maybe necessaryto infer theexistenceof adverseimpactsfrom
a generalinvestigationof air polluting activities.

2 Economic Impacts

Contamlnantscanharmandreduceproductlveactlvity. In a wat-er body theycankil off fish
andothermarineresourcesof economicvalue,or atleast-rendert-hemunfit for consumption.
They can alter the quality of Irrigation wat-em and soli and thus decreaseagricultural
productivity. The accumulation of solid waste In water bodies can hinder navlgation,
hydropowerproduction,lrrigation, andrecreation.Improperdisposalof refuseaffectsproperty
valuesandtourism. And ultimately,poor healthtakesaneconomictoil in absenteelsm,low
productivity, andcostly medicalservices.

The tradeoffsbetweeneconomicgrowth andenvironmentalprotection areoften discussed.
Someanalystsarguethat- the tenslonbet-weenthesetwo goals is exaggeratedandthat it Is
difficult to demonstrateany real incompatibility. ThereIs talk of indirect costs of pollution
abatement-policles ast-hey implngeon employment,sales,andprofits in polluting lndustrles,
but often lessis heardof the benefitstheyconferin reducedhealthcarecosts,moreenjoyable
recreatlonalactlvities,andlncreasedopportunitlesfor leisure.Somepoliciesalsomaylmprove
prospectsfor the viability of betterwastewaterandsolid wastemanagement-,as Chapter6
explains.So It Is appropriatefor an assessmentteamto considerthe economicadvantagesof
improvlng presentconditlons.

In this context, It Is worth repeatingthat humanwast-eshavepot-ential value as fertilizer in
somepartsof the world, andthat- byproductrecovemyandrecyclingareotherwaysof tumlng
anenvironmentalllabilIt-y into again.Approachesto wastewaterandsolid wastemanagement-
should emphaslzesuch posslbilitles where practicable, sincethey combine prospectsfor
envlronmentaland healthlmprovementswith economicprofit.

A completeanalysisof economicImpactswould Indudedirect and indirect effectsandwould
extend beyond marketedgoods and services. Inevit-ably, It would make assumptlonsin

McJunkin, 1982
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renderingvaluesfor nonmarketedgoodsandservicesandIn welghingpresentversusfuture
costsandbenefits.Thelit-eratureon howto conductacompleteeconomicimpactInvestigatlon
is extensive.However,undermostclrcumstances,assessmentswill not beconduct-edwith the
luxury of ampleeconomicdataandthe time to analyzethem.

Someguldelinesarein order.The findings of any reliableprevlousstudiesshould alwaysbe
takenInto account.1f an assessmentteamconductsits own meview, It must be selective. It
should seek information about any loss of economic resourcesthat reasonablycan be
attributed to wastewateror solid waste cont-amlnants, such as a decline in agricultural
productivity, tourism, om propertyvalues,andincreasedhealthcarecosts.Whereestimatesof
lossesin monetarytermsprove Impossible,qualitative informationshould be used.Losses
sufferedby an econorriic activity becauseof contamlnantsare more importantwhen large
sectionsof the local populatlonrely on It for their livelihood om whentheylIve at or doseto
the subsistencelevel.

3 Soclal Impacts

SocialcohesionIs the ability of peopleto live togetherby following mutually acceptablemies
that enablet-hem to solve problemsand regulatebehavlor at the community level. Sodal
cohesloncanbe Influencedfor the worse—and,occasionally,for the better—bywastewater
om soild waste problems. Pollution can split a community by divldlng those prlmarily
responsiblefor creatingit from thosebeingaffectedby It. For example,a factory polluting a
streamwith chemicalwast-esendangemsthe healthof thosewho live nearit-. Conflict- can be
high if managingwastesalsobaseconomicimplications,asbetweenpeoplewho do not want
to losetheir jobs andthoseconcemedabouthealt-h lmpacts.Solid wasteremovalservicesthat
favorwealthlerover Impoverishednelghborhoodscancreatetensionsandevencarry political
Implicat-lons. Heavy contaminationof anelghborhoodby toxic chemicalscan drive familles
from t-heir homesandforce t-hem to find asaferenvlronment.Yet sometlmesa pollution
problemcan bring acommunityt-ogetherandstrengt-henIts demandfor ameliorativeaction
by institutlonsthat can help (seeChapt-er8).

