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Waste materials,particularlyhumanexc;eta,areho moreconsidered‘wastes’ —

they canbe convertedinto tesourcefot humanuseandbenefit.Thepotentialof

waste materialsparticularlyof organic oties are being usedfor the producioiiof fuel, feed, energy and biofertilizer. Judiciousand hygienic application of
digestedexcretacansimultaneouslyreducepollution owing to the presenceof

pathogenic microorganismsandworm-eggsfova.
Humanexcreta,rich in hostsof pathogenicand coimnensalmicroorganisms,‘ during fennentationundergodigestion in filled-up unusedlatrine pit where a
number of physico-cheinicatand microbiological teaetionstake place. The
resultantreactiOnsculnilnale into pathogendeath.The presentstudy hasbeen
designedto experimentally prove as to the length of’ time required for
elimination of pathogensor attaining acceptableleveiflitnit values fot safe
handlingofexcietain agriculture.

The digestedexcreta devoid of hannfut pathogensare excellent source of
fertilizer elementslike nitrogen,phosphorus,and pot~ssimnetc. essentialfor
plant gtowth. Bangladeshsoil is alanninglydeficient itt organicmatter— vital
for themaintenanceof soil fertility andproductivity. Thejudicious application
of digestedlcompostedhumancxcretaiti ouragriculturewilt supplementtheuse
of chemical fertilizers as well as simultaneouslyhelp reduce incidenceof
diseaseand pollution in oursoils andwaterbodies.
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0.0 EXECUTIVE SUMMARY

The researchworkplanencompassestwo majorthrusts:

(a) time required for completedigestion of human excreta for the removal of

pathogenicbacteriaandworm-eggsin filled-up unusedlatrinepits,amid

(b) possibility of using digestedexcreta in agriculture as orgamiic fertilizer that

involvesestimationof fertilizer valucsfor nitrogen,phosphorusamid potassium-

— threemaiorplantnutrients.

Sincedigestion of excretain pits, apartfrom microbial activity, dependson moisture
cOntentas influencedby positionof water tableand physico-chemicalpropertiesof pit

soil, two different physiographicunits/sites were chosen for pit selection.Towards
meetingthesecriteria, a low watertable areaat Gazipur(30 feetwater table) and the

otherwith high watertableareaat Rupganj(approx. 10 feetwater table)wereincluded

in this study. Seasonaltemperaturevariation is negligible betweenthis two areas.An

initial time-frame for twelve monthswas plannedfor thedurationof the study which

waslater extendedto eighteenmonths;sampletestingwas scheduledat2-monthinterval

until I 6th month.Threepits from each sitewereselectedfor taking averagevalue.From

eachpit two samplesfrom two differentdepths(2 feetand4 feet)wereexammed.

All sampleswere dispensedin disinfectedplastic containersandput into insulatedcool

• box with ice pack in it. Sampleswere immediately transportedand processedfor
miiicrobiological examinationsamid kept at 4°Cimi a laboratory refrigeratoruntil further

use. = - - - -

Standardmicrobiologicalamid parasitologicaltechniqueswerefollowed for detectionamid
idemitilmcation of pathogen(faecal) indicator bacteria amid worm-eggs. Laboratomy

examinationsfor threefaecal indicatorse.g. (a) total coliform, (h) faecalcoliformim and

(t) faccal streptococciwere conducted. For parasite indicators, worm-eggsof (a)

roundworm amid (b) hookwormwereincludedfor identificationandquantification.

The initial count of total coliform (T.C.) at 1st samplingwashighestwhemi compared

~~‘i(hthe other two indicatorbacteriae.g. faecal coliform (F.C.) and faecalstreptococci

(F S). TheT.C. count variedbetween53,000,000amid 1,200,000cfu pergramof sludge.

‘ihe decreasein viable count of T.C. at 2nd samplimig wasbetween0.5 amid 1.0 unit

followed by siniilar decreaseat 3rd sampling(6 months)wherethehighestcount varied

between700,000 and60,000bacteriapergramof sludge. At 4th sampling(8 months),
theT.C. count decreasedsharplyby about 1.0 to 2.0 log units and theaveragenumber

SIK-Bihi t~ep 1
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rtimiged betweeii5,500 to 1,000per gram. At 5th sampling(10 months) the T.C. count

ratherdecreasedinsignificantly while the similar trendwas maintainedat 6th sampling

i.e. after 12 months ofpit closurewherethecountrangedbetween50,000 amid 1,000per

gramof digestedexcreta.Thecountsof totoal coliform bacteria(T.C.) fell moderately I
andrangedbetween20,000and 18000 cetls/gofsludgeat 7th sampling(14 months).At

8th sampling,theT.C. count(average)clecresedfUrtherandvariedbetween3,900 - 4190 I
viablecells/g.Thesevaluesaremuchhigher thantheacceptablelimits.

l’lie countfor faecalcolifo~m(F.C.)at 1st samplingwas relatively lower thanT.C. and I
variedbetween750,000and 110,000 cfulgni of sludge. The viable indicatorbacterial

tiumbersdroppedsteadilyat the2nd and3rd samplingwhetean averagedeclineof more

dian 1.0 log unit was recorded.Theaveragecountwasestimatedto be 24,000cfu/gm.

Thepathogenimidicator (F.C.) fi~rtherdecreasedmarkedlyat 4th samplingfollowed by

5th samiiplingwhereart averageF.C.countof 500 bacterialcf/gm wasestiniated.At 6th

sampling (12 months), thepathogenirtdicator count temainedalmost similar to the
level of last satiiphing. Little or flo decreasein faecal coliform (F.C.) density was

apparentat 7th sampling. Theaveragecountrangedbetween170 and 510 per gram of

digestedsludge.Almost similar trendin thedeathofF.C was recordedat 8th sampling

(16 months)wherethecell numberrangedbetween100 - 580/g.Thesecountsare still

beyondthe acceptablelimits for safehandling. The faecalstreptococci(F.S.) numiiber
was aimnostsimilar to that offaecal coliform (F.C.) at first samplingwheretheaverage

F.S. numberwas 480,000 per gmn. The viable count of P.S. decreasedsteadily until
fourth sampling ( 8th months ) where the averagenumberwas 100 cfulgni. With I
increasimigretentiontime at fifth and sixth sampling the indicator (F.S.) did not drop

significantly. Faecal streptococci(F.S.) indicators did decreaseslightly or reniained I
static at 7th samplimig (14 mouths).The countwas slightly fewer Ihami F.C and varied

between80-90cells/g of sludgeand lies out sidethe limit values.At 8th sampling the

cell num=nberdecresedslightly but with no sign ofcompleteextinction.

Concentrationsof eggs/ovaof two major worms e.g. roundwormamid hookwormas

indicator of faecal pollution having disease potential have been determined

quantitatively. Particularly the survival/incidenceof roundworm eggs (Ascaris

!wnbricoides) is a positiveanddeterminativeindicatorofwider diseasepotential. I
At !st samplimig the averagenumnberof roundworm eggs(Ascaris luinbricoides) was
4,300/gm of sludge. The count did drop slightly at the 2nd sampling (2000/gin)

However,at 3rd samplingtheeggsdecreasedsharplyto 1300pergram . The fall in egg
numberwassignificantat Gazipur,a dry and low water tablezone(LWT) ascompared I
SlI~=8thIRep • 2 I

I
I



to Rupganj-- ahighwatertable(HWT) area.Thecountflirther fell at4thsamplimigto an

averageof 400 eggs/gm-- thetrendcontinuedattheLWT area(44eggs/gm)morethan
at HWT zone where a small decreasein the number of eggs (524 eggs/gm) was

apparent.The averagemiumberof viable eggsremainingat both the water table zones

stood at 284 eggs/gmof sludge. At 7th sampling, the countof roundwormdecreased

moderately.With mostsamples,thefall wassignificant.The eggcountwas between16
amid 214 dependingon samplingsite.Roundwormconcentrationdecreasedfurtherat 8th

sampling(16 months)and droppedto a low of 5 - 30 eggs/gmofsludge.The numbers

were relatively higher with the high water table zone(HWT) ascomparedto time low

watertablezone(LWT).

The iiiitial averageconcentrationof hookwormeggs(Ancy/ostorna doudenale) was

3500 eggs/ginof sludge.With increasingretentiontime of excretain pits, the count

temided to decreaseratherslowly at 2nd sampling(4 months)with a sharpdrop at 3rd

sampling(averagentmmberof eggswas 1=50/gm). At 4th sampling(8 months),the count
decreasedto about50-60/gm.By the time of5th samplingthehookwormeggscould not

be detectedat LWT area(Gazipur)whereasit was58 eggs/gmat FIWT area(Rupganj).

At 6th sampling, i.e. by the 12th month,similar trendwasobservedboth at LWT and

HWT area—withiio sign ofcompleteelimination. Thecountofhookwormat LWT area
wasmiii with all thesix samplesat 7th sampling,whereasthenumberrangedbetween10-

25/g with theIIWT. This showsa~efiuiitedecreasingtendencyascomparedwith earlier

samiiplings. With extendeddigestionat 8th sampling(16 months),the bookwormeggs
couldnto be detectedin amiy samplesregardlessofwatertableposition.

It miiay be mentionthat thepathogensurvivalwasrelativelybetterwith high watertable

areaas comparedto low water table zone. This trend in count was most prominent

particularlywith thesurvivalof roundworm eggs.

Time backgroumidcountsoffaecaiindicatorbacteriaandworin~eggsin field andkitchen
gardensoils of Gazipuramid Rupganjwereestimated.It appearsfrom examinationthat

total coliformn bacteriawere present in both fi~ldand kitchen gardensoils with an

averageof 2,800 clii or lower in per grain of soils (range200-3600)of soils. Faecal

coliform weremostly detectedwith kitchen gardensoils at both thestudy areas(range:

32-35 cfu/gm) whereasincidenceof faecal streptococciwas uniformly present,also

mostlywith kitchengardensoils rangingbetween20-28cfu’gni ofsoils. Widevariation

wasobservedin the incidenceoftheseindicatorsin kitchengardensoils.

Backgroundcountsofworm-eggswas mostlynil to 2-5 cfulgmnparticularlywith kitchen

gardensoils. t~ieldsoils did notcontaineitherroundwormor hookwormeggs.

SIK•~th1Rep 3
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The decomposedexcretawas found to be potentially rich in fertilizer elements.The
average fertilizer values for nitrogen (3.85%), phosphorus(1.82%) and potassium

(0.86%) were remarkablyhigh and the valuesdid hot significantly fluctuatebetween

sathphing intervals although at 14th and particularly at 16th months sampling the
decreasewassomewhatnoteworthy.

1.0 INTRODUCTION AND BACKCROUND

Diseaseandpollution potentialofhumanexcretaareenormousowing to thepresenceof

wide rangearid high concentrationsof pathogens.Themorerecentfractionsof excreta

containviablebacterialpathogens,wonnsandwbrm-eggs.Therefore,thetemptationto

use the material asfertilizer shortly afterdewateringmust be resisted.The collection,

transport, treatmentand disposalof hunian excretaare of utmost importancein the

protectionof publichealth.

Humanexcretashould be regardedasa natural resourceto be conservedandreusedas

organic fertilizer rather than discarded.Apart from carbon,nitrogen,phosphorusand

potassiumn, human excreta contain certain other essentialplant nutrients and thus
regardedas a useful resourceto be usedin agriculture.Continuoususeof chemical

fertilizers (eg Urea, TSP etc.) in soils deficient in organic matter may lead to the

destructionof soil physico-chamicalpropertiesandsoil structure,vital for crop yield and I
maintenanceof soil fertility. Addition of plant nutrients in the form of organic

supplementsparticularly from well digestedor compostedhumanexcreta,devoidof

harmful pathogensor within safety limits, will lead to new dimensions in the

conservationandfertility ofBangladeshsoils which is losing its fertility potential and is

highlydeficientin organicfradtions— amustfor balancedsoil propertiesandcrop yield. I
UNICEF-Bangladeshhas come up with pragmatic and foresighted vision in the
economicuse and hygienic disposalof humanexcretain Bangladeshsimultaneously

conibatingenvironmentalpollution and looking in to the possibility of using digested

excretakm agriculture. Since humanraw excretacontain largenumberof pathogenic

bacteriaandparasites,its safehandling and usemustbe ensuredprior to applicationin
agriculture. I
Elimination or removal of pathogensin excretais dependedon severalenvironmental
factors e.g. moisture, aeration,time, temperatureetc.To this end, studieshavebeen I
plannedto examinethedurationof time for total removalor attaining of an acceptable

limit for safehandling. Another important investigationwill detenninethe fertilizer

SII<=81h1 Rep 4
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value of the digested excreta.This will involve laboratory experimentationof the
digestedexcretaon theelementalcompositionofcertainplantnutrientshavingfertilizer

value. The digestion of the excretain filled-up unusedlatrine pits may dependon pit

depthsand position of water table apart from locations influencedby soil physico-

chemicalproperties.

Bangladeshis adenselypopulatedpoorcountrywherealthoughsomeprogresshasbeen

madewith pure drinking water supply, lack of propersanitationremainsone of the

riiajor healthproblems.Sanitationcoverageboth in theurbanandrural areasis still very

low and so is the generalawarenesson the linkage of water, sanitationand hygiene

habits to goodhealth.Mostpeoplein Bangladesharenot awareofdiseaseandpollution

potentialof faecalmaterial.In 1995, theaccessto properexcretadisposalis around35%

of thepopulation.

Just abouta decadeback,omily 43% of rural families had a latrine. Most latrineswere

built for privacy and were unhygienic, creatingenvironmentalpollution specially of
surfacewater.However, in recentyears, the useof sanitarylatrines hasbeensteadily

increasing.Open air defecationis still a widely practicedhabit amongstthe poor

tmuledLlcatedrural niassandslum dwellers.however,it is worthyof mentionthat 26%of

the total population now usessanitarylatrines coniparedto just 10% in 1989. This

mneansthat 74% of thepopulationstill resortto unhygieniclatrine or defecationout in

the open. It is estimated that about 28,000 metric tons of faecal matters are

deposited/disposediii thepublic placeseveryday.

