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On-siteAnalysisUsingthe DelAgua Kit

TheDelAguakit wasan importantcomponentof theanalyLical network. On-siteanalysisusing
thekit reducedcosts,minimised sampledeteriorationdunngtransportandensuredrapidresuits
wereobtainedwhereneeded.
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Supervisionin Huancavelica (High Sierra)

Fieldworkalongsidesurveillanceteamswith DITESA staffwasundertakenthroughoutthe
projectandprovidedopportunitiesto continuetrainingandassessprogress.



Pret ace
Thesurveillanceandquality controlof public watersuppliesarevital prei~quisitesfor the

protectionof publichealth.
In practicehowever,the two activities of surveillanceand quality control are often

confusedand inadequatelyimplemented,especiallyin the caseof surveillancein less
developedcountries.The two are clearlydistinguishedby theWorld Health Organization
(1984):

‘In general, it is the responsibility of the local wateraurhority to ensure that the
water irproduces rneets the quality defined in drinking water standards. However,
the surveillancefunction (ie a policingfunction on beha1f of thepublic to
oversee operations and ensure the reliabilny and safety of drinking water) is best
conducted in a separate agency (whether national, state, provincial or local).
Although these two functions are complementary, experience suggests that rhey
are better carried our in separare agencies because of the conflicring priorities
that exist when borhfuncrions are combined’

As a distinctactivity, surveillancehas beendefinedas ‘the continuous,vigilant, public
health assessment and overview of the safery and acceptabiliry of drinking water services’
(WHO, 1976).

Traditionally,surveillancehas beenlinkedto monitoringof waterquality, although it is
dearfrom the abovedefinition that it is afar broaderactivity, concernedwith all aspectsof
watersupplywhichmayinfluencehealth,including bothquality andaccessibility.

Supportfor theestablishmentof awatersupplysurveillanceprogrammeby theMinistiy of
Healthof Peruwasprovidedby the UnitedKingdom OverseasDevelopmentAdministration
between1985 and1990. This largelytook theform of technicalassistanceandtheprovisionof
equipment. Particularemphasiswasplacedon training, Institutionaldcvelopment,the
formulation andimplementationof methodsfor surveillance,andpromotionof remedial
measures.

TheProgrammewasdesignatedasoneof threeWHO demonstrationprojectsfor water
supply surveillancetogetherwith smallerprojectsin IndonesiaandZambia.Within Peru,the
Pan-AmericanCentrefor SanitaryEngineeringandEnvironmentalSciences(CEPIS-
PAHO/WHO)providedsupportandan institutional basefrom which to promotereplication in
LaunAmericaandtheCaribbean.
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Summary
ThePeruvianWaterSupplySurveillanceProgrammerepresentedacomprehensiveeffort

to establishroutineassessmentproceduresfor watersupplyservicesin both rural andurban
sectorsin Peru. TheProgrammedifferedfrom previouslyattemptedqualitycontrol programmes
in lessdevelopedcountriesin two significantways. Firstly, a majorobjectiveincludedthe
developmentof strategiesfor linking theoutput from waterquality testing andsanitary
inspectionto prioritisedactionfor remedial measureswhereproblemswere identified.
Secondly,the separatebut complementaryrolesof watersupply agencyandhealthauthority
wereacceptedandintensiveeffortwasdevotedto developingtheserolesin orderto maximise
thebenefitsof watersupplysurveillance.

Theprincipalconclusionsof relevanceto the implementationof surveillancein less
developedcountriesarelistedbelow togetherwith themostsalientobservationsfrom the
PeruvianProgramme:

1. Surveillanceof watersupplyservicescanprovide the framework for the rational
prioritisation of investmentsin thewatersectorandhencethe reductionin risk of disease
assoclatedwith unsatisfactorywatersupplies.

At theUnitedNationsconferencein Mardcl Plata(1977)which launchedtheInternational
DrinkingWaterSupplyandSanitationDecadeit wascoricludedthat ‘all peoples,whatevertheir
stageof developmentandtheir socialandeconomIeconditions,havetheright to haveaccessto
drinking water in quantitiesandof a qualisyequalto their basicneeds’.More than any other
statement,this declarationestablishedthebasicparametersfor judging theadequacyof water
supplyservicesandit is importantto notethatequalstatuswasaccordedto both quantity(or
accessibility)andquality of watersupplies.However,the greatestproblemin judging the
adequacyof services,particularlyin ruratareasof lessdevelopedcountries,hasbeenthe
practicaldifficulty of assessingdrinking waterqualityandrelatingthis to diseaserisk.

Thus, whilst immenseresourcesaredevotedto improving wateravailability (including
quantity) andattemptsaremadeto quantifytrendsin this regard(Espinoza,1989;Watters,
1990),comparativelylinie effort hasbeenexpendedin assessingthe actualstateof waterquality
in lessdevelopedcountries(Lloyd andHelmer, 1991). But if the benefitsof capitalinvestments
are to be maximised,it is essentialto undertakesurveillanceof all aspectsof watersupply
services. Figure 1 placesthepotentialbenefitsof improvedwatersupplyservicesin their social
andeconomiccontext.

In thePeruvianWaterSupplySurveillanceProgramme,a systemwasdevisedwhich
enablesthelevel of watersupplyservice to beclassifiedwith respectto five key indicators:
quality, quantity,cost,coverageandcontinuity. Moreover,in the caseof waterquality, a
schemeof nsk assessmentwas devisedwhich allowedtheresultsof wateranalysisandsanitary
inspectionto be combinedin a logical andsystematicmanner.

Thegenerauonof suchinformationenabledPeruvianwatersupply agenciesin both rural
andurbansectorsto addressprioritiesfor investmentin a moreeffectiveandfundamentally
morelogical mannerthan waspossiblepriorto theinceptionof systematicsurveillance.As a
result,a NationaiPlanfor Surveillanceof Drinking WaterSupplyServiceswaselaboratedby the
TechnicalDirectorateof EnvironmentalHealthwith theassistanceof theconsultants,basedon
experiencegainedduringtheProgramme.Furthermore,on 24 November,1989, Ministerial
Resolution825/89declared‘in thepublic andsoclal interestthenecessityof thedevelopmentof
theNational Planfor SurveillanceandJmprovementof the Qualityof Drinking WaterSupply
Services.’

vii



DIRECT
E FFECTS

Figure 1: Direct and indirect effects of water supply and
sanitation on health: a conceptual framework (after Cvjetanovic,
1986)

2. Appropriate methods for water supply surveillance can be successfully developed and
applied in both rural and urban sectorsof less developed countries.

As indicatedabovethe mostimportantfactorin surveillanceis to link the output of
surveillanceactivitiesto improvementsin services. To ensurethatsucha linkageis established
andeffectively used,severalproceduralandmethodologicalrequirementsmustbe satisfied.
(WHO, 1984):

i) institutionsmusthavewell-definedroles andadrninistrativestructures;
ii) methodsfor watersamplingandanalysismustbeappropriateandstandardisedfor both

field andlaboratoryapplication;
bi) methodsfor sanitaryinspectionmustbe developedin aform appmpriatefor theparticular

circumstancesof thecountryandadaptedfor both ruralandurbanapplication;
iv) systemsmust bedevelopedfor dataacquisition,storageandretrieval andlinked to

INDIRECTS
EFFECTS
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effectivereportingstructureswithin the appropriateinstitutions;
v) training strategies must be developed andkept underconstantreview in orderthat they

may evolve to meet the changing and expanding demands of the surveillance
programrne;

v~) strategies for itpairs,rehabilitations and other improvements to water supply services must
be promotedand demonstrated to be practicaland appropriate; and

vii) public participation and support must be mobiised and interest maintained by educational
and promotional activities and by provision of technical support services to consumers
and (where appropriate) caretakers and community drinking water committees.

All of the above systems and procedures were developed, testedand evaluated during the
Peruvian Progranime. As a result, surveillance methodswere considerably retined over a period
of five years. The process is summarisedin Figure2.
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Figure 2: Developing water supply surveillance linked to
irnprovement strategies in Peru, 1985 - 1990.

By mid-1988 the procedures which evolved proved to be sufficiently effectiveto be
incorporated within a draftmanual of surveillance methodssuitable for long term application in
Peru. This manual was tested over the subsequent two years, further refinedand presented in its
final form in mid-1990 to coincide with the completion of ODAsupport for the Programme.

In addiuon to their local applicability, three aspects of themethodology developed within
the Programme were of particular note from an international perspective. The first was the
development of a water supply surveillance scheme based on five service indicators: quality,
quantity, cost, coverage and continuity (Lloyd er al, 1987). The second was the development of
a nsk assessment procedure based on systematic sanitary inspection and water quality analysis
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(Lloyd, Pard6nandBartram,1987). The third was thedevelopmentandfield testingof portable
equipment for water analysis (the OXFAM/DelAgua water testing kit) which receiveda UK
BetterEnvironmentAward for AppropriateTechnology,presentedby the PrimeMinister,The
RtHon MargaretThatcher MPin March1990.

3. The three most important mechanismsfor ensuring the maximum beneflts from
surveillancein lessdevelopedcountries are illustrated in Figure 3; they are:

i) themaintenanceof rational priorities for lnvestmentat both reglonaland national
levels;

ii) thecontinuedmonitoring and enforcementofstandardsof watersupplyservicelevels;
and

iii) the continuation of promotional and educatlonalactivities at all levels.

SURVEILLANCE

r

Figure 3: Principal inechanisrns by which surveillance promotes
improvements in water supply services (after Bartram, 1990)
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To maximise the socialandeconomicvalueof investmentsin thewatersupplysector,an
optimal balancemustbe achievedbetweenreductionof risks (throughlmprovementof services)
andcosts(bothcapitalandrecurrent). Watersupply surveillanceprovidesboth the mechanism
for ensuringmaximumhealthbenefitandthemeansfor quantifyingimprovementsin service
with referenceto five key indicators. At regional level such information is of direct practical
relevancein targetingresourcesandcontributingto operationandmaintenanceefficiency, for
exanipleby thepromotion of preventive and other remedialmeasures.

At nationallevel,policy makersrequirereliableinformationon both costsandhealth
benefitsin orderto formulatestrategiesfor safeguardingpublic health. By maximisingthe
effectiveness of investments in water supply, surveillance enables optimisation of the health
benefitsderivedfrom theseinvestments.

Enforcementproceduresdependon theestablishmentof nationalstandardsandtheir
incorporattoninto regulations,codesof practiceandlaws. In this context it is worth
emphasisingthat internationalguidelinesfor waterqualit~’(or indeedany other service
indicator)arenot necessarilyimmutablenoraretheyautomaticallytransposableinto national
legislation. Whilst theyremainasideals,it is possibleto establishinterim national standards
whichencouragesupplyagenciesto progressivelyimproveservices,meetingachievabletargets
within reasonabletimescales.

ThePeruvianWaterSupplySurveillanceProgrammeinstitutionalisedthis approach.For
example, waterquality wascategorisedaccordingto degreeof contanlinationasindexedby the
levelsof thermotolerant(faecal)coliforms. Also, degreeof sanitary risk wasindexedby a
quantitativesanitaryinspectionscore. Thecategoriesaresummarisedbelowin Tables1 and2.

Table 1: Classification scherne for bacterial contamination of
Peruvian drinking water supplies (after Lloyd, 1982)

Grade Thermotolerarit Coliform Risk Classification
Density per lOOmi

A <1 WHOGuidelirie Value

Little/No Risk

B 1-10 Low Risk

C 11—50 Intermediate/High

Risk

D >50 Gross Pollution

High Risk

As hasbeenemphasisedearlicr, the combinationof risk factorsfrom bacteriological
analysisandsanitaryinspectionenables,for the first time, therational prioritisationof water
supply improvementsfor communitywatersupplies.This in tum aliows thedevelopmentof a
systemof sequentialtargetsandinterim standardsfor watersupplyprovision which will actas a
spurto successratherthan acensurefor failure. TheNationalPlan for Surveillanceof Drinking
WaterSupplyServicesincludesprovision for the legal enforcementof watersupply standards
andmakesdearprovision for theformnulationandprogressive implementation of standards.
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Table 2: Classification scherne for sanitary inspection scores
of Peruvian drinking water supplies

Sanitary Inspection Score Risk Classification

1—
0
3

=

=

Norisk
Low risk

4- 6 = Intermediate to high risk
7— >10 = Very high risk

Finally, successfulimplementationof theNationalPlanwill dependon thecontinuationof
promotionalcampaigns,public information andpopularparticipationin watersupply
surveillancein both rural andurbansectors. In the last two yearsof the Programme,suitable
matenalswere developedfor thepromotionof surveillance. Theseincludedinformation sheets
aimedat policy makersandthoseresponsiblefor undertakingformal surveillanceactivities. In
addition,educationalmaterialsfor community-leveleducationwere producedanddisseminated
to environmentalhealthtechnicians.

As a result of expenence gained in the PeruvianWaterSupplySurveillanceProgranime
andassociatedinitiativeselsewhere,theRobensInstituteof theUniversityof Surreywasinvited
to coordinatetherevisionof World HealthOrganisationguidelinesfor drinking waterquality
control in small communities.TheUK OverseasDevelopmentAdministrationhasagreedto
supportthis activity. In addition,in 1988, the RobensInstitute wasdesignatedas a WI-lO
CollaboratingCentrefor the Protectionof Drinking WaterQuality andHumanHealth. DelAgua
hasbeeninvited to developaprojectprofilefor waterquality surveillancein theAndeanRegion
aspartof aRegionalHealthCooperationscheme;it is alsonow supportingtheimplementation
of improvementstrategies,including aUNICEF-fundedprojectin urbanfringe areasof
metropolitan Lima. In future DelAgua andthe RobensInstitutewill collaboratewith CEPIS to
promotereplicationof watersupply surveillancethroughoutLatin Americaandthe Caribbean.
At the same time the Robens Institute intends to extend the approach of water resource
managementandprioritisationof investrnentsaccordingto risk assessmentsto otherpartsof the
watercycle, including sourcewaters,catchmentsandrecreationalwaters. In this way, the
lessonslearnedin drinking watersupply surveillancemaybeof greaterlong term benefitto the
protectionof humanhealthandtheenvironmentworldwide.

xii



Training for ResidualChlorine Measurement

Fieldwork wasan importantcomponentof trainingthroughoutthe project. By the endof the
five yeai-s, threespecifictrainingmoduleshadbeendevelopedfor different levelsof Ministry of
Healthstaff.



Community Participation in the Rehabilitation of the CocharcasWater Treatment Plant

Theoriginalplant,comprisingsedimentorandtwo slow sandfilters is visuble in thebackground.
Incorporationof roughingpre-filters (in construction,foreground)ensuredthat filter runs were
notforeshortenedduringthewetseason.



1 Background
Peruis locatedon thewesterncoastof SouthAmerica. It hasasurfaceareaof 1,285,216andhadanestimatedtotai populationof 22.3million in 1990 (Webb andFemandez,1990).

Thecountry is divided administrativelyinto 25 Departmentsandmaybeclassifiedinto three
geographicalareas:coast,Andeanhighlandsandjungle. The population is unevenly distributed
betweenthedeserticcoast,highlandsandjungle (53percent,36 percentand11 percent
respectively).Seventypercentof thepopulationlive in areasclassifiedasurbanand30 percent
in rural areas;the top ten cities accommodate42.7 percentof the population(Webb and
Fernandez,1990).

Peru is currentlyundergoingaradical administrativereorganisationwhich is intendedto
changethecentralisedadministrativepatternswhichhavebeenheld for 170 years.

UnderPeruvianlaw thereareprovisionsfor the protectionofdrinking1 watersources,the
treatmentof drinkingwaterandthesurveillanceof drinking waterquality. During the 1940s
thePeruvianMinistry of Healthinitiatedawatersurveillanceprogramme,but this graduallylost
momentumduringthe 1960sandeffectivelydisappearedin the1970s(Cfreres,1990).