An asse.ssmentteamcanquickly discoverhowwastewat-eromsolid wasteproblemsareaffecting
a community by talking with informal representatives.Sometlmesthe level of conflict- is
obvlousevento the casualobserverby the strlkes,lawsults,om political campaignsrelatedto
pollutlon. The team’sfindings mayinfluencethe priority in which wastewatemor solid wast-e
issuesareconskleredom the optionssuggestedassolutions.

Aside fromtheImpacton sodalharmony,solid wasteom wast-ewatermaybeseenby members
of the community asapublic nulsancethatdetractsfrom the quallty of life. Pollut-edstreams
anduncollect-edgarbageandlitter areeyesores,andmalfunctioningwastewatertreatmentcan
imposesoda]costs throughodors andvisual degradation.

Somecommunitlesandculturesaremoretolerantof theseInconvenlencesthanot-hers,but
where people arefomcedto live In a day-to-dayenvironment-that Is deplorable,they may
suffer long-term negativeImpact-sbecauseof the poor quallty of life. Direct obsemvationof
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livlng condit-ionsand alertnessto evidenceof theseImpactsareimportant- duming the data.-
gatheringphaseof the assessment.

A teamfaced wlth limited time andresourcescan tum to thesebasicsodal indicatorsfor
information aboutlocal conditions:

• percent-ageof population belowthe poverty level

• percent-ageof populationIn substandardhousing

• percentageof children amongexposedpopulation

• life expectancy

• populationdensityby city or neighborhood

• umbangrowt-h rat-e
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Appendlx C

STANDARDS

Standamdshave beenestablishedby variousorganizationsfor specified purposesinciuding
drInking water, Industrlal use, Irrigation, fish andaquaticlife, andrecreation.Somespecific
standardshaveand will continueto be updatedas better dataand improved met-hodsof
assessmentbecomeavailable.ThereIs alsoanexpandlnglist of pollutantsthat-arerecognlzed
asrequlring researchIn settingcriterlon for standards.

The standardsprovided In this appendixare examples.They arefairly completefor water
quallty but are a partlal list In other areas. Examples are provided from International
organizations(WHO), national (U.S.)andstate(Califomia). For comparisonpurposeswitbin
the United States,CailfomnIa bashigher st-andardsthan the United States.Although these
standardsarenot reachableby mostdevelopingcount-riesin thenearterm,t-hey do provlde
amodel of what to stilve for.

It is important- to recognizethat variation in somest-andardsexlstsbetweenthe U.S., EEC,
Canada,andtheWorld HealthOrganlzation.Evenwithin the UnitedStates,st-andardsamong
statesmay vary. In spite of somevariation worldwide in standards,the tablesprovided in the
appendlxoffer sentinelvalueswhich arevaluablefor comparisonpurposes.

WHO basestablishedstandardsfor drinking water but prefersthe term “guldeline values.”
Thesearedefinedas levels of constituentswhich do not- “result- in any signlficantrisk to the
healthof the consumer.”Further, WHO allows that “In developingnatlonaldrinking water
st-andardsbasedon WHO guidelines,It will be necessaryto takeaccount-of avarietyof local,
geographical,sodoeconomic,diet-ary and industrial conditlons. This may lead to national
standardsthat differ appreciablyfrom the guideline values.” (WHO 1984)

WHO recognlzesthat individual countriesmayadopt-st-andardsthat-considernot- only medical
andenvlronmentalsciencesbut alsoeconomlcandpolitical concerns.Assessmentcriteria
whlch addressrisks and benefits vary from country to country. More often, however,
developingcountrieshavetendedto adoptthe WHO guidelinesbut havenot beenvlgorous
in enforcing the appilcationof the st-andards.

Many Industrialized countries have increaslngly turned to economic incentivesto allow
Increasedflexlbility, efflclency, andcost--effect-ivenessin pollution control. TheseIncentives
have the capacity to regulate in accordancewith market- mechanismsand t-hus reduce
government regulatlon. In practlce, however, there Is stil a need for standardsand
correspondingmonitoringandenforcementon the partof responsiblegovernmentagencies.
The adoption of pract-Ical st-andardsandthe meansto enforcestandardsreniainsa priority
objectivefor mostdeveloplngcountries.
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SECTION B. DRINKING WATER QUALITY STANDARDS—UNITED STATES
The U.S. Environmemal Protection AgencysNatlorial Primary Drinking-Water Regulations and National Secondary Drinking-

