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PREFACE

The quality of drinking water, often reflecting thesanitaryconsciousnessof theuser, is a
direct indicatorofthequality of life of any society. It is also indicativeof the statusof the
environmentalquality in theparticularregion. Eventhough monitoringof variousenvironmental
variables,including drinking watersources,is oneof thefunctionsof theStatePollution Control
Board, priority considerationsand infrastructureshortagespreventedthe StateBoardfrom
extendingits activity in themonitoringof drinking watersources.In thiscontextit waswith a
senseoffulfillment that theBoard acceptedthesuggestionoftheSocio-EconomicUnits, Kerala
WaterAuthority to undertakethepresentstudy aimed at assessingthequalityof the drinking
watersourcesviz, selectedwells in thethreezoneswherethe units operate.

This study hashelpedto assessthe quality of water in thewells of Keralathat areusedas
drinking watersources.The study also attemptedto identify specificcasualfactorsrelatedto the
quality of well water. Oneof these,thedataindicatesis theop~pnatureof thewells themselves.
However,beyondthis, it was not possibleto detectthespecific factorsorthemix of factors
contributingto pollution becauseof thecomplexityof the local environmentsin the 150
randomlyselectedwellsand limitations of a studyof suchshortduration.However,thefindings
of thepresentstudyI am surewill be ofgreathelp in planningrelatedstudiesin future.

I expressmy profoundgratitudeto Ms. KathleenShordtand Mr. K. BalachandraKurup of
theSocio-EconomicUnits for entrustingthis importantstudy to theBoard and also to thestaff
membersof theSEU who havebeenvery helpful in thestudy.

I alsoplace on recordthe initiative and dedicationof Mr.R. RaveendranPillai, Environmental
Scientistof theBoardwho wastheOfficer in chargeof thestudy andhis team of Scientistsin the
Central Laboratory.I also acknowledgethegoodwork doneby Dr.C. Geevarghese,Assistant
EnvironmentalScientistof theHead Office ofthe Board. Specialmentionhasto be madeof the
guidancegivenby Dr. Balachandran,SeniorEnvironmentalScientistof theCentral Laboratory
throughouttheexecutionof theproject.

(I. VENUGOPALAN NAIR)
MEMBER SECRETARY.
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INVESTIGATIONS ON THE BACTERIAL QUALITY OF WATER IN

SELECTED WELLS IN KERALA

EXECUTIVE SUMMARY

This investigation,designedand executedby theKeralaStatePollution Control Board, sought
to makean assessmentof thebacterialquality of waterwith referenceto fecal coliforms in open
dug wells in Kerala. It also attemptedto determinethe extentto which factors influencingwater
quality (suchassoil type,depthof well, presenceof latrinepit or cattleshed,waterusepattern)
contributedto fecal contamination.

In total 150 wells weremonitored,fifty eachfrom thesouth,centralandnorthernzonesof the
Socio-EconomicUnits of theKeralaWaterAuthority. Of these150 wells, 144 areopen wells
and 6 areclosedwith handpumps. Amongthe 144 openwells, 103 haveSEU latrinesin the
vicinity while another30 wells haveothertypesof pitsor septictanks. Elevenopen wells
without any pits in thevicinity werealsomonitored.Water samplesfrom thewells were
analyzedfour times, at intervalsof approximately2 weeks,duringtheperiod of December1990
to April 1991. Along with fecal coliforms, threeotherparametersof waterquality namelypH,
conductivity,total dissolvedsolidswerealso monitored.

Basedon the levelsof fecal contaminationin thewater,thewells wereclassifiedinto four
quality classes.Theseclassesarediscussedin relationto factorswhich might influencethe
quality of water.

The generalconclusionsfrom thestudy are:

1. Water in noneof theopen wells investigatedis of drinkingwater qualitystandardas

prescribedby theBureauof Indian Standards.
2. Water analyzedfrom coveredwells with handpumpsthat wereascloseas 5 metersto

theSEU latrine pits werefoundto containno fecal coliforms.

3. Theopencharacterof the wells and the conventionalmaintenancehabitsare found to
beresponsiblefor fecal pollution in them.

4. Pit latrineswith averagefamily load factor(5 members)ata distanceof 5 meterfrom
wellsarefoundto makeno contributionto thepollutipn ofwell water.

Thoughthestudy is limited to thethreeareasof Kollam,, ThrissurandKozhikodewherethe
Socio-EconomicUnits of KeralaWaterAuthorityoperates,theobservationscanbe generalised
sincethestudy hascoveredvaried geological,socialand cultural variablesapplicableto theState
as a whole.

With theseconclusionsin mind, it is suggestedthat thereshouldbe asystemfor monitoring
thequalityof well water, sincehabitsof poor maintenanceovertaketheprogrammesfor
disinfectionand protectionof wells resultingin waterqualitydeterioration. As thepresentstudy
is focussedon existing wells selectedat random,it needsto be followed by a detailedstudy on
theeffectsof Ieachatesfrom latrinepits in different soil typesatdefinite intervalsof distanceand
time.





II

Implications of the Study: an addendum by the Soda-EconomicUnits

At the requestof theSocio-EconomicUnits, this researchstudy was reviewed, in draft form,
by severalprofessionals. We are thankful for their responses.Among these,two questions
aroseabouttheimplicationsof this study. Theseareaddressedin thefollowing paragraphs:

Question: How is it possiblethat notoneopenwell satisfiedtheBureauof Indian Standards
guidelinefor thebacterialquality of drinkingwater? Was the samplingprocedurewrong in the
study?

Indeed,noneof the 144 open wellssatisfiedthe Bureauof Indian Standardsguidelinewhich
requiresthat everysampleof waterbe freeof fecal coliforms(that is. zerofecal coliformsper
100 ml). Theconclusion,therefore, is that thereis a high probability thatopenwells in Kerala
arepollutedwith fecal matter.