The incidenceof water and sanitationrelated diseasese.g. diarrhoea,dysenteryand

worm infestationhasremainedthemajorkiller of childrenunder5 years.Thesituation

will not improve unlessthere is a vast improvementin sanitation.The Government!

UNICEF target for theuseof sanitarylatrine is to cover 80% of thepopulationby the
year 2000. 1-lomemadepit latrimies are relatively cheaperand cover about 60% of

sanitarylatrinesin thecountry.

Iii a developingcountry like Bangladesh,excretarelated diseasesare very common

owing to thepresenceof high concentrationsof viable pathogenicbacteriaamid worm-
eggs.Diarrhoealdiseasesarealso causeddue to suchcontaminationwhich kills more

tliami 200,000 children annually in our country. Well digested/decomposedhuman

excretawill reducethe survival rateof thepathogensin excretawhich canbe usedas

organic fertilizer as is usedin China, India, Vietnam, Philippians and certain other
countries.

SIK.~Ih1Rep 5
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2.0 DETAILS OF THE ASSIGNMENT

2J Genei-alObjectives I
Humanexcretacontainvery high concentrationsof viable pathogensof various types

havingdiseasepotential. Well digestedor decomposedexcretashould be free from or I
cohtainacceptablenumberofpathogens(e.g.ba~teria,parasitesandworm-egg)for safe

hahdling and use in agriculture. This study encompasseslaboratory examinationof I
hun-ianexcretain filled-up amid unusedlatrinepits.

Thedigestionefficiencyin relationto durationoftime to eliminateviablepathogenswill I
= be studied.The digestedsludgein the filled-up pits maybe reusedasorganicfertilizer

which will enrich soil fertility by supplying essentialplant nutrients simultaneously

irn~rovingsoil physicalproperties.

2.2 SpecificObjective I
Thespecificobjectiveoftheresearchprojectincludes:

IJ to quantitativelydeterminethecountof indicatorbacteriae.g., a) total cotiform, I
(b) faecal coliform, (c) faecai streptcocciand worm-eggsof (d) roundworm
andhookwormnandtheirsurvival rateover 16 monthsperiod. I

D to investigatethe time period requiredfor the elimination of pathogens(e.g.,

bacterial indicators, roundwormand hookworm-eggs) in filled-up latrine pits.

Count of thetestindicatorbacteria and worm-eggsupto certain level/limits will

be recommendedfor acceptancefor reuseas organicfertilizer in agriculture.

U to assess the fertilizer value of the digested excreta that will involve
determination of major nutrient elements like nitrogen, phosphorus and I
potassium.

ii to ascertainwhetherpit depth, site differenceand position of water table will
effluencerateofpathogenelimination.

I
2.3 Scopeof the assignment

2.3~1Time-frameof Study

The researchwork primarily delineatesto investigatethe deathrate of pathogenic
bacteriaand worm-eggsat 2-month interval extending upto 16 months. This will

ascertainasto whetherwithin this time periodtheconcentrationof pathogehsin sludge I
SIK-81h1 Rep 6
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is eliminatedor attainsan acceptablelimit for safe handlingasorganicfertilizer. It is

expectedthat with increasingresidencetime in pits, theviablecountofpathogenswould

decreaseorbeeliminatedto asafe level. However,thedesiredgoalwill certainlydepend

upon environmentalfactore.g. temperature,moisturesoil reactionQH) etc.

Thescopeofthis studyalsoencompassestheuseof digestedexcretaasorganicfertilizer
in agriculture.Laboratoryexaminationswill be limited to estimatethe fertilizer value

particularlyfor nitrogen(N), phosphorus(P) andpotassium(K).

2.3.2 Limitations

Th~natureand extent of the researchproject is bound by specific goals. There is

specifiedguidelineson which this investigation is intendedto. Sincepublic pits were
selected,therewerevariationsin theclosingdatesofpits. The numberofpits aresmall,

only six. Widerphysiographicrepresentationwith higher numberofpits would be much

miiore representative.

Thetypeofpathogenindicatorsto beexaminedwaspre-determinedin the TOR. Others

e.g.miiicrobes like ClostridiwnpeifringensorBacteroidescouldbe an addedparameter.

Only threefertilizer elementse.g.N, P & K havebeenmandatedfor analysis.Otherse.g.

orgamiic carbon, calcium, magnesium, zinc, copper etc. could be included for

comprehensiveanalysis.

2.4 Team Members

1. Dr. Sirajul IslamKhan Professor& TeamLeader

2. Dr. JosephD. Silva ResearchAssociate

3. Mr. HasemAll Technician

5. Abdur Razzak Lab Assistant.

3.0 LITERATURE REVIEW

3.1 Pathogensin excreta

A largenumberofpathogensareabundantlypresentin humanexcreta.Ofthesebacteria,

protozoa,worms and worm-eggsincludingprotozoaandvirusescausewider spectraof

diseases.The faecesof healthy personcontain largenumberof commensalbacteriaof

SIK-iIhl Rep 7
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many generaand species.The speciesof bacteriafound in normal exeretaand their

numbers will vary amongstcommunities.Becausethe bacteriaare ubiquitous and I
numerousin the faecesofhealthypeople,anumberofthemhavebeenusedasindicator
of faecal pollution. Indicator bacteriausually do not cause disease,can be easily

identified and countedthat also indicatethe presenceof pathogenicbacteriain faeces.

Sinceisolation, identification andcountingofpathogenicbacteriaaretroublesome,often
impreciseamid time consuming,the useof indicators havebeenrecommendedas an

indirect approachthat reflects the pathogenpotential of the excreta.The mostwidely

used indicator has been the faecal coliform Escherichia coil (E.coli)— tIme main I
componentofthe coliform groups.Therearetwo principalgroupsofcoliform bacteria:

(a) the faecal coliform (comprisingmainly the E. Coil and the thermotolerant I
Kiebsiellapneurnoniae,and

(b) totalcolilorm groupthat imicludesandcomprisesfour bacterialspecies.

The former are exclusively faecal in origin, whereas the latter, although commonly

found in faecesalsooccurnaturallyin unpollutedsoils andwaters.

The faecalstreptococci(or groupD streptococci)aremostly found in the intestinesof

man and other warm-bloodedanimals. These bacteriagenerally survive somewhat

longer than faecalcoliform and is better indicator of excretedbacterialpathogens.The

following is a list of importantindicators and pathogenicbacterianormally presentin
humanexcreta:

A. Indicators: I
a). Colifomi group I

Totoal Coliform : E coil (37°C),Klebsiella,

EnterobacterandCitrobacter.

h) FaecalColiform : E. coil (45°C)

Kiebsieliapneumoniae(thermotolerant)(45°C)

B. Other indicator bacteria : Streptococcusfaecalis,6’iostridium

pe,frigens.B~fldobacterium,Bacteroides.

C Pathogensof entericorigin : SalmonellaShigeila,Vibrio cl2oierae

Yersiñia,Campylobacter,etc.

SIK-6th1 Rep 8 I
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The persistenceand prevalenceof the above mentionedindicators and pathogenic

bacteria will depend upon various factors e.g organic and inorganic nutrients,
tem~nperature,durationofdigestion,soil reaction,moisturecontentetc.

= Protozoa

The protozoanagemits appearas cyst in faecalmaterial. Many speciesof protozoacan
infect man and causediseaseslike diarrhoeaahd dysentery.Infective forms of these

protozoaareoften passedas cysts in the faece~and man is infectedwhenhe ingests

them. Underoptimumconditionsoftemperatureandmoisturetheysurvive60 to 80 days
imi the soil (Pahrenet al 1979). Only threespeciesof human intestinal protozoaare

considered to be pathogenic e.g. Entainoeba Izistolytica, = Giardia lamiblia and

Balantidiumco/i -

Helmintlis (worms)

The imitestinal parasitee.g. roundwormand hookwormareprobably of greaterpublic

health significancethantheprotozoanagentsin termsofsludgereuse.Many speciesof

parasiticwormns or helminths,havehumanhosts.Somecancauseseriousillness,but a

numberofthemgeneratefewsymptoms. -

llelmintlis (exceptfor Sirongyloides)do not multiply within thehumanhostand this is

of great importancein understandingtheir transmissionand diseasecausingpotential.
The worms or helminths are classified into two main groups: the roundworms

(miematodes)andthat areflat in crosssection.Theflatworms arefurther dividedinto two

groupse.g. i) thetapeworm(cestode)andtheflukes (trematodes).The roundworm may

causemechanicalobstruction(Ascariasis),rectal prolapse(Trichuriasis)etchingaround

theanus(Emiterobiasis)or anemia(hookworm).The following area few parasiteshaving

diseasepotentialin human:

Roundworm : Ascarisiuinbricoides

Whip worm : Trichuris irichiura

Pimi worm : Enterohiusvermicularis

I-look worm : Ancylostoinaduodenale,Necatorainericanus

Tapeworm : Taeniasaginata, Taeniasoiiuiii

Viruses =

SIK-flthl Rep 9
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Virusesmay infect theintestinal tract andis dischargedwith faecesand mayinfect new

humanhostsby ingestionor inhalation.Theconcentrationofvirusesper gramof human

faecesmay exceed~ virus particles.Usually theycannotmultiply outsidesuitablehost

(i.e. they areobligateparasites).Theexcretedvirusesmaysurvive many weeksin the

environment.

Fivegroupsofpathogenicvirusesareparticularly important: I
(a) adenoviruses,(b) enteroviruses(including polioviruses),(c) hepatitisA virus (d)

reovinis and (e) diarrhoeacausingvirusese.g. rotavirus. Humanexcretamay contain I
certainothertypesofviruses.Echo virus and coxsackievirus infections(within entero

virus) can cause wide range of diseasese.g. fever, meningitis, respiratory illness,

paralysisetc.

3.2 Survivalof Pathogensin Environment

Survival of pathogenicbacteria, protozoa,worm-eggsetc. will dependon various

pysico-chemicalandbiological factorse.g.pH, temperature,moisture,aeration,presence

of toxic chemical substancesor nutritional stressesetc. Negative interactiveeffect of
environmentalfactors may often adverselyaffect survival rate.Soil reaction (pH) and

temperaturefollowed by moisturecontent of the excretapositively contribute to the

organisms’survival potential. Besidesthis, the organismsintrinsic propertiesmay also
play importantnote.

The concentrationof pathogensfrom the time of excretion usually declines with

increasing incubation time. Protozoaand viruses will always decreasein numbers I
following excretionbut bacteriamay multiply in a nutrientrich environmentlike human
excreta.Virusesusuallydie out within 3 monthswhile protozoalconcentrationdecrease

relatively faster at about20-30°C.The deathrateof bacterialindicatorsvaries and at

similar temperaturerangesusually between2-3 months(Feachemet al 1983).Reports

omi survival ratefor pathogenicbacteriaand indicatorsin tropicalenvironmentis rather I
scarce.However,with the increasein temperaturebetween55-65°Cthefall in theviable

count is quite short. Lowering of moisturecontentor exposureto sunlightwill also I
quickenthe deathprocess.Mostpathogensincluding indicatorbacteriasurvivewell at

5-10°Candrapidlydie athigh temperature(> 40°C).

Most worm/ova die out within months whereas the eggs of roundworm Ascaris

lwnbicoidesmaysurvivemorethanoneyear(F~eachem,1983).

Thedeathof pathogenswill also dependon typeof digestion-- whetherit is aerobicor

anaerobic. Under anaerobiccondition fermentationwill proceedsteadily and most

SFK-81h1 Rep 10

I
I
I



aerobicpathogenwill die out. This will also dependon temperatureanddurationofthe

digestion.

3.3 Risksof exeretato public health

Excreta are the storehouseof numerouspathogens.Enteric or pathogenicbacteria,
protozoa,virusesworm and worm-eggs causemore than fifty types of diseasesand

frequently transmitfrom theexcretaofan infectedpersonto anotherpersonby various

meahs.After defecationthe diseasecausingagents(the pathogens)in excreta, if not

properly disposed/digested,serve as pote~ui~mlthreat to diarrhoea, dysentery,
gastroenteritis,anemia,poliomyelitis, typhoid, food poisioning,.cholera, septecemia,

ascariasisand hosts of other diseases. Use of undigestedexcretain agricultureor
aquacuhturemay poseseriousthreatto public heakth.Disseminationof live pathogenic

bacteriaor infectiveworm-eggsinvolveshigh risksparticularlyby thehandlersofsuch
exeretafor agriculturaluse.Theonly sureway to protectthe healthof the farmersis to

use fully digestedpathogen-freeexcretaor numbersof pathogenswill be within safe

limits for handling.

3.4 DigestedExcretaasOrganic Fertilizer

humanexcr~taarebiodegradablenaturalresourcethat canbe usedasbiofertilizer. Huge

amountofhumanexcretaarebeing depositedeveryday(about28,000m.tld) andremain

unutilized or wasted.Moreover, it is acting asa vehicle for diseaseand environmental

polluting agent.Decomposedexcretalsludgecan providea rich sourceof nitrogenand

other essential nutrients (e.g P,K, Ca, micro nutrients etc.) for agriculture and

aquaculture.Unusedwell deconiposedexcretafrom pit latrinescanbe usedasorgnaicor

biolertihizer.

The safe useof excretawill dependon retentiontime, temperatureof digestion and

moisturecontent.Application of heator thermophihicdigestionwill enhancepathogen

deathtate. Compositingof decomposedexcretawith householdor municipal organic

wastes will also reducepathogensurvival potential. In this casetemperature(around

55°Caerobic digestion) affect will be niost effective. The compostthus producedis

useful as soil conditioner.This will help retain and improvesoil physicalproperties

besidessupplyingessentialnutriemits to plants. The useof chemical fertilizers may be

fully or partially supplementedby the cheaply produced excreta based compost.

Addition oforganicmatterin theform of decomposedexcretacouldusheramilestonein
restoringsoil fertility.

I
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3.5 PathogenIndicatorsandInternationalLimits

Faecal indicatorbacteriaareexcretedalongwithpathogenicbacteria(pleaseseeSection I
4.1) and are good indicatorsof environmentalpollution by faecal material of recent

= origin. Faecal indicatorsare relatively easyto culture and identif~’,survive longer and

havedependablecorrelationwith the existenceof pathogens.Pathogenidentifications
are difficult, laborious,expensiveand often difficult to reproduceresults accurately.