At this point it should be noted that in 1985, for rural communities of less than 2000
inhabitants,both watersupplyandsurveillancefunctionswerethe responsibilityof the Ministry
of HealthGeneralDirectorateof theEnvironment(DIGEMA). In thesecircumstances,it is not
surprisingthatsurveillanceactivitiesweredowngradedin theruralsector.This is afamiltar
phenomenon,constructiontakingprecedenceoverquality control.

However, in 1983 new proposals were madefor re-establishing an active surveillance
capacity within the Peruvian Ministry of Health. It was envisaged that the central laboratory
serviceof the GeneralDirectoratefor the Environment (DIGEMA) would besupplementedby a
regionalnetwork of waterquality surveillancelaboratoriesandthatat thehospitalarealevel,
environmentalhealthtechnicianswould haveaccessto basicportablewatertestingkus. These
recommendationswerebroadly in line with the WorldHealthOrganizationguidelinesfor
drinking waterquality control (WHO, 1984 & 1985). However,atthat time, it wasstill not dear
how thecomplementary,but ideallyseparate,watersupplyandsurveillancefunctionswereto be
administeredin smallcommunitiesby theMinistry of Health.

At thebeginningof theSurveillanceProgrammein 1985, statisticsshowedthetotal
populationcoveragewith watersuppliesto be52.5 percent. This total comprised72.9 percent
coveragein theurbanareasand16.7percentof theruralpopulation(CONCOSAB, 1986).

Peruhasmixed administrativearrangementsfor waterandsanitationservices.The
National Potable Water and Sewerage Service (SENAPA) provides water supply services to
much of the urbansector. Runtcommunitiesaredefinedby Peruvianauthoritiesas those which
have populations of less than 2000inhabitants,for whichwatersupplyconstructionis largely
undertakenby theDutctonteof BasicRural Sanitation(DISABAR) of the Ministry ofHealth.

1 . Ley deAguas13997,CodigoSanitario17405 andCodigo SanitariodeAlimentosDL 102/03.
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2 Programme Development
In 1984,theUniversity of Surreyteambasedat thePan-AmericanHealthOrganizationCentre

for SanitaryEngineeringandEnvironmentalSciences(CEPIS)in Lima wereinvited to assist the
PeruvianMinist.ry of Healthin organisinga short trainingcoursein waterquality testing for
laboratorytechnicians.Thecoursewasexecutedin Huancayo(Departmentof Junin)in July
1984andwasfollowedby apreliminarysurveyof sixty villageswith pipedsupplies(Lloyd,
ParddnandBartram 1989). This preliminarysurveygeneratedusefulwaterquality dataand
providedthe basisfor evaluationandrefinementof methodsfor watersurveillanceandsanitary
inspectionin theruralsector.

In April 1985, a formal proposalfor bilateral supportfor ‘Establishinga Water
Surveillance Programme Linked to Maintenance andRehabilitationin Peru’ wassubmittedto
theUnitedKingdom OverseasDevelopmentAdininistration. The proposalwassupportedby the
WorldHealthOrganization.It wasbasedon: i) the findingsof apreliminaryConsultancy
undertakenon behalfof ODA in March/April 1984;ii) thesuccessfulexperiencesof initial
trainingandsurveillanceactivitiesin Junin;andiii) thetransferof draft termsof referenceto the
PeruvianMinistry of Healthfrom the British Embassyin Lima in April, 1985. Programme
objectivesandtermsof referencewere formally agreedin March 1986. Termsof reference
were modified slightly as the Programmedeveloped(seeChapter6), but the overallobjectives
remainedthesame,seebox below.

The Consultants shall provide a teamto give assistanceand adviceto the Peruvian
Ministry of Health, Division of Environmental Health (DITESA) to enable it to initiate the
following activities aimed at compliancewith water supply legislation:

a) Formulate and revisea manual for watersupply surveillanceprocedures.

b) Train and evaluatethe work of sanitary and laboratory technicians involved in
water supply surveillance.

c) Identify requirements for, and promote, waterquality control at the operator level
in theHealth Departnients.

d) Promoteand securethe implementation of local and regional water supply
surveillancelaboratories.

e) Promoteand developwater supply surveillance data reporting at regional and
national levels.

f) Identify priority areasFor rehabilitation and monitor the progressof improvement
of rehabilitation and maintenanceof watersupply systemsin responseto reported
data.

Theactivities describedin this reportcoveredtheperiod Ist July 1985 to 3Oth June1990.
However, it should be notedthat the Programmehada sequenceof importantantecedents.
Furthermore,althoughfull ODA supportterminatedin June 1990, thereareexcellentprospects
for the continued application and development of surveillance within the context of the Peruvian
NationalPlan for Surveillanceof Drinking WaterSupplyServices(Ministry of Health, 1989).
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Thesequenceofcontractsawardedby ODA to theConsultantswasasfollows:

01 July 1985 - 30 June1987 DelAguaLtd
01 July 1987 - 31 Aug 1987 DelAguaLtd
01 Sept1987 - 30 June1988 RobensInsdtute,Universityof Surrey
01 July 1988-30Sept 1989 RobensInstitute,IJniversityof Surrey
01 Oct 1989 - 30 June1990 RobensInstitute,Universityof Surrey

However,the developmentof theProgramme,describedin atotal of sixteenprogress
reports,maybemoreconvenientlydivided into threephases.Thesearedescribedin Table 3,
togetherwith theprincipal outputsfromeachphase.

Table 3: Principal outputs of the three phases of the Peruvian
Drinking Water Supply Surveillance Progranrne.

PHASE

1
iriception

1985— 1987

• Devetopment and •vaiuatlan of methode for surveillance In rural and urban eeclors

• Develapment of training

• implementation, superviston and evaluatlon af surveillance by Minisfry af Heaith
tectinicians in rural and urban sectars

• lmpiernentation af demanstratian praJects In r.habllitatlon af treatment systems

• Pravisian af equipment and general support far surveillance

II
connolidatiori’

1987—1989

• Syntematisatian af methads and incarparatian info carnprehensive manual for
surveillance

• Transfer af shared reepansibility far training and supervision to Ministry af Fteoitti

• commencement af advanced training programme in UK for key Ministry of i-leoith staff

• Develapment af Nationat Plan far Surveillance af Drinking Water Suppty Services

• Pravision of equipment and general support far surveillance

• Development of data management sysfem

iii
~replication

1989 — 1990

5 Appilcotian af syetematlsed methode in eulsflng and new surveillance regians by
Minlstry of i-lealth staff

5 Campletian af npeclollsed cansultancy Inputs

S Cantinuation of advanced training pragromme in UK

• Transfer of complete reeponsibitity for programme, inciuding fralnlng, supervisian
and operating costs ta Mtnletry of Neatth

e Plnotisatlon af central eyetem for data callection,storage retrievol and reporting

e Wide disseminatlon of autputs ot surveillance via Information sheets
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Phase1 wascharacterisedby a greatdealof institutionaluncertainty. Successivere-
organisationsin theMinistry of Healthexecutivestructurefollowing thechangeof government
in 1985 lcd to severalchangesin staffingandreportingstructures.However,thesituation
stabilisedin late 1986.An importantdevelopmentwasthe administrativeseparationof small
communitywatersupply andsurveillancefunctionswithin the Ministry. The General
Directorate for the Environment (DIGEMA) was dissolved at this time and two newagencies
were created. One, theDirectoraieof BasicRural Sanitation(DISABAR) wasto beresponsible
for the construction of small community sanitadon and water supply systems. The other, the
Technical Directoratefor EnvironmentalHealth (DITESA), wasto be responsiblefor all aspects
of environmentalsurveillanceandthesettingof standanls.

Thus,theorganisationalframework becamesignificantly bettersuitedto thedevelopment
of astrongagencyresponsiblefor thesurveillanceof water supply services. This was important,
since dunng the establishment of surveillance in thecentralregion,considerableemphasishad
been placed on the rural sector (see Chapter 3). Development, application and refinement of
rural surveillance methodologies representedthemajorsedvitiesundertakenin Phase1.

In addition,someprogresswasalso madein the developmentof methodsfor theurban
sector,andthis wasacceleratedby the desireof DITESA to establishsurveillancewithin Lima
(seaChapter4).

Phase II of the programme provided excellentindicationsof thecapacityof DITESA to
assume a national role in supervising and promoting water supply surveillance in Peru. The
methods developed and refinedduring thefirst phaseweresystematisedandagreedbetweenthe
consultantsandDITESA andadraftmanualfor surveillancewasproducedin October1988.
Moreover, theconsultantsassistedDITESA in the formulation of a NationalPlan for
Surveillanceof Drinking WaterSupply Serviceswhich now representstheframeworkfor
financingandreplicatingtheexperiencesto date.

During this second phase, DITESA progressively assumed increasing responsibility for
training and supervision of technicians engaged in surveillance activities (see Chapter 5). An
encouragingdevelopmentwastheinitiation of advancedtrainingfor keyPeruvianpersonnelin
theUK. Five studentswere grantedBritish Council scholarshipsto attendasevenmonth
diploma courseon the ManagementandScientificAspectsof WaterSurveillanceandQuality
Control heldat theRobensInstitute,Universityof Surrey.

In PhaseIII of theProgramme,themethodsandsystemswhich weredevelopedand
refinedin thefirst two phaseswere appliedandextendedin both rural andurbansectorsof Peru,
including metropolitan Lima, Region Grau and Region Arequipa. In addition, specialist
consultancyinputs on community educationandparticipation,analyticaltechniques(gas
chromatography),analyticalquality controlanddatabasedesignwereundertaken. Theoverall
responsibility for the Programme was successfully transferred to the Ministry of Health and
DITESA undertook to secure new funding for the execution of the National Plan in the period
1990-2000. -

Theconsultants’inputs to institutionalandhumanresourcedevelopmentcontinued
through Phase III and a further [ive key staff receivedintensive training in the UK, supportedby
the British Council. Considerableeffortsweredevotedto thedisseminationof information
aboutthe programme,including the pnntinganddistributionof severalthousandbulletins and
severalhundredcopiesof both the NationalPlan andthe SurveillanceMethodsManual. In
addition,an internationalconferencewasorganisedboth to presentthe outcomeof the
Programmeandto launchtheNationalPlan.
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3 The Rura! Sector

3.1 Development of a Rural SurveillanceMethodology

A nationalsurveillanceagencyis responsiblefor assessingall aspecisof drinking water
supplyservicesthat influencehealth. A watersupply surveillanceprogrammeshouldtherefore
inciudean assessmentof thefollowing principalindicatorsofservicequaltty:

Coverage percentageof thetotal populationservedand
by what means:tap, standpipe,well etc

Continuity hours perdayanddaysperyearthatwater
is supplied

Quantity volumepercapitaperdaysuppliedfor domesticuse
Quality by analysisclassifiedprimarilyon faecalcontaminationand

by sanitaryinspection
Cost tariffpaidpermonthfor domesticuse

Theseserviceindicatorswerefirst employedin Peru(Lloyd, PardönandBartram,1987)
andhavesubsequentlybeentestedin aseriesof pilot projects in Indonesia,Africa andLatin
America(Lloyd andHelmer, 1991).

It is dearthat a systematicapproachfor the assessmentof pollution risks andthe
identificationof sourcesof pollution is required. To this end, a model methodologywas
developedin theform of aseriesof proceduralsteps(Lloyd andBartram,1990). Theprincipal
elementsof the methodologyarepresentedin Figure4.

Figuro 4: Principal elementa in the development of drinking water
supply surveillance for small comn~unity supplies (after Bartram,
1990)
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Area selectionand basic inventorles

Thesurveillanceagencyandruralwatersupplyagencyat nationallevel (DFT’ESA and
DISABAR respectively)agreedon the choiceof thecentralregionof Peru(then HealthRegion
XIII ofJunfn - Huancavelica)as thepilot projectarea. This regionservedpreviously as the pilot
areaof the NationalPlan for BasicRuralSanitationandthereforecontainedconsiderableand
variedniral watersupply infrastructure. In addition it variedboth in geographyandpopulation,
including highlands,high plains,high andlowjungle, rich valleys dedicated to agriculture and
areasof intensivemining andsmelting. TheareainciudedthreeDepartments,two typical of the
countryandthethird, Huancavelica,beingtheleastdevelopedof all.

Local surveillance teams based in provincial hospitals were chosen to incorporate
environmentalhealthtechniciansandin somecaseslaboratorystaff. Thesurveillanceteams
includedan areacoordinatorandwere responsibleinitially for gathenngbasicdata in order to
prepareinventories oftheir area. Theteamswererequiredto:

i) recordthepopulationIn eachcommunityandtown;
ii) summarise the known existing water supply systems from the water supply agency

archives;
iii) identify water supply systems not registered by the supply agencies (for instance those

constructedby thecommunityitself orwith supportof NGOs).

Developingreportforma

Theobservablefaultsin adrinking watersystemwhichmaygive rise to supply problems
andhenceto diseasecan mostreadilybe identified by carefulon-site inspection. Every fault
shouldbesystematicallylistedduringthesanitarysurveyandeachpoint may beconsideredas a
sanitaryrisk factor. Risk factors,suchastheconstructionof a latrinecloseto aspringsource,or
theabsenceof a fenceto excludechildrenandanimalscanbeidentifiedprior to theevent that
theypredictegpollutionof thesupplysystemcausinganoutbreakof disease.

Although it is possiblethatonerisk factormay increasethechancesof epidemicdisease
morethan others,datato allow weighting of individual factors may not be available. However,
his logical that the greaterthenumberof risk factorsthe greaterthe probability thatthe
community will receivepoorquality water,andasaconsequencesuffer from increasedwater-
relateddisease.Every extrafault,or point of exposureto risk, mayserveto increasethe
intensityof contaminationandthus therisk to health. Similarly, everyremedialactionwhich
eliminatesa point of risk will reducetheprobabilityof waterrelateddisease.Therefore,in the
absenceof information to the contrary,equalweightingof sanitaryrisk factorswasadoptedin
theassignmentof risk scores.

Sanitarysurveyforms weredesignedfor eachtype of supplysystem(gravity fed without
treatment,gravity fed with treatmentandpumpedwithout treatment). Theobjectivewasto
establishastandardisedinspectionandreportingsystemwhich couldbe rapidly but accurately
completedon-siteat thesametime thatsamplingandwaterquality analysiswere carriedout.
Thereportformswere intendedto serveseveralpurposes:

i) identifS’potendalsourcesof contaminationof thesupply;
ii) standardisethe workandresponsesof thesanitarytechniciansto enabledataanalysisto

be undertaken;
iii) quantify thedegreeof riskof contaminationof eachfacility; and
iv) providearecordfor thelocal surveillancesupervisor,asto theremedialactionwhich is

required.

Anexamplereportformis includedasAppendix 1.
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TimetablingInspectionvisits

Transportationandpersonneltime arethemajoroperatingcostsandthe ruralsectoris
consequentlymoreexpensiveandless costeffectiveto coverfor anydefinedcommunity size.
Populationsizethereforedeterminesthe frequencyof surveysasrecommendedby WHO (see
Table4). Surveillanceproceduresfor the rural sectorrequiredaninnovativeapproachfor the
developmentof low-costrisk assessmentpmcedures.

Table 4: Frequency of water supply surveys carried Out by the
surveillance agency after WHO, 1985

Population size
served by source

Maximum interval between
sanitary inspections

Maximum
bacteri

interval between
ological samples

>100,000 1 year one day
50,000 to 100,000 1 year four days
20, 000 to 50,000 3 years two weeks

5,000 to 20,000 3 — 5 years one month

<5, 000
community dug wells initial, Uien

as situation demands
As situation
demands

Deep and si-iallow Initial, Uien As situation

tubewells as situation demands demands
springs and small Initial £ every 5 years, As situation

borehole piped or as aitustion demands demands
supplies

Organisationof training

Training strategiesevolvedduringthecourseof theprojectandaredescribedin detailin Section
5.3 (HumanResourceDevelopment).Trainingwasboth throughintensivecoursesandfield
supervision.Topicscoveredduring tnitial trainingincluded:watersupplyandIreatment;critical
parameterwaterquality analysis;sanitaryinspection;surveillanceplanning; andhygiene
education.