The144 openwells were selectedat random. The only criteriafor selectionwerethat the
wells could nothavebeenchlorinatedin thepreceding3 monthsand that thewellsbe locatedin
areaswherethe Socio-EconomicUnits work. In fact the 144 wells in this study arelocatedin 7
panchayatsscatteredaroundthestate,in Kozhikode,Thrissur,Kollam andThiruvanadapuram
districts.Thesearein areashavinga wide diversityof physical,social andeconomicconditions.
The conditions,therefore,arenot different from that in otherpanchayatsin the low-landareasof
Kerala.Thus it is unlikely that the resultsof thestudyaredueto samplingerror. It is worth
mentioningthat thesamplesweretaken(Decemberto April) at a time whenthebacterialquality
ofwell watermay be betterthanat othertimes,suchas at theonsetof themonsoon.

While the five closedwells (with handpumps)were free from fecal coliforms, thesamewas
not, in fact, expectedof theopenwells. It was expectedthat mostopenwells would not meet
Indianor internationalstandardsfor microbacterialquality of drinking water. To quotefrom two
well-known sources:

“...WHO(1971 and 1984) recommendedthat small watersuppliesshouldcontainzeroE.
coil per 100 ml. Thegreatmajority, if not all untreatedwatersuppliesin the developing
countrieswill not meetthis requirement”. “Untreatedwatersourcesarealmost
invariablycontaminatedwith fecal matterandcontain fecal coliformsand otherindicator
bacteria”.~

Whatwassurprisingin theresultsof thestudy wastheproportionof wells in thesample
(58% or 83 out of 144)which werein thehigh pollution class. In other words, morethanhalf
of the wellshadthreeor foursampleswith more than100 fecal coliformsper 100 ml. Clearly
stepsshould be takensoonto reducethe level of pollution. Even if it is not possibleto eliminate

Cairncross, S. et at. Evaluationfor village watersupplyplaiuiing. TechnicalPaperSeriesNo. 15.
InternationalReferenceCentre for Community Watcr Supply andSanitation.The Nctherlands.1980. 177
pages.Quotefrom page73.

Cairneross,S. andR. C. Feachem. Environmental health engineeringin the tropics. JohnWiley & Sons.
1983. 271 pages.Quotefrom page 31.
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all bacterialpollution, efforts shouldbe madeto ensurethat drinkingwaterhasa bacterialquality

not exceedinga certainlevel, for example,of 100 f. coliforms per 100 ml.
Anotherquestionwhich wasaskedaboutthis study was: If drinkingwaterfrom wells is

polluted, why aretherenot morediseasesin Kerala?

Therearethreeresponsesto this. Firstly, following internationally-recognizedprocedures,this
study testedfor thepresencein well waterof an ‘indicator bacteria’,fecal coliforms.

Thesearebacteriawhich arealwaysexcretedin largenumbersby warm-bloodedanimalsin their
feces,whetherthey arehealthyor sick. Thus, if a sampleofwater containsthe indicator
bacteria,then it is contaminatedfrom the fecesof animalsor people. It shouldbe understood
that mostfecal coliformsare not, in themselves,diseasecarrying. Their presencein water
meansthat otherdisease-causingagentsmight bepresent.

Secondly,in Keralathereare, usuallyon a seasonalbasis,water-bornediseasessuchas
choleraand typhoid. However,incidenceof majordiseasesdoesappearto be lower in Kerala
thanin manyotherpartsof thenation. Many of thesediseasesarewater-washedas well as
water-borne(that is, their incidenceis a functionof quantityas well as qualityof water).The
incidenceof majordiseaseswould be greaterwithout thehighper capitauseof waterand
relativelybetterhygienewhich prevailsin Kerala.

Thirdly, it is very importantto notethat pollutedwaterdoesnot only causemajordiseases
suchas choleraand typhoid. Thereareotherailmentswhich arenot in themselveslife
threatening,but are nonethelessdebilitating.In fact, thehealthstatusin Keralahasbeen
characterizedby professionalsasoneof chronic,low-level morbidity. This is oftennot fully
understoodor recognizedby thepopulation. Oneexamplewhich may illustratethis relatesto
frequentepisodesof low-level diarrhoea. “Loose stools” areacceptedby manypeopleasbeing
unremarkableor almostnormal. This is, of course,not correct. The implicationsfor children
areparticularlyimportant. For children in particular,diarrhoeaand ‘loosestools’ arereflected
in minor illnesses,reducedabsorptionof importantnutritious elementsandso on. Thechild or
adult is not dramaticallyill, but not fully healthy.

Onestepwhich will help to improvethis is to protectdrinking watersourcesand, of course,
to storeandusewaterin waysthat ensureit remainsof high quality. Theprotectionof opei~
wells, in particular,may include: coveringwells completelyand raisingwaterwith a handpump
or, if this is not possible,maintainingvery hygienicconditionsaroundthewell and chlorinating
at regularintervals. Maintainingcleanly conditionsaroundthewell should include: cleaning
thewell periodically; keepingthesidesof the well in good repair; having cleanwalls abovethe
~vdll;havinga cementedor cleanlyapronaroundthewell; ensuringthat a separatebucketis used
to draw water and that the bucketis keptclean;keepingcattleshedsand latrinesas far from the
wells as possibleand certainlymorethan 10 meters;cutting back treeswhich hangover wells,
and so on. Stepssuchas thesewill ensurethat thebacterial quality of well waterprovidesless
risk for everyone.





1. INTRODUCTION

The Stateof Keralahasthehighestdensityof open,hand-dugwells in India andperhapsin

theworld. This is a reflectionof thehighpopulationdensityandthehydrological conditionsof

theState. During thedry seasonwhen wells tendto rundry and in areaswheregroundwater

becomebrackish,thedemandfor piped water is high. With theadventof therainsthisdemand

dropsastherural populationcontinuesto uselargely unprotectedwell waterfor drinking as well

as bathing andcleaning.

TheSocio-EconomicUnits (SEU’s)of theKeralaWater Authorityhaveamandatefor work

in 73 panchayats(with a populationof about2 millions) wherepipedwatersystemsare being

developedwith thefinancialsupportofthe Governmentsof Denmarkand theNetherlands.in

their work, theSEU’s involve communitiesin continuingeducationprogrammeswhich attempt,

amongotherthings, to distinguishbetweendrinking water(from acleansourcesuchaspiped

systemor properlyprotectedwells) andwaterfor otherpurposes(bathingand cleaning).