Henceindicatorsarepreferredfor detectionoverpathogens.Howeversomeof tl1e faecal I
indicators(e.g.E.coli,S.faecaliscould themselvesbeopportunisticpathogens.

The faecal indicatorbacteriainclude the coliform, the faecalcoliforms E. Coli faecal I
streptococci, Clostridium perfringens, Pseudoinonas- aeruginosa B~fidobacterium,

Bacteroidesand othersthat are excretedin largenumbersby healthypersonsor worm-

bloodedanimals.

Consideringvarious factors, convenienceand convincing criteria only a few of the I
abovefaecal indicatorbacteriaand parasiticeggsarequantitativelydeterminedfor safe

handhimigof digestedsludge.Determinationoftotal coliform suggestsonly presumptive

estituationof pollutiomi. Of late, the incidenceof following bacterialpathogenindicators

andworm-eggshavebeenstronglyrecommendedby the WorldBank studiesandWHO

aspollution indicatorswith certainlimit values.Theseare:

a) Faecalcoliforni ( mostlyE.coii)

b) Faecalstreptococciand - -

c) Roundwormeggs(mainlyAscaris)

The following guideline/limit values of pathogeris in digested excreta for use in
agriculturehavebeenrecommendedby World Bank (1983)andWHO (1989). I
Pathogens World Bank (1983) WHO (1989)

Faecalcohiform
Faecalstreptococci
Ascariseggs

100/100gm
100/100gm
10/100gm -

1000/100gm
-

1/100 gm
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4.0 METHODOLOGY OF STUDY

4.1 Field Sampling

Two areasrepresentinglow (Gazipur)andhigh (Rupganj)watertableswereselectedfor

study.Threepits wereselectedfrom eachareaandtwo sampleswere dugfrom eachpit.

Imi total 2x3x2 =- 12 sampleswere collected for microbiological and parasitological

analyses.Sampling was done after every 2-month interval upto eighth sampling(16

niontlis) After 8 months,fertilizer valuesfor N, P & K weredeterminedin six samples--

representingone samiiple from each pit. Sampling procedurefor collecting excreta

samples from filled-up unusedpits was carefully designedand executed.Specially

designedmetalcoresamplerwas designedandusedto sampleabout250 gm ofsamples

from 2 and 4 feetdepthofeachpit.

4.2 LaboratoryTests

Laboratoryexaminationsfor pathogenindicatorswere conductedfor following bacteria

andworm-eggs: - -

a) Total coliforrn

h) Faecalcoliform

c) Faecalstreptococci

d) Roundwormeggs/ovaand

e) l=Iookworm eggs/ova

The tests were performedin the laboratoriesof the Departmentof Microbiology,

University of Dhaka, which is ~vell-equippedto perform thesetests. Internationally
acceptedand executedtechniqueswere followed (Standardmethodfor theexamination

of waterandwastewater,1992, USA) for the isolation, identification and quantification

of patligen indicator bacteria.For idemitificatioii and quantificationof worm-eggs,the

following books/manualshavebeenused:

1) “An Illustrated Manual of Parasitology”. R.M. Cable, (1960) Burges,
Minmieapolis,U.S.A.

2) “Diagmiostic Parasitology”.L.S. Garciaand L.R.Ash (1975). The C.V.Mosby &

Co., St.Louis,U.S.A.
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4.3 Interpretationsof Results

Resultsfor eachsamplingfor threebacterialand two worm-eggstestswere compared I
with thesubsequentsamplesdoneat every 2-monthintervaluntil the 16th month.The

viable counts for bacterialpathogenindicators and worm-eggswere very high at the I
beginning of pit closure.With increasingresidencetime of excretain pits, the counts

graduallydecreasedbut not to a level acceptablefor safehandling.Countsparticularly

for worm-eggsvariedon the basisof depthofwatertable. Resultswerealso interpreted

on the duration of incubation time and moisture concentrationas influencedby water
table. Acceptability of limits as mentionedin Section 3.5 were the guidelinevalues.

However, for Bangladesh considering its environmental conditions and high

temperature,ascharacteristicofa tropicalcountry, the limit valuesfor acceptabilityfor I
handling digestedexcreta may be relaxed and a slight upward value has been

recommendedfor Bangladesh.Thevaluesareas follows:

Pathogenindicatorbacterialworm-eggs Counts!100 gm

Total cohiforni 3500 I
Faecalcoliform 2000

Faecalstreptococci 2000 I
Roundwormeggs(Ascaris)-- 500

I
5.0 FIELD SAMPLING

5.1 Field Visits

As per Eng. Rabiul Islam’s discussionwith Mr. J.K. Baral, Deputy Chief of UNICEF I
Dhaka Division on 22/06/95, it was decidedthat areasin Narayanganjand Gazipur

districts would be selectedfor pathogensurvival study in filled-up pits. This decision

wasbasedon tow andhigh watertablesat GazipurandNarayanganjrespectively.

On25.06.95 inyselfandEngr. Rabiul IslamvisitedNarayanganjDPHEDivision Office

and met Mr. Nut-ui Islam,Ex-EN, DPHE.Accordingto his suggestionsRupganjareain

Narayanganjwasselectedfor studies. - -

On 26.06.95and on 03.07.95myseifandEngr.Rabiul Islamvisited GazipursadarEx-

1~noffice. We receivedall co-operationfrom Mr. SohrabUddin, Ex-En. Mr. Shahjahan
Mia, SAEGazipurSadarassistedus in selectingsitesandpits.

I
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5.2 SiteSelection

The decisionfor site seictionin two differentareaswasmadeearlier, representinghigh

and low water tablesthat might influencedecompositionof sludge and deathrateof

pathogens.The water table at Gazipurtests about32 feet whereasat Rupganjwater

tablelies at about10 feetbelowsurfacesoil.

Following our earlier visits amid discussionson 26/06/95 and 03/07/95, the village

Bhuruhia umider GazipurPourasabba,in Gazipur district was chosenfor pit-selection,

representingthe low watertablezone.Two villagese.g.MahmudabadandBrahmingaon

imi RupganjSadarin Narayanganjdistrict wereselectedfor pits representinghigh water

tablezone.

5.3 Selectionof pits

Three pits from low water table (LWT) areawhich havebeenrecentlyfilled-up have

been selectediii the village Bhurulia, Ward no. 1 under GazipurPourasabha.As per

contract,three filled-up pits havebeen selectedfor pathogensurvival study from this

low watertablearea.Eachpit wassampledat two differentheights i.e at 2 and 4 feet

depth.Thedetailsofpit selectionareasfollows:

Pit#1.

For comivemiience,pits havebeennumbered.l’it #1 hasbeenselectedin the residenceof

Mr. Kaliluddin of village Bhuruhia. The pit was completely filled and was closedon

05/07/95).

Pit#2.

Pit #2 hasbeen selectedfrom the premisesof Mr. HasanAhi of the samevillage. The

filled-in pit hasbeenclosedon theday ofour‘visit, (09/07/95).(JohraKahtoon’spit was

later selected,the pit wasclosedon 25/5195).

Pit#3.

Pit #3 was selectedin the homesteadof Mr. MoslemUddin. Thispit wasclosedabouta

monthback(on 07/06/95,asreported).

All thepits wereselectedwith theassistanceofMr ShahjahanMiah, SAE. Thepits were

immediatelycoveredwith a layerof surfacesoil andsecuredby placing concreterings

on which pit numberandinitiation ofexperimentaldatesweremarked.
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For selectionof pits at high water table (1-IWT) area,myselfalong with Engr. Rabiul

IslamofUNICEF andMr. AbdurRazzaque,SAB, ~/Sof DPHEvisited Rupganjareaon I
12/07/95.From the DPHE, ExecutiveEngr. Nurut Islam and Mr. Khalilur Rahman,
SeniorSAE ofNarayanganjdistrict also accompaniedus and extendedall cooperation

andassistancein selectingsiteandpits for pathogenstudy.

Threefilled-up pits from thevillage Mahmudabad(2 pits) and Brahmingaon(1 pit) in

MuraparaUnion, P.S.RupganjunderNarayanganjdistrict wereselected.The following

arethedetailsofpit selectionfrom HWT area(Rupganj):

Pit#4 - - -

Pit #4 wasselectedform theresidenceofMr. Abdul Malek Mia of village Mahmudad. I
Thefilled-in pit wasclosedon 12/06/95.

Pit#5 .

This pit hasbeenselectedfrom the homesteadof Mr. Abdul Awal of the samevillage
(asin pit #4).Arrangementshavebeenmadeto closethepiton 17/07/95,and this would I
constitutearecentlyfilled-in pit.

Pit#6 - I
Pit # 6 has been selectedfrom the residentialarea of Mr. Manik Mia of village -

l3rahmingaon.As reported,thispit wasclosedon 12/05/95. 1
Arrangementhavebeenmadeto earmarkandprotectthepits asdescribedin caseof pits

from Gazipurarea. -

5.4 Care and protection of pits

To ensureproper management,safeguardand markingof the pits, I ave visited the

village Bhurulia itt Gazipurareaott 25/07/95and foundthings werein properorder.As
per our earlier visits and suggestions,pits havebeenproperly securedwith concrete

rings, paintedwhite, that bore pit numberand dateof initiation of experimentsMr.

ShahjahanMia, SAE Gazipur accompaniedme to the site during our visit. It was I
decidcedthatfirst samplingwould be doneon 31/07/95from Gazipurarea.

Similar arrangementshavebeenmadefor Rupgorij area.Mr. Nut-ui Islam, Executive I
Engr. & Mr. Nazi-uI Islam, SAE Rupgonj have extendedall possible assistance.

Samplingfrom this areawill wasdoneon 01/08/95.
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5.5 Sampling Equipment and Tools

A newly designedcoresamplerhasbeenfabricated/devisedto takesludgesamplefrom

pre-deterniineddepths. The samplerhas beenmade of aluminum alloys with the
provision of suction,facilitatingintakeofdesiredvolumeof sludge.A sketchandcross-

sectionalview ofthesamplerhasbeendrawnin thenextpage.

5.6 Field SamplingTechnique

Prior to sampling, the samplerwascleanedwith detergent/soapand finally rinsed in

watercontainingantisepticsolution (dettol in water) and/orwiped with soft cloth and

tissuepaper.Thesuctionliners/gasketwaslightly greasedfor smoothsliding in andout.

After eachsampling, the lower part of the samplerwaswashedrepeatedlyand finally
rinsed/soakedin disinfectantand was readyfor nextsampling.This was doneto avoid

crosscontaminationbetweensamples.

The sludgesampleswere carefully dispensedinto disinfectedplastic containers,having

screw-capsystemandwas markedappropriately.

5.7 SamplePreservation and Transportation

Thesludgesamples(in plasticcontainers)were then immediatelyput into insulator box

havingice in it. Theprovisionof ice keepsthetemperatureinsidetheinsular box around

4-6°C.At this temperaturethepathogensdo not die out nor do they multiply within a
few hours.The sampleswere then transportedto the laboratory and processedfor

analytical purpose.The sampleswere kept at 4°Cin a laboratory refrigeratoruntil

furtheruse.

6.0 LABORATORY TESTS

6.1 Test Methodology

Standardtestmethodologywere followed for microbiologicalexaminationof pathogen

indicator bacteriaand worm-eggs.Since the concentrationsof pathogensare usually
very high, particularly at the beginning of experimentation,10-fold serialdilutions of

5.Ogofsample(wet weight)weremadein sterilesalineandshakenin vortexmixture for
uniform dispersionof bacterialcellsfrom adheringclayor silt particles.Ahiquot (0.1 ml)

from eachdilution wasspreadon appropriateculture media(describedin Section7.3).

The indicator bacterial count was determined following spread plate and/or MPN
technique.
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Theinoculatedplates(petri dish) were incubatedat 37°Cfor theappearanceof colonies

of total coliform (24h) andfaecalstreptococcicells(48-721i).For thedetectionoffaecal
coliforms, theplateswereincubatedat 44.5°Cfor 24 h.

For the identificationof parasites,testswere doneby the sedimentationtechniqueand

calculationswere done by following the techniqueof Hall (1981) and methodologies

mentionedearlier(Section4.2).

6.2 Laboratory Equipment

The following laboratoryequipmentwereusedfor the identification and quantification

ofpathogens:
a) Vortexmixture
b) Low andhigh poweredmicroscopes
c) Constanttemperaturewaterbath
d) Laminarair flow cabinet
e) Autoclave
1) Incubators(37°Cand44.5 C)
g) Colony counter
Ii) Filtrationunit
I) Centrifuge

6.3 Media and Reagentsused

The following culture media and reagentswere usedfor the isolation, detectionand
quanhification ofpathogenindicators:

a) MacConkeyagar
b) Lactosebroth
c) Brilliant greenbile broth
d) EosineMethyleneBlue agar
e) rn-FCagar
f) K-F Streptococcusagar
g) IMVIC media
h) Oxidasemedia
1) Sugarfermentationmedia
j) Physiologicalsaline
k) Bacteriologicaldyes
1) Acids/Alkalis

6.4 Pathogen Indicator Bacteria and Worm-eggs

Presumptivetests for faecalindicatorsparticularly for total coliform and faecalcoliform
weredoneon LactoseBroth followed by growth and gasproductionin Brilliant Green
LactoseBile Broth (BGLB).For qualitative tests the turbid growth was streakedon

SIK~8lhtRep 18



I

MacConkeyAgarwherepink/reddishcolonies(afterincubationat37°Covernight)were
indicative of coliform bacteria.Thesewere later confirmed by Growth on EMB and
biochemicaltests. For quantitativeestimation, 10-fold serial dilution of a measured
concentrationswere plated and incubated.For faecal coliform detection,m-FC agar
mediumwasusedand incubatedat 44.5°C for 24 h. Blue colonieswere indicativeof I
faecal coliform. Later biochemical testswere performedfor confirmation. For faecal
streptococci,K-F streptococcusagar was used where brownish red colonies were
indicative of streptococci.Finally microscopicand biochemical tests were done for
confinnation.Test proceduresfor the identification and quantificationof worm-eggs
havebeendescribedin Section7.1. 1
6.5 Fertilizer Element Analysis (N,P & K)

Fertilizervaluesfor nitrogen,phosphorusandpotassiumwere chemicallyanalysedfrom I
the 4th sampling(after 8th monthof pit closure).Six sampleswere analysedfrom six
pits at eachsamplingtime. The sampleswere air dried and groundto pass200 mesh
sieve and stored in screw capped plastic containers. Nitrogen was analysed by
Microkjeldahl method, phosphorusby ammonium phosphomolybdatemethod and
potassiumwasanalysedfollowing flamephotometry(Black, 1965). 1
7.0 LABORATORY RESULTSOF BI-MONTHLY SAMPLING

7.1 Report on 1st sampling(after 2 months) I
Twelvesamplesfrom two differentareaswereexaminedfor concentrationof pathogens
in decomposedhumanexcreta.Three filled-up pits from Gazipurand another3 from
Rupganjareaweresampledrespectivelyon 31-07-95and0 1-08-95.From eachpit, two
sampleswerecollectedfrom two pre-designateddepths(e.g,2 and4 feet). 1
Thenewly fabricatedsamplerwas usedfor sampling.Betweensampling,theapparatus
was cleaned,washedand finally rinsedwith disinfectantso asto precludechancesof
cross-contamination.The testsampleswereput into presterilecontainers,appropriately
marked and dispensedin insulator box, with ice pack in it. The samples were
immediately transferredto the laboratory and kept at 4°C until examination.Sample I
nos. 1-6 were from Gazipurareaand the samplesbearingnos.7-12were from Rupjanj
area.