Water R.gulationsars summaniedIn the following tabl.~.The primiry regulation. spocifymaximum contaminant Isvels (MCL.).
and h.aith advisories. The MCLi. which are th. maximum p.rmissibl. level of. contaminantin water al th. tap. ere heaith relat~
.d and er. i.gally .nforceabl.. It the,. conc.ntrations er. •xcssded or 1f r.qulred monitoring is not p.rform.d th. public must be
notifled. Th. secondarydrlnklng.water regulations specify 1h. secondary maximum conteminant level, (SMCU. The SMCLI are
for contamlnants In drinking water that primarily affect the .sthetlc quaiitl.s r.lat.d to public .cceptanc. of drinking water; they
•rs intended to b. guldelin.s for the States end and ars not f.d.rally .nforce.bls. 14.stth adviaori.s are gudanc. contaminant
Iev,is that would not result in advers. h.afth effect. over specified short-tim. periode for moet p.ople.

As provid.d by the Sets Drinking W.t.r Act of 1974. the U.S. Envlronmental Protection Agency bas thi primary ruponsibility
for .etablishlng end enforcing reguletione. Howsver. Stal.. may auum pdm.cy 1f they .dopt r.gut.tlons that are al least as
stringent as the F.deral reguletions in levels specifiedfor protection of public h.alth and in p~’ovIsIonof surveillance and enforce-
minI. Th. States may edopt mor. stringent r.gulations end may .stabllsh regulations for other constituenti.

TABLE 6-13. NATIONAL PRIMARY DRINKING WATER STANDARDS

Constltu.nt MCL Constltu.nt MCL
mg/L mg/L

INORGANICS Undan...._..........._.___............. 0.004
Ars.nlc (ASL.........._._.......................... 0.05 Methoxychlor..................................._ 0.1
Barlum (Ba).._............._. .................... 1.0 Toxaphene....._..................._.... 0.005
Cadmlum(Cd)................._.......... 0.01 Totaltrihalomethanes.........__....____ 0.10
Chromlum(Cr) -..._....~_......_..... 0.05 RADIONUCUDES
FIuorid. (F1 ~ 4.0 Beta particle end photon
Laad (Pb)_._._..._....................... 005 .ctIvity. mrem................~...-............_. —4 (annual do,. equivalent)
Mercury(Hg)........_ ............. 0002 Grosselpha.pCi/L............_............. 15
Nitrets (as Nl ~ 10.0 Radium-226 end 228. pCi/L......._.. 5
Selenlum (S.).... ~ 0.01 VOLATILE ORGANIC CHEMICAI..S
Silver(Ag)._.._._.............._.~..._............ 0.05 Benzen..................._.___.....__-.-..._ 0.005

MICROBIOLOGICALS C.rbon tetrachloride ......~............... 0.005
Coluforms .._._.......... 1/100 mL - 12~D.chloroethane ......._......._______ 0.005

PHYSICAL CI4ARACTERISTICS 1.1 -Dichioroethytene 0.007
Turbidity. NTU — 1—5 1.1,1-Trichloroethane ..~._..... 0.20

ORGANICS para-Dichlorobenzene._ ..........~... 0.075
2. 40.........__.......... 0.1 Trchloroethyiene.................-.............. 0.005
2.4.5-TP Silvsx.... ._.........__........ 0.01 Vinyl chloride ..... .._.._.___.. 0.002

..~........ 0.0002

Sourc.: U.S. Envlronmental Protection Agency

TABLE 6-14. NATIONAL SECONDARY DRINVJNG WATER STANDARDS

BMCL SMCL
Con.tltia.nt Level (mg/L) Constltu.nt L.vel (maJL)

Chionds (Cl).. ............._......._..... ........... 250 M.ngan.s. (MnL................................................. 0.05
Color.coloruntts_...._.............-.............. 15 Odor.thresholdodornumber -- ._.......... 3

Copper (Cii) 1 pH. pH unit. ... 6.5-8.5
Corroslvfty ._...._.................. Noncorrosive Sulfate (504) ~ 250
Fluorlds 2.0 Total dissolved solide (TDS) -.....-__...~_.._........ 500

Surfactants (MBAS) ~_. .... 0.5 Zinc (Zn) ...................... 5.0
kon (Fel.. ~.._... 0.3