However, field experiencehasshownthat drinkingwaterfrom unprotectedsourcesin often

preferredby thecommunities.

Unfortunatelythereis little datato supportthe SEU educationprogrammerelatedto the

quality ofwell water. Somerelatedstudiesundertakenby theCWRDM (Calicut) focussedon

mineral/chemicalqualityof water in coastalregions. However,therehasbeenlittle organized

researchon thebacterialquality of well water,particularlythefecal contaminationwhich is a

majorcauseof diarrhoealdiseases.Someresearchundertakenby thePollution Control Board

(TAG/ICWD)2 showedsubstantialfecal contamination,in wells situatedat a closedistance(3m)

to sourcesofpollution.

This project is a rapid studyofthebacteria] qualityof 150 wells in the areasof theDutch-

Danishsupportedwaterschemes.The resultsof this study will be directly fed back into the

Socio-EconomicUnits’ educationprogrammesand, as appropriate,theeducationprogrammesof

otherinstitutions.





1.1 Theparametersand their significance

1.la pH

pH is ameasureof thehydrogenion concentrationor, in other words, thehydrogenion

activity of waterwhich rendersit either acidic,neutral or alkalinein character.Themeasurement

scalefor pH extendsfrom 0 (very acidic) to 14 (very alkaline)with themiddle valueof 7

correspondingto exactneutrality.

The pH of natural watersunderusual circumstanceslies in therangeof 4.5 to 8.5. This

balanceis broughtaboutby thecarbondioxide-bicarbonate-carbonateequilibria. Disturbanceto

this equilibria, for exampleby humic substances,bio-activity ofplantsor intrusionby wastes,

will result in thedepressionor elevationof pH values.TheBureauof Indian Standards(13.I.S)3

prescribesa limited pH rangeof 6.5 - 8.5 for drinkingwater.

1.1 b Conductivity

Conductivity,sometimesreferredto as electricalconductivity, is a measureof the

concentrationof electrolytesin water. It is relatedto thenatureof thevariousdissolved

substancesand to a limited extentto theconcentrationofsuchsubstances.Most inorganicsalts,

acidsand baseswhendissolvedin watermakeit a goodconductorbut mostorganicsdo not. The

relationbetweenelectrical conductivityanddissolvedsaltsdependson thequantity ofsalts

involved. For a comparison,freshly distilled waterhasa conductivityof 0.1 to 0.2 mS/rn(miBi

siemensper meter) or less, while most freshand finishedwaterfalls in the rangeof 5 to 50

mS/rn. The Bureauof Indian Standardsdoesnot prescribeany limit for this parameter.

1.1 c Total DissolvedSolids (F.D.S)

This is ameasureof dissolvedsubstancesin water. Waterwith high T.D.S is unsuitablefor

drinkingdueto its inferiorpalatabilityandunfavourablephysiologicalreactionsin theconsumer

organisms.Highly mineralisedwater is unfavourablefor domesticpurposesalso.TheBureauof

Indian Standardsprescribesa limit of 500 mg/litre maximumof T.D.S. for drinking water.
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1.1 d FecalColiforms

Fecalcoliformsgenerallyrefer to thecoliform bacteriainhabitantin thegut and fecesof man

and otherwarm bloodedanimals.Theirpresencein wateror otherfood stuff indicates

contaminationwith fecal matterandsuggeststhepossibility of thepresenceof pathogens.Fecal

coliforms by themselvesarenot diseasecausing(althoughsomestrainsareknownto cause

infantile diarrhoea).When releasedinto theenvironmentthey die off with time especiallyin

presenceof sunlightor getadaptedto theenvironmentalconditions(thus losingtheir ability to

ferment lactoseat44.5°±.2°C which indicatesthat they inhabit of thegut and fecesof warm

bloodedanimals).Their presencein water indicatesrecentcontaminationwith fecal matter.The

Bureauof Indian Standardspermitsa maximumlimit of 10 coliform organismsper 100 ml for

drinkingwaterand that too not repeatedly.The importanceof ensuringabsenceof fecal

coliforms in drinking wateris howeverstressedin theB.I.S Standards.

1.2 Schemeof study

Thepresentstudy was conductedduring theperiodof December1990 - April 1991 in the 3

zonesof theSocio-EconomicUnits. In theSouthand Central zones,samplingand analysis

startedin the 3rd and4th weekof December1990 respectivelyand at thenorth zoneduring the

1st weekof January1991. During theperiodofstudy, 4 samplesweretakenfrom eachwell at

an interval of approximatelytwo weeks.
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2. MEfHODOLOGY

As theobjectiveis to study thebacterialquality of well water with respectto fecal coliforms

andalso to determinethe contributionto fecal contaminationof environmentalordomestic

factors,dataon thesefactorswerecollectedby field observations.Watersamplescollected

during thefield visits wereanalyzedfor fecal coliformsand also for theotherthreeparameters.

2.1 Selectionof Wells

In total, 150 wells havebeenmonitored,50 eachfrom theSouth,Central and Northern

regionsof theSocio-EconomicUnits asselectedby researcherswith therespectiveunits. All

exceptfor 17 of thewells wereusedfor drinking as well as otherdomestic(washingand

bathing)purposes. Reflectingtheseasonalscarcityof waterin Kerala, it wasreportedthat 40 of

thewells (26% of the total) ran dry for partof theyear.

Out of thetotal, 144 wereopenwells and 6 wereclosedandhadhand pumps. Among the

openwells, 103 hadSEU latrinesin thevicinity and 30 wererelatedto othertypesof leach

pit/septic tanks.All thehandpumpsalsowereat measureddistancefrom SEUlatrines,while the

remaining11 openwells werenot nearany latrine pit.