The concentrationof pathogenindicator bacteriaparticularly total coliform was very
high that rangedbetween7.5 x ~ and 1.4 x 106cfu/gmofsludge.Thecountsof faecal
coliform wasrelatively lower andvariedbetween7.5 x i0~and 1.ix i05 cfu/gm. Almost
similar valueswereobtainedfor faecalstreptococci(Table-i).

Thecountsofroundwormandhookwormweremuch lessthanindicatorbacteria.Their I
counts rangedbetween100 to more than 5,000 per gm of sludge(Table-i:Appendix
I&II).
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Table-i
REPORTON FIRSTSAMIPLJNG

Examinationof BacterialIndicatorsandworm-eggs
(1stsampling- approx.onemonthaI~erpit closure)

3 1/07/95 and 017-8/95
Pit no.

(with closing
dates)

Sampleno.
(with depth)

PathogenIndicator Bacteria
(per gram)

Roundworm worm and Hookworm
(per gram)

Total coliform Faecalcoliform Faecalstrep. Roundworm Hookworm

I (Gazipur)
05/07/95

1(2 depth)
5.3x10~ 7.5xlO~ 7.1x10~ Low

(100-1000)
Low

(100-.1000)

2 (4’ depth) 2.8x 106 7.Ox10~ 2.6xl0~ Moderate
(2000-5000)

Moderate
(2000-5000)

2 (Gazipur)
25/05/95

3(2’ depth)
2.0~10~ 7.4xl0~ 2.2x10~ Low

(100-1000)
Moderate

(2000-5000)

4 (4’ depth) 2.10x106 i.lxiO5 1.49x105 Low
(100-1000)

Nil

3 (Gazipur)
07/06/95

5 (2’ depth)
2.5x 106 6.5xl0~ 5.0x105 High

>5000
Low -

(100-1000)

6 (4’ depth) 1.4x 106 2.2xl0~ i.~’ l0~ix Moderate
(2000-5000)

Low
(100-1000)

4 (Rupganj)
12/06/95

7 (2’ depth)
7.lx 106 6.3x10~ 2.Ox10~ High

>5000
Low

(100-1000)

8(4’ depth) 1.2x 106 5.2x10~ 1.02xi05 High
>5000

Low
(100-1000)

5 (Rupganj)
17/07/95

9(2 depth)
1.03x 5.8x10~ 1.7x10~ Moderate

(2000-5000)
Moderate

(2000-5000)

10(4’ depth) 2.35x106 2.5x105 1.0x106 Low
(100-1000)

Low
(100-1000)

6 (Rupganj)
15/05/95

11(2 depth)
5.9x106 2.5xlOL) 2.0x10~ High

>5000
Low

(100-1000)

12 (4’ depth) 3.5x106 4.4x10~ 44.OxlO Moderate
(2000-5000)

Moderate
(2000-5000)
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7.2 Report on 2nd sampling (after 4 months)

Twelvesamplesrepresentingsix pits from two samplingsitese.g.,GazipurandRupganj
were done, after two months of 1st sampling,respectivelyon 01/10/95and 02/10/95.

Thesampleswereprocessedandanalysedfor bacterialindicatorsandworm-eggs.

Incidenceof BacterialPathogenIndicators

On theexaminationofthe2ndsamplingdoneaftertwo months(of the 1st sampling),it
was observedthat viablenumbersof almostall the indicatorsdeclinedbetween0.1 to

2.0 log dependingon typesofindicators.Thecountof total coliforms (T.C) fell between

0 2 to 1.0 log unit within two monthsfrom I to 10 million ofviablecells/gmofsludge.

The viable numberof faecal coliform fell between0.1 to 0.5 log with most samples.

Therewas a decreaseof about 1.0 log unit of viable cells with only one sample.The

numbersstill appearto be very high and fall outsidetheacceptablelimit.

Theconcentrationof faecalstreptococci(J~.S)fell sharplywhencomparedwith theother

two bacterialindicators.Thedecreasein numbersdecreasedbetween1.0-2.0 log units.

In somecasesthe fall was minimal and rangedbetween0.1 to 0.5 log unit (Table-2;

Appendix-I & II) I
Relative Incidence of Roundworm and Hookworm-eggs.

Of all the worm-eggs detected, the Incidence of Ascaris lu,nbricoides eggs were

piedominant.The intensity of incidenceof Ascaris eggs rangedbetweenlow to high

(100-5000/gm)while one-thirdof thesamplewasrepresentativeof moderateintensity

infestation. From the date of closing the pits to the 2nd sampling time (about 3-4

months).theAscaris eggsdid not decreaseor die-offor did it very insignificnatly. I
Amongst the other worm-eggsdetected,the prevalenceof hookworm (Ancylostoma

duodonale)was predominant.However, theconcentrationwas of moderaterange.The I
eggsof tapeworm (Taenia saginaki), whipworm (Trichuris trichiura) and pinworm

(Enterobiusverinicularis) also appearedto havepersisteduntil about 4 months after

closureofpits. Although theirpercentincidencewas relatively low.

I
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Table-2
REPORT ON SECONDSAMPLING

ExaminationofBacterialIndicatorsandworm-eggs
(2ndsampling- approx. fourmonthsafterpit closure)

01/10/95 and 02/10/95

Pit no.
(with closing

dates)

Sampleno.
(with depth)

PathogenIndicator Bacteria
(per gram)

Roundworm worm and Hookworm
(per gram)

Total coliform Faecalcohiform Faecalstrep. Roundworm Hookworm

I (Gazipur)
05/07/95

1(2’ depth) 1.2x106 1.1 ~xlO 3.0x10~ Low
(100-1000)

Low -

(100-1000)
2 (4’ depth) )4.8x10 -..- 4.).DxIO i.o>~io4 Moderate

(2000-5000)
Moderate

(2000-5000)

2 (Gazipur)
25/05/95

3(2’ depth) 3.0x106 54.OxlO I.2x10~ Low
(100-1000)

Moderate
(2000-5000)

4(4’ depth) l.IxlOb 9.0 “~x lu 1.5x10~ Low
(lOO-1000)

Nil

3 (Gazipur)
07/06/95

5 (2’ depth) 1.8xl06 2.1x105 5.0x103 High
>5000

Low
(100-1000)

6 (4’ depth) 8.4x10~ 1.0x105 3.0~10~ Moderate
(2000-5000)

Low
(100-1000)

4(Rupganj)
12/06/95

7 (2’ depth) 1.Ox106 2.5xl0~ i.OxiO3 High
>5000

Low
(100-1000)

8(4’ depth) 5.8xl03 1.1x10~ 2.OxlO4 Moderate
(2000-5000)

Low
(100-1000)

5 (Rupganj)
17/07/95

9 (2’ depth) 2.2x106 4.1x I 0~ I .5x 1~ Moderate
(2000-5000)

Moderate
(2000-5000)

10 (4’ depth) 1.1xl 06 52.1x 10 1.3x I ü~ Low
(100-1000)

Low
(100-1000)

6 (Rupganj)
15/05/95

11(2’ depth) 2.Ox106 4.8x10~ 0.75x10~ Moderate
(2000-5000)

Low
(100-1000)

12 (4’ depth) 2.0x105 l.lx 10~ 3.0~10~ Moderate
(2000-5000)

Low
(100-1000)
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7.3 Reporton 3rd sampling(after6 months)

Twelve samplesrepresentingsix filled up latrine pits, from two sampling sites e.g.
Gazipur and Rupganj were examinedin the laboratory for the survival of pathogen
indicatorbacteriaand worm-eggs/ovain the unusedpits. The sampling was done on I
02/12/95and03/12/95at GazipurandRupganjrespectively.

Survivalof bacterialpathogenindicators

With the increasingperiodof incubationtime, theviablenumbersofpathogenindicator
bacteriadeclined remarkably. The number of total coliform counts decreasedby
approximately0.5 to 1.0 log unit. Theviable cell numberrangedbetween70,000and
6,000per gram.Thenumberdecreasedmorewith increasingdepthin mostcases.

Thedecreasein theviable cell concentrationof faecalcoliform wasalsosignificant. In
mostcasesthecell deathratewas around1.0 log unit afterthe lastsampling,two months
ago. This depictsa favourablepictureoverthe fall in viablenumbersof [aecalcoliform.
Theviablenumberrangedbetween1800and8,000per gramofthedigestedexcreta. I
The numberof faecal streptococcialso fell remarkably.In most casesthe decreasein
viable numberwasmorethanone log unit. Theviablenumbersfell from 3,000pergram
between40 and300 pergramof digestedsludge.This representsa significant decrease
with mostsamplesand indicatesa positiveresponseto longer residencetime in unused
pits. (Table-3;AppendixI & II). I
Concentrationsof Roundworm and Hookworm - eggs

The presenceof Ascaris eggs/ovaare indicative of their persistentcharacterin the
digested excreta. The incidence of Ascaris and other worm-eggs have now been
attemptedto expressquantitatively.Except for two samples(sampleNos 4 & 5), most
samplescontainedconsiderablenumberof Ascaris eggs. The numberwas low with 1
samplenumber 1, 2 and 3 and ranged between40-140/gmof sludge. With other
samples,the concentrationofAscaris ova/eggsrangedbetween420 to 7,413 per gram.
Thehighestconcentrationwasdetectedwith samplenumbers7, 8, 10 and 11. More than I
50% cases,the numberof Ascaris ova was still very high even after 6 months of
residencein unusedpits.

With other worm-eggsthe incidenceof the hook-worm,Ancylostornaduodanalewas
mostprevalentfollowedby Trichuris trichiura. Only threesamplese.g.samplenos.2, 4
and5 werefoundto be freeof any worm-eggs/ova.Theeggs/ovaofAncylostomavaried I
between41 and 325 per gramof decomposedsludgewhile the numberof Trichuris
ova/eggsrangedbetween42 and320 per gram.Only four samples(e.g.7, 8, 10 and 12)
containedboth Ancylostomaand Trichuris eggs/ovawhile theothersamplescontained I
eitheroftheAncylostornaor Trichuris ova/eggs(Table-3;AppendixI & II).

1
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Table-3
REPORTONTHIRD SAMPLING

Examination of Bacterial Indicators and worm-eggs
3rdsampling- approx.six monthsafterpit closure

(02/12/95and 03/12/95)

Pit no.
(with closing

dates)

Sampleno.
(with depth)

PathogenIndicator Bacteria
(per gram)

Roundworm worm and Hookworm
(pergram)

Total coliform Faecalcohiform Faecalstrep. Roundworm Hookworm

.

1 (Gazipur)
05/07/95

1(2’ depth) 2.Ox10~ 8.Ox10~ 0.5x103 42 41

2(4’ depth) 6.Ox10~ - -- -- - -- 40-

2(Gazipur) -

25/05/95

3(2’ depth~ - l.2x1O~ - - - 5.Qx1Q3~ ~._ ~

4(4’ depth) - 3.5x105 - 3.OxlO3 - - - - -- - 20 -. -

.

i (Gazipur)
07/06/95

5(2’ depth) 8.0x105 1.5xl04 l.4x103 Nill 4

6 (4’ depth) 4.0x10~ 8.Ox10~ 1.2x103 745 92

.

4 (Rupganj)
12/06/95

7 (2’ depth) 8.0x10~ - 0.8x10~ - 7,413 - - 325 -

8(4’ depth) 1.Ox10~ 2.0x104 1.8x103 2,065 245

.

5 (Rupganj)
17/07/95

9(2’ depth) 7.0x10~ 5.OxlO4 l.2~10~ 420 42

10 (4’ depth) 3.0x10~ i.0x10~ 1.7~l0~ 1,025 223

.

6 (Rupganj)
15/05/95

11(2’ depth) l.5x10~ 8.0x103 0.4~10~ 2,053 280

12 (4’ depth) l.0xl0~ i.OxiO4 0.8x10~ 1,680 140

- ~
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7.4 Report on 4th sampling (after 8 months)

Sixteensamplesofwhich 12 from 6 filled up pits and 4 samples,eachtwo representing

kitchen garden and field soils, from Gazipur and Rupganj were examinedfor the

survivalof pathogenindicatorbacteriaand worm-eggs/ova.Thesamplingwasdoneon

01/02/96and 02/02/96at GazipurandRupganjrespectively.

Survivalof PathogenIndicatorBacteria -

The decreasein numberof The viable indicator bacterialwas relatively slow with the

increasingresidencetime. The concentrationof total coliform cells decreasedby

approximately1 .0 to 0.5 log units with most samples.Theviable cell numberranged

between55,000and 1,000per gramofsludgesamplesof which samplenumber1,2 & ~ I
showedremarkabledecline.With increasingdepththecellsdecreasedslowly.