Supervisionwasusedespeciallyto provide follow-up training concemingsanitary
inspection,on sitewaterquaiity testingandinteracdonwith communities

Initial communityvisits

On-site,theenvimnmentalhealthtechnicianshouldfirst contactthecommunityauthorities
andthen completethe checkliston the report form with theassistanceof theoperatoror
communityrepresentative.

Thevisit beginsin thecommunityitself with agroupof questionsto the community
authoritiesto ascertaindetailsof coverageandalsoof the administration,operationand
maintenanceof the system. Householdvisits enableboth on-siteanalysisof waterquallty in the
distributionnetworkaswell asinterviewsto investigatecoverageandwaterusehabitswithin the
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household.Thevisit then proceedsto lnclude asystematicinspectionof identifiedpointsof risk
of theentire supplysystemincluding source,conductionlines andreservoirusingthe field
reportforms.

On-sitetestingusingportabletestkits basedon standardmethodshasbeendescribed
elsewhere(Lloyd, WheelerandSnook, 1985; Lloyd, Pardonand Bartram,1986). The
importanceof quantitativeanalysisof faecalindicatorbacteriaegfaecal(thermotolerant)
colifopnsto enableprioritisationon the basisof healthrisk cannotbeunderestimated.An
integratedapproachto risk assessmentis necessaryandreliance should be placedon systematic
sanitaryinspectionsupplementedwherepossiblewith ana]ysisfor a simple,robustindicatorof
healthrisk dueto faecalcontamination.Ourexperiencehasdemonstratedthat sanitary
technicianscan bereadilytrainedto undertakefaecalcoliform analysisin the field using
OXFAM/DelAguafleld testingequipment.

Consolidationof findingsandidentificationof potentialsourcesof pollution

Theinformation generatedmustbefedinto anefficientreportingstrategy.Developmentof
strategiesfor datamangementis describedin detail in Section5.1 (DataManagementand
Promotion). The informationgeneratedshould alsobeconsolidatedanddetailsaddedto an
inventoryof supply systems.Datawhich shouldbeavailablethroughtheinventoryincludethe
parametersof coverage,quality, quantity,continuityandcost. In addition, information
regardingadministrationandoperationandmaintenanceshouldbeincluded. Whereappropriate,
theseshouldbe supplementedwith detailsof collectionandn~ansport,householdtreatmentand
storage.

Pollution andwaterquality problemsmaybeassociatedwith anyor all of thefollowing:

a) poorqua]ity sourcewaters,overloadingor failureof treatmentprocesses,
b) poorsiteselectionor protection;
c) designor constructiondeficiencies;
d) operationandmaintenancedifficulties; and
e) structuraldeteriorationwith time.
t) inadequateadministration

Many of theseproblemsshouldbe identifïed by a comprehensivesanitarysurvey.
Whetheror not theyaredetectedwill dependlargelyon thethoroughnessof theenvironmental
healthtechnician.

Ourexperiencehasshownthatsurveillancedatashouldbeusedsystematicallyat several
levels(assummarisedin Figure 3). Locally theresultsshouldbeusedto stimulatetherepairand
improvementof individual systemcomponents.Regionally theoutputof surveillanceis an
essentialtool for cataloguingsystemdefectsin supportof budgetsubmissionsfor regional
developmentprojects. Nationallyreportsareusedfor strategicplanningandresourceallocation
to water supply development.

Databasedevelopment

Becauseof thequantityof thevariedmanipulationsto which it is subjectedandthe many
usesto whichit is put, acomputeriseddatastorageandretreivalsystemis advisable.A
comprehensivedatabasewasthereforedevelopedduringthe courseof the programme
describedin Chapter5.
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Formulation of prioritised remedial action strategles

Thedifferencebetweentheoutputsof waterquality analysisandsanitsryinspectionis that
analysiswill detectactualcontaminationandthe level of contaminationat the momentof
sampling,whereassanitaryinspectionshouldidentify thosepointsof the systematrisk from
contamination.Thetwo activitiesarecomplementary.A majoreffort wasundertakento
developasystematicapproachbasedon acombinedrisk assessment.

The majority of rural suppliesin Peruareunchlorinatedandit is thereforelikely thatthey
will containlargenumbersbacteriawhichmay have limited faecal significance(including, for
example,total coliforms). It hasthereforebeenrecommendedthat thebacteriological
classificationschemebebasedprimarily on thethermotolerant(faecal)coliform bacteria.

In order to distinguish betweenwater sourcesand systemswhich conform to WHO
guidelinesfor faecalcontamination(zerothermotolerantcolifornis per lOOml) andthosewith
differentlevelsof contamination,aclassificationsystemwasdevelopedbasedon increasing
degreesof thermotolerant coliform contaminadon (seeTable 1).

Themostimportantoutcomeof therisk assessmentapproachwastherankingof risk for a
collecdonof sourcesandsystems.This contributesto the assessmentof degreeof urgency for
preventiveandremedialaction.

Theproceduresdescribedhemwereappliedin pilot projectsin Perufor thefirst time in
theperiod1985 - 1988. Systemswereclassifiedinto levelsof actionto form thebasisof a
rational strategy for prioritising remedial action:

1. Very high risk and hence urgent remedial action.
2. Intermediate to high risk requiring actionas soonas resourcespermit.
3. Low risk; low priority for action.
4. No risk; no action.

Establishmentof a routine monitoring programmewith evaluation

The logical way to implementroutine surveillanceandmonitoring is on anincremental
basis. The first stage is a preliminary survey of a limited number of systems in a preliminary
study. Following evaluadon and revision of methodsthis may beexpanded into a pilot project
alsofollowed by evaluation.SubsequentlyexpansionandreplicationthroughoutaDepartment
or Regionis undertakenandfinally nationalreplicadon.This approachwasadoptedin Peru.

Thefrequencyof surveillancevisits shouldsimilarly begraduallyincreased.In Perua
baselineof onevisit persystemperyearwasselectedin orderto enablethepreparationof yearly
summaryreports. While this frequencymaybe suitablefor sanitaryinspectionof smallwater
supply systems,it maynot be adequatein the long termandthe World HealthOrganization
recommendedguidelinefrequencies(seeTable4) shouldstill be consideredasatarget.
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3.2 Implementatlon of Surveillance in the Rural Sector

Thepoorstateof drinking watersupply is therural sectorwasclearlydemonstratedon
completion of a comprehensive survey of central region water supply services. TheAugust
1987 progressreportto ODA presentedthe first application of the five watersupplyservice
indicatorsofcoverage,continuity,quantity,quality andcostto watersuppliesin theruralsector.

Supply Types

The systemswhich suppliedwaterto theruralpopulationincludedprotectedspring
sourcesfed by gravity without treatment,surfacewatersources(with andwithout treatment),
andpumpedsystemsfrom wellsandsprings. Populationsservedby thevarioussupply typesare
summarisedin Table 5.

Tab].e 5: Populations served and coverage by
central region of Peru, 1986/7.

supply type in the

System type Number of
Systems

Population
Served

Percentageof
Population
served

Gravlty without
treatment

273 191,898 84

Gravity with
t reatinent

25 25,924 11

Pumped without
t reatment

9 10, 895 5

TOTAL 307 228,717 100

The greatmajority (89percent)of rural systemswere foundto beof the simplegravity
type. Mostof these(74percent) took their waterfrom protectedspring sources, although there
were some simple gravity systems from unprotected springs or surface sources (26 percent). Of
the remaining systems, 3 per cent were pumpedsystemsand 8 percentweregravity systems
with treatment. Treatmentalmostinvariablycomprisedsedimentationandslow sandfiltration.

Theruralanddispersedpopuladonsof thecentralregionaccountedfor 39-45percentand
20-47per cent of the total respectively.Populationdistributionby Departmentis summarisedin
Table 6.
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Table 6: Population distribution in the central region of
Peru by Department and cornmunity size

DEPARTt~NTS
StJRFACE
Aren
(Km~)

TOTAL
Population

URBAN
Population

(>5000)
per cent

RURAL
Population

(200—5000)
per cent

DISPERSED
Population
(<200)
per cent

Junin 43,384 1’037,500 40.6 39.1 20.3

Huancavelica 21,079 371,400 7.2 45.4 47.4

Pasco 23,566 264,800 36.9 40.7 22.4

Coverage

Ruralcoveragein the centralregionwas claimedby DISABARto be 54.4 percent in 1984.
However, this figureappearsto refer to thepercentageof communities in a given size range with
a water supply rather than thepopulation actuallysuppliedwith water.

Analysis of thedatafrom thepreliminarysurveyshowedan averagecoveragewithin
communities with a water supply of 56 per cent. Further analysis of data for communities of
between 200 and 5,000 inhabitants by DITESA estimated coverage to be 32 per cent of
communitieswith amean coverageof 61 percent within thesecommunities. This is equivalent
to an overallcoverage of only 20 per cent of thepopulationliving in communitiesof 200-5,000
inhabitants.However, this figure doesnot take into accountthe dispersedpopulation living in
communities of less than 200 inhabitants, which comprised between20 per cent and47 per cent
of thetotal populationaccordingto Department(sceTable 6). Coveragc here was assumed to be
zero. Overallcoverageof thepopulationliving in communitiesof lessthan5,000inhabitants
wasthereforeestimatedat8.1 percentin thecentralregion.

Increasing coverage is clearly a high priority. Strategiesshould include constructionof
new systems but also expansion of existing systems. Analysis of waterusage and availability
showed that quantity was not acommon limiting factor. With the supportof the consultants,
coverage in one community (Canchayllo)was increasedfrom 55 percentto over 90 per centin
acommunityof about2000 irihabitantsby an investmentof US$2,500in pipeandconnections.
Alternative strategies arealso necessary to address the specific problems of the dispersed
population.

It should be further remembered that even the figure of 20 per cent coverage for
communitiesof 200-5,000inhabitants representedonly that proportion of households with a
domesticconnectionoraccessto a public standpipe.It doesnot takeinto account water shortage
or discontinuity which will reduceeffectivecoverage stili further,nor of the safety of the water
supplied.

Continuity

Analysis of continuity data requires consideration of two principal variables: daily and
seasonal continuity. Thepreliminary survey revealed a vanation in continuity of service and
consequently one of the importantreasons for the reluctance of communities to pay an adequate
tariff. The four clarses of continuity were defined as:
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a) Year round servicefrom a reliable source with no interruption to flow at the tap.
b) Year round service with daily variation.
c) Seasonal servicevariation due to source fluctuation.
d) Compounded discontinuity (both daily and seasonal).

This classification reflects broad categories of continuity which affect hygiene and thus
health. Daily discontinuity results in low supply pressure and consequent risk of in-pipe
contamination. This also encouraçes household storage often in open cylinders resulting in
increased risk of contamination in the generally unchiorinated water. Other associated
consequences are availability and volume usereduction which limit water available for washing.
Seasonal discontinuity forces users to adopt water collection from (usually) inferior and distant
sources. Consequences, in addition to the obvious quality and quantity reduction, include the
time lost to make regularcollections.

During thepreliminary survey, 16 per cent of communities hadproblems of continuity at the
time of inspection. Data collection during subsequent years indicated that 78 per cent of rural
communities werereceiving water 24 hours perday, 10 percent between18 and 23 hours perday and
12 per cent between12 and 17 hours per day.

Qtiantity

Analysis of the quantity of water used for domestic purposes proveddifficult in thecentral
region. The demand for irrigation water in the dry season created problems of competition for
sourcewaters. Furthermore, during the eight dry months, household drinking waterconnectioris
may also have beenused for irrigation purposes and appaient domestic usage values were often
extremely high. Despite these high apparent values, condnuity and effective coverage suffered
as water was drained to houses connected to lower parts of the distribution system. This
competition pointed to problems of supervision and training of the administrative committees
and timited the usefulness of the data as indicators of dome~ticuse habits or acceptability. Of
the 307 ruralsystems inspected in the survey, 99 per cent were supplying an average of over 50
litres perperson perday at the time of inspection (an appropriate per capita consumption value
for minunum domestic requirements).

Quality

The A-D water quality evaluation scaledeveloped by the consultants and detailed in Table
1 (Chapter 2) was usedto analyse the water quality data gathered. The results of the preliminary

survey are summarisedin Table 7 according to supply type.
Eighty-eight per cent of treatmentsystems supplied grossly contarninated water (categories

C and D). Similarly, pumped systems showed a high frequency of contamination with 70 per
cent in these categories. In contrast, of the 275 simple gravity systems, which constituted the
majority of the supply capacity, 23 per cent supplied water of category ik, 43 per cent of
category B, 17 per cent of category C and 18 per cent of category D.

Overall, it was estimated in 1988 that only seven per cent of the total rural population
received drinking water of a quality which met national standards and World Health
Organization guidelines.
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Table 7: Water quality by supply type in the central region of
Peru, 1986/7.

System type Nurtber
Existing

Percentageof
Water

Systems Supplying
of Quality*

A S C D

Simple, gravity 273 23 43 17 18

Gravity with
treatment 25 4 8 12 76

Pumped 9- 11 22 22 44

TOTAL 307 21 39 17 23

*Category based on worst result from reservoir or distribution
netwerk during a single sampling visit.

Risk

Risk of contaminationwasassessedby sanitary inspection. Thedegreeof nskpresented
by eachsystemwasestimatedby a sanitaryrisk index. Dataanalysisat national level also
enabledanoverviewto bedevelopedhighlighting the mostcommondefïciencies.Usingthe
example of gravity systems from protected spring sources,Table 8 showsthefrequencyof
occurrenceof thetwelve mostcommonpointsof risk.

Table 8: Frequency of occurrence of twelve common risk
factors in gravity fed systems from protected spring sources
without treatment.

Points of Risk percentage of systems with
fault

No lock on reservoir 98
Chlorination not practised 91
Leaks in adduction line 88
No fence around spring source 87
Leaks in conduction line 87
No disinfection equipment 85
No ditch around spring source against
surface water ingress 83
No lock on spring catchment 83
Faecal contamination near catchment 75
No sanitary lid on spring box 55
No concrete cover behind spring box 47
No sanitary lid on reservoir - 42
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Chlorination

In effect, chlorinationwasnot practised.During the preliminarysurvey, no rural supply
systemwasfoundto havederectablechlorineresidualsat any point in the distribution network.
Only 8 percent of simple gravity systems contained theelementsof flow control to allow chemical
dosing,42percenthadsometypeofchlorinationapparatus(rangingfrom aholedplastic bag to adrip
chlonnator) andonly 1 per cent had any stockof chiorine.

Administration

At the timeof the preliminarysurveyfour principal agencieswereidentifiedwhich had
beeninvolvedin theconstructionandadministrationof rural water supplies in the centra!region.
The greatest contribution was that of DISABAR. The other contributors wereSENAPA(the
nationalwaterauthority),COOPOP(‘PopularCooperation’),andlocal councils. Someof the
systemswerefinanced andconstructedby thecommunitiesthemselvesalthoughthenumberof
thesemay have beenunderestimatedin thepreliminarysurvey;thoseidentified were the systems
known personally by environmental health technicians, and it is likely that others existed. In
addition, therewerea significantnumberof systemsfor which theconstructionand
administrative authority was unknown. (see Table 4)

Table 9: Number of systems in the central region of Peru
classified according to original construction agency, 1986/7.