IIEALTH ADVISORY

Level
(-u

Sodium ~ ~. ... ..... ................. .. .....~........... 20

Sourca:U.S. Envlronm.ntalProtectionAgency
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TABLE 6-15.PROPOSED RMCLs FOR MICROBIOLOGICAL AND PARTICULATE CONSTITUENTS
IN DRINKING WATER

(RMCL . recommended maximum conteminant level)

C.n.tftuent Propos.d ~MCL Con.tltu.nt Propos.d RMCL

Total coliforma Zero Aab.sios 7.1 million long fibera/L
Gi.rdia IambJia Zero Turbidity 0.1 NTU
Viruses - Ziro

Sourci: USEPA. November 13. 1985

TABLE 6-16.PROPOSED NATIONAL DRINKING WATER STANDARDS FOR
ORGANIC AND INORGANIC CHEMICALS

(MCL - Maximum contaminant level; SMCL - Secondary maximum contaminant Level)

Ch.mical Lev*l Chemie.) Level

Propo..dMCLa for oiganic chemicalE

Acrytamide tr.atment technique
Alachlor 0.002 mg/t.
Aldlcarb 0.01 mg.t
Aidicarb sulfoxid. 0.01 mg/L
Aldicarb sulfone 0.04 mg/L
Atrazin. 0.003 mg/L
Carbofuran 0.04 mg/L
Chiordan. 0.002 mg/L
Dlbromochloropropan. 0.0002 moJL
o-Dichlorobenzene 0.6 mg/L
cls-1.2.Dichloro.thylene 0.07 mg/L
trans.1.2-Dlchloioethylin. 0.1 mgfL
1.2-Dictiloropropan. 0.005 mg/L
2.4-D 0.07 mg/L
Epichiorohydrin treatment technlque
Ethylb.nzene 0.7 mg/L
Ethyfen. dibromide 0.00005 mg/L
H.ptachlor 0.0004 mg/L
Heptachlor epoxide 0 0002 mg/L
Undene 0.0002 maJL
Methoxychlor 0.4 mgIL
Monochlorob.nz.n. 0.1 mg/L
PCB5 0.0005 mg/L
Pentachlorophenol 0.2 mg/L
Styr.n. 0.005 mg/L~.1mg/l.
T.trachkwoethy$.ne 0.005 mg/L
Toluen. 2mg/L
Toxaphen. 0.005 mg/L
2.4S-TP(Sitvsx) 0.05 rng/L
Xi,lene lOmg/L

Propoe.d MCLa for Inor~.nicchemicale:

Ars.nlc 0 03 mg/L
Aabestos 7 million fibers/L

(longer than 10 ~m)
Barium 6 mg/L
Cadmium 0.005 mg/L
Chromium 0.1 rng/L
Mercury 0.002 mg/L
Nitrate’ 100 mg/L (as Nl
Nitrite 1.0 mg/L (as Nl
Selenium 0.05 mg/t.

Propoa.d SMCL:

Aluminum 0.05 mg/t.
o-Dicblorob.nzene 0.01 moJL
p-Dlchlorobenzene 0.005 mg/t.
1.,2-Dichloropropane 0.005 mg/L
Ethylbenzene 0.03 mg/L
Pentachlorophenol 0.03 mg.’t
Silver 0.09 mgfl..
Styrene 0.01 rng/1.
Toluene 0.04 mg/L
Xylene 0.02 rng/t.

.

• EPA pcopous MCL. of 0.1 mg/1. bas.d on a Group C carcinog.nclassilication and .005 ing/t. besed on a B2 ctaulflcatlon.
In addition. MCL for total nitrete and nitrit. — 10.0 mg/L.

Souroe:USEPA Offic. of Drinking Water. August 1988; amend.d basedon May 22. 1989. Fed. R.gister Vol. 54. No. 97.
p. 2206245

.
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SECTION C. DRINKING WATER STANDARDS—WORLD
TABLE 6-21. WORLD HEALTH ORGANIZATION GUIDELINES