Among the 103 openwells with a relatedSEU pit, 53 are in laterite, 12 in sand,14 in clay

and24 in sandyclay soil types. Thedistributionofthe other30 wells with a relatedpit but not

from theSEU programmeare9 in laterite, 3 in sand,3 in clayand 15 in sandyclay. All the six

closedwells with handpumpsare in sandyclay. On furtherclassificationof the 133 wells with

pits accordingto distancebetweenthewell andlatrine pit, 81 wells aremorethan 10 meters(m)

distancefrom a latrinepit, 42 in therangeof 5 to 10 metersdistanceand 10 lessthan5 meters

distancefrom thepit. Table 1 below showsthedistributionof wells monitoredaccordingto soil

type and pit distance.
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Table - 1

Distribution of openwells in relationto typeof soil
andtype/ distanceof latrinepit

Type of pit Pit distance from well in meters

<5m 5-lOm >lOm

SEU pits

Laterite 3 12 38
Sand 4 4 4
Clay 7 7
Sandy Clay 1 7 16

Other pita

Laterite 1 5 3
Sand 3

Clay 1 2
Sandy Clay 1 6 8

2.2 Samplingand Analysis

Foursamplesfrom each well were takenat approximately2 weekintervalsfollowing standard

procedures”.Thesamplesfor bacterialexaminationweredrawnfrom open wells using

sterilisedand light protectedbottles with attachedstrings. The end of thesterilisedstring wastied

to a masterstring so that thebottleswould reachthewater. Carewas takento keepthemaster

string sufficiently abovethewatersurfaceto avoid well-to-well contamination.Bottles were

closed and coveredfor light protectionimmediatelyaftercollection. Thesamplesfor thephysical

and chemicalparametersweredrawnseparatelywith thehelpof cleangroundglassjoint bottles

with enoughcapacity.

Therewere6 coveredwells with handpumps.From the handpumpssampleswerecollected

after sterilizing themouthof thepipewith alcohol vapourflame.

All sampleswere keptunder refrigerationand transportedto the CentralLaboratoryat

Ernakulamfor analysis.Theywereanalyzedwithin 12 hoursin caseof thebacterialparameter

and within 24 hoursfor thephysicalparameters.T.D.S wasanalyzedsubsequently,taking

minimum required time.
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The membrane filter technique was adoptedfor theestimationof fecal coliforms. Definite

volume of the sample assuch, or suitably diluted, wasfiltered undersuctionthroughsterile

membranefilters. Thecolony-formingunits collectedon thefilters, placedon M-FC (Membrane

FecalColiform) broth,wereincubatedat 44.5°C with + 0.2 accuracyfor 24 hours.Developed

bluecolonieswerecounted.Theyarereportedascount/100ml, indicativeof thenumberof

colony-formingunits originally presentin thewatersample.

pH andconductivity weremeasuredusing pH meter and conductivitymeterrespectively,

permittingdirect readingwith accuracy.T.D.S. was estimatedgravimetricallyby evaporatingon

a water bath a knownvolumeof thesamplein a previously weighed evaporating bowl and then

finding out theweight of the residueleft over.

2.3 Presentationof Data

Theanalyticaldatawaspresentedin formsto permitan overall comparativeglanceof thedata

and other relevant factors. For easy reference acopy of the form is given in page7. Out ofthe

ten items of theform, items 1 and 2 arefor the identificationof the well. Items 3 - 9 arethe

variablefactorswhich haveinfluenceon the 10th item (water quality).

Eachitem in the datasheetgivesvarying information. Among these,theapplicableoneis

suitably markedandthe inapplicableleft blank.For example,if waterof a well is usedfor

drinking, thebox under ‘Drinking’ will havea check(/). If usedonly for domesticpurposes,

thesaidcheckwill be below the box labelled‘Domesticonly’. Thenumberof membersusing the

water will be shownunder ‘BY’ in thebox for ‘Members’. Supposingthenumbersogiven is 8

and thecheck is under drinking, then the component can be readas ‘Water used for drinking by

8 members’.

If any of the informationunderany componentis not distinctor comparisonsare insignificant,

all items will bearthemark. The last item undercomponent5 is an exampleof this. If the

geographicalslopeis notdistinct, the ‘UP’ and ‘DOWN’ will be checked.

6
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3. OBSERVATIONS

The fecal coliform count in all the 144 open wells is abovethelimit prescribedby theBureau

of Indian Standards for drinking water. Therewas no significantdifferencebetweenthe 133 open

wells with latrinepits nearbyand the 11 open wells withoutnearbypits. Among the6 closed

wells with hand pumps monitored,5 hadnil (zero)fecal coliform count for all thefour samples.

Theonewell out of this6 that failed wasphysicallydamagedpermittingwateror dirt to come

from outside. Threeofthesefour high-qualityclosedwelis haveSEU latrinepitsbetween5 and

7 metersdistanceand one hasapit at 10.7 meters. Thesanitaryconditionaroundthesewells

bearsno distinctionfrom any average well monitored.Thesignificantfactorappearingthrough

out in everywell with fecal coliform contaminationis its open character.

Although the investigationwas carriedout on existing wells selectedfor this purposeat

random,the factorswith apotential influenceon water quality (suchas soil type,presenceof

latrinepit and cattleshed,depthof pit) werehaphazardlyrelated.This is to saythat thereis no

significantpatternin thedatathatenablesidentificationof specific factorsresponsiblefor specific

levels of pollution.

4. DISCUSSION AND INTERPRETATION

Basedon theaboveobservationson thepoorquality of waterin theopen wells, thestudy

aimed at assessingthe contribution,if any, of factorshavingpotential influenceon waterquality.

For this purposeall thewells wereclassifiedinto 4 quality classes (A, 13, C and D) with respect

to thecolifonncontentin them. Theseclasseswerethen analyzedwith referenceto certain

characteristics(4istancefrom latrine pit, typeof soil andso on).

As noneof thewellshadthe drinking waterquality prescribedby theBureauof Indian

Standards,and in theabsenceof any otherstandardcriteriafor thequalitativeclassificationof

drinking water basedon quality aspectsincluding fecal coliforin count, an independentapproach

is adoptedfor theclassificationso as to geta reasonablenumberof wells in eachclassfor a

statisticalevaluation.Thecriteriaadoptedfor theclassificationarelistedbelow:
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ClassA. All openwells which haveshownthe fecal coliform countin the rangeof 0 to 100per

100ml for all four observationsareput in ClassA.