The viable cells of faecal coliforntbacteriadecreasedratherslowly. In most casesthe I
cell deathratevariedbetween0.7 and 0.1 log units. Theconcentrationof cells ranged

between4,000and 120 pergramofdecomposedsludge(Table - 4). 1
Thedecreasein thenumberof faeca!streptococciwasminimal whencomparedwith the

otherindicatororganisms.Thecell numberfluctuatedbetween0.5 and0.1 log units.The I
cell counts rangedbetween30 and 220 per gram of sludge.This still lies beyond the

acceptablelimits for safety.(Table- 4; AppendixI & II). I
KitchenGardenandField Soils

Laboratoryexaminationwith kitchen gardensoils of Gazipurand Rupganjreflects that I
both thesoils containhigh numberof total coliform bacteriawith low concentrationsof
faecalcoliform and faecalstreptococcicells. Thecell numberswererelativelyhigherat 1
Gazipurthan at Rupganj.Field soils at both thesitescontainedconsiderablenumberof
total coliform (30,000to 42,000per gram).Whereasno faecalstreptococciwasdetected

in any of the field samples.Gazipur field soils only contained200 cells of faecal

coliform per gramof soil sample(Table- 4).

Concentration of Roundworm andHookworm eggs

The concentrationof roundworm eggs (Ascaris) decreasedsignificantly with most

samplesexceptfor samplenumbers1,2 & 3. Only four samplese.g. samplenos.7,8,11

& 12 werefound to containhigh countsofAscaris eggsfollowedby adecreasingtrend
with theothersamples.Evenaftereightmonthsofpit closure,mostsamplesstill harbour

highnumberolAscariseggs.
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The incidenceof hookwormf~Ancylostomaduodenale)andotherworms-eggswasmost
prevalentfollowed by whipworni (Trichuris trichiura). Thecountsofeggswith both the

types of worms rangedbetween21 and 200 per grain of sludge.Threesamplese.g.,

samplenos.4,5 & 12 did not containanyeggsregardlessoftypes.it is unusualthat even
aftereight monthsofpit closure,eggsof hookwormandwhipwonnarestill presentwith

mostsludgesamples(Table - 4a).

Kitchen Garden and Field Soils

Both at GazipurandRupganj,kitchen gardenand field soils did not containany eggsof

roundworm (Ascaris). Only soils from Gazipur found to harbourworm-eggs; their

numberrangedbetween30 and 100 per gram of soil whereasthey were absentin

Rupganjsoils(Table - 4a).
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Table-4
REPORTONFOURTH SAMPLING

ExaminationofBacterialIndicatorsandworm-eggs
4th sampling- approx. eightmonthsafterpit closure

(01/02196 and 02/02/96)

Pit no.
(with closing

dates)

Sampleno.
(with depth)

PathogenIndicator Bacteria
(per gram)

Roundworm wormand Hookworm
(pergram)

Totalcoliform Faecalcoliform Faecalstrep. Roundworm Hookworm

1 (Ga~pur)
05/07/95 -

1(2’ depth) i.i~iø~ 2.2x102 0.3x 102 45 30

2(4’ depth) i.ü~iü~ 1.2x102 2.2x102
35 Nil

2 (Gazipur)
25/05/95

3(2’ depth) l.7x10~ 3.5x102 1.7x102 110 200 (Trichuris)

4 (4’ depth) 2.0xl0~ 2.2x102 0.7x 102 30 21 (Trichuris)

3 (Gazipur)
07/06/95

5 (2’ depth) 4.2x104 3.8x102 1.3x102 Nil Nil

6(4’ depth) 5.5x104 4.0x103 0.8x102 330 Nil

4 (Rupganj)
12/06/95

7 (2’ depth) 4.5x104 2.0x103 0.4x102 2,250 60

8(4’ depth) 2.1x104 l.0x103 1.4x102 1,150 200

5 (Rupganj)
17/07/95

9(2’ depth) 3.3x10~ 2.2xl0~ 0.9x102 220 130

10 (4’ depth) 2.5xl0~ 50x102 1.2x102 650 22

6 (Rupganj)
15/05/95

11(2’depth) 2.0x10~ 4.0x102 0.4x102 1,130 105

12 (4’ depth) l.5x104 3.0x102 0.7x102 1,260 150
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Table-4a

Examination ofkitchen garden and field soils for

pathogen indicator bacteria and worm-eggs

Sampling dates:1/2196 and 2/2/96

I

Area

Sample

Type

Sample

No

PathogenIndicator Bacteria

(pergram)

Roundworm& Whookworn-i

(pergram)

Total
Col ifonu

Faceal
Coli Form

Faecal
Streep.

Roundworm
(4scaris)

Whookworm
(AncyIosornq~

Field Soils(GSF) I 2.0x102 Nil Nil 100

Gaziptir KitcheGarden
Soils (0 KS)

2 4.5xl0~ 3.5x10’ l.2x104 Nil 30

Field Soils (RES) 3 4 2xl0~ Nil Nil Nil Nil

Rupganj KitchenGarden
Soil (RKS)

4 4.0xl0~ I.5x10’ i.1x102 Nil Nil
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7.5 Report on 5th sampling (after 10 months)

Twelvesamplesof digestedhumanexcretafrom six pits representingtwo differentareas
and each pit constitutingtwo samplesof two different depths, were examined for
concentration/survivalofpathogensafteraboutten monthsofpit closure.Additionally,

four samples,representingtwo different sites (e.g. Gazipur & Rupganj), each two
representingkitchen gardenand field soils from one areawere also microbiologically
examinedfor backgroundconcentrationof pathogenindicatorbacteriaand worm-egg
(roundwormofhookworm),if any.

The digestedsludge samplesfrom pits were also analysedfor fertilizer elementse.g
nitrogen,phosphorusandpotassium.

Survivalof Pathogenindicator bacteria

With the increasein digestionperiod to abouttenmonthsthenumberofviable indicator

bacteriadecreasedrather slowly. The concentrationof total coliform cells fell rather
sluggishly.However, the decreasein numberwas apparentwith almostall the samples,
irrespectiveof sitesand pit depths.In most casesthis decreasewas in fraction of log
units. The viablecell numberrangedbetween50,000and 1000 per gramwith themost

sludgesamples. I
The concentrationof viable cell number of faecal coliform also did not decrease

significantly. Rather the cell numberalmostremainedcloseto that recordedin the 4th I
samplingtime. Although in mostcasescell numberfell but it was in the fractionalrange
of one log unit. The countof coliform cells rangedbetween100 to about400 hundred

per gramof sludgesample(Table-5).

The decreasein numberof viable cells of faecal streptococciwas rathernotable as
comparedto total coliform and faccal coliforin cells. However,the decreasingtrendwas

moreapparentto about0.5 log unit to almostnegligible with most samples.The viable
cell numbervaried between20 to 240cells pergramof decomposedexcretaandappears I
to be low (Table- 5; AppendixI & 11).

Concentration of Roundworms and Hookworms in digestedsludge I
Theconcentrationofroundworms(e.g.Ascaries)andhookworm(e.g.Ancylostoma)and
other worm-eggs declined gradually. The decrease was rather remarkable with most I
samplesexceptfor samplenumbers7, 8 & 11. Thenumber of roundwormwasmoderate

with the samplenumbers10, 12 & 6. The remainingsamplesshowedgradualdecrease

with increasingtime of residence.

The incidenceof hookwormdecreasedsharply.Samplenos. 1 to 6 and9 did not contain

any egg/ovum of any type of hookworm including tape and whipworm. Only one I
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samplee.g.sampleno. 11 wasfoundto contain30 eggsofhookworm~Ancy1ostoma)per

grn ofsludgewhereasthesamplenumbers7,8,10and 11 containedova/eggof Trichuris
which rangedbetween60 and 100 per gram.This finding reflects that with increasing
time theova/eggsofroundwormandhookworm havebeendecreasingslowly (Table - 5;

Appendix - I & II).

Prevalenceof Pathogensin kitchen garden and field soils

kitchen garden and field soil samples from both Gazipur and Rupganj were
microbiologicallyexaminedfor theprevalenceofpathogenindicatorbacteriaandworm-
eggs. - - -

The concentrationof total coliform with both field and kitchen gardensoils at Gazipur
amid Rupganj appearsto be high. The numberswere relatively higher with the kitchen
gardensoils ascomparedwith thefield (agricultural)soils. The numberrangedbetween
65,000 to 21000 dependingon sampling site. The incidenceof faecal coliform was
recordedonly with kitchen gardensoils whereasfield soils were not found to contain
any viable cells of faecalcoliform. Faecalstreptococcicells were detectedwith three
samplesout of four. Only Gazipur field soil was not found to contain any faecal
streptococcicells.Thenumberof suchcells rangedbetween110 and27,000per gramof
soil sample.

The incidenceof roundworm and hookwormwas found to be nil or minimal. Only

kitchen garden soils of both Gazipur and Rupganj contained 4 and 3 cells/gram
respectively.The incidence of hookworm particularly Ancylostoina was only ‘s~jth
GazipurandRupganjkitchengardensoils respectivelycontainingonly 2 and 5 ova/eggs
pergrain ofsoil. This observationsuggeststhat kitchengardensoils aremostfrequently
contaminatedwith humanfaecesand hencethe prevalenceof pathogensare apparent
althoughtheirnumbersarenot very high. (Table-5a).

Concentration of fertilizer elementsin decomposedhuman excreta

Six samplesfrom six pits from two different areaswere chemically analysedfor the
concentration of three major fertilizer elements e.g. nitrogen, phosphorusand
potassium.The resultsof 8 and~I0 monthssamplingshow that the decomposedsludge
contain a very high concentrationof N.P. & K. This suggeststhat the decomposed/
digestedsludgehas thepotential for using asorganic fertilizer (Table-6).1-lowever, the
sludge mast be free from attendantpathogensor their number should he within
acceptablelimit for safehanding.
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Table-5
REPORTON FWFHSAMPLING

ExaminationofBacterialIndicatorsandworm-eggs
5th sampling- approx. ten monthsafterpit closure

(04/04/96and 05/04/96)

Pit no.
(with closing

dates)

Sampleno.
(with depth)

PathogenIndicator Bacteria
(per gram)

Roundworm worm and Hookworm
(per gram)

Total coliform Faecalcoliform Faecalstrep. Roundworm Hookworm

1 (Gazipur)
05/07195

1(2’ depth) i.Ox iü~ xlO1.7 2 0.2x102 29 Nil

2(4’ depth) 0.9x103 1.0x102 1.3x102 27 Nil

2 (Gazipur)
25/05/95

3(2’ depth) l.5x103 2.5x102 1.2x102 57 Nil

4(4’ depth) 1.7~10~ 2.0x102 0.8x102 30 Nil

3 (Gazipur)
07/06/95

5(2’ depth) 4.0x104
2

3.OxlO l.1x102 Nil Nil

6(4’ depth) 5.OxiO4 xlO2.5 ~ 0.8xl02 210 Nil

4 (Rupganj)
12/06/9 5

7(2’ depth) 4.0x104 l.lx 10~ 0.3x102 1900 100 (Trichuris)

8(4’ depth) 3.0x10~
22.7xlO 2.4x102 780 100 (Trichuris)

5 (Rupganj)
17/07/95

9(2’ depth) 3.1x104 ,~2l.7xlu 1.1x102 187 Nil

10 (4’ depth) 2.1~10~ 24.2x10 l.2x102 510 30(Trichuris)

6 (Rupganj)
15/05/95

11(2’ depth) 8.Oxiü~
,-~23.OxIu 0.3x102 830 3OAncylestoma

60 (Trichuris)

12 (4’ depth) 1.2x104 2.0x102 0.4x102 530 Nil
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Table-5a

Examination of kitchen garden and field soilsfor
pathogenindicator bacteria and worm-eggs

Area

Sample

Type

Sample

No.

PathogenIndicatorBacteria

(pergram)

Roundworm& Whookwonn

(pergram)

Total
Colifonri

Faceal
Colifonn

Faecal
Streep.

Roundworm(
Ascaris)

Whookwomi/
others

(Ancylostoina)

FieldSoils(GSF) I 2.1x10~ Nil Nil Nil Nil

Gazipur KitcheGarden
Soils (GKS)

2 42X10e 4.3x102 2.7x10~ 4 2(Ancylosiomq)

Field Soils (RES) 3 4.OxlO~ Nil l.lxlOL Nil Nil

Rupganj Kitchen Garden
Soil (RKS)

4 6.5>d04 4.lxlOL 2.0x10~ 3 5 ~Ancy1ostoina~

Table-6

Concentration of fertilizer elements(N, P & K) in decomposedhuman excreta
(Componentpart of4th & 5th report)

. Pit No

rea

1st samplingafter8 months
(3rdand 4th Feb., 1996)

2nd samplingafter 10 months
(4th and 5thApril, 1996)

Chemicalcomposition,% Chemicalcomposition,%

N P
205 K20 N P205 K20

I 4.92 2.21 1.10 4.78 2.11 0.98

2 4.61 2.01 0.93 4.39 2.0 0.92

3 5.33 1.97 1.02 5.39 1.87 1.01

4 3.90 1.88 0.87 4.01 1.79 082

5 3.89 2.1 0.82 3.9 1 83 0.87

6 4.01 1.97 1.1 382 1.89 1.12

32
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I
Sampling dates: 04/04/96and05/04/96

SIK 8R,I Rep



I
7.6 Report on 6th sampling (after 12 months)

Decomposedsludgesampleson 6th sampling(12 months)were analyzedfor pathogen I
indicator bacteria e.g. Total Coliform (TC), Faecal Coliform (FC) and Faecal
Streptococci(FS) including worm eggs/ovafor Roundwormand Hookworm. Field I
and kitchen garden soils from both Gazipur and Rupganj were also examined for

backgroundcount. Digestedexcretasamplesfrom both siteswere chemicallyestimated

for nitrogen,phosphorusandpotassiumconcentrations.