Construction Agency Number of
Systems

Percentageof
all Systems

DISABAR 217 70

COOPOP 10 3

SENAPA 4 1

Local Councils 3 1

Self-funded 23 8

Others/Unknown 52 17

TOTAL 309 100
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All communities with systems constructed by DISABAR had been obliged to form an
administrative committee. This committee accepteda standard constitution and had then to
organise tai-iff cotlection and operation and maintenance of their system. The supervision of
these activities was undertaken by the Pmgrammeof Supervision of Community Drinking Water
Committees of DISABAR. In contrast, the systems constructed by other agencies had been
handed over to the communit-y and these agencies retained no involvement in their subsequent
administrationor operationand maintenance.

A number of indicators were usedduring the preliminary survey to assessthe
administrationof systems. These are summarisedin Tabte 10.

Table 10: Indicators of water supply adruinistration as found in
rural cominunities in the central region of Peru, 1986/87.

Indicator Percentageof Communities

Adniinistrative Committee 93

Operator 67

Access to Tools 43

Operator Trained 43

Tariff Collected 71

In only a small proportion of cases were administrative failures attributable to the
communities themselves. During the preliminary survey, theenvironmentalhealthtechnicians
evaluated each community’s interest in collaborating with the improvement of their water
supply. Ninety-seven per cent of communities were amenable to provide labour, and 39 per cent
expressed wilhngness to contribute financially.

These data implied that with appropriate technical support, self-help programmes of
rehabilitation, repair, operation and maintenance by communities could realise substantial
improvements in service quality. Moreover, by reducing dependency on centralised agencies,
such a sti-ategywould be more cost-effective and by emphasising preventive maintenance, likely
to ensure long-termcontinuityof servicequality.
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3.3 Improvement of Rural Water Suppiles: Promotion of

Rehabilitation and Technology Transfer for Rural Water

Treatment

CEPIS (1980) reported a total of 957 rural water supply systems in Peru of which 592 (62
per cent) were gravity fed without treatment (generally spnng water catchments), 194 (20 per
cent) had treatment plants, and 171 (18 per cent) had pumping stations. The existence of
between200and 300rural treatmentplants in 1990 is an accepted estimate.

A typical rurat treatment plant derives its water from small rivers or irrigation canals. It
compnses an abstraction box, a settier, two slow sand filters, a reservoir and a distribution
system supplying single household taps (see Figure 5).

~
Distributlon ~ ~
System ~•---.z~.

inctudes heuse -~

connections)

Settier

.~-.

Cru Chamber

In take

Figure 5: Typical rural water supply system with treatrnent

The Water Supply Surveillance Programme enabled a critical evaluation of the State of
rural treatment plants by systematic sanitary inspection and waterquality analysis. A sumrnary
diagnosuc survey of the 28 surfacewatertreatmentsystemsof thecentralregionis presented in
Table 11.
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Filters

Reservolr

16



Table 11 Sunarary Daagnontio Survey of the 20 Surfare water treetnant nyntens In small coennunitsen of the centrul region of Peru

COIOÇUNITY PCPUIJLTION STUCTURAI. KAIWTtNN4CE PRO9LEMS lDtNTIFItfi WATER QUAL1TY

Total Served kbntration settier hou land filters Diniofection Torb. (TO) Therinotolerant colifnr,em/iOOnl

Fiow Perfor— Perfor- hand Requsred Oper- Equup— Oper— Raw Sao Po,t
Control aance naoce Dtpth n Artion ation ErIn atino Water Water Treatnent

Chaquirocha 600 94 T t + 000 0 — 14 100 194 50
Churrawa 1059 715 0 - — 000 P — 14 — >10 >10
Corharoas(1) 024 500 14 — — 0 20 P — 14 100 >200 >209
Corpacanoha 419 300 14 — — 0.20 P — T — 25 15

Hualhoas 1150 230 14 — — 0.15 P — T — >50 iii 01
Huanahuani 1950 1550 14 — — 121 74 30 300 260
Wuayao 655 400 9 — — 0.50 0 — 14 <5 >10

Julran 1247 000 14 — — 0.50 P — T — 10 160 12
ijantaro 2900 2000 ii + + 0.30 p — T — >60 100 100
iiarank.iari 500 160 14 t + 0.40 0 — 74 20 37 6
Maoaaari 2500 900 T — — (31 T + 550 22

Paiia.o 3000 1600 14 — — 0.30 P — T — >30 500 505

Paraailva 0005 331 14 + + 0.15 0 — 14 10 4
Pariahuanca 400 320 14 — — (21 14 S 170 160
Pirbanalti 70603300 14 — — 000 i.C — T — S 76 400

Piooy 040 — T t + 0.50 C.I — T — 300 2000 145
P.Turinaki 700 00 14 — t 005 0 — T — 700 400
saraaaarca 2205 045 74 — — 0.20 P — 14 >50 1400 1200

ianchirio 2400 70 14 — t 0.05 0 — 14 200 70
lhcajas 100003000 14 — — 060 p — — >20 659 700
S.J0uefo 240 140 T — t 0.50 C.1 — T — <5
SHOangoa 40002500 T + — 2.00 + T — 530 100
Oanoa Grande 5000 1750 74 — — 9.20 p — >500 >50
Oapalia.nga — — 14 — of— (21 14 150 150
Taruata~O 605 570 14 — — 000 0 — 14 20 1600 100
3Dioi~re 2060 240 11 — t 0.10 0 — T — 10 330 2
Taulw—OTCA 0100 3500 T — (2) 0 20 0 — Ii 22 30
Tauli—Tauli 4500 1400 04 — t 0.30 0 — 14 >39 4

(1) Onforeation of 1900 print to rehabii,tation intereention 74 — not eointent C — clean eand bed
(2) No structure T — exintent 2 — incre~nt of mand bed
(3) Nnn—operational rapid mand filter etructures. 2 units t — adequate 0 — oo~1ete replac~.nt of filter bed

— — tnadequate P — co~1ete rehabilitation of etrurture



The results clearly demonstrate the failure of treatment plants constructed under the
National Plan for Rural Water Supply (most of them during the 1970s). Not one system
operated effectively, all supplied faecally contaminated water to the distribution systems and 17
of the plants supplied grossly contaminated water with more than 50 thermotolerant coliforms
per 100 ml posing a dearrisk of waterbornedisease.High turbidity readings were indicative of
the level of suspended solids concentration to which the treatment plants were subjected.

A summary of the structural problems identified for each element of the treatment plants
included the foltowing:

Source - inadequate quality for stow sand filtration without pre-treatment, due to
seasonally high suspended solids

- multo-purpose, often serving both irrigation and drinking water supply;
this tended to lead to onterference in continuity of flow to the treatment
plant,

- lack of flow control (identified in 80 per cent of systems visited);

- structures subject to vandalism;

- absence of baffies and inadequate inlet and outlet structures; leads to very

short retention times;

- faulty valves;

see following discussionandTable 12;

inadequate dosing device, incorrectly installed;

- inadequate distnbution of caicium hypochlorite powder.

Theinadequate service provided by many water supplies leads in turn to a reluctance to
pay taroffs The result is a vicious circle which is especially damaging in systems with
treatment:the administrationdeterioratesandthe treatmentsystemis abandonedor by-passed
resultong in further deteriorationof theservice and especially water quality.

Factors relating to the deficient performance of slow sand filters in small community
installations are summarosed in Table 12. They can be divided into two groups: technological
problems (whoch include design, construction, operation and maintenance); and behavioural or
socoo-economic difficulties. Both are importantand were addressed in the pilot rehabilitation
onterventions conducted during theyears1986-1988.

Abstraction

Settling Tanks:

Slow Sand Filters.

Dosonfection. -
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Tab].e 12 Factors related to the deficiemt performance of slow
sand filters in small community water supplies
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In Peru as in many other developing countries slow sand filtration technology (SSF) bas
beenwidely implementedat smallcommunitylevel. The adoptionof slow sandfiltration has
beendue to a number of perceived advantages whichinciude thefollowing:

- appropnateness of thetechnology
- local availabilityof materiaisandskills
- ease of operation and maintenance
- relatively low cost

However, the process of technological transfer bas been inadequate. Threekey problems
were identified: the inability of slow sand filters to sustain adequate filter runs when subject to
high turbidity loads (which occur seasonally in Peru); the inadequate adaptation of SSF
technology to regional conditions at the design and construction stages by the relevant
engineering divisions; and the subsequent failure to adequately support local operation,
maintenance and administration of SSFschemes.

Thefirst two problemsmaybeovercomewith the useof effective andappropriatepre-
treatmenttechnology(for exampleroughingpre-filtration)while thethird shouldbe tackiedby
institutionaldevelopment and community education.

The introduction of pre-filtration technology to Peru bas followed three well defined
stages:aresearchstagewhichstartedin thesecondhalfof the 1970s;adevelopmentstagewhich
startedin 1984 (andincludedtheconstructionandevaluationof pilot plantswithin anODA
research project); and adoption of the technology in national construction programmes from
1986. This last stage was promoted through the surveillance programme. Thedevelopment of
thesestagesand key activities in each are summarised in Table 13.
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Table 13 Chronology of the tntrnductino of rnnghing (iltratino tochnology in Pech
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Further details concerning the interventions are presented in Table 14. After the two new
pilot projects of 1985-86, horizontal foughing filters (HRF) were incorporated in both
rehabilitadonsandnewconstructionprojects.Thereis still a long way to go with rehabilitations
but meanwhilecompletelynew ruralwatertreatmentplantsarebeingconstructedincorporating
HRF technology. Figure 6 showsthe~eographicaldistribution of the projects. They are
distributedthroughoutthecountry, includingcoastal,highlandandhigh jungleareas.

Figure 6: Distribution of roughing filtratiom technology im Peru
(as of 1988)
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Table 14: Chromology of implementation of roughing filtration
techmology in Peru.

1987 La cuesta
La Libertad

1987 conmpin,
La Libertad

1988 Palian, Junin

1988 S.M. Pangoa,
Junin

1988 Vicco, Junin

1988 Colambay,
La Libertad

1988 cayanchal,
La Libertad

1988 Simbal,
La Libertad

1989 Plaza Pampa

N = naw water aupply schema
R = rehabilitation of existing treatment plant
C = under construction

Year Locality Type of Roughing Improved Training Follow-up
Department Interven—

tion
Filters Slow Sand

Filtration
Of
Community

Evaluation
(months)

1985 Azpitia, Lima

1986 Eapachin, Lima

1986 Cocharcaa,
Junin

N lx3stage *

VRF-d

N 2iHRF *

R 2x}1RF *

R 2xiiRF *

R 2xNRF *

15

15

3

R.c.

R.C.

N.C.

N

2 x HEF

2 x HEF

2 x NRF

2 x HEF

*

*

*

N 2xHRF *

N.c. 2xHt~F *

R.c 2xHRF *

*
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4 The Urban Sector
4.1 Development of an Urban Surveillance Methodoiogy

In late 1986 it was agreedby the Ministry of Health and the consultants that surveillance
activitiesin rural areas should be complemented by aparallelprogrammefor urbanareas.The
two areas selected for implementation on a pilot scale were metropolitan Lima (the capitalof
Peru) and the urbancentres of the central region.

The development of methodologies for urban water supply surveillance in metropolitan
Lima commenced in 1987 following a training seminar involving 60 participants from both
water suppty and health sectors. In January 1987 it was proposed by the consultants and
representativesof the Ministry of Healththaturbansurveillancein Lima be undertakenin a
sequentialfashion,commencingwith the districtsof Independencia,Rimac,SanJuande
Lurigancho and San Martfn dePorresin theHealthDepartmentof Lima North.

Theobjectives of the Lima Northprogrammewere:a) to diagnosethestatusof service
levels in the four districts;b) to develop coordinatedactionto promoteimprovementof services;
andc) to evaluatethefirst phase,thusenablingreplicationin themetropolitanarea. Figure7
showstheintendedsequencefor implementationof surveillancein metropolitan Lima.

Figure 7: Proposed sequence for
metropolitan Lima, January 1987.
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Metropolitan Lima - general characterlstics

Thecity of Lima is located in the andcentral coastal region of Peru alongside the grossly
contaminatedRimac River. The city andthecentralcoastalregionasa wholehasamoderate,
dry climatewith seasonaltemperaturevariationsbetween12°Cand30°C,andminimal rainfall.
Lima is the administrativecapitalof the country and supports 80 percentof theindustry and30
per cent of the total populadon (over 6.8 million people). Callao was considered an integral
partof the metropolitan Lima conurbation.

MetropohtanLima hasundergonerapidpopulationgrowthin the past 40 years. This has
been accompanied by increasing populadon density and unplanned occupation of areas unserved
by udlities such as sanitation, water and power (seeTable 15).

Table 15: Urban fringe areas in metropolitam Lima 1955—1985
(after Matos Mar, 1985) - populations in millioms of inhabitants.

YEAR TOTAL
POPULATION

(Lima)

PEOPLE LIVING IN URBAN FRINGE AFEAS Number of
Recorded
SettlememtsTotal Percentage of Total

Populatiom

1955 1.26 0.12 10 56
1961 1.84 0.32 17 —

1972 3.30 - 0.81 24 —

1981 4.49 1.46 33 408
1985 6.00 2.50 42 620

The water supply servicesof Lima

Water and sewerageservicesin metropolitanLima aremanagedby the Lima Water
Authority (SEDAPAL), partof the Nadonal Potable Water and Sewerage Service (SENAPA).

Theformalwatersupply for Lima series73 percentof themetropolitan population and its
generalcharacteristicsarepresentedin Table16. Therearetwo water sources. The main source
is surface water from the River Rimac, grossly contaminated with heavymetalsderivedfrom the
mining activitiescarriedoutalongthe courseof theriver andits tributariesandby organics
discharged from both industrial and domestic sources (Rojas,1982). No sourceprotecdon
programmeexi9sfor theRimac valley. Thesecondsourceis groundwater,currently over-
exploitedby 1 m /s producingafall of 1-2m/yearin the watertable (SEDAPALandBinnie &
Partners,1987). No projectsfor therechargeof theaquiferareunderway.

However,themain pmblemof the watersupply is thescarcityof waterin asystemthatis
reportedto havea 50 percentrateof waterlosses(SEDAPAL,1988). SEDAPAL estimatesthat
27 percentof thepopulationis servedby ‘alternative’ means.This includeswatertankers
which drawwater from tankertruck refill points anddeliverit to householdcylinders.
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Table 16: Water supply scheme of metropolitam Lima: populatiom
administered by the Lima Water and Sewerage Service. (after
SEDAPAL, 1987)

Total Population 6.5 million

Population auppliad by SEDAPAL 73%

Altarnativa supply—stand pipes and
tanker trucks 27%

Total Houae connections 556,OOG

Area covezed by the Sedapal Diatribution
Scheme 28,000 has

Production Systeni

— aurfaca water two treatment plants 12.1 m
3/sec

— groundwatar — 257 daep walis 6.6 m3/sac

Diatritution andcollection Systoni

— water supply network 5,900 km
(28% of mains are more than 3D yaars old)

— sewaraga schema 5,600 km

In 1986 it wasforeseenthat seven principal components of the urbanwatersupply system
would merit pardcular attention. They were: wells, reservoirs, tankertrucks,tanker truckrefihi
points, standpipes, household storage tanks andthe pipeddistributionnetwork. Moreover,it
was proposed that for each component, particular emphasis should be devoted to certain service
indicators,for examplewaterquality for wells, andcoverage,costandcontinuity for tanker
trucks. An outline strategywasproposedfor eachcomponentandthis wasimplementedin Lima
NochcommencingJanuary1987.

After the inidaticin of pilot surveillance activides in Lima Noch,thesecondurbansectorto
be addressed was the Health Depantment of Callaowhichcoversthe six districtsof La Punta,
Callao,Bellavista,La Perla,CarmendelaLeguaandVentanilla. In 1988, thesedistricts hadan
estimated total populadonof 690,000inhabitantsoccupyingan areaof 14,785 hectares.