ClassB. All openwells which haveshownafecal coliform countabove 100 per 100 ml in

only 50%or lessof theobservations(that is, 1 or 2 samplesout of four) areput in

ClassB.

ClassC. All openwells whichhaveshown thefecal coliform countabove 100 per 100 ml in

morethan50% of theobservationsareput in ClassC.

ClassD. All open wells which havealwaysshownfecal coliform countof 300 or moreper 100

ml areput in ClassD.

ClassA and ClassB may furtherbe combinedandreferredto as a ‘Low PollutionClass’ for

statisticalcomparison.Similarly theClassesC and D areoften referredto as the ‘High Pollution

Class’ in this text.

Table.2shows thedistributionof thewells in the four qualityclasses.Out of the 103 wells

with SEUpits in thevicinity only 17 quality for classA, 20 for classB, 48 for classC and 18

go into classD. In thecaseof the30 wells with othertypes (not SEU)of latrinepits,9 qualify

for classA, 7 for classB, and9 for classC, while classD has5 of them.

Of the 11 wells with no latrinepit in thevicinity five arein classA while threeeachof the

remaining9 maintainstheclassB andC status.None arein classD.

Table-2

Distribution of openwells in the 4 quality classes

Quality classes No.of open wells

With SEU pits With Other pits Without pits

A 17 9 5
B 20 7 3
C 48 9 3
D 18 5

As ageneralapproach,the interpretationis undertakenby examiningtherelevantdataabout

thewells in relation to theclassstatus. Table3 showsthedistributionof the 4 quality classesin

different soil types. Undereachsoil type, thewells are alsocategorizedaccordingto their

9





distancefrom a latrinepit, into threegroups,lessthan5 meters,5 to 10 m, and morethan 10 m

distancefrom a latrinepit.

Table - 3

Distribution of openwells in thefour quality
classes,in different soil types and in

relationto distanceof latrinepit

Soil type with pit distance groups

Laterite Sand Clay Sandy Clay
No.of Diat.of pit(M) Dist.of pit(M) Dist.of pit(M) Dist.of pit(M)
wells <5 5—10 >10 <5 5—10 >10 <5 5—10 >10 <5 5—10 >10

A 26 1 5 6 0 0 1 0 0 2 1 3 7
B 27 0 3 7 3. 2 1 0 2 2 0 3 6
C 57 3 6 22 1 1 2 0 3 4 1 4 10
1) 23 0 3 6 2 2 3 0 3 1 0 3 1

Thesequality classesareexaminedwithout referenceto thedistinctionbetweenSEU and other

typesof latrines. A separatediscussionfollows for SEU latrineslocatednearwells.

4.1 Pit distance-soiltype relation

Distanceof thewell from latrinepit can be a very importantfactor contributingto pollution.

However,thedistanceshouldbe consideredin associationwith soil type. Therefore all theopen -

wells with pit relationare projectedin table-4to permit a statisticalview of their distancefrom

latrinepitsaccordingto soil type.

Table - 4

Distribution of openwells in differentsoil

typesin relationto pit distance
Pit distance groups in meters Cm)

Soil Type Total
<5m 5—10 m >1Cm in each

Laterite 4 17 41 62
Sand 4 4 7 15
Clay — 8 9 17
Sandy Clay 2 13 24 39
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As themostprominentsoil type in thisstudy is laterite,thediscussionis focussedfirst on the

wells in this typeof soil. Table 5 presentsthedistributionof openwells in lateritesoil in relation

to pit distance.Out of the62 lateritewells with pit relationsmonitored,41 had latrinepitsmore

than lOm from thewell; 17 hadpitsat 5 to lOm distance; 4 at a distanceof lessthan 5m. With

respectto thequalityclasses,out of this total of 62 wellsonly 12 qualify for classA. Among

this 12, six aremorethan lOm distancefrom a pit, 5 at 5-10m distanceandone is lessthan5 m

distance.

Table - 5

Distribution of classA openwells in laterite
soil with respectpit distance

Pit distance groups in meters (m)
No.of wells

<5m 5—lOm >lOm

No. monito:ed 4 ~.7 41
No.in Class A 1 5 6

Theproportionof classA wells which ar~lessthan5 m, 5-10m and morethan 10 m away

from latrinepits is 25%, 29% and 14% respe~iveIy.As thepit distanceincreasesfrom lessthan

5 m to 5-10 m, thereis a slight increasein the percentageof classA wells, but the trend

disappearsas thepit distanceincreasesto morethan 10 m.

Looking at the scenarioin sandyclay in Table6 it canbe seenthat out of 11 classA wells in

thetotal 39, sevenaremorethan 10 m from thelatrine pit, threeat 5-10 m distanceand only

one at below 5 mdistance.

Table - 6

Distribution of classA openwells in sandyclay
soil with respectto pit distance

Pit distance groups in meters (rn)
No. of wells

<5m 5-lOm >lOm

No.monitored 2 13 24
No.in Class — A 1 3
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In table5 and table6 thedistanceof the pit from well is not significantly relatedto water

quality. To examinethepossibility of crosspollution from latrinepits further, factorswould

needto be investigatedsuchas slopeof groundwatertableandsub-soil watervelocity and

direction.

4.2 Depth, soil type,pit-distancecombination

Foropenwells, thedepthofthewell andsoil typeareinter-relatedandthe leach pit canbe a

factor influencingwaterquality. Thereforean examinationof this combinationwas thought

essential.In this perspective,thedatapresentedin table7 shouldbe examined.

The tablegroupst1~ewells in eachsoil type i~t-othreedifferentdep~groups—wherethedepth

ofthewell is below 5 t~i,5-10m and above10 m. Thesedep~bgroupsarefurthercategorized

accordingto their distancefrom latrine pits.