FOR DRINKING WATER QUALITV

NICROBIOLOGICAL AND BIOLOGICAL OUALITY

Organlam Unit Guldelin. Value Remarlca

L Microbiological quallty

A. Piped water supplies
A. 1 Treared water entering the distribution system
Feecal coliforme Number/100 ml

Coliform organisms Number/100 ml

A.2 Untreated water enrering the distribulion system

Feecal coliforms Number/100 ml
Coliform organlsms Number/100 mL

A.3 Water in the distribution system
Faec& co!iforms
Coliform organisms

Number/100 mL

Number/100 mL

Turbidity <1 NTU: for diiFnfec-

tion with chlorine. pH preferably

~8.O;free chiorine residuet 0.2—

0.5 mg/(itre following 30 min-
utes (minimum) contact

In 98% of samples exemined

throughout the year—in the case
of large supplies when sufficient

semples are exemined
In an occaslonal sample. bul not
in consecutive samples

In 95% of samples examïned

throughout the yeer—ln the c.se

of large supplies when sufficient
samples are examined
In an occ.sional sampie. bul not

in consecutive samples

B. Unplped water supplies

Feecal coliforms
Coliform organisms

Number/100 ml

Number/100 mL
0
10 Should not occurrepeatedly; 1f

occurrence is frequent ano if sa-

nftary protection cannot be im-
proved. en ahemative source

must be found 1f possible

C. Botrled drinking-water

Faecal coliforms

Coliform organisms

Number/100 ml

NumberIlOO mL

0

0

Source should be free from faecal

contemination

D. Em.rgency water supplies
Faecal coliforms
Coliform organlsms
Enteroviruses

NumberflOO mL
Nurnber/100 mL

0

0
No guldeline value set

Advisepublic to boil water in case
of failure to meet guldeline values

L SioIogicaIquallty
Protozoe (pathogenic)
H&mirtths (pethogenic)
Free-living organismi

(alg... others)

No guideline value set

No guideline velue set

No guideline value set

0

0

0

0

3

0

0

Coilform organisms Number 100 ml

Coliform organisms Number/iQOmI 3
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TABLE 6-21. WORLD HEALTH ORGANIZATION GUIDEUNES
FOR DRINKING WATER QUALITV (continued)

INORGANIC CONSTITUENTSOF HEALTH SIGNIFICANCE

Constltu.nt Unft Guld.lln. Value R.marlcs

Arsenic - mg/L 0.05
Asbestos — No guideline value set
Sarlum — No guidoline value set
B.ryflium — No guideline value set
Cadmium mg/L 0.005
~hromium mg/t. 0.05
Cyanlde mg/L 0.1
Fluoride mg/l. 15 Natural or deliberately added;

local or climatic conditions may

necessitate adaptatlon
ilerdness — No heelth-related

guideline value set
Laad mg/L 0.05
Mercury mg/l 0.001
Nickel — No guideline value set
Nitrate mg/l(N) 10
Nitrite — No guideline value set
Selenlum mg/1. 0 01
Silver — No guldeline value set
Sodium — No guideilne value set

ORGANIC CONSTTTUENTS OF HEALTH SIGNIF1CANCE

Constitu.nt Unit Guld.lin. Value Remark.

AIdrin and dieldrin ig/L 0.03
Benzene iigll. 10’
8enzo[a]pyrene jig/L 0.01’
Carbon tetrach!oride 3 Tentative guideline value1
Chlordane pg/L 0.3
Chiorobenzenes jigll No heahh-related Odor threshold

guideline value set concentration between
0.1 and 3ijg/l

Chloroform pg/L 30’ Disinfection efficiencymust not
be compromised when control-
ling chioroform content

Chlorophenols i~g/L No health-related Odor threshold
guideline value set concentration 0.1 ~g/l-

2~4~D pg/L 100’
DOT ~g/L 1
1.2-Dichloroethane ~ig/L 10’
1.1.Dichloroethened ~igfl_ 0 3
Hepiachlor and
heptachlor epoxide pg/L 0 1
Hexachlorobenzene ~ig/L 0.01’
Gamma-HCH (lindane) iiglL 3
Methoxyciilor pg/l 30
Pentachlorophenol Mg/L 10
Tetrachloroethene’ ~~g/L 10’ Tentative guideline value1
Trichloroethene’ ‘ig/t. 30’ Tentatuve guidelune value1
2.4,6-Trlchlorophenol ~ig/l 10” Odor threshold concentration.