Implementationof the Programmein Callaocommencedwith a training coursein
November1988 for thirteenenvironmentalhealthtechniciansandoneparticipantfromthe
central region to share experiences from the development of surveillance methods there.
Following theestablishedpattern,the first taskwasto develop an inventory of the components
of watersupplysystemsin Callao. Theareawasthendivided into identifiablesupplyzones.
This processwascompletedin February1989.

A total of sixty-fourzoneswasidendfiedandservicelevelsassessedfor eachaccordingto
the five indicatorsof quality, quantity,continuity, costandcoverage.This representeda
developmentof the Lima Northstrategywhichgaveemphasisto selectedserviceindicators.
However, the componentswhichwere identified for the purposeof subsequentsanitary
inspectionwere similar, namelywells, reservoirs,domesticconnecdons,standpipes,tanker
trucks(andcollectionpoints) andstoragetanks. Appropriatesanitaryinspectionfonnswere
developedfor eachof the supplycomponents.The distribution of servicetypesin Callaois
shownin Table 17.
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Table 17: Percentage coverage by supply type in the Health
Department of Callao, first quarter, 1989.

Supply Type Percentage coverage

Domestic connections 78.0

Tanker trucks 10.8

Public standpipe 6.0

Individual collaction 2.8

Mixad (tanker trucks
personal collection)

and
1.8

Private wella 0.6

Becausethebasicobjectiveof surveillanceis to protectandenhancepublic health,it is
axiomadcthat greatestemphasisshouldbeplacedon thosepopuladonsat greatest risk. Thus, in
commonwith the Lima Noch strategy,the methodologyfor Callaowasdevelopedpaying
particular attention to urban fringe areas dependent on unpiped supplies (at least 27 per cent of
the population, even on official figures). This was particularly important in the initial phase of
zoning and cataloguing service components since adequate information was not held by the
formal water supply sector. Thus, in the case of Callao, zoning included both a desk study and
confirmatory household visits by seven environmental health technicians over a periodof two
months.

In parallel with the initiation of the programme in Lima North, some urban surveillance
methods had been developed in the central region. These took the form of a full diagnostic
surveyof the city of Huancayo,including waterquality analysesin definedsupply zones.
Becauseof administrativedifficulties this activity did not extendto theintroduction of routine
sanitaryinspection. However,a trainingcoursefor urbansurveillancemethodsconductedin
Lima in February1989 wasattendedby thirteenenvironmentalhealthtechniciansfrom thecen-
tral regionwith the specificobjectiveof mobilising full surveillancein the nine urbancentresof
theregion.

4.2 lmplementation of Urban Water Supply Surveillance

Tanker truck supplies in Lima North

In the first quarter of 1987 an attempt wasmadeto assessthelevel of serviceprovided by
tanker trucks to the four Districts of Lima Noch. There is a severe problem of availability of
water for urban fringe areas, 50 theassessmentwasprincipallyconcernedwith the comparison
of actual supply versuspotential demand with respectto quantity and condnuity of service. In
addition,a smallexperimentwasconductedto examinethepotential for maintainingresidual
chlorine more efficiendy during transportationand storage of water supplied by tanker truck

SuppLy volumes and continuity were estimated by environmental health technicians who
visited the five principal tanker filling sites to obtain salient information. This included details
of the truck itself, thetotal numberanddestinationof deliveries,andthevolumeof water
transported. A summaryof thedataobtainedis presented in Table 18.
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Table 18: Arialysis of tanker truck aupplies to the Districts of
Independencia, Rimac, San Juan de Lurigancho and San Martin de
Porres, January 15 - February 15, 1987.

Filling Site Median
Tanker

Nusibar of
Trucks

Maan capacity
of Tanker

(cylindars )

Maan Number
of cylinders

(per day)

La Florida 3 37 777

Macienda
Las Flores 22 37 5840

canto Rey 20 39 7240

El Naranjal 12 32 3130

Avenida
Industrial 25 37 3885

TOTAL 82 — 20872

* One cylinder is approximataly 180 litres.

One major problem which was identified in the study period wasthevariability in
continuityof supplyfrom all tankerfilling sitesdueto thedifficulty experiencedby the Lima
waterauthority,SEDAPAL, in maintainingadequatewaterpressures.Waterdemandwas
estimatedby environmentalhealthtechniciansvisiting urbanfringe areasandinterviewing
community representatives using a standard form. A surnmaryof the data obtained is presented
in Table 19.
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Table 19: Analysis of potential water demand from tanker truck
supplies to the Districts of Independencia, Rimac, San Juan de
Lurigancho and San Martin de Porres, February 16 — March 14,
1987.

District Zone Name Cylinders per day

Potential Total
Demand Potential

Demand

IND—Ol Tahuantinsuyo 1689
Iridependencia IND—02

IND—03
Iridependencia
Ermitano

0
133

1822

Rimac
RIM-Ol
RIM-02
RIM—03

Ciudad y Campo
Villacampa
Piedra Liza

3580
0
0

3580

SJL-O1
SJL—02

Campoy
Zarate/Mang.

0
0

San Juan de SJL-03 Chac/Caja Agua 5
Lurigaricho SJL—04

SJL—05
SJL-06

S. Hilarion
Canto Grande
Bayovar

5352
21485
11594

38436

SMP-Ol
SMP—02

Avenida Peru
Ingenieria

306
118

San Martin SMP-03 Condevilla 157
de SMP-04 Libertadores 702 2181
Porren SMP—05

SMP—06
SMP—07

Covida
Naranjal
Pro

0
786
112

Total 46019

Thus, the total potential demand from tankertruck supplies(46019cylindersper day)
exceeded the actual supply (20872 cylinders per day) by a factor of 2.2. As a result of this
analysis, it wasrecommendedthattheLima waterauthority,SEDAPAL, liaisemore closely
with the tanker truck drivers association, ATA, with a view to improving water pressure at
fiuing sites.

A limited analysiswasundertalcenof thepotentialto improve water quality in household
storage tanks supplied by tanker trucks by converting free chlorine into combined chiorine (a
more persistent disinfectant). The analysis indicated that both free and combined chlorine
supplied at maximumtolerable levels were insufficient to provide a reliable barrier against
recontamination caused by water handling in househould cylinders. It was considered prudent
to recommend improved hygiene education for consumers reliant on such supplies to avoid
post-delivery contamination of the water.
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The methodology for surveillance of tanker truck supplies proved useful for the
assessment of service levels with respectto quantity and continuity. Other service indicators, for
examplecost,quality andcoverage,couldbe measuredusingsimilar methodsin futurestudies.
Thus, it wasrecommendedthat theinvestigationin Lima Noch be repeatedannuallyandthat it
be adapted and extended in future diagnostic surveys in metropolitan Lima.

Resuits of water supply surveillance In Callao

Following thedefinition ofcoveragewith respectto supplyzonesandservicecomponents,
theimplementationof surveillancein Callaorequiredthesystematicassessmentof theotherfour
service indicators namelyquality, quantity,continuityandcost. In addition,arisk assessment
schemewasrequired,integratingwaterquality andsanitaryinspectiondatain orderto identify
prionties for action by health and water supply agencies. The results of the implementation of
surveillance in Cailao are summarisedin Tables 20 to 23.

From the inventory of service coverage it was found that the proportionof the population
of Callaoservedby apipedsupplywas78 percent(Table9). Of theremainder,10 8 per cent
were servedby tankertrucks, 6.6 percentby standpipes(inciudingprivatestandpipes),2 8 per
centby individual collection and1.8 per centby acombinationof tankertrucksandindividual
collection.

On the questionof waterquality (as defined by levelsof bacterial contamination), it was
apparent that an unacceptably high proportion of thepopulation(40.1 percent)werereceiving
faecallycontaminatedwaterduringthestudy period. Moreover,asignificantnumber(4.6 per
cent) were dependent on supplies which were defined as grossly polluted (more than 50
thermotolerantcoliformsper 100 ml); see Table 20.

Table 20: Thermotolerant coliforn densities in drinking water in
Callao, first quarter 1989 (population figuren in thousands of
inhabitants)

District

Thermotolerant coliforns per lOOnl

0 1—10 11—50 > 50

Pop. % Pop. % Pop. % Pop. %

Bellavista 64 81.8 2 2.9 12 15.3 — —

Callao 294 69.3 69 16.3 31 7.4 30 7.0
Carmen de la Legua 21 48.6 22 51.4 — — — —

LaPerla 17 30.0 39 70.0 — — — —

LaPunta 6 100
Ventanilla 12 14.6 27 32.2 43 50.7 2 2.5

TOTALS 414 59.9 159 23.1 86 12.4 32 4.6
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Thequantity of water beingconsumedwasseverely inade
9uate for 25 percentof thepopulation

of Callao. In this category, nearly 70,000 persons were identified as consuming less than 26
litres per day and a further 100,000received less than 50 litres per day. These data derived
partly from the billing and meteringsystem of SEDAPAL, but where there was no piped supply,
information was obtaineddirectly from consumers. Data in this latter category (principally for
the group consuming less than 50 litres per person perday) were considered to be at least as
reliable as the information derivedfrom SEDAPALbuIs.

Table 21: Quantity of water used in litres per person per day:
Callao, first quarter 1989 (population figuren in thousands of
inhabitants)

District

>150 51—150 26—50 <26

Pop. % Pop. % Pop. % Pop. %

Bellavista —— —— 78 100.0 —— —— —— ——

Callao 15 3.6 312 73.4 45 10.6 52 12.4
Carmen de la Legua —— —- 43 100.0 -— —— —— —-

La Perla —— —— 55 100.0 —— —— —— ——

La Punta 6 100.0 -- -— -— —— —— --

Ventanilla 12 14.6 —— —— 55 65.3 17 20.1

TOTAL 33 4.8 488 70.6 100 14.5 69 10.1

Resultsof thecontinuityanalysiswere nomoreencouraging.More than70 percent of the
populationhadeithera 100per cent reliable pipedsupplyor a tankertruck supplyoperatingsix
or seven daysper week. However, nearly 22,000people(3 2 r’.r cent)hadasupply for less than
half of the time and morethan 127,000(18.4 per cent) had a supply for less than three quarters
of the time.
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Table 22: Continuity of drinking water supplies. Percentage of
time full pressure maintained in distribution network or number
of days per week (d) supp].ied by tanker trucks: Callao, first
quarter 1929.

District

l00%/ 6-7d 75—99% 5d 50-74% 3—4d <50%<3d

Pop. % Pop. % Pop. % Pop. %

Bellavista 78 100.0 —— —— —— —— —— ——

Callao 289 68.2 56 13.2 58 13.7 21 4.9
Carmen de la Legua 43 100.0 —— —- -— —— -— ——

La Perla 55 100.0 -— —- —- —— —— ——

La Punta 6 100.0 —— —— —— —— —— ——

Ventanilla 14 17.1 —— —— 69 82.1 1 0.8

TOTALS 496 70.3 56 8.1 127 18.4 22 3.2

The analysis of cost data provided the most extraordinary information. Whilst the
majority of thepopulationpaid Iess than US$0.10percubic metre,more than 107,000(15.6 per
cent) paid more than four times as much. Furthermore. in chosc areas with the worst service
levels, prices tended to be highest. Thus, areas were found where consumers dependent on
infrequent tanker truck deliveries were paying up to US$2.50 percubic metre.

Table 23: Cost of drinking water in US dollars per
Callao, first quarter 1989.

cubic nietre:

District

<0.10 0.10—0.20 0.2 1—0.40 >0.40

Pop. % Pop. % Pop. % Pop. %

Bellavista 47020 60.4 11838 15.2 —— —— 18926 24.4
Callao 378405 89.2 982 0.2 —— —— 45016 10.6
Carmen de
la Legua 43351 100.0 —— —— ——

La Perla 55137 100.0 —— — —— —— —— ——

La Punta 5790 100.0 —- —— ——

Ventanilla 26105 30.9 14880 17.6 —— —— 43451 51.5

TOTALS 555808 80.4 27700 4.0 —— —— 107393 15.6
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The above information demonstrates that it is possible to apply comprehensive and
quantitativeindicatorsof servicequality in theurbansector. Theseindicatorsprovidea basisfor
assessingtrends aswell asenablingthe Ministry of Health to play an active and immediate role
in prioritising remedial measures, where necessary ensuring that these are undertaken by the
relevantsupplyagencyor municipalauthorities.

The information collected is reported to water supply agencies and municipalities on a
regularbasisandit is assumedthatunsatisfactoryfindingswill bethe subjectof effecuve
follow-up andremedy. However, it is appreciatedthat theacuteproblemsof the urbanfnnge
areascannotbedealtwith by theimmediateprovisionof pipedsupplies,evenif financial and
naturalresourcespermittedsucha solution. Thus, for theforeseeablefuture,theMinistry of
Healthwill becommittedto amajorprogrammeof public education in safe waterhandling and
use,following guidelinesdevelopedwithin thesurveillanceprograrnme.

In addition,it is intendedthatsurveillanceinformationwill beanalysed,updatedand
publishedon an annualbasis in orderto provide dataof strategicvalue to policy makers The
valueof integratingwater supply serviceindicatorswith healthdatahasalreadybeen
demonstratedfor Lima andCallao(Lloyd etal, 1989). Such analyseswill be of vital concernto
thoseassessingthesocialandeconomicbenefitsof preventivepublic healthmeasures,including
improvedwaterservicesto theurbansectorof Peru.

4.3 Strategies for the Improvement of Urban Water Supplies:
Improvement of Tanker Truck Suppiies to Lima North Shanty

Towns

Tankertruck delivery to householdwatertanksandcylinderswill be afeatureof life in
urbanfringe areasfor theforesecablefuture. Thesesupply typesarefundamentallyinadequate
butcannotbeeliminatedin the short term. Immediatestrategiesto alleviatehealthrisk are
thereforenecessary.

A keydeficiencyidentifiedwhenevaluatingthetankertruck supply in Lima Northwas the
insufficientquantityof waterbeingdeliveredto theshantytowns of the districtof San Juande
Lurigancho.Active coordinationledto theinstallationof two newfilling stationsin theextreme
northernareaof thedistrict, significantly improving theservice.Reductionof transporttime and
distanceis akey strategyfor theimmediateimprovementof watersuppliesto urbanfringe areas.

TheSurveillanceProgrammeevaluationalsopointedto theinappropriateconfigurationof
householdtanksandcylindersto protectthe wateragainstcontamination.Contactswith the
fibrecementindustryledto thedevelopmentof householdtanksincorporatingboth asanitarylid
andtapwhich will reducetheneedto openlids to fl11 unhygienicbuckets.The tanksarebeing
sold at therate of 1,200units peryear,amountingto 10 percentof all householdtankssold in
thecommercialsector.
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5 Institutional Development
5.1 Data Management and Disseminatlon

The generation of surveillance data alone does not lead to the improvement of water
suppliesorhealth. It is themanagementof thedataproducedwhichshoulddictatecost-effective
improvementstrategies. The principal mechanismsby which surveiltanceleads to
improvementsaresummarisedin Figure3.

In orderthatrelevantinformationis availablewhereneededatthe appropriatetime, an
information managementandreportingsystemwasdeveloped.This wasbasedon the 3-tier
conceptproposedby WHO (1984)for waterquality databut modified to incorporatetwo
importantadditionalreportinglevels:on-the-spotreportingto communities(both of sanitary
inspectionandwaterquality results) andoverview reportingto the agencyresponsiblefor
determiningpriorities for investment in the water supply sector. In Peru this is theinter-ministry
NationalCommitteefor the Coordinationof BasicSanitation(CONCOSAB) Theoverall
strategyfor informationflow andreportingis summarisedin Figure8.
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Figure 8: Information management and reporting systen for water
supply surveillance data in Peru.
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At local level, especiallyin theruralsector,useof portabletestingequipmentenabledon-
the-spotreportingto both thecommunitywatercommitteesandthecommunityauthorities.This
wasespeciallyimportantin areaswhereresuitscouldnot effectivelybesenton andhadto be
deliveredby hand.