Table-7

Distributionof wells in relationto depthanddistancefrom pit

No.of wells

Depth ~ Depth S-b ~ Depth~ j~
Pit distance (m) Pit distance (H) Pit diètance (m)
<5m 5—10 m >lOm <5m 5—lOm >10m <5m 5—1Cm >10m

Soil, type

Laterite — 5 10 3 8 24 1 4 7
Sand 3 2 7 1 2 — — —
Clay — 8 8 — — 1 — — —
Sandy Clay — 10 23 2 3 1 — — —

Table 8 showsthedistributionof the different quality classesof openwells in relation to soil

type,anddepthof well, anddistanceof pits from the wells. It canbe seenthat amongthe wells

in laterite, the 5 - 10 m categorycontainsthemaximumnumberof 10 classA wells. Analyzing

thedatafurtherby pit~distance,threeout of 8 wells in classA aresituatedat 5 to 10 meters

from a latrinepit. In thecategoryof greaterthan 10 m pit distance,only 2 out of24 could

qualify for classA. Here, it may be arguedthat increasingthepit distancealonein thesamesoil

typeand depthgroupcould not protectwells from pollution.
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Table-8

Distributionof thefour quality classesof openwells in relationto

soil type, depthanddistanceof pits from wells

No.of wells in different depth groups Depth in meters)
Quality
Class Depth <Sm Depth 5—lOm Depth >lOm

Soil Dist.from pit Dist.from pit Dist.from pit
type <5m 5—10m >lOm <5m 5-lOm >1Cm <5m 5—1Cm>1Cm

Laterite — 1 2 1 3 2 — 1 2
A Sand - - 1. - - - - -

Clay — — 2 — — — — - —

SandyClay — 3 7 1 — — — — —

Laterite — 1 1 — 1 5 — 1 1
Sand — — 1 — 2 — — — —

B Clay — 2 1 — — 1 — — -

Sandy clay — 2 6 — 1 — — — —

Laterite — 2 4 1 2 16 1 2 3
Sand 1. 1 2 — — — — — —

C Clay - 3 4 - - - - - -

Sandy clay — 2 9 1 1 2 — — —

Laterite — 1 3 — 2 2 — — —

Sand 1. 1 3 1 — — — — 1
D Clay — 3 1 — — — - — —

Sandy clay — 3 1 - — -

Now a look at the wells in sandyclay (Table8) snowsthat out of 39 wells, 11 are in classA

and 10 of thesearelessthan5 metersdeep. Sevenof these10 wells are locatedmorethan 10

meter from latrinepits. Thus7 out of 23 wells locatedin sandysoil weremorethan 10 meters

from latrinepit andwerein classA. Out of the 10 classA wells lessthan5 metersdeepin

sandysoil threewerelocated 5 - 10 m from a latrine pit. Consideringthevariable,the pit

distance,its role in thepollution statusofopen wells, remainsdoubtful.

If by another approach, the wells in the ‘Low Pollution’ group (A + B) and thewells in

‘High Pollution’ (C + D) grouparecompared,themaximumnumberof wells in the lower

pollution classarefound in laterite (in the5-10m depthgroup)and sandyclay soil types(in the

below 5 m depthgroup).Percentage-wise,sandyclay scoreshigh with 51% of wells of below

Sm depthin the ‘Low Pollution’ classwhile lateritehas43% of wells of the5-lOm depth

categoryin theclass.Onceagain,thedatadoesnotshowa significantrelationshipamongthe

qualityof well water, depthof well, typeof soil anddistancefrom well to the leachpit.
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Discussion of laterite and sandyclay wells abovehave covered 101 open wells in the total of

133. As no significanttrend is noticed in the other two soil types,discussionon themis not

attempted.

4.3 Cattle-shedcombination

Among the 133 open wellswith nearbylatrinepits 32 havea cattleshedin thevicinity. Only

4 wells out of these32 havequalified for classA whichprima fadeshows thatjust thepresence

of acattleshedin thevicinity canbe asourcefor fecal contaminationof openwells. For a close

examination,distributionofthesewells accordingto thedistancefrom cattleshedand latrinepit

is shownin table9.

Table- 9

Distributionof wells into thelow andhighpollution classesrelative
to their distancefrom cattleshedsandlatrinepits

Distance between cattle shed and well
<5m 5-lOm >lOm

No.ofwelle
Dist.of well to pit Dist.of well to pit Dist.of well to pit
< 5 5—10 >10 5 5—10 >10 <5 5—10 >10

With cattle
shed — 5 5 — 2 8 — 3 9

Low Pollution
Class (A+B) — 1 — — — — — 4

High Pollution
Class (C+D) — 4 5 — 2 3 — 3 5

The ‘Low Pollution Class’ has 10 wells, only oneofwhich is lessthan5 meters from the

cattleshed.

It is observedthat 9 of the 10 low pollution classwells havethesamedistancefrom the

latrinepitsbut differing distancesfrom thecattlesheds.While 5 of themhavethe shedat a

distanceof 5-lOm, four have shedsata distanceof above10 m. Thedatadoesnot give any

indication that distanceof cattleshedaloneis a determiningfactorfor pollution of openwells.
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The ‘High PollutionClass’ has22 wells, 5 in thegroupof within 5 m from a cattleshedand

anotherfive with cattleshedsmorethan 10 m away. This againdoesnot help to establishthe

roleof thecattlesheddistancevariablein thepollution of openwells.

4.4 Effect of Slope

Thewells havebeenexaminedaccordingto their slopefrom latrinepits. Herethemicro slope

of thegroundaloneis consideredandnot thegroundwaterslope.

Table - 10

Distribution of thewells of the 4 quality
classeswith respectto their slopefrom pit

Quality Downward Upward Level
Classes Slope Slope

A 5 21
B 2 2 23
C 4 2 51
D 1 1 21

Out of the 12 wells at downwardslopefrom thelatrinepit, 5 are in the quality classA, while

out ofthe5 wells at upward slope of pit nonearein classA. Theobservationsareseeminglyin

contradiction to scientific hypothesis.This may be dueto theabsenceof dataon other

influencingfactors(suchasflow of groundwater)and hencefurtherdiscussionon this aspectis

not attempted.