0.1 pg/L
Trihalomethanes No guidelune value See chloroforrn

set

1h.s. guideline v.lues were computed from a cons.rvative hypothetical mathematical model which cannot be experimentally
verified and values should therefore be interpreted differently. Uncertainties involved may amount to two orders of magnitude
(l.e.. from 0.1 to 10 times the number).
• When the available carcinogenicity data did not support a guideline value. but the compounds were Judged to be of importance
In drinking-water and guidance was considered essenhial. e tentative guideline value was set on the basis of the availabie heaith-
releted data.
‘May be detectabfeby tast. and odor at lower concentrationa. -

These compounds were previouslyknown as 1.1-dlchloroethylene. tetrachloroethylene. and trichloroethylene. respectively.

..



TABLE 6-23. COMPARISON OF UNITED STATES PRIMARY DRINKING WATER REGULATtONS wrr~
CANADIAN. EEC. AND WHO GUIDEUNES

c~l~ EEC Maximum WHO

US Maximum
Con~amInant L.v.i’

Maximum
Acc.ptxbia Umitt

A4mIuiibt.

Conc.ntratlont

GuId.Hn
~J•(u.

Subxt.snca ing/t ang/t. mg/L ntaji

inorganica
Arsenic
8arlum
Cadmwm

Chromium
Fluoade

Leid
Mercur~
Nutrate
Setenuum

Sutver

0.05
1.0

~ct
005
40

005

0.002
i~o
0.01

005

005
1~0

0 005
005

1.5
005

0001
10.0
0.01

005

005
0 1

0005
005

NS
005
0001

50
001

001

0.05
NS

0005

005
15

0.05

0001
100
001
NS

Microblali
Coliforrns—organismsllOOm!.

Turbidiry—ntu

<1
1—S

10
5 0

0
0—4

0
<1

OrUanici
2.4-t) 01 01 NS 0001
Eridrin 00002 0.0002 NS NS
Uadane 0.0004 0.004 NS NS
Methoxychior 0 1 0 1 NS 0001
PestucudCs (tctall NS 01 0 005 NS
Toxaptrene 0.005 0.005 NS NS
2.4.5-Te eilverr 001 0.01 NS NS
Trrhalomeihane5 0 10 035 0 001 003 (CHCI

3 onlyt
Raduonuclld..

Beta part~cIeand photon .ctivi~y
Gros.s alpha particle acirvhy
Radpum 226 r.dium 228

4 mrem
15 pCu/L
S pCu/L

NS
NS

1 8~JL’

NS
NS
NS

1.0 80fl.’
0.1 8q/L’

NS
Vofatil. organic ch.mlcalx

Benzene 0.005 NS NS 0.01
Carbon tetrechiorude 0005 NS NS 0 003
Il-Duchlozoethylene 0.007 NS NS 0003
1.2 Dichioroethane 0005 NS NS 001
para-Dîctrtoroberrzene 0.015 NS NS £45
1.1.1-Ti~d~Iorøethane 02 NS NS NS
Tricliloroethyfene 0005 NS NS 0 03
Vinyl chioride 0 002 NS NS NS

• En(orceable
1 Nonenforceable
NS - No siarudard
• Becquerels per liter
EEC European Ecorromic Community
WHO World Health Organlzatron
Source. Sayre. 1 M. 1988. International Standards for Drinking Water. J. Arn. Witer Work~Assoc. vSO. no 1. Copytight AWWA
fleprlnted with permissron

TABLE 6-24. COMPARISON OF UNITED STATES SECONDARY DRINKING WATER REGULATIONS
WITH CANADIAN. EEC. AND WHO GUIDELINES

US
S.eond.ry

Canadian
Maximum

EEC

•~

WHOMaximum
Maximum Acc.ptabl. Guid. Admla.albi. GuId.iln.

Sub,canc. Contaminant L.v.t UrniV L.v.i’ Concantratlon Vatu.

Chionde 250 mg/L 250 mg/L 25 rngJL NS 250 mg/L
Color 15 cu 15 cx, 1 ing PI-CoJL 20 rrrg Pt Co/l. 15 cu
Copper 1 mQ/l 1~0mg/L 100 j~git

trratment
plant 3.000
pg after 12

NS 1 0 mg/L

Corroswrty noncorroslve
hourx In piping

Fluorlde 2 mg/L 1 5 mg/l Water ghould not
be aggreulve
Varues .ccordrng to
ive rige
temperature
In the area

1 S mg/l.

Foamung agents
Iron
Manganese
Odor

05 rng/L
O3mg/L
005 mg/L
3 TON

NS
0.3mgfl
005 mgR.