In the ruralsector,mixed institutional arrangementsalsoconiplicatedreporting. A
community drinkingwatercommitteewasgenerallyresponsiblefor anindividual supply. As
notedin Chapter3, thesecommitteeswere often establishedby DISABAR with themain
objectivesof promotingcommunityparticipationduringthe constructionstage,partial cost
recoveryandsubsequentadministrativeresponsibilityfor the service. Theyreceivedlittle
trainingor supervision.Thus theircapacityfor direct involvementin inlpmvementwaslirnited.
However,reportingtheresultsof surveillancedirectly to thecommunityauthoritiesenabled
themto exertpressureon both the watercommitteesandappropriatesupportagenciesfor
assistance.

Rehabilitationandimprovementof supplieswasundertakenby variousconstruction
agencies,most importantly DISABAR and NGOssuch as CARE, to whom surveillanceresults
werealsoreported. Reportingto theseagencieswasorientatedtowardsprioritisation of
communitiesfor interventionandthereforebasedon yearly overviewswhichsummarisedthe
five watersupplyserviceindicators for eachcommunity.

For communitiesof more than5000inhabitants,waterquality resuitswerereported
immediatelyto thelocal supplyagency,while yearlyoverviews(similarto thosefor therural
sector) weredeliveredto theregionalofficesof thesupplyagencies.

Requirements for data management at national level aredistinctfrom thoseatlocal and
regionallevels. Localandregionallevelsprioritise activities by system or comnlunity,whereas
the formermustorientatepolicy andinvestment. It is thereforenecessaryto analysetrendsby
region, supplytypeandpopulationsize. Dueto thevolumeof datainvolved,computerisationis
advisable. A preliminarydatabasewasdesignedby the Consultantsin 1987 andusedfor
analysisof the datafrom the centralregionusingOMNIS 3 on Mackintosh. Thedatabase
underwentrevisionduring1988 and1989 andwasadaptedfor andtransferredto DITESA’s
IBM compatiblecomputerhardwareduring 1990. An exampleof output from thedatabaseis
presentedin Figure9. Thedatabaseincorporatesatotal of 12 reportingoptionsandis now used
at nationallevel . It also incorporatesa numberof featuresuseful to theregionalofficessuchas
thefacility to producereportsfor local supplyagencies.

PRO6RAH~DE VIGILANCIA Y MEJOR~’1IENTODE LA CALIDAD DE SERVICIOS DE AGUA DE
C~SUMOHLJMANO— REI3ION PILOTO

Lista de los Formularios DIagnost~Cos Codific~do a la Cornputadora,
FECHA: 15 FEB 90 PAGINA 7

Lista Alfabetica de los Sistemas Inspeccionadas por Base P~’1CA—JUNIN

Comunidad Fecha de Tipo Calidad XCobe litros Tarifa
Inspecc lan Fuente de agua rtura /p/d 1/f/rn

APAN, JUNIN 20 DEC 86 GST Manantial 8 100 2400 0.0
CANAP, JUNIN 20 DEC 86 I3ST Manant tal B 83 36 0.0
CARHUACAYAN—~t’AULI,LA ORO 15 JAN 87 GST Manant tal A 36 1037 3.0
CARHUAFIAYO, JUNIN 19 JAN 87 GST Lago—La0una D 67 378 7.7
CH060TO, JLININ 20 DEC 86 GST Manantial 8 100 288 0.0
HIJAYRE—JUNIN ~7 DEC 86 GST Manant tal B 38 902 5.0
JACHAHUANCA—JUNIN 6 JAN 87 OST Nanant 1 al 0 36 1152 0.0
JLJ’41N—JUNIN 18 DEC 86 GST Rio—Riachue C 93 143 33.0
Lti LIBERTAD—JUNIN 21 JAN 87 GST Manantial B 59 1280 5.0
LLAUP1, JUNIN 5 JAN 87 GST Manantial 0 69 3677 2.5

Figure 9: Example output from the computerised national
surveillance database.
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Promotionofremedialactivities necessitatedtheproductionandcirculationof information
aimedat policy-makers and directors of health andwatersupply agencies at both nationaland
regional levels. TheconsultantsthereforesupportedDITESA in producing a senesof quarterly
bulletinsoutlming the Programmeobjectives,progressandfindings from March 1989:

March 1989: Findingsof Surveillancein Callao
June1989: TheRura] Sector of theCentra]Region
September1989: TheNationalSurveillancePlan
December1989: Overviewof Surveillance
March 1990: Findings of Surveillancein MetropolitanLima andCallao

5.2 Systematisation of Surveillance Methods
The surveillance methods initially employed in therural sector were based on the WHO

Guidelines for Drinking Water Quality Volume 3 (1984). These were found to be of limited
applicability in Peru. The model reportforms weretoo long, poorly structured, and open to
varied interpretation by technicians In the field. They also gave insufficient emphasis to the
water supply service indicators of quantity, continuity, coverage and cost. Revised field
methodsandreportformswere devisedin 1986 and field testedduring 1987.

For the urbansector,initial developmentof surveillanceprocedureswasundertakenin
threelocations:in Lima Not-th, in Huancayo in the centra]region,andin Callao.

The experience gained in preliminary phases was consolidated into a draftsurveillance
proceduresmanualin October1988. Following substantialrevision, this waspnntedin limited
quantitiesanddistributedfor field evaluation.Final revisionwasundertakenin April 1990,
resultingin a 400pagemanualorganisedinto nine modulescoveringsurveillancetheory,
planning,informationgatheringandmanagement,dataprocessingandquality assurance,water
quality standards,andsampling andanalyticalmethods.

5.3 Human Resource Development
Vocationaltraining for environmentalhealthtechniciansin Peruwasreducedin the 1980s

from two yearsto six months. It wasthereforeessentialthat additional trainingfor surveillance
wasprovidedfor techniciansinvolved in implementationof the Programme.With subsequent
Programmeexpansion and institutional development activities, two further educationalpackages
wererequired: i) for high-level surveillancemanagers(nationalandregionaldirectors);and ii)
for mid-level managers in the health and water supply sectors eg Programmecoordinatorsand
regionai supervisors.

In order to satisfy the training requirementsidentifiedabove,acomprehensive strategyfor
human resource development waselaborated(seeFigure 10). Threespecific training modules
were developedwithin the Programme.External trainingwasnecessaiywherestaffnumbersom
frequencyof trainingdid not meritthis approach.
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Figure 10: Human resource development for water SUpply surveillance in Peru.



A total of eight trainingcoursesfor environmentalhealthtechnicianswererunduring the
courseof the Programme.Thecontentanddurationof thecourseswere tailored to meet the
requirementsof the Programme. Forexaniple,ruralandurbanmethodologiesweredistinct and
new trainingrequirementswere identifiedastheProgrammeevolved. Training courseswere
evaluatedandthe experiencesintegratedinto a standardtwo weektraining module for
environmental healthtechnicians comprising formal lectures,demonstrations,group-workand
laboratory and heldpracticals. These are summarised in the box below.

Training Module for Environmental Eealth Technicians
(two week course)

Health, faecal—oral disease transmission.
aarriers for the control of transmissible ctiseases.

Water, food, sanitation and education in health improvement.
concepts of water supply surveillance and quality control.

Basic concepts of water supply: system types and basic characteristics.

Gravity—fed systems from protected sourcea — characteristics and

terminology.
Components of gravity—fed systems from protected sources—points of risk

(slide presentation)
Evaluation and sanitary inspection of rural gravity—fed systems from
protected sources.
Field visit to rural gravity—fed system from protected spring source.

Concept of indicators of faecal contamination, water guality standards.
Demonstration and laboratory practical of portable water testing
equipment.
Sampling and sample preservation.

Water treatment for the rural sector.
Components of rural drinking water treatment systems tslide
presentation)
Field visit to rural treatment plant including inspection, sampling and

analysis.

Laboratory practical on disinfection (2 part)
Disinfection Theory.
Disinfection equipment (slide presentation)

Information flow in the surveillance programme, reporting.

Introduction to urban surveillance, zoning.
Service evaluation (cost, quantity, continuity), water quality
evaluation.
Field work on evaluation of service quality and water quality in the
distribution network.
sanitary inspections and inspection report forins.
Sanitary inspection (slide presentation)
Field visit: sanitary inspection and sampling.

Round table discussion.
Course evaluation.
Assessment of participants (pre— and post— course)
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Further training was provided by the consultants accompanying technicians during
fieldwork in 1986. This undoubtedlycontributedto thesuccessof trainingat this time. During
1987,theconsultantsweresometimesaccompaniedby IDITESA personnel on these supervisory
visits but it rapidly becameevident that this high input fromprofessionalstaffwould not be
sustainable, nor would this bes cost-effective means of pmviding decentralised supervisionfor a
nationalprogramme. An intermediatesupervisory tier of Programme staff was therefore
created. Supervisors were generally environmental health technicianswhowereexperiencedin
surveillance. Theywere givenadditional responsibility for reportingat regional level,held
training and supervision of technicians. The training module developed for supervisors is
shown in the box below.

The traming modules for technicians and supervisors were intended to ensure the quality
of data collection and reporting. In contrast,thethird modulewasdesignedto promote
awarenessof Programme objectives and outputs. It was therefore a mechanism for increasing
understanding of the Programme by directorsandmanagersof healthandwatersupply sectorsin
order to enhance the adoption of appropriate remedial strategies. It was found that staff at this
level wereunableto dedicateprotractedperiodsexclusivelyto the Progranime. Furthermore,
dueto thecontinualrelocationof staffit wasnecessaryto provideasummaryof theprogramme

Training Module for Surveillance Programme Supervisors
(one week course)

Annual planning: activities and requirements.
Developing chronograsvnes of work.
Planning workshop and discussion.

Data registration and storage.

General schemes for information flow~ coordination and communication.

Preparation of data suinmaries (urban and rural sectors)
Workshop and discussion on data susunsry preparation.

Control of work and evalustion of progress.
Supervision of personnel.
Role play: direct supervision.
Consistency of information (lecture and workshop)

Reliability.
Discussion on supervision.

Zoning of the urban sector (lecture, workshop and discussion)

Rural water treatment.
Urban water trestment.
Revision and further discussion of technical aspects
(reservoirs, tubewells, springs, disinfection)

Course evaluation.

Assessment of participants (pre and Post course)
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on each occasionthata meetingwasheld. This module was therefore designedasahalf-day
workshopdivided into threesesssions.Thefirst sessioncompriseda summaryof theNationat
SurveillancePlan,andcoveredthe importanceof watersupply for health, thedefinition of
surveillanceandhow it contributesto healthimpmvement,andtheobjectivesandstrategyfor
developmentof surveillancein Peru. This wasfollowedby a one-hourdiscussionof
surveillancefindingsregionallyor nationally(dependingonthearea(s)ofresponsibilityof those
attendingthe meeting). Thefinal sessionof onehourwasthendedicatedto discussingthe
findings, theirhealthimplicationsandremediai strategies.

Course Syllabus for Post-Graduate Training

at the Rob.ns Institute

English Langi.iage Training and Study skil].a

Planning and Progranime Management:

Design and institutional development;
Data bases and design of inventories;

International standarda and guidelines;
Global monitoting progrananes;
Safety, hygiene and lsb. management;
Sampling and quality assurance;

Analytical Techniques:
aacteriology, ecology and biotic indices;
Pathogens, parasites and viruses;
Advanced and field testing for inorganics;
Ecotoxicology and toxicity testing;
Advanced organacs analysis,

Risk Assessment and Control:
Public health epidemiology;
Resource protection and management;
Health impact evaluation, benefit analysis;
Legislation, regulation and monitoring;
Emergencies and management;
Sanitary surveys and risk indicators;
River and coastal protection;
Pollution prevention and control;

Engineering Interventions:

Water resource protection;
Reservoir and recreational water management;
Water treatment, supply and quality control;
Sewage treatment, control and disposal;
Industrial waste disposal and control;
Environmental impact sssessment;

Diploma Examination and Matriculation for MSc:
MSc project planning and literature review;
MSc thesis work.
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Although training wasprovidedlargely by the consultantsin Phase1 of the Programme,
from 1989 to 1990DITESA playedan increasingmle in training. By 1990, trainingcoursesfor
replicationof surveillancewere beinginitiatedand run by DITESA personnel with the consult-
antsplaying amadvisoryrole.

In addition to surveillance progranime training modules, additional trainingwasnecessary
for managersandseniorscientistsinvolved in surveillanceat nationalandregionallevels. The
scopeandintensityof trainingrequiredfor thesepersonnelmadein-country training impractical.
As a result, it wasdecided to provide training in the United Kingdom. Over a period of two
years, a total of ten students received support from the British Council to attend a seven month
post-graduatediplomain ‘The Managementand Scientific Aspects of Water Surveillance and
Quahty Control’ at the Robens Institute of the University of Surrey.

5.4 Community Hyglene and Environmental Educatlon

Background

It is widely recognised that the provision of an improved water supply does not, on its own
ensure improved community health. Sanitaryfacilities andimprovementsin environmental
conditions and behaviour are also needed if water and sanitatton relateddiseasesareto be
reduced.

The provisionof sanitation wasoutside theremitof this progranime.Furthermore,whilst
community hygiene andenvironmentaleducationwerenot specificallymentionedin theterms
of reference,in theearlystagesof theprojecttheneedfor themwasidentifiedso that thegeneral
objectivesof watersurveillance(that is to contributeto the improvementof community health)
could be met.

Unfortunatelythe formulationof thefirst plansfor comniunityeducationcoincidedwith a
detenorationin thesecurity situationin thecentralregion projectarea. Thus it wasnot until the
last few months of (lie project that an alternativerural areawheresurveillancewas being
undertakenbecameavailablewhich was appropriatefor the initiation of hygiene and
environmentaleducation.This wasIn theDepartmentof Arequipa,to the southof Peru.

Findingsof surveillance

As part of the initial phase of introducing rural water supply surveillance, a diagnosisof
the physical state of the water supplies and the water quality provided by them was carried out in
therural area of Arequipa in the first few monthsof 1990. Observationsmadeincludedserious
deteriorationof manywatersupplysystems.Furthermore,manyof the CommunityWater
Committeeswerenotfunctioning,watersupplyoperatorswere in needof training,andthere
appeared to be littie dispositionon thepartof thecommunitiesto concernthemselveswith the
maintenanceand effectiveuseof the watersupply system. Finally, therewasver)’ widespread
evidenceof poor standards of community, domestic and personal hygiene as well as misuse of
water facilities.

These observations highlighted the urgent need for remedialaction. This would involve
not only the rehabilitation of thesupplies,thereformationof theCommunityWaterCommittees
and the trainingof the operators,but alsoincludethe essentialelementof communityhygiene
and environmental education. In order to contribute to the development of these activities by
DITESA and the Health Department of Arequipa~ preliminary studies were undertaken to
producea strategydocumenton hygieneeducationwithin the National WaterSupply
SurveillanceProgramme.

Severedeficiencieshadalsobeenidentified in watersupply servicesto the urbanfringe
areasurroundingLima (SeeChapter4). Hereasin therural sector,remedialstrategieswere
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required which included promotional activities in support of community hygiene and
environmental education. It was hoped that the provision of guidelines and support for the
initiation of activities within the surveillance programme would both ensurethattheywere
undertakem on a pilot basis and permit the appropriateauthoritiesto seekfurthersupport.