4.5 LoadFactor

Load factor is definedasthenumberof membersusing a latrine. The wells areclassifiedinto

two groups: thosewith latrinepits with up to (and including) 5 memberload factor and those

relatedto latrinepits of morethan5 memberload factor. Within thesetwo groupsthe4 quality

classesaredistributedaccordingto their distancesfrom pits in table 11. Here, only thewells

locatednearSEU latrines areconsideredbecauseonly theselatrineshaveuniformity in type

construction.
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Table - 11

Wells with SEU pits in relation to l’oad factor
(No. of persons using the latrine) under varying pit distances.

Load Factor (No. of perubne using the latrine
Quality
Classes Up to 5 members Above 5 members

Pit distance in meters Pit distance in meters

<5 5—10 >10 <5 5—10 >10

A — 3 4 1 3 6
B 1 3 6 — 1 9
C 1 5 10 2 6 15
D 1 2 7 1 4 3

In both the load factor groupsmore wells areat above10 mpit distance.In group with u to 5

member load factor, out of the 36 wells located more than 10 m from a pit, only 4 are in class A

while 7 arein classD. In this case, if thelow pollution classand highpollution classare

consideredtheratio is 10:26. In thecaseof theabove5 memberload groupthis ratio is 15:18.

Comparingwells at a distanceof 10 metersfrom a latrinepit havingtwo different load factors

(of up to 5 membersand morethan5 members),while theabove5 memberload factorgroup

has 18% of classA wells, the up to 5 memberload factorgrouphasonly 11% of classA wells.

On thesamepit distanceconsideration,while 72% of thewells ofup to 5 memberload factor

group is in highpollution class,only 54% of theabove5 memberload factorgrouparein the

high pollutionclass.

It canbe statedfrom thepresentstudythat in thecaseof waterqualityof openwells, the

influenceof latrinepit load doesnot showany trenduponwhich conclusionscanbe made.

4.6 Chemicalquality aspects

With respectto thechemicalquality of wateralsosomeofthewells arefoundto show

objectionabletrends.As per theBureauof Indian standardsspecificationfor drinking water, a

pH rangeof 6.5 to 8.5 is prescribed.In this sample,117 wells havegonebelow the lower range

but nonehascrossedtheupperrangeof 8.5. The loweringofpH to theacidicsidein majority of

wells may perhapsbe dueto somegeologicalpeculiaritiesof theterrain. This interestingaspect
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needsfurtherdetailedstudiesto pinpointtheexactsourceof acidity in thewell water. Only two

wellshaveshowna low valueof below 4.5 and none hasshownvalueshigher than 8.5, the

rangefor naturalwaters.

With respectconductivity,5-10ms-rn being thevalue for natural waters it canbe statedthat

34 out of 150 wells haveshown thevalueabqvethenatural range.TheBureauof Indian

Standardshoweverdid notprescribeanylimit for thisparameter.

With regardto T.D.S. (total dissolvedsolids)content,the resultsrevealthat23 wells have

shownT.D.S. contentabovethe limit prescribedby B.1.S. for drinking water. Out of these,14

wells haveshownthevalueof above1000mg/I (12 in Anjengoof theSouthzoneand2 in

Edathurithyof centralzone).Thehighestvaluefoundwas3660mg/I in a well in Edathurithy.

The areaswith high T.D.S. contentis appearto be closeto estuarinesystemsandhencemay

be attributedto thenatural phenomenonof seasonalsalineintrusion.

4.7 SEULatrines

Thegeneralscenariodescribedaboveis alsoapplicableto wells with SEU latrinesin the

vicinity. A closerlook attherelevantdatain table 12 and 13 demonstratesthis point.

TheTable 12 showstheclassdistributionofthewellswhile table 13 givesthedistributionof

the low pollutionclasses(A&B) in relationto typeof soil and pit distance.

Table - 12

Distribution ofwells at a measureddistance
from SEU pits in the four quality classes

Quality class No.of wells

A 17
B 20
C 48
D 18

17





Table - 13

Distribution of wells in low pollution classes(A & B)
locatednearSEU latrinepits

No.of Soil Type
wells

Laterite Sand Clay Sand Clay
Diet. of pit(m) Dist.of pit(m) Dist.of pit(m) Diet. of pit(m)
<5 5—10 >10 <5 5—10 >10 <5 5—10 >10 <5 5—10 >10

Total
monito— 3 12 38 4 4 4 — 4 7 1 7 16
red

No. in
ClassA 0 4 5 0 0 0 — 0 1 1 2 4

No. in
ClassB 0 1 7 1 2 1 — 1 2 0 1 4

Among the 103 openwells with SEU-pit relation, 17 havequalified for class A, and 20 for

class B. Soil of type distribution for classA are9 in laterite, 1 in clay and7 in sandyclay.

Among the9 classA lateritewells, 5 aremore than 10 m distancefrom a pit and 4 are5-10 m

distancefrom a pit. The 5 abovearein a groupof 38 wells which areall morethan 10 m from a

latrine pit. The4 arein a groupof 12 wells at 5 to 10 m from a pit. This implies that increasing

thedistanceto thelatrinepit alonedoesnot seemto contributeto the quality of waterin open

wells.

The 20 class B wells do not demandany specialcommentexcept that while noneof thesandy

wells are in classA. 4/12 of them qualify for class B. They are also of varying pit distances.

None of these wells have cattle sheds nearby.

For ‘high pollution class’ of the SEU-pit-related wells also, a closeexaminationreveals

nothing for a convincing comment. All the66 of this class have a haphazarddistributionwith

respect to water quality and the other variables. Table 14 shows that SEU wells arrangedby soil

type, in groups of less than 5m, 5-10m and morethan lOm distance from a pit.
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Table- 14

Distribution ofopen wells in High Pollution Classes(C & D)

locatednearSEU latrine pits

Soil Type

Laterite Sand Clay Sandy Clay
Digt. of pit (m) Dist.of pit (m) DiBt.of pit(m) DiEt. of pit (m)

Depth <5 5—10 >10 <5 5—10 >10 <5 5—10 >10 <5 5—10 >10

<Sm 1 3 5 2 2 3 — 6 4 — 2 6

5—lOm 1 2 17 1 — — — — — — 2 2

>lOm 1 2 4 — — — — — — — — —

Out of these66 wells in classesC andD, 36 are in laterite and amongthem, 26 areat above

tOrn distancefrom pit, and 17 of these26 arein the 5-lOm depthrange.This implies that neither

sufficient distancefrom pit nor thereasonabledepthof wells helpedthemto maintainwater

quality with respectto fecal pollution.