NS
SOpg)t
20~ig/L
0 dululion
number

NS
300 jig/l
50~ig/l
2 dulutuon number
al 54F(12C)

O3mgJl.
0.1 mg/l.

pH
Sutfate
Total dlesolved

65-85
250 mg/L

65-85
500 ing/t.

65-85
25 ing/t.

NS
NS

65-8.5
400 mg/l

aolids
Zrnc

500 mg/L
Smg/1.

500 mg/L
Smgfl.

NS
lOOpgat

tr..tment
plint 5.000
~ig .fter 12
tuours in ptping

NS
NS

1.000 nig/L
50~rg/L

• Nonenforceable
NS~No u1~nd~r.1



TABLE 6-3. OPTIMUM AND MAXIMUM VALUES OF WATER QUALITY CHARACTERISTICS
IN RELATION TO TYPE OF BENEFICIAL USE

1. Bacterial—perml.

Colilorm )opt.)

CoiLform (max.)

2. Orgenlc—ppm.

8.0.0. (opt.)

BOD. (max.)
0.0. (opt.)

D.0. (min,)

OU (opt.)

011 (max.)

3. fleact~on

pH ~opt.~

pH ~orticai)

norie riorte

2 2

nor’,e norte

2

6,8~-72

6.5—8.6 6.5—8,6

5

30

10

30
50

100

norta none

5 5

6~S—85

6~5—8.5

20t

5-

20~

10

5

5l~

50

10

50

none no~ie

5

6.5—8 5 &5—8 5

6 0—9.0 6.0-9.0

100 0.1 1 0 1.0 10

100 1,0 3.0 10 100

none

5

5

nor~e nolte

5 2

5

20 50

10 10
30 50

5 5

10 10 20

5 3,0 3.0

1 1.0 10

Ctiaracteristics
.

Domestic
Water

Recreation Wildlife Propagation

Shellfish
Culture

Irrigation lndustrial
Bathing and

. .
Swimming

Fresh Salt

.
Boatung

and Fresh

.Fish
Stuit Fowi

Truck
Garden
Vege.

Citrus
Frults

Other
Crops

Food Processing
Cooling and

Other
Aesthetic

Enjoy.
Fresh Salt Fresh SaIt ment

Supply Water Water Fishing Water Wator Rofugo tables Water Water Water Water

10 norte

50 1.0

1.0 10 10 10 100

10 100 100 100 1,000

none 5 5 10 10~

0.5 10 10 30 30’

5 5 5 5 S

10 1.0 10

5 10 100

5

20

5

16 10

30 50

S 5

2 2 2 2 3 2 2 2

6,8—7.2 6.6—7.2

none

2

20

100

5.0

10

4. Physlcai’—pprn.

Turbid. (opt.)

TUrbici. (mag.)

Color (opt.)

Color (max,)

Suap. soflds (opt)

Susp. sollds (max.)

6.6—8,0

5

20

10

30

10

100

6.8—72

6~6—80

5 6 none

10 10 10

Itone

5

6.5—8.5 6,5—8.5

60—9.0 6.0—9 06t5-.8 5

10

5’

10~

113

5

20

10

30

50

100

~j5—8.56.5-85

~5—85

10’h

100
10

WO

10

50

10

4.0—10.0

4.0-10.0

Float. sohds Çopt) norte

Float. sol(ds (mag.)

4.0-10.0

4.0-10.0

50 10

25Q lqo

norte none rione nono non~ sIlghl nore

gross groas groas

50

20

1017

grosfi grots grosa gross

10 10 50 50

100 150 150

rione rione none none s)l
9ttt

slight slfght sllght sUght gross



Recreation WiIdlife Propagation
Bathing and

Characteristici Domestic Swimming Boating FIsh
Water Fresh Salt and Fresh Sait Fowi
Supply Water Water Fishing Water Water Refuge

Irrigatlon Industrial
Shellflsh Truck Coollng and Aesth.tic

Food Proc.ssingCuiture Garden Citrus Other Other En)oy. 1

Vege- Fruits Crops Fresh Salt Fr.sh SaIt ment
tables Water Water Water Water

5. Chemïcal—ppm.

Total solids (opt ) 500

Total solids (max.) 1,500

Cl (opt.) 250

CI (max.) 750

F (opt.) 0 5—1.0

F (max.) 1.5

Toxic rnetals (opt.) none 0.1 0 5

Toxic metals (max.) 0.05 5 10

Pheno)(apt) 1* 5 50

Phenol (max.) 5* 50

Borort (opt)

Baron (max.)