Coordination

Callao,part of metropolitanLima containsmanyurban fringe settlements.TheDirectorof
Environmental lrlealth for Callao returned from advanced training in the UKin late 1989 with
the intention of initiating hygiene education activities In the area. A community was selected
and a round table meeting carried out with the active participation of the organised community,
the Ministry of Health,theMinistry of Educationandthenon-formal(popular) educationsector.

Lilcewise, the Director of Environmental Health in ArequipaRegion selectedseveralrural
communitiesto participatein a similar roundtablethere.

The purpose of the round tables was to involve all the different sectors who would be
participatingin a hygieneandenvironmentaleducationprogrammeandallow them to identify
their needs, obstaclesandproblemsaswell astheirdemandson the other participating sectors.

Theresultinginformattonwasthen used to formulateastratenfor actionandelaboratea
fundingproposal. Criteriausedin the designof the strategyincludedallowancefor the
replicationof thepilot projects in otherregionswithout necessarilyrequiringextemalfunding.
To this endit wassuggestedthat DITESA should createa department of Hygieneand
EnvironmentalEducationwhosepersonnel(trainedandexperiencedhealtheducators)would
participate full-time in the pilot pmjects. Furthermore, experiences shouldbe welI-documented
and possibly filmed for further dissemination by videotape.

The strategy developed involved the trainingand subsequentuseof organised,interested
and motivated members of the community together with school teachersandothermembers of
the education sector. Not only would these educators receive training in hygiene but also in
‘popular’ educationtechniques.A specialisedgroupin populareducationwill carryout this
trainingandactivelyparticipatein thecommunitiesfor the initial six months,to reinforcethe
activities of the community hygiene educators.

The environmental health technicians involved in the surveillance programme and those
based in the health centres will participate in a similar workshop and be expected to support the
effortsof thecommunityhygieneeducatorsduringtlieir visits to thecommunity.

5.5 Replicatlon of Surveillance by DITESA

Progressivetransfer of programme managementfrom the consultantsto DITESA
personnel was a pnority throughout the Progranime. Theskills necessaryfor Ministry of Health
staff to assumethis functionweredeveloped by the formal and informal training outlined above.

Dueto institutional reorganisationsandchangesin personnelduringthe first yearof the
Programme,trainingandsupervisionwerelargelypmvidedby theConsultants.In addition,
ODA financial supportrepresenteda substantiatcontribution to thetotal costof implementation.
The successof the strategyfor Programmedevelopmentis illustratedby the progressive
adoptionof responsibilityfor training, supervislonandfinancialaspectsby the Ministry of
Health in theperiod1987-1990.

During thecourseof the project,eight formal training inputs (coursesandreview
workshops)were heldduringwhich nationalcounterpartstaffmadean increasingcontribution.
Thegradualtransferof responsibility for teachingto Ministry of Healthstaff is summarisedin
Figure 11.

42



PERCENTAGE ~
OF TEACHING
STAFF ON
SURVEILLANCE
TRAINING
COURSES FROM
COUNTERPART 75
INSTITUTIONS

50

25

0

VEAR

riguro 11: Increasing participation of Ministry of Health staff
in training for water supply surveillance in Peru, 1985—1990.

Supervisory activities werc progressively assumed by the national counterparts both at
regional and national levels dunng the period 1987-1990. Prior to this period, all supervisory
activities were undertaken by the consultants directly and training also depended considerably
on thesefield visits. From 1987, these responsibilities were shared with DITESA and
supervision and field training was undertaken jointly. As notedabove,directsupervisionby
central DITESA staff was found to be unsustainable. The supervisory tier of staff was created in
1989. This relievedDITESA of responsibility for field trainingand supervisionof technicians
(which were then undertakenby the regional supervisors), leaving them with responsibility for
supervisionof surveillanceplanning,estimationof resourcerequirementsand budgeting.

86 87 88 89 90
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A scheme for the progressive transfer of budgetary responsibility for Programme was
apphed throughout the Programme and is depicted in Figure 12.

Personnel t t t t t
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Fuel S 1 ~ A t

Spores(vehlcle maint ) • . , t t

Loborotory Conaurnobles ~ . . . . t t
OOST cOMPORENT 000ERED

Spores (vehicle repatrl 1 • — — — — BV BRITISH COUNTERPART
EaST COMPONENT NCN-APPLIONSLE

t—. — AFTER INITIAL. INVESTUENT
Portoble Test Equlpt 2 • — — — — ___________________________

— _______________
PROGRAMME DEVELOPMENT

Figure 12: General scheme for the progressive transfer of
budgetary responsibility for Programme costs to the Peruvian
Ministry of Health.

The successof thesestrategiesfor progressivetransferof responsibilityfor theProgramme
wasfurther demonstratedby the directcoordination,training andmanagementprovidedby
DITESA personnelfor replicationof surveillancein RegionsGrauandArequipaduringthe final
phase of ODAsupport.

5.6 Planning for Replication of Surveillance to Natlonal Scale
Theexperienceobtainedin thefirst four yearsof ODA- supportedactivities generatedan

understanding of the water supply situation in Peru and enabled the development of appropriate
surveillance methodologies. This in tum provided the basis for preparation of a“National Plan
for Surveillance of Drinking Water Supply Services”. This was first drafted with DITESA
during 1988 and subsequently revised before formal presentation to the National Planning
Institute. On 24November, 1989, Ministerial Resolution825/89 declared:‘in thepublic and
social interest,thenecessiryof thedevelopmentof theNationalPlanfor surveillanceand
i’nprovementof thequaliiy ofdrinking watersupplyservices.’

Theaim of the NationalPlan is to ‘contribute to theralsing of health standardsandthe
improvementof thequality of life of thePeruvianpopulationservedby communztywater
supplies’.Programmes within the Plan are especially concerned with the under-served
populationsin low-incomeareas, both within the urban and rural sectors via the improvement of
watersupplyservices.

TheNationalPlandefinesthoseactivitiesnecessaryfor the implementation of surveillance
on anationalscalein Peru. Activities are divided into coreandsupportprogrammes.The Plan
hasbeenpreparedtaking into accounttwo broadfields of action:theevaluationof supply
systemsandcomponents,andtheevaluationof servicequahty.

Theresultsof surveillanceareexpressedwith referenceto five key indicators:quality,
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quantity, coverage, continuityandcost,in orderto stimulateprogressiveimprovementstowards
the follow~ng targets:

Quality Suitable for consumption
Quantity Sufficient for domesticuse
Coverage Of the greatestpercentage of inhabitants
Continuity All day and all year
Cost Minimum necessary for adequateoperation

and maintenance

In addition, sanitaryinspectionwill beused toevaluatethe susceptibilityof thesystemto
contamination,whetherdueto poordesign,inadequateconstruction,deterioration,accidental
damageor humaninterference.

Programmes

In orderto implementthe NationalPlan for DrinkingWaterSupplySurveillance,a total of
eight programmeswere identified~

CoreProgrammes:

Programme No. 1 SanitaryInspectionand Service
Quality Evaluation

PmgrammcNo 2 Water Quality Analysis

SupportPmgrammes:

Programme No.3 Institutional Development
ProgrammeNo.4 Legal Requirements
ProgramnieNo.5 HumanResource Development
ProgrammeNo 6 EnvironmentalEducation
Programme No.7 Epidemiological Surveillance
Programme No.8 Community-Level Surveillance

ProgrammeNo 1: Sanitaiy Inspectionand Evaluation of Service Quality

This programme will determine service quality accordingto thefourindicators:quantity,
coverage, continuity and cost, and the risk of contamination to which the systems and their
components are subjected. For this, standard methods will be adopted alongside a policy of
progressive implementation of improvement.

ProgranimeNo 2: Water Quality Surveillance

This programmewill assessthe physico-chemicalandbacteriologicalquality of water
suppliedfor consumption.For this it will be necessaryto estabhshquality standards,a
laboratoiynetwork,and develop a system of analytical quality control.

PrograrnmeNo 3: Institutional Development

This programmewill establishtheorganisationalstructurefor surveillanceat the central
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level (DI’FESA) andat theexecutivelevel (health regions). In parallel,institutionalisationof
surveillancewill beaccomplished,including thedevelopmentof a datamanagementsystemie
the collection, processinganddisseminationof information.

Programme No4: Legal Requimments

This programme will establish the laws, regulations and standards which will permit the
application of sanctions against those agencies which provide inadequate services.

Programme No 5: Human ResourceDevelopment

This programme will ensure the adequate training of technical and professional personnel
involved in the implementation of surveillance. This includes the preparation of training
prograrnmes and modules and their continuous use and revision.

Programme No 6: Environmental Education

This programme will raise the awareness of consumers, especially with respect to
household water storage and use in more deprived areas.

Programme No 7: Epidemiological Surveillance

This programme is intended to serve as a means of measuring the potential and actual
healthbenefitsderivedfrom watersupply improvementsstimulatedby surveillanceactivities.

Programme No 8: Community-Level Surveillance

This programmewill ensurethe appropriateandactiveparticipationof the population,
especially of the rural and peri-urban areas in the solution of their water supply problems and
maintenanceof servicequality.

Scope of the Plan and stages orimplementation

The Plan encompasses surveillance of all community water supplies serving populations
greater than 200. At the end of ten years it is anticipated that surveillancewill havereached90
per cent of the population with respect to servicequality evaluation and sanitary inspections, and
50 per cent with respect to bacteriological and physico-chemical analysis.

Programmeimplementationhasbeen plannedin two phases.In the first threeyears,
institutionalisationof surveillancewill beunclertaken and surveillance will be consolidated in the
areas where it has already been initiated (Regions Huanca, (3rau and Arequipa and the cities of
Lima and Callao). Surveillance will also be extended to the regional capicals. A network of
regionallaboratorieswill be establishedandthecentral laboratory will be reinforced.

In the following sevenyears, surveillance will be gradually extended to cover the rest of
the country.
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Institutions involved in watersamplingandanalysis

Surveillance is the responsibility of the Ministry ofHealth. The TechnicalDirectorateof
Environmental Health (DITESA) is responsiblefor coordination, planning, supervision and
administration at nattonal level. The health regionswill be responsiblefor theseactivities at
regional level and also for implementation.

In cities with more than 50,000 inhabitants,the water supply agency should undertake 85
per cent of sampling and analysis,while the health sector should reserve the remaining 15 per
cent. This division of responsibilitiesobliges the surveillance agency to develop and implement
a prograrnme for analytical quality control in onler to enswe the reliability of the resuits reported
by the watersupply agencies. Figure 13 shows the percentage distribution of participation by
supply and surveillance agencies in sampling and analysis.

Institutions involved in water supply lmprovement

It is important to ensure coordinated action by the institutions Involvedin watersupplyin
order to optimise the use of human, material and economic resources. The institutions inelude
the National Water Supply and SewerageService(SENAPA), the Departmental Water Supply
Services (subsidiariesof SENAPA), theDireccorate of Basic Rural Sanitation (DISABAR), the
NationalInstitutefor MunicipalDevelopment(INFOM) andtheOfflce of the PrimeMinister
(Regional Development Corporations).

Coordination will be the responsibility of the National Committee for Coordination of
Basic Sanitation (CONCOSAB), which will have responsibility to direct efforts and resources.

POPULATION

Figure 13: Participation of water aupply
agencies in water sampling and analysia

~E1fiWATER S(JPPLY
AGENC lES

~ SLR1VEILL.ARCE
PROGRAMME

and surveillance

tij

z
cx!
-J
-J
tij

S,

-J
0
1—z0
0

t
-J
cx
00

l0~

47



Impact of surveillance

The overall assessmentof water supply servicesgeneratedby surveillance will be usedfor
the prioritisationof activities andinvcscmentsin order to optimise increasesin coverage,
improvements in service quality and the implementationof hygiene education canipaigns. These
activities will, in turn, be reflectedin an improvement in the health and well being of the
population.

Cost

The investment required for the implcmentation of the NationalPlan for Drinking Water
Supply Surveillance is US$9,600,000over ten years. This representsapproximately 0.7 per cent
of the investmentbudgetedfor the National Plan for Basic Sanitation for a similar ten year
period (US$1,384,028,000).
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6 Completion of Terms of Reference
Theconsultants’termsofreferenceweremodifiedslightly during thecourseof thefive

years of ODAsupport for the Programme to accommodate changes in the organisational
structures and responsibilities of the Peruvian institutions responsible for the health and water
supplysectors.

All theindividual termsof referencewere metandin somecasesexceeded They are
detailed below,accompaniedby summariesof theactivities undertaken in their fulfilment.

The Consultants shall provide a team to give assistance and advice to the Peruvian
Ministry of Health, Division of Environmental Health (DITESA) to enable it to initiate the
following activities aimed at compliance with water supply legislation:

a) Formulate and revise a manual for water supply surveillance procedures.

Appropriateproceduresfor watersupplysurveillancewere developedfor both therural
and urban sectors.

Initial rural surveillancemethodswerebased on theguidelinesproposedby WHO(1984).
During preliminary activities these were found to be of limited applicability in Peru for a number
of reasons (see Chapter 6). Modified procedures and field report forrns weredevelopedand
evaluated in the central region. Evaluanon was preceded by intensive training and accompanied
by regular fleld supervision.

In rural areas, surveillance of piped water supplies was simplified because, in general,
each commumtyhadawatersupply systemandcommunitiescould therefore be considered as
independentunits. This is not the casein largeconurbationswherean interconnected
distnbution network receives water at a number of points from a variety of sources. Monitoring
of urban water supplies has in the past failed to take into account urban fnnge areas without a
pipedsupply. Urbanfringe areasfrequentlyrepresent a substantial population It is precisely
these populations which suffer the most severe health problems. Thus, they should be a high
priority for thesurveillanceagency.

Preliminaryurbansurveillancemethodologieswereevaluatedin Lima North andthe
central region. These were refined and improved before application in Callao (part of
metropolitanLima). The methodswerefoundto beapplicablegenerallyand not limited to the
areasupplied by the distribution network. The methodology can be summarised as a sequence
of activities: identification of supply zones, assessment of service quality, sanitary inspection,
analysis of results and promotion of improvements.

Developmentandfield testingof prelirninary surveillanceproceduresfor the urbanand
rural sectors was completed in 1988 and led to theformulationof a draft surveillanceprocedures
manual. The manual was evaluated with the participation of Programme coordinators,
supervisors and technicians, including rome who had been involved in the initial methodological
development as well as others for whomthe draft manual and accompanying training
representedtheir first exposure to surveillance.

Final review and revision of the manual was undertaken in a four day workshop after
nearly two yearsof evaluation.Theresultwas acomprehensivemanualorganisedin 9 modules
totalling 400 pages. Procedures, activities and responsibilities for Ministry of Health staff
involvedin surveillanceare detailed. The manualhasbeen pnntedin largenumbersandis now
in use in all regions of the country where surveillanceis practised.

b) Train and evaluate the work of sanitary and laboratory technicians involved in

water supply surveillance.

During thecourseof theProgramme,considerableeffortwasdevotedto thedevelopment
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of training strategiesandevaluationprocedures.In arklition, thenecessaryskills for performing
theseactivitieswere successfullytransferredto theresponsiblenationalauthority,DITESA.

During the first two yearsof theProgramme,most training(both formal taughtcourses
and field supervision) was provided directly by the consultants. This wasnot theoriginal
intention but wasunavoidableduethechangesin institutional responsibilitiesandpersonnel
which occurred in the counterpart institutions duringthisperiod.

Systematisation of training and evaluation, and their progressive handover to DITESA
were undertaken progressivety from 1988 to 1990. DITESA personnel are now able to provide
this support for all regions of the country involved in surveillance.

The emphasis placed on training resulted in the development of a comprehensive human
resource development strategy. Three training modules were developed, evaluated and revised
and are now in use by DITESA. The three modules were designed for the training of
environmentalhealthtechnicians,local andregionalsurveillancesupervisorsandcoordinators,
and national and regional directors and managers (the latter from both surveillance and supply
agencies).