Table 15 shows thedistributionof thewells with both SEUpit andcattle shedrelationsfrom

amongthe ‘high pollution’ Classdiscussedabove.Thesewells arearrangedby the respective soil

types andby distancefrom latrine pits.

Table - 15

Distribution of SEUpit & Cattleshedrelatedwells of High Pollution classaccordingto
thedistancesfrom pit and cattleshedin therespectivesoil types.

Cattleshed Laterite Sand Clay Sandy Clay
distance
Group(m) Dist.of pit(m) Dist.of pit(m) Diat.of pit(m) Dist.of pit(m)

<5 5—10 >10 <5 5—10 >10 5 5—10 >10 <5 5—10 >10

<Sm — 1 2 — — — — 1. — — 2 —

5—lOm — 1 1 — — — — — — — 1 1
>lOm — 2 3 — — 1 — — 1 — — —

The largest number of wells with cattle sheds nearbyare found in laterite soil. Out of the total

10, six havelatrinepitsat morethan lOm distance.For halfof these,thecattleshedsarealso at

above lOm distance.Fourof the 10 wells in lateritehavepits at 5-10m distanceand 2 of the

these4 havecattleshedsat above lOm distance, providing no useful insighton the effect ofthis

combinationon groundwaterquality.
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4.8 Protectedwells

In many casesstepshadbeentakento protectthe openwells eitherduring constructionor

afterwards. Of the 144 openwells, 91(63%)were improvedwith nets,speciallyconstructed

aprons,separatebuckets. To examinehow successfulthesemeasuresmight havebeen,a

comparisonis shownin thetable belowof theprotectedwells versusandunprotectedwells for

thelow andhigh pollutionclasses.For reasonswhich can not be explained,if thesmall sizeof

thesampleor otherfactors,a greaterproportionofthe ‘unprotected’wells werein thelow

pollutionclass. Fromthis may be inferred,however,that theactionsundertakenfor protecting

wells doesnot havethedesiredresult.

Table 16

‘Protected’ and ‘unprotected’wellsby pollution class

No. of ‘protected’ Total no. of

wells wells in the class

low pollution class 27 61

high pollution class 64 83

4.9 Hand pumps

As mentionedearlier, themost importantof theobservationsis on the qualityof water in

coveredwells with handpumps.All thefive wells of this typearein sandyclay with the latrine

pits at 5 to 7.5 meters distance.In the four observations,all of themexceptone, hadno fecal

coliforms implying the resistanceof soil to leachatetransportationof fecal coliforms. Theone

that failed is physicallydamaged.Al! thechemicalparametersexceptpH arewell within the

rangefor natural watersand theBIS rangefor drinking water. In thecaseof pH, only two of

thesewells haveshownthevaluewithin theBIS rangefor drinking water. In no case,is the

higherlimit exceeded.The lowestvaluefound is 4.7. All thesewells belongto theEdathurithy

areaof Central region.
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4.10 Thequality of wells with no latrine pits in thevicinity

Thefailure of theelevenwellswith no latrinepit in thevicinity to retain thespecified

drinking water qualitystandardwith respectto coliforms is indicativeof thegeneralqualityof

well water. As hasbeenestablishedby theobservations,theopencharacterof thewells seems

responsiblefor thepollution. Out of these11 wells, ninearein lateriteand two in sandyclay.

Out of these9, eightbelongto theKulakkadaareaof Kollam zone. Socially andculturally, this

areais typical of 4ral Kerala.The areais not toocongestedand thethrust of externalfactors is

minimum. All theeight wells arein individual domesticcompounds.Only onehascattleshed

relationof 3 m distance.But for manypeoplein the areaopendefecationis themostusualmode

of personalwastedisposal,which is morethan enoughreasonfor fecal contaminationof open

wells. Theother lateritewell of this groupis a public well in Mala and by thesideof a public

road.

Thelateritewells exceptoneat Kulakkadacomeunderthe low pollution class(A-5 + B-3).

TheotheroneIs in theC class.Out ofthe two sandyclay wells of this group,oneis apublic

well in Edathuruthy- while theotheris at Anjengo. Both of themarein thedepthgroupof

below 5 m and in the qualityClassC.

Thestudy in general indicatesthat with the existingsanitaryconditions,cultural habitsand

socialbehaviourofthepeopleof theareastudied,it is notpossibleto keepopenwells free of

fecal coliforms. Only with appropriatemeasuresto improvequality canwell water be a safe

sourceof drinking water.
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5. CONCLUSIONS

1. Water in noneoftheopenwells investigatedis

of drinking waterquality standardas prescribedby the Bureau of Indian Standards.

2 Theopencharacterofthewells and the conventionalmaintenancehabitsarefoundto

be responsiblefor fecal pollution in them.

3. Pit latrines with averagefamily load factor (5 members)ata distanceof 5 meterfrom

wells arefound to makeno contributionto thepollution of well water.

4. Water analyzedfrom coveredwells with handpumpsas closeas 5 metersto theSEU

latrine werefound to contain no fecal coliforms.

5. Thereis needfor a systematicstudyoftheeffectof load accumulationin pitson well

waterquality.

6. Thereshouldbe a regularsystemof monitoring the qualityof watersincehabitsof

poormaintenancealwaysovertakeprogrammesfor disinfectionandprotectionof wells

resultingin water qualitydeterioration.

7. Thepresentstudy was fairly rapid, focussingon existing wells selectedat random.A

detailedstudy hasto be conductedon theeffectsof leachatesfrom latrinepits in

differentsoil types atdefinite incrementsof distanceand time.
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