Pathogen indicator bacteria

At sixth samplingi.e. approximatelyafler 12 monthsof pit closurethe numbersof total - -

cohiform bacteria, with niost samples,remainedstaticor almostsimilar. Few samples

showeddecreasingtendency.The highestcount was around44,000per gram while the

lower levels rangedbetween1 ,000 and2,000 cfulgmn with most samples.The higher

levels/numberswere with the high watertablearea(Rupganj)while with the low water I
tableareae.g. Gazipur,theTC cell countswereslightly lower (Table - 7; Appendix I &

II). I
The fall iii concentrationof faecal coliforms alsoshowedsimilar trend or remained

static with little tendencyto gradual decrease.The per gram viable numbersranged I
between470(Rupganj)and 150 at Gazipurrespectivelyhigh andlow watertablezones.

The numbersof faecal streptococcialso did not decreaseappreciably.With some

samplesthe viable numbersincreasedslightly while the count decreasedwith certain

othersamples(Table 7). However, the overall fluctuationwas too small to reckonwith.

The viable coccoidsrangedbetween140 to 30 cells per gm andappearsto beabovethe

acceptablelimits suggestedfor Bangladesh(Table - 7; AppendixI & JI).

Counts of Roundworm and Hookworm-eggs

The incidenceof Roundworm is still apparent with most samples. However the

numbersof eggs/ovadecreasedratherslowly. The per gram number of eggs varied

between1760 and25. The numberswere relatively lower with the low water tablearea

(Gazipur) as comparedwith the high water table area, (Rupganj); wherewith most I
samplesthe egg/ovaconcentrationvariedbetween200 to 600per gram.Thehookworm

eggs/ovawere nil at Gazipurwith all the six ~ampleswhile at Rupganj,a high water I
table area,still a few eggscould be counted.Theegg numbersrangedbetween30 and

210per grain of sludge.(Table-7: AppendixI & II).
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Incidence of patliogens at field and kitchen garden soils

Field and kitchen gardensoils weresampledfrom both Gazipurand Rupganj area. At

both the sites, the numberof total coliforms ranged between1,2000 and 10,000 per

gramof soils. The higher counts were apparentwith kitchen gardensoils (Table- 7a).

Except for one sampleat Rupganj (RFS), the samples contained50 to 500 faecal
cohiform cfu/gm of soils indicating the probablecontaminationof kitchen gardenand

field soils with faecalniatcrials.(Table- 7a).

The similar trend was also observedwith the incidenceof faecal streptococci cells.

Surprisingly all the samplesrepresentingboth field and kitchen garden soils, the

incidenceof FS was detectedalthoughtheir numberswere low (50-200/gm)with most

samplesexcept for Rupganjkitchen gardensoils that contained2,400 cfulgm (Table -

7a).

Analysis for fertilizer elementsN,P & K

The concentrationsof fertilizer elementse.g.,nitrogen,phosphorusand potassiumwere

still very high. When comparedwith the 1st sampling, thefertilizer valuesfor NP & K

remainedalmostconstantwith negligible variationbetweensamples(Table- 8).

Conclusions

a) The laboratory examinationsfor pathogencontentin decomposedsludge after

about 12 months digestion reveal that the cells/eggs concentration did not

decreaseappreciably. Rather the counts with a numberof samples for both

bacterialpathogenindicatorsand worm-eggsremainedstatic or in a few cases

showedslight but insignificant increase.This is probably becauseof increased

moisturecontentdueto rains.

b) The countof roundworm decreasedslowly while the hookworm concentration

decreasedfurther at Rupganj; their incidenceat Gazipur was nil with all the

samples.

c) Thefertilizer valueswith all thesix sludgesamplesremainedalmoststatic when

comparedwith earliersamplings.Howeverwith a few samples,slight decreasein

fertilizer valueswasobserved.
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Table - 7
REPORTON SIXTH SAMPL1T~G

Examination of Bacterial Indicators and worm-eggs
6th sampling- approx. twelve monthsafter pit closure

(01/06/96 and03/06/96)

Pit no.
(with closing

dates)

Sampleno.
(with depth)

PathogenIndicatorBacteria
(per gram)

Roundwormworm andHookworm
(per gram)

Total coliform Faecalcoliform Faecalstrep. Roundworm Hookworm

1 (Gazipur)
05/07/95

1 (2’ depth) 2.Ox~ 2.Ox102 0.3x102 Nil Nil

2(4’ depth) 1.1x103 2.3x102 1.4x102 35 Nil

2 (Gazipur)
25/05/95

3(2’ depth) l.6x103 2.6x102 1.2x102 42 Nil

4(4’ depth) 1.6x104 2.3x102 l.1x102 25 Nil

3 (Gazipur)
07/06/95

5 (2’ depth) 4.3x10~ 2.5x 102 l.Ox 102 Nil Nil

6(4’ depth) 4.4x10~ 2.4xl0~ 0.7x102 165 10

4 (Rupganj)
12/06/95

7(2’ depth) 4.5x104 2.0~l0~ 0.8x102 1760 89

8(4’ depth) 3.0x104 2.6~10~ 2.2x102 610 210

5 (Rupganj)
17/07/95

9 (2’ depth) 2.9x10~ 1.5x102 1.0x102 200 Nil

10 (4’ depth) 2.0x104 4.7x102 1.1x102 382 30

6 (Rupganj)
15/05/95

11(2’ depth) i.OxiO4 3.7x102 0.5x102 610 93

12 (4’ depth) 1.ixiO4 2.1x102 0.3x102 460 Nil
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Tabbe-7a

Examination of kitchen garden and field soils for

pathogen indicator bacteria and worm-eggs

Sampling dates: 0 1/06/96(Rupganj)and03/06/96(Gazipur)

Area

Sample

Type

•

Sample

No.

PathogenIndicator Bacteria
(per gram)

Roundworm & Whookworm
(per gram)

Total
cohiform

Faceal
colifonn

Faecal
streep.

Roundwor
m

Whookworm

FieldSoils
(GSF)

I 1.0xl0~ 0.5xlOz 06x102 Nil Nil

Gazipur KitcheGarden
Soils (GKS)

2 L2x10~ 5.0x102 2.OxlOz Nil Nil

Field Soils
(RES)

3

-

2.2x104 Nil 1.5x102 Nil Nil

Rupganj KitchenGaiden
Soil (RKS)

4 7.Ox10~ 6.4x102 2.4xJ0~ Nil Nil
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Table-8

Concentration of fertilizer elements(N,P & K) in decomposedhuman I
excreta

Comparison of fertilizer valuesat 14 monthswith that of 8 months of digestion I
S l•amp ing

Pit No.
1stsñmpling after 8 months

of pit closure
(3rd and4th Feb., 1996)

4th sampling after 14
months of pit closure

(16th and28th Aug., 1996)

Chemicalcomposition,_% Chemical_composition,_%

N P205 K20 N P205 K20

(;azi})lIl~

1 4.92 2.21 1.10 4.80 2.27 1.94

2 4.61 2.01 0.93 4.40 2.10 0.95

3 5.33 1.97 1.02 5.40 1.90 1.12

Rupganj

4 190 1.88 0.87 3.97 1.86 0.84

5 3.89 2.1 0.82 3.72 2.10 0.98

6 4.01 1.97 1.1 3.90 2.00 1.00

I
I
I

7.7 Report on 7th sampling (after 14 months)

Digested human excrta from six filled-up and unused pits at two different sites (
Gazilpur aind Rupganj ) were sampledfor pathogensurvival study. Twelve samples

from 6 pits wereanalyzedfor (a) Total Colforni (T,C), (b) Faecal Colforms (F.C) and
(c) Faecal Streptococci (F.S) as pathogen indicator bacteria. Included in the

examinationswere also (d)Roundworm aiicl (e) Hookworm eggs/ova.Field and

Kitchen gardensoils from both Gaxipur,a low watertable area(LWT), and Rupganj-a

high watertablearea(HWT) werealsonanalyzedfor pathogensasbackgroundcount.

PathogenIndicator Bacteria - -

At secenthsampling i.e. approximately after 14 months of pit closure, the viable

numbersof total coliform (T.C) remainedmoreor less staticparticularlyat HWT zone

(Rupganj) whereasthe numbersfell slightly at LWT area (Gazipur). The average

concentrationsof viablebacterialcounts(T.C) rangedbetween20,000and18,000cells/s

of sludgein both theSites.Thehighestnumberoccurredat HWT zone and the

lowestcountswereapparentwith LWT area(Table-9; Figures 1 and6)
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Little or no decreasein theconcentrationof faecalcoliform (F.C) was observedat both

the samplingsites regardlessof the position of water tables.The viable cells of F.C.

rangedbetween170 and510 per gramofdigestedsoudge(Table9a;Figures2 and7).

Almost similar trend in the viability or decrease in the concentrationsof faecal

streptococci(F.S)was recordedat both thesamplingsites.However,the numberswere

slightly fewer than F.C. and the averagecounts ranged between80-90/g of sludge

respectivelyat HWT & LWT zones(Table-9;Figure3 & 8).

Concentrationsof Worm-eggs/ova

Theconcentrationsof roundwornisdecreasedmoderatelybut still not within thesafety

limit of useof handling.Numberswith mostsamplesdecreasedby more thanhalf and

showsasteadydecliningtrend.The viableeggcountis relatively higher(214/g) with the

HWT areaat Rupganjas comparedto LWT at Joydevpur,where the count is much

lower—only 16 eggs/gofsludege(Table-9; Figures4 and9).

The eggs/ovaof hookworm were nil at Gazipur(LWT zone)with all thesix samples

while at Rupganj(HWT) still a teweggs/s(10-25)remainswith only threesamplesthat

definitely showssteadydecrease(Table9; Figures5 & 10).

Incidenceof Pathiogensat Field and Kitchen Garden Soils

t~ieldand kitchen garden soils from Gazipur & Rupganj were examined for the

backgroundcount of pathogenindicator bacteriaand worm-eggs.The occurrenceof

T.C., F.C. and F.S in field soils only lends credenceto their probableadaptationwith

natural soils. Slightly highernumbersthat wereapparentwith kitchen gardensoils is

obvious and suggestsfaecal contamination.The indicator bacterial counts ranged

between10,000 and3000/gof soil for T.C. while for F.C. it did fluctuatebetween20

and 110 cells/gof sludge.

‘[he eggs/ovaof hookwormwere nil at Gazipur & Rupganj were examinedfor the

backgroundcountof pathogenindicatorbacteriaandworm-eggs.Theincidenceofthese

indicators appearsto be relatively lower as compared to the sixth sampling. The

occurrenceof F.C., F.C., andF.S. in field soils only lends credenceto their probable

adaptationwith naturalsoils. Slightly higher numbersthat were apparentwith kitchen
SP< Bihi Rep
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gardensoils is obviousandsuggestsfaecalcontamination.The indicatorbacterialcounts

rangedbetween10,000and300/gofsoil for T.C. while for F.C. it did fluctuatebetween

20 and 110 cells/gof sludge.The numberof F.S. wasunusuallyhigh with onesample

~ndwasnil with anothersample(Table9a). I
ChemicalAnalysis for Fertilizerelements—N.P.& K. I
The concentrationsof three major fertilizer elementse.g. nitrogen, phsophorusand
potassiumdid not changeappreciably.With increasingdigestion/decompositiontime,

the nutrient levels fell slightly or insignificantly at the 7th sampling.The decreaseor

variation in the concentrationsbetweenthe six sludgesamples,representingsix pits, I
werenegligible (Table 10). -- -- - - -

ConcludingRemarks - --

I. The laboratory examinationis at seventh sampling (after approximately 14 1
monthsof pit closure)revealthat the pathogenindicatorbacteriahavemarkedly

decreasedover time (Table 9; Figures 1-10). However, the counts with most

pathogensarenot still within therangeof safehandlingfor useasbiofertilizer in

agrienI ture.

11. Thefertilizer valuesfor N.P &K. arevery high anda small decreaseappersto be

negligible.The digestedsludgehaspotential for usein ouragriculture.However

the sludgestill harbour~a few harmful pathogensand might need special

treatmentprior to safehandling(Table 10).

I
I
I
1
I
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Table-9

REPORT ON SEVENTH SAMPLING
Examination of bacterial indicators and worm-eggs

7th Sampling - approx. fourteen months after pit douser
(16/08/96and20/08/96)

Pit No. (with
closing dates)

SampleNo.
(with depth)

Pathogenindicator bacteria

(per gram)

Roundworm and hookworm

(per gram)

Total
colifonn

Faecal
colilorin

Faecal
strep.

Roundworm

(A~~~i~)

Hookworm & other eggs
(Ancylostoma)

I (Gaziptir)

05/07/95

1(2’ depth) 3.3xl03 2.1x102 0.4xI02 Nil Nil

2(4’depth) 27x103 l.9xl02 l.1x102 15 Nil

2 (Gazipur)

25/05/95

3 (2’ depth) 3.8xl0~ 2.OxlO2 0 8x102 18 Nil

4(4’ depth) 3.2xl0~ l.1x102 I.0x102 12 Nil

3 (Gazipur)

07/06/95

5(2’ depth) l.8xl0~ l.8x102 0.9x102 Nil Nil

6(4’ depth) 7.0x103 l.5xl02 I.0x102 55 Nil

4 (Rupganj)

12106/95

7(2’ depth) 2.0x104 I.5x103 0.7x102 410 15

8(4’ depth) l.5x l0~ 8.Ox 102 l.OxlO2 235 25

5 (Rupganj)

17/07/95

9(2’ depth) 2 6xl04 l.8x102 0.9x102 105 Nil

10(4’ depth) l.5xl0~ 1.7x102 08xl02 110 Nil

6 (Rupganj)

15/05/95

11(2’ depth) 2.5xl0~ 2.4xl02 0.9xl02 210 10

12(4’ depth) 2.OxI 0~ I .3x102
0 4x 102 218 Nil

SIK-Bihi Rep
40



I
I
I

Table-9a

Examination of kitchen garden and field soilsfor I
pathogen indicator bacteria and worm-eggs

I
____ ____________ ___________________________ 1

_____ _____ ____ ______ ______ 1
I

____ ____________ _____ _____ ____ ______ ______ I
____________ _____ _____ ____ ______ ______ I

1
I

I
I

I

I
I
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Sampling (hates: 16/08/96(Rupganj) and 20/08/96(Gazipur)

I

Area

Sample

Type

Sample

No.