Evaluationactivitieswere integratedinto the humanresourcedevelopmentstrategy.
Special consideration was given to both direct and indirect supervision of the activities of
techniciansby regionalsupervisorsandsupervisionof regionalsupervisorsby DITESA’s
coordinatingteam. Evaluationmethodswere incorporatedinto the surveillanceprocedures
manual.

c) Identify requirements for and promote water quality control at theoperator level
in the Health Departments.

Thepreliminarysurveyundertakenin the centralregionup to June 1987 identified the
problems associated with operation, maintenance and control of small community water
supplies. A major constraint on efticient operation and maintenance was the inadequatetraining
providedfor operators.Valuesfor somekeyindicatorsin thecentralregionaresummansedin
Table9 (Chapter3).

Following reorganisationof thewatersupply sectorin 1986, mosttrainingof system
operatorswasundertakenby oneof two agencies.DISABAR (The Directorate of Basic Rural
Sanitation) of the Ministry of Health provided sometrainingfor operatorsof small community
supplies,andSENAPA (NationalDrinkingWaterandSewerageService)trainedtheir own
operators for those larger water supply systems under their control.

In cooperation with SENAPA, the consultants contnbuted to the training of supervisors
and operators of urban water supplies in the central region throughformal trainingcourses.
SENAPAsubsequently expanded this training to national level by a seriesof regional
workshops for which the consultants provided training inputs for personnel of the central and
southern highlands.

Support was also provided for training of ruralwatersupplyoperatorsby DISABAR in the
central region. Evaluation of this experience, however, underlined the inadequate resources
dedicated to community development for water supply. There were approximately 450 small
community supplies in the central region with a typical turnover for membership of the drinking
watercommitteeof two years. Training should therefore be provided for approximately 225
communities per annum, in addition to the continued supervision of all community drinking
water committees In 1988/9 training was actually provided by DISABAR for sixteen
communities. Supervision, where undertaken, was largely orientated toward cost recovery in
recentlyconstructedsystems.

Although it is possibleto providetraining for systemoperatorsin the contextof a water
supply surveillanceprogramme, it is fundamental that thedivision of responsibiliriesfor training
andsupervisionbetween thesurveillanceandsupplyagenciesbeobserved.

Pilot hygieneeducationandpromotional initiativeswere thereforesupported.Problems
suchasmisuseof waterwere identifiedin communitiesfrom theresultsof surveillanceandkey
remedialmessagesformulated. Educationalmaterial incorporatingthesemessageswas
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producedand disseminatedin targetcommunities.
The consultants also participated in the development of audiovisual training modules,

togetherwith CARE, DISABAR andCEPIS. Thematerialis currentlyin useandis aimedat
securingadequateoperation,maintenanceand adniinistrationof rural watersupplies,together
with activecomnlunityparticipationfor thepreservationof the services.

d) Promote and secure the implementation of local and regional water supply
surveillance laboratories

A three tier hierarchical laboratory structure has been proposed by WHO(1984) for
quality control and surveillance of small community watersupplies. This structurewasadopted
in Peru.

A total of 16 local surveillance laboratories was established. These were based on the
OXFAM/DelAgua portable water testing kit plus some back-up equipment (pressure cooker,
hotplateand measunngcylinder). This enableddecentralisedLesting for thekey health-related
parametersof faecal contamination,turbidity, chlorineresidualandpH ata capitalcostof about
£1100. These parametersare those which should be analysed mostfrequently.

Additional health-related water quality parameters were identified from WHO(1984).
Thesewereclassifiedaccordingto thedegreeof centralisationrequiredfor testingie either
regionalor national. Critenausedinciudedthecostof equipmentandconsumables,frequency
of analysisandthedegreeof analyticalsophisticationrequired. The costof equippingaregional
laboratorywasestimatedat approximately£13,800. Two such laboratorieswereestablishedby
the Programme,onein Huancayoandthe otherin Lima. Thesewere establishedwith the
capacityto analysehardness(total, calciumandmagnesium),colour, turbidity, chlorides,
dissolvedsolids,total solids,pHand sulphate.

At nationallevel,an importantinadequacyin DITESA’s laboratorycapacitywastheir
inability to analysefor pesticidesandorganiccompoundsin water. In the lastphaseof the
Programmeagasliquid chromatographwasinstalledandcommissionedin the national
laboratory.

e) Promoteand developwater supply surveillance data reporting at regional and
national leveLs.

The efflcient reportingandinterpretationof dataareimportant componentsof aneffective
watersupplysurveillanceprogrammeandvital to therational prioritisation of improvementsin
services. -

Despite the problems of communication inherent in Peru’s geography and population
distribution,reportingwithin the surveillance structure was fairly effective from the beginning
of the Progranime.

Reporting of results to communities was problematic at first. This waspartly dueto the
delaybetweensamplecollectionandobtainingresults. But more importantly, it was often
impractical to sendresultsto ruralcommunities.It wasfrequentlynecessaryto deliverreportsin
person. This was largely overcome by the use of portableequipmentwhichenabledtechnicians
to visit aseriesof communitieson successivedayswithout returningto a laboratorybase. Thus,
technicianswere ableto processsamplesand reportresultsdirectly to thecommunity.

Local reportingencouragesthecommunityto undertakesimpleremedialmeasuresand
whereappropnate, enables them to formulaterequests for assistancefrom constructionagencies.
However,moresophisticateddatainterpretationandmanagementis essentialfor theformulation
of remedialstrategiesat regionalandnationallevels. Requirementsat regionaland national
levels are different, and complementarystrategieswereadoptedaccordingly.

Proceduresfor regional data storage,analysisandfollow-up of reportswere developedand
testedduringthe Programme.They are detailed in thesurveillanceproceduresmanual. At this
level, strategiesfor improvemcntarebasedlargely on the prioritisation of supplysystems
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according to health risk. A combined risk analysis using the results of both water quality
analysis and sanitary inspection was developed and is described in Chapter 5.

At nationallevel, policy developmentdependson an overall understandingof trendsand
recurrentdeficienciesin orderto orientateinvestmentandtraining strategies.Tofacilitate this
understanding,acomprehensivenationaldatabasewasdevelopedwith DITESA.

In addition, theadoptionof appropriateremedialstrategieswaspromoteddirectly by the
publicationofquarterly informationbulletinsby DITESA with thesupportof the Consultants.

t) Identify priority areasfor rehabilitation and monitor the progressof improvement
of rehabilitationandmaintenanceof watersupply systemsin responseto reported
data.

In therural sector,theresultsof thepreliminarysurveyin the centralregionhighlighteda
numberof deficienciesin rural watertreatment.

Fundamental problems were identified in the selectionof technologiesfor rural water
treatment. Promotion of treatment plant rehabilitation, often with theincorporationof roughing
pre-filtration (as a protective stage before slow sand filters) was therefore undertaken. The
existingwatertreatmentplant servingthe community of Cocharaswasrehabilitatedand
horizontalroughingfilterswereconstructed.This plant wasthesubjectof prolongedevaluation
with theparticipationof DISABAR personnel.

Following thereportingof theresultsof thepreliminarysurveyandtherehabilitationof
the Cocharcastreatmentplant,DISABAR initiated a seriesof policy changes. Constructionof
niral treatmentplantswastemporarilysuspendedandfurther trainingwasprovidedfor regional
engineers.This wasfollowed by an increaseboth in rehabilitationandin roughingprefilter
construction. The sequenceof eventsis describedin Chapter3.
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APPENDIX 1
Example Field Report Form



Drinking Water Supply Surveillance Programme

A)
Code

Commumty District
Province Department
Dateof Visit Inspector

B) General

In thelasttwo years,has there been avult by the hygieneeducatlon carnpaign? Tea 0 NoQ

Population
Nurnberofdwellings
TotalPopulation

Saniiaiion(dwellingsservedby)
Sewerage
Privatelatnnes
Public latnnes
Septic lanka

C) Drinking Water Supply

Tai-iff and Fundi
Istherealamfffordomesticuse

7 yesfjno()
Monuhly tsmff for domesucusc

Operauonandrnaintenance
tsthereanoperator? yesQno()
Rasthe operatorreceivedspecitictraining7 yes 0 no0
Hoursworkedper weelc on demand 0; c4();4-l0 0; 10-20( ); >200
Doestheoperaiorhaveiools? yesfjno()

D’stnbution network(dwellingsservedby)
Siandpoeis
Domesticconnections
Arethe leaksviiible in the network? yes() no0



D) General Sanitary State of community
vinlia to househoidu wtih domesucconnccuon(maaltwiih e)

‘io ServiceLevel cooirnuily Siaie ofcoonccuon

Tap Faciljues
— —

hoorn
per
day

dayi
per
monilm

moniha
per
yeoc

wasiewaterDisposai
—

nijl drich pipe
uaiea

in

yari
en

hoor
0mb almowe ilorag

cyi

2

4

6

Vismu to householda ooppimed from sondpoow

Ceodoulry siuieo(Swndponi Hooueholdsmerige

hoor
per
day

drys
per
mond

roooihs
per
year

WasieworerOmoposid

mCi dmieh pipe
ooien

Dirranee
to
Sued
post
(ie)

Collocdeo

Vmnlu ‘ei
per er
day vult

Srorage

Toch? SureofTord
y/o —

Lid? Clean

Hundiingfremocai
—

any open
0 rap

con! cent er
01oct 21Oct syphoe

Geoerai
Drainagefor mum roodo?
(ndiacnminaie defecouon?

E) SyitemEvaluutlon

AduciaonLine (resei-voh-to dloirmbuuoo)
Leal&

Reservoir

Suomiary lid
- locked

Overflowuog?
Total volume

Dinmofection
Eqompmeor9
Siockof chiormoe?
Opcrouog9

Coodocuon line (ioorceto rcscrvorr/Lreouneoi)
Leuks

i°ressurebreukboom
Exisi

- iaomlary lid
- locked

Y N‘1

Y N
Y N
Y N

Y N

ycs() no 0

ymt) no0

Y N

ymt)oo()
v N
Y N



TypeofSystem: GNT G\VT PNT PWT

Water Source: epringcapturedin eye]intiltrauon answer 1 only
Well answer 2 only
Surfacewater,no Ireatment answer3 only
Surface waterwith treatment answer 3 and4

Souite type:Spnng 0; mfiltration0
Proiecling plinth? Y N
Saiutary lid? T N
-locked

7 T N

Wall or fenceagainstanimalslintnjders? T NDitch againstsurfac~ run0ff? T NOverfiowing? yes() no()
Excretadisposal within 50m T N
Sourceflow 1/eec
Intakeflow 1/eec

Pumpmgshed? Y N
-locked? Y N

2 Pumpproperly mountedon concrete plinth? T NWell openingopen? Y NExcreta disposal within 50m? T N
Pumpflow .J/sec
Hours pumped

Source: spring (downstream) 0. nver 0 stream 0 infiltration gallery0
irrigalion casa!0other

Catchmentacceesibleto animais or people? T N
Excretadisposal wihhin 50m T N
Flow control7 yes() no()

3 Filterbediniake? yesOno()
a) Pumped

-pumpflow
- hourspumped ...hrs/day

b)Gravity
- source tiow 1/eec
- iniake flow .. . .1/eec

Wall or fenceagainstanima1~pcople T N
Locked? Y N
Excretadisposal within 50m Y N
Floculation/coagulationpracticed? yes()no()

- equipmentfor dosing yes()no()
mixing zone yes()no()

- coagulantstock Y N
- hydraulic floculator

4
Sedir~~icor(s) - exist? yes()no()

- diffusing baffie T N
- outletoccupiesall width Y N
- dimension (m) L W D

Pre-filters? yes()no()
Filters-exist? yes0no()

-rapidsand yesQno()
-~wsand ycs0no()

- demensions (m) L.... W Y N
-lessthan6ûcmsanddepth7 T N
- minimum headmechanism7



F) Resuitsof Anatysis

SampleSite Turb-
idity

Free
chlorine
(mg/1) pH

Faccal Coliform Sample
taken
for
p-ch analysis(l)

Volume
filiered

No
Colonies

FC
ier lOOm!

1 Systemswith Treatment
1.1 Source
1.2 Plantootlet

2. Spring(s)
Sprmg 1
Spnng2
Spring3

3. Well

4. Reservoir

5. Distnbuuon

2
3
4
5
6

(1) !ndicateanalysisrequiredphysico-chemical0’ metals0. organica0

Obiervations

Signature of ComrnunityAuhhorily Signaiureof Inspector



DelAgua
A groupof scientistsandengineerswith aspecialinterestin water supply, sanitation and

public healthformedDelAgua in 1984asaprivatenon-profitmakingorganisatlondedicatedto
the promotionof theimprovenlentof drinking watersuppl~iservicesin Iessdevelopedcountries.
Although DelAgua wasoriginally formedin the UK, it now operatespriniarily as anon-
governmentalorganisationin Peruworkingfor theLatin American Region.

Theobjectiveof theorganisationis to contributeto theimprovementof public health
basedon researchandpracticalwork in thefieldsof watersupply, hygiene,andmanagementof
waste.

Theactivities ofDelAguaincludc:

SurveillanceandControlof Drinking WaterServices

- practiceand trainingfor managers,professiona!s,supervisorsand technicians;

- practicalwork in thefield undertakenby personnelof professionaland technical

organisations;and

- supplyofequipmentand consumables.

Research,DevelopmentandTechnologyTransferin theFieldof WaterSupplyandSanitation

- practiceand trainingatprofessionaland technicallevels;

- design,constructionandevaluationof watersupplyandwastewaterandexcreta
disposal;and

- wastesmanagement.

For further informationcontactDelAguaat:

do CEPIS
CasillaPostal 4337
Lima 100
PERU
Tel (5114) 35-4135
Telex 21052 PECEPIS
Fax (5114)37 8289



The Robens Institute
TheRobensInstitute is a WorldHealth OrganizationCollaboratingCentrefor the

protedtsonof drinking waterquality and human health andassuchactively supportsthe workof
WHO, particularlyin developing countries, by the following activities:

- collection,evaluationanddisseminationof informationrelatedto drinking waterquality,
its measurementandcontrol;

- standardisationof approaches,methodsandequipmentfor thesurveillanceand
assessmentof waterquality;

- developmentandfield testingof appropriatetechnologyfor wateranalysisandtreatment
- provision of analytical reference matei-ial and expert consultancy services, particularly

for developingcountries;
- participationin andcoordinationof collaborativeresearchon the assessmentof water

quality andrelatedhealthconsequendes,including promotionof researchin developing
countries;

- participationin andorganisationof inter-regional,regionalandnationaltraining
activities for public healthandwaterindustrypersonnelin developingcountries.

- cooperalionwith other nationalandinternationalorganisationsconcernedwith various
aspectsof waterquality andhumanhealth.

TheRobensInstitiitesOverseasDevelopmentServiceis particularlyconcernedwith the
protectionof humanhealthandthe environment.For example,programmeshavebeen
undertakenin risk assessment,environmentalsurveillance,watersupply,sanitationandhygiene
education. Staff havebeeninvolvedin research,training, projectdesign,evaluationand
management.Since1984, watertestingequipmentandlow-costconsumablesfor waterquality
testinghavebeensuppliedto morethan50 lessdevelopedcountries.

The RobensInstitute hasexpertiseIn a wide rangeof disciplines,including
environmentalhealth,psychology,ergonomics,oddupationalhealthandsafety, environinental
polscy (indluding impact assessment and auditing), analytical techniques, toxicology,
epidemiologyandlaw.

Forfurtherinformation,pleasecontact:

JamieBartrani
Managerof OverseasDevelopment
RobensInstitute
Universityof Surrey
GUILDFORD
Surrey,GU2 SXH

Tel: (0483)572823
Fax: (0483)503517
Telex: 859331UNWSYO
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