Na ratiot (optj

I~4aratiot )max.~

Hardriess (opt.) 100

Hardness ~max.I 250

6. Temp._~*F(max.~ 60 65 65

1,000

5,000

1,000

~e0 80 70

500 500 500 500

1,500 1,500 2,000 1,500

200 100 250 500

0.5 1.0

10 5

35—50t 35—50t 35—50t

80f 75~ 80t

7. Odor* (ma~.) - M M M M 0 0 0 M M 0 0 0

8. Taste* (max.) N M 0 M M M N M M

*pa~sper billion.

t Per cent.

* Keyi D—diaegreeable;M—marked; N—noticeable; O—obnc»cious
Souroe Calif. State Water Pollutiort Control Baard, 1952

2,500 750 500 750 1,000

0 5—1 0

S

0 5 0 5 0 1 natte none

i~ 10 01 2.5 01 0.5

1 01 05 5 1 5 1C 5*

10 1 5 25 10* 20* 10* 50

1,000

1,500

90t

BOt

100

500
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Camp Dresser & McKee International Inc.
Associates in Rural Development, Inc.

InternatIonal Science and Technology lnstitute
Research Triangle Institute

University Research Corporation
Training Resources Group

Universlty of North Carolina at Chapel Hill

WASH Operations Center
1611 N. Kent St., Room 1001

Arlington, VA 22209-2111
Phone: (703) 243-8200

Fax: (703) 525-9137
Telex: WUI 64552

Cable Address: WASHAID

• W (~Ü 7. ~d”~ ~51

THE WASH PROJECT

With the lauriching of the United Nations International Drinking Water Supplyand Sanitation DacadeiTn 1979, the United States Agency
for International Devetoprnent (A.l.D.) decided to augment and streamline its technical assistance çapabfflt~’ inwater and sanitation and,

in 1980, funded the Water and Sahitation for Health Project (WASH) The funding rnechanism was a multi-year, multi-million dollar
centract. secured through competitive bidding. The first WASH contract was Éwardect to a consôrtium of organizalions headed by Camp
Dresser & McKee International Inc. (CDM), an international consulting firm speciâ]izlng In eriijlronrnèntai engineering sérvlces. Through

- two other bid proceedings since then, CDM haseontinued as the prime contractor.

Working under the close direction ci’ ~ i.D.’s Bureau for Sëience and Technology, Office of (-tealth, the WASH Project provides technical
assistance to A.I.D. mtssiorrwor burbaus7 other U.S. agencies (such as the Peaca Coips), host governmerrts, and non-gqvernrrienta)

organizations to provide awide range of=tectinrcal asitancathatincludes the design, irnplementation, and evaluation of water and sani-
tation projects, to troubieshoot on-going projects, and to assist tn disaster relief operations~WASH technicaI assistance ismulti-dIscipli-

nary. drawing on experts )n public hea(th, training, financing, ep(demioiogy, anthropolôgy, management, engineétlhg, confmunity
organization, enwronmental protect(on, and other subspeciaItiea

The WASH intorrnatiôn CentersérVSas a cléaritighoü inw~d fldri,pTô~iding nètv~ôddngorigi.itnbaworrh disease; -

rainwater harvesting. and pen-urban issues as wellas technical information backstopping for most WASHassignrnents.

The WASI-[ Project issues about thirty or fons’ repôtts â~eatWASH Fiefd Reportsrélate Id speciflö assignments in s~dficcountriès;- - - -

they articuiate the findings of the ~ohsuTtSöy.Thé mo?e wide(y applicable Teëhhïcal Fïepoffs bonsistôf guidelines or “how-to’ manuals -

on topicssuch as pumpselection, detailed training workshop designs, and state-of-the-arrinforrnaticin on firrance, community organlza- -

Don. and many other topics of vital interest to the water and sanitation sector In addition,WASH occasionaliy publlshes special reports
to synthesize the Lessons it has learned from its wide fleld experiencé. - -

For môre information about the WASH Prôject or to requést a WASH report, contact the WASHOperations Cenler al th&âboVe dddress.