PathogenIndicator Bacteria
(per gram)

Roundworm &
Hookworm
~pergram)

Total
coliform

Faceal
colifonn

Faecal
streep.

Roundwor
m

Hookworm

Gazipur

Field Soils
(GSF)

I 3.0x101 0.4x102 Nill Nil Nil

Kitche Garden
Soils (GKS)

2 l.lxlO4 0.8x102 0.3xl02 Nill Nih

Rupganj

Field Soils
(RES)

3 3.5xl0~ 0.2x102 l.5x102 Nil Nil

KitchenGarden
Soil (RKS)

3.8x103 l.lxl02 l.OxlO3 Nill Nill



Table-lO

Concentration of fertilizer elements(N,P & K) in decomposedexcreta

(comparisonbetween1stand4th sampling)

Sampledates: 16/08/96(Rupganj) and20/08/96(Gazipur)*

~.amping
Pit No.

1stsampling after 8 months
of pit closure

(3rd and4th Feb., 1996)

4th sampling after 14
months of pit closure

(16th and28thAug., 1996)

Chemical_composition,_% Chemical_composition,_%

N P205 K20 N P205 K20

Gazipur

1 4.92 2.21 1.10 4.40 2.25 1.00

2 4.61 2.01 0.93 4.15 2.00 0.90

3 5.33 1.97 1.02 5.35 1.87 1.12

Rtipganj

4 3.90 1.88 0.87 4.42 1.73 0.85

5 3.89 2.1 0.82 3.81 1.99 0.88

6 4.01 1.97 1.1 3.85 1.80 0.95

* A comparisonwith theconcentrationof 1st samplingfor NP&K revealsvery little difference

with the4th samplingin theconcentrationsof fertilizervalues.

SIKOIhI Rep

42



I
1

7.8 Reporton 8th sampling (after 16 months ofpit closure)

I
The final sampling for digestedexcreta from sit pits representingtwo sites, at two

different depths,with low water table area(LWT) at Gazipurand a high water table
zone (HWT) at Rupganj,was examinedfor pathogensurvival study. Twelve sludge

sampleswere (3 x 2 x 2) = 12 were examinedfor (a) total coliform (T.C), (b) faecal I
cohiform(F.C),andfecal streptococci(FS) bacteria.Thesampleswerealsoexaminedfor

worm-eggsthat included (d) roundwormand(e) hookworm.Fora backgroundcount

of pathogens,adaptedwith the field or kitchen gardensoils, samplingwas also done

from both GazipurandRupganjarea.

Pathogen Indicator Bacteria - - 1
Microbiological analysisof the digestedsludgesampleafter 16 monthsof pit closure

revealsthat thecountsof total coliform (T.C) fell only insignificantly at both the high I
and low water table zones. The averagenumberof T.C. at LWT (Gazipur) was
3900/gm; at FIWT i.e. at Rupganj it was 4190/gof sludge(Table 11; Figures1 and 6)

small decreasewas apparentonly with faecal cohiform (F.C) countsat the low water
tablezone.Thenumbersarestill high that rangesbetween100 (LWT) and 600pergram

(at I-IWT) ofsludge.The countsdo not suggestthat theF.C. may not altogetherdie out I
front thedigestedsludgewithin ashortspanof the (Table 11; Figures2 and7).

With thefaecalstreptococci(P.S.) thecountsdecreasedslighty with both the testsites I
regardlessof watertable positions.The averagenumberof F.S.at Gazipur(HWT) was

60 per gram whereasit was 70 per gram with the HWT (Rupganj). The viable cell I
numbersof F.S.arestill not within the safetylimits ofhandling(Table11; Figures3 and

7). 1
Concentrationsof worm-eggs/ova

The concentrationof roundwormeggs decreasedfurther as comparedwith the 7th 1
sampling.The eggswere low (5/gm)at LWT whereasit was relatively higher(30/g) at

HWT (Gazipur). Only two sampleswere devoidof roundwormeggswith the LWT

zone.The fall ofeggcountswith theHWT wasconsiderableand might disappearsoon.
(Table 11; Figures4 and9).
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The significantobservationwasmadein relation to the disappearanceof hookworm-
eggswith both thewatertablezones.Not asinglewonnwasdetectedwith any ofthe 12

sampelsexamined(Table 11; Figure5 and 10).

lhcidenceof Patliogensat Field and Kitchen Garden Soils

To quantitatively assessbackgroundcount of pathogenindicator bacteriaand worm-

eggs,2 field, and2 kitchen gardensoils, wereexaminedin Gazipurand Rupgangsoils.

Field arid kitchen gardensoils from both thesites were found to containconsiderable

total coliform bacteria. Thecountsrangedbacteria2000 - 3,600pergram,and appears

to be slightly lower than the countsobtainedin pits with digestedsludge.This indicates

a significantincidenceoftotal coliformswith thenaturalsamples,obviouslyhigherwith

thekitchengardensoils, probablycontaiminatedwith faeces.

The countswith F.C. andP.S.were lower and was only apparentwith kitchen garden
soils (30-35 cells/g). The number of P.S. was slightly lower than F.C. that ranged

between20 and28 cellsper gramofkitchengardensoils (Table I 1a).

ChemicalAnalysis for Fertilizer elements—N, P andK.

Chemicalanalysisfor threemajor fertilizer elementse.g.N, P andK after16 monthsof
digestion in unusedpits appearsto haveslightly reducedconcentrationwith all the test

elements.Thedecreaseat 8th samplingappearsto be moderateascomparedwith earlier

samplings. It indicatesthat with increasigndigestion, probably owing to leachingor
complexation, the concentrationsmight have been reduced,with all the 3 fertilizer

elementsascomparedwith the valuesat 1st sampling(Table 12).

ConcludingRemarks

I. With extendedincubation/digestionof the sludgesamplesat the 8th sampling

(after 16 monthsofpit closure),thecountsof thepathogenindicatorbacteria,e.g.

(a) lotah cohiforin, (b) faecal cohiform andthe (c) faecalstreptococci decreased

remarkablywhen xomparedwith the 1st sampling. But the decline in viable

indicator bacteria was nil or minimal when comparedwith the 6th and 7th

samplings.The countswith all the 3 indicatorsarestill high andare not within

therangeofsafehandlingin agricultureas biofertihizer.(Figures 1 - 10).

11. Examinationon worm-eggsof roundworm and hookworm reveals that the

former is still apparent,althoughat a very low number(5-12/g) at LWT zone

(Gazipur), their relatively higher incidencewas dected in HWT samphesof
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Rupgaiij that rangedbetween20-39egg/g.Thesecountsarenot within therange

of safehandlingofdigestedsludgein agriculture. I

111. The fertilizer valuesof digestedhumanexcretaforN.P andK arestill high, even I
thoughthere hasbeensmall decreasein concentrationswith all the 3 nutrient

elements.Special treatmentslike compositingor heattreatmentmight eliminate I
remainingpathogensin sludgeto a satisfactorylevel at this or similar level of

digestionperiod. 1

I
I
I
I
I
1
I
I

- I
I
I
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Table - 11

REPORT ON EIGHTH SAMPLING

Examination of Bacterial Indicators and worm-eggs
8th sampling - approx. fourteen months after pit closure

(15/10/96and 16/10/96)

Pit No. (with
closing dates)

Sample No.
(with depth)

Pathogen Indicator BacteriA Roundworm and hookworm

Total
colifona

Faecal
colt lot-ni

Faccal strep Roundworm
(A~carIs)

I lookwomi & other eggs
(4ncj’Iosi~oma)

I (Gaziptir)

05/07/95

1(2’ depth) 3.0x103 0.9xj~2 0.3xI02 Nil Nil

2(4’ depth) 2.8xl03 0.8x102 0.7xl02 5 Nil

2 (Gazipur)

25/05/95

3 (2’ depth) 3.6xl0~ 0.7x102 0.5x102 10 Nil

4(4’ depth) 3 0x103 1.OxlO2 0.60x102 7 Nil

3 (Gazipur)

07/06/95

5(2’ depth) 3.4x103 l.7x102 0.75x102 Nil Nil

6 (4’ depth) 8.Oxiø~ 1 .Ox102 0.8x102 12 Nil
4 (Rupganj)

12/06/95

7(2’ depth) I Ox I 0~ I .5x 102 0.3x102 20 Nil

8(4’depth) I.2xl04 5.5x102 08xl02 29 Nil

5 (Rupganj)

17/07/95

9(2’ depth) 2.lxIO4 l.7x102 0.9xl02 40 Nil

lO(4’depth) l.4xl0~ l.OxlO2 0.8xl02 32 Nil

6 (Rtipganj)

15/05195

11(2’ depth) 2.Ix104 2.1x102 0.75x102 15 Nil

I2 (4’ depth) I .7x I ~ I .Ox 102 0.7x102 39 Nil
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Table- ha

Examination of kitchen garden and field soilsfor Pathogen
indicator bacteria and worm-eggs

1
1
I

____ ____________ ____ ____ ____ ______ ______ I
____ __ __ __ __ ___ ___ -I

I
I
I
I
I
I
I
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Samplingdates:15/10/96and 16/10/96

--

1
I
I

Area

Sample
Type

Sample
No.

PathogenIndicator Bacteria
(pergram)

Roundworm &
Hookworm
(per gram)

Total
coliform

Faceal
colifomi

Faecal
streep.

Roundwor
m

Hookworm

Gazipur

FieldSoils
(GSF)

I 2.0x1O~ Nil Nil Nil Nil

Kitche Garden
Soils (GKS)

2 3 3xl& O.3x102 O.2x102 Nil Nil

Rupganj

Field Soils
(RES)

3 2.1x103 Nil Nil Nil Nil

KitchenGarden
Soil (RKS)

3.6x1O~ O.35x102 0.4x102 Nil Nil



Table-12

Concentration of fertilizer eJements(N,P and K) in decomposedexcreta

Comparison of fertilizer valuesbetween 8 and 16 months of digestion

Dates:15/10/196and 16/10/96

Sn 1mping
Pit No.

1st sampling after 8 months
of pit closure

(3rdand4thFeb., 1996)

5th sampling after 16
months ofpit closure

(15th and 16th Oct., 1996)

Chemical_composition,_% Chemical_composition,_%

N P205 K20 N P2O5 K20

Gazipur

1 4.92 2.21 1.10 4.10 2.15 0.88

2 4.61 2.01 0.93 3.90 1.94 0.83

3 5.33 1.97

-

1.02 4.72 1.73 1.00

Rupganj

4 3.90 1.88 0.87 3.35 1~70 0.82

5 3.89 2.1 0.82 3.74 1.69 0.80

6 4.01 1.97 1.1 3.29 1.73 0.84
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8. INTERPRETATIONS I
Laboratory examinationsof digestedexcretafor three indicator bacteriae.g. (a) total
coliform (T.C.) (b) faecal coliform (F.C.) (c) faecal streptococci (F.S) including I
worm-eggs of (d) roundworm and (e) hookworm werecarriedout following standard

techniques.Examinationsof excretasamplesat first samplingstartedat about weeks
afterpit closure.Theinitial concentrationsof all thethreepathogenindicatorswerevery

high particularly of T.C. Total coliform count is considered to be presumptive

indication of faecalpollution. Theaveragecountwasvery high that stoodat 53,000,000

cfti/per gram ofsludge.

With increasingretentiontime in pits the countsof T.C decreasedgraduallyuntil the 3rd 1
samplingwheretheaveragecountwas3 18,000 per gram.Thecountfurtherdecreasedat
4th and 5th sampling to a few thousand(21,000cfu/gm). The numberswere slightly I
higher at Rupganj(HWT area)thanat Gazipur(LWT area).At 6th sampling similar
trendwasobservedin thesurvivalpatternofpathogens(Table- 7; Appendix-H.Figure 1

and 6). With increasingdigestionin closedpits at 7th and 8th samplingrespectivelyat

14 and 16 month after pit closure, the numberof total tolifOlit~ bacteria did not
decre~tseor decreasedinsignificantly. At appear~that the total colifortn bacterialcells I
might have adoptedwith the sludge or soil samplesand would persist even under
adversegrowthconditions(Table9 and 11; Figures 1 & 6). 1
Theinitial countfor faecalcohiform (F.C.) was relatively lower thanT.C. Concentration

ofF.C. at first samplingrangedbetween750,000and 110,000cells per gram.The count I
graduallystarteddecliningsharplyuntil 4thsampling(8 months)wherethe numbersstill

averagedI 000 P.C./gm.This trend continueduntil the 6th samplingwith no sign of
completeremoval/eliminationasyet (Table-7;Appendix-I, & II). The faecnl coliform
(F.C) counts decreasedslightly or remainedalmsot static even during 7th and 8th

sampling.It appearsthatevenat 16 monthsof digestion in pits F.C cellsdid not become
extinct. The cells somewhatmanagedto attach with or strongly adhereto clay/soil
particlesand surviveat refractorynutrientcondition(Table9 and 11; Figure2 & 7). 1
The initial count for faecalstreptococci(F.S.)wasslightly lower than P.C. and varied

between710,000and40,000per gm of sludge.With durationof digestioncontinuedand I
samplingat 2nd and3rd revealedfurther elimination of F.S. to 1650 cfii/gm of sludge.

Thecountsharplydecreasedat 4th and 5th samplingwherethenumberrangedbetween I
90-100/gpi. At the 6th samplingthecountremainedalmoststatic, still with no sign of
completeremoval (Tables-7; Appendix-I & II). Similar trend in survival patternwas

observedwith fnecal streptococci(F.S). On closeobservationif appearsthat thecounts
S?K-aIhl Rep
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remained almost similar to 7th sampling whereas at 8th sampling a slight but

i nsignificantt decreaseis apparent.Naturalizationwith physico-chemicalenvironments

ofpit preventedtheir completeelimination.(Table9 and 11, Figure3 and8).

Concentrationsof worm-eggswere remarkablylower than that of bacterial indicators.
Counts of roundwormand bookwormeggsare indicative of faecalpollution having

diseasepotential.The averagecountof roundworm(mostlyAscaris lu,nbricoides)at

1st samplingwas 2,200/gm(range l000-5000)~Thenumbersremainedalmost similar

(2,000/gm) at 2nd sampling with considerabledecreaseat 3rd (1,300/gm) and 4th

samplings(600/gm). The countfurther droppedat 5th sampling to about400 eggs/gm
with an averagedecreaseto about250-300eggs/gmat the 6th sampling.Thenumbers

were relatively lower at Gazipur areawhen compared with Rupganj. (Tables 1-7;

Appendix-I & II). Concentrationof roundwormsdid decreasedto about half at 7th

samplingascomparedwith 6th sampling.Most sludgesamplesstill contain roundworm
eggs particularly with high waer table zone at Rupganj. At the 8th sampling, the

numbersteducedfurther to a very how level (5-39/gm). Theseeggs/ovaappearto be

very resistantto distructionor deathwhile mostworm-eggswoulddie out at sucha long

periodofdigestion.(Tables9 and 11, Figure4 and9).

The count of hookworm eggs(Ancylostoniaduodenale) was relatively fewer than

roundworm at initial concentrationswith an averageof 4,600 eggs/gm (range: 100-

5000).Thedensityof hookworm eggsdid drop at secondsamplingwith an averageof

2,300 eggs/gm.The count decreasedsignificantly at third and fourth sampling to an

averageofabout210 eggs/gm. It fuither droppedto about60 eggs/gmat 4th sanipling.

At 5th and 6th sampling,the count at Gazipur ( LWT area) was nil, whereasat

Rupganj ( HWT area ) the average count was 60 eggs/gin of sludge (Tahle-5

Appendix-I & II). Thedensityofhookwormat 7th samplingalso decreasedremarkably

and was nil with most samples except for two. At 8th sampling no eggs/ovaof

hookwormcould he detectedin any samplesof decomposedexcreta(Table 9 & 11,

Figures5 & 10). Eggs/ovaof hookwormareInuchmoresusceptibleto physicochemical
condition ofpit and die out relativelyeasiliy ascomparedto roundworm.

Observationon backgroundconcentrationsof faecal indicator bacteria(as mentioned

earlier) in field and kitchen gardensoils of GazipurandRupganjrevealsthat the count

of total coliform bacteriarangedbetween20,000and 40,000cellsper gni of field soil

while increasingnumbersoccurringwith thekitchen gardensoilswasrecorded.Counts

of faecal cohiform were mostly detectedin kitchen gardensoils the concentrationof

which rangedbetween50 and400 cell/gm. The incidenceof faecal streptococciwas
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rather ubiquitous although their counts were slightly lower (50-120 cfij/gm) as

comparedto faecalcoliform.

The incidenceof pathogenicindicatorwasapparentwith field andkitchengardensoils

of both Gazipurand Rupganj.Howeverthe incidenceof total coliforni was apparent,

although at a lower level than concentrationin excretasuggeststhat they might have

been adaptedto the agricultural or kitchen gardensoils. Feacal coliform and feacal 1
streptococciincidencewasoccasionallyrecordedalthoughat avery low or insignificant

numberwith oneor two exceptions.Theselow numbersat 7th and 8th samplingcould I
suggesta backgroundcountto be associatedwith mostkitchen gardensoils. Field soils

in mostcasesdo not containF-C orP.Scells(Tables9aand 1 Ia; FiguresIto 10).

Theconcentrationsofwormeggsin field and kitchengardensoilswasnil to negligible in
quantity. The proportion of incidenceof roundwormand,hookwormin one or two

caseswasalmostsimilar wheretheircountsandwerein therangeof2-5 eggs/gmofsoil

mostly with kitchen garden soils (Tables 4a, 5a & 6a). The concentration of

roundworm band hookworm was nil with both at Gazipur and Rupganj field and I
kitchen gardensoils.(Tables9a & 11).

The fertilizer values of nitrogen, phosphorusand potassiumin decomposed/digested I
sludgewere much higher as comparedto normal organicfraction of soils. Particularly
the concentrationof nitrogen was reasonablyhigh with an averageconcentrationof I
4.40% followed by phosphorus(2.0%)and potassium(about 1.0%). The fertilizer value

at 14 and 16 months of samplingslightly decreased,particularly at the 8th sampling

time. But still the fertilizer valueshavepotentialto be usedin agriculturefor physico-

chemicalenrichmentof agriculturesoils (Tables9a & I Ia; Figures 1 to 10).

9. FINDING I
Faecal materials in pits initially have high concentrationsof total coliform bacteria

followed by faecal coliform and faecalstreptococci.The count at first sampling i.e. I
weeksafterpit closurewasa few millions to 53,000,000pergramof excreta.

With increasingdurationofdigestion in unusedfilled-up pits, thenumberofviable total I
coliform droppedto about21,000/gmafter 12 monthsofdigestion.This fall in bacterial

numberswasdueto biochemicalreactionsproducedduring fermentationofnutrientrich

organicexcretaby coliform bacteria.During fermentationincreaseof temperaturecould

I
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also be a factor for bacterial death rate. Another causeof decline could be due to

productionof toxic endproductionof bacterialmetabolism.

Similar trendin decreaseof viablecountof faecal coliform andfaecalstreptococciwas

detected.Initial countof faecalcoliform wasabout480,000per gramwhich fell to about

400-500_cfu/gm.Thethird indicatorbacteriumfaecal streptococci hadalso an average

of470,000cfulgm which also droppedto 5-100 cfulgmof sludge.Thefall of thesetwo

indicatorbacteriato about50-500cfulgm signifiesthat after certainperiodof time due

to production of toxic substancesand acid reaction producedduring fermentation.

However,it is evidentthat pathogenindicatorbacteriahavedecreaseddrasticallyfrom
veryhigh initial numbersto abouthundredorso pergramofsludge.This level ofcount

in pergrainof sludgeis still notsafeforhandlingasorganicfertilizer.

Examinationofworm-eggsparticularly of bookwormsandroundworms demonstrates
that from the initial concentrationof about4500eggs/ginthecountdecreasedto nil or a

few eggsof hookworm, and to abouthundredper gramfor roundwornis by 12 months

of digestion in pits. The roundworm eggsarereportedto be very persistentand resist

destructionunder variety of adverseenvironmentalcondition. The count is still not

within safe handling for roundworm - the most important indicator eggsfor faecal

pollution detectionhavingdiseasepotential.

The incidenceof backgroundconcentrationsof faecal indicators(T.C., F.C. & P.S.) in
the field and kitchen garden soils reflect that kitchen garden soils are prone to

contaminationby faecalmaterials.Their numberswasas high as 500 cfu/gmof sludge.

Normal field soils were almost devoid of faecal coliform. The relatively high

concentrationof total coliforni iii field and kitchen gardensoils reflects that theT.C.s

could have beenadaptedor naturalizedwith field conditions and could only serveas

presumptiveindicator.

The incidenceof worm-eggsof both roundworm and hookworm in field soils at 8th

samplingwas nil or was presentin insignificant (2-4 cfu/grn) numbersascomparedto

digestedexcreta(Figures1 - 10).

The fertilizer value of digestedsludge appearsto be high particularly for nitrogen

(3.85%) followed by phosphorus(1.82%)and potassium(0.86%).The fertilizer values

slightly decreasedat 14 and 16 monthsofdigestion.Thesehavepotential for usein our

agriculturalsoils poor in organicmatter.Theseconcentrationsareveryhigh ascompared

to evenvemy rich organicfractions/organicmatternormallyencounteredin soil.
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10. CONCLUDING REMARKS - I
Laboratory examinationson pathogensurvival rate in filled-up latrine pits at two

differentwater-tablezoneswasstudied.Thesamplingschedulewasat 2-monthinterval

until 16 months. -

Tests for threepathogenindicator bacteriae.g. (a) total coliform (T.C.), (b) faecal
coliform (F.C.) and (c) faecalstreptococci(F.S.) includingeggsof(d) roundwormand

(e) hookworm also as faecal pollution indicator were carried out. With increasing

digestion time (up to 16 months in filled-up unusedpits), counts of most pathogens

decreasedremarkeblyto avery low level but did not completelydie-off Only eggs of

hookwormwerenotdetectedat 14th and 16th monthsin both the watertablezones.

On quantitativeexaminationit was revealedthat the initial count of T.C. of around50

million cfu/gm of sludgedroppedto aboutan averageof 3,800 total coliform cells/gm. I
This indicatesconsiderablenumberof T.C. cellsafter 16 monthsof digestion in closed
pits. Theslowing downofsurvivalratearound6th, 7th and 8th samplingis indicativeof’

adaption/naturalizationof total coliform cellswith thesludge.AlthoughT.C.servesasa

presumptiveindicatorof pollution, furtherdecreasein theirnumberis desirable.

The persistenceof faecalcoliforni (F.C) in sludgesamplesalthoughat a very low rate
suggestsits pollution potential. Initial numberof FC ofabout500,000cfulgm gradually

droppedto about 100-168cfülgm with durationof digestion time upto 16 months.It is

evidentfrom laboratorytestingthat thisfall in numbersis associatedwith extendedtime,

temperatureand depletionof nutrients or generationof toxic metabolicend products. I
However, the count still posespotential threat to disease.Total destructionof faecal
cohiform may not be attainedconsideringthe natureand environmentalconditions to

which theF.C. areexposedundertropical weatherconditions.

The initial averageconcentrationof the faecalstreptococci(F.S.)was relatively fewer I
than faecal cohiform count and stood at 470,000 cfu/gm. With extendedduration of -

digestion, the cell numberdecreasedgradually and at 8th sampling (16 months) the

countrangedbetween60-70cfu/grnofdigestedsludge.

The statusof faecal streptococci is comparablewith faecalcoliform — botl1 of which

decreasedto very low level. But this count(60-70cfulgin) in sludgeis still higherand as

such not within safety range of handling. Further drop is expectedwith extended

digestion period but complete elimination may not be attained owing to several

nutritional and environmentalfactors intrinsic within fermenting/digestingexcretain

pits I
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The survival rateof worm-eggse.g. roundwormmet almostsimilar fateashasoccurred

with faecal indicatorbacteriadescribedabove.Although their initial countwas much

lower (about3000eggs/gm)— their persistencein sludgewasremarkableparticularly for

roundwormat LWT areaat Rupganj.Thenumberofroundwormeggsdecreasedrather

steadily at both the test sites. Their count per gram stood between5-30/gm at 8th

sampling. Will) extendedtime at 16 months the count of hookwormwas completely
extinct from both theLWT andT-IWT zones.Roundwormcells are relatively resistant

to decay/destruction,the eggs of hookworm decreasedfaster amid was completely

eliminated at 16 months owing to their susceptibility to adverseenvironmental

conditions. - -

Backgroundcountsof pathogenindicator bacteriaand roundworm and hookworm
eggsin field and kitchengardensoils ofGazipurandRupganjareaindicatethat eventhe

field and kitchen gardensoils contain considerablenumberof total coliform bacteria

(2000-3000cells/gm of soils) which is slightly lower than the countsrecordedat 16-

month digestionwith digestedsludgesamples.The occurrenceof faecal coliform and

faecal streptococci was niore in kitchen gardenthan in field soils indicates faecal

pollution of thesesoils. Their occurrencein field soils particularly of faecalcoliforin
was very low or nil (30-35/gm).The countsof worm-eggswere also nil or very low

reflecting (he necessityof further reduction in numbersof indicator bacteriaor worm-

eggs in pit samples.Comparablehighernuitihersofpathogenindicatorbacteriain sludge

samplessuggeststhe role of organic amid inorganic nutrients that supportedbetter

adaptationof thepathogensin pits than in kitchen gardenor field soils.

The chemicalanalysis of digestedexcretafor nitrogen, phosphorus andpotassitmnias

fertilizer elementssuggeststhat thedigestedfaecalmaterialscontainhigh concentrations

of the threemajor fertilizer elememitsrespectivelyat 3.85, 1.82 and 0.86 percent.The

fertilizer values almost remainedsteady until 14 months of digestion; their values

decreasedsomewhatat 16 monthsof digestionbut still haveexcellentpotential for use

asorgnaicfertilizer.

II. RECOMMENDATION

It appearsfrom the laboratoryexaminationsthat the initial concentrationsof pathogens,

both bacterial indicators and parasitic eggs, were very high that ranged between

500,000to about50,000,000per gramof sludge.A comparisonof time initial and final

counts, after 16 months of digestion in pits reveals that more than 90% of the
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pathogens/indicatorshavebeeneliminated. Although the count of survivors aremuch

lower for FC andFS, 60-260/gmof sludge, total coliform numberwas much higher I
(about 4000/g)still posespotential threat to health and hygiene.This level of survival

rate is beyond the limit of acceptancefor safe handling when compared with

international standard(World Bank, 1983: WHO, 1989; Pleasesee Section 3.5).

1-lowever, the decreasingtrend of pathogenswith increasingresidencetime in pits are

encouraging.The long persistenceof pathogensis indicative of their adaptationor

colonizationwith thesludgein pits.

Sincemost pathogenindicatorbacteriaincluding the worm-eggsof roundwormwere
not completelyeliminatedevenat 16 monthsof digestion in pits, it maybe suggested

that tinder tropical weathercondition of Bangladesh,the pathogenssurvivesbetteramid I
hence probability of adaptation increasesas comparedto temperateenvironmental

conditions. I
Thelimit valuesfor safehandlingof digestedexcretasetby World Bank studies(1983)
and WHO (1989) appearto he stringent for Bangladeshconditions.Hencea relaxed I
limit values for pathogenshave been suggestedfor safe handling of excreta. A

comparisonof’ the proposedlimit valuesfor Bangladeshwith that of World Bank amid

WhO is given below: - -

Guideline valuesof pathogensin digested excreta for usein agriculture 1
Pathogens World Bank

(1983)
WHO
(1989)

Recommnededlimit
values for Bangladesh

Faecal coliform

Faecalstrep.

Ascariseggs

100/100gin

100/100gm

10/100gm

1000/100gm

-

1/100gm

2000/100gm

2000/h000 gm

500/100gm

Sincethe pathogensdid not completly die-off evenat 16 months of digestionin pits,

specialarrangementsmayhaveto be takento sundryor coinpostingofthe sludgewith

kitchen/organicwastes.Exposingthe sludgeto a temperatureof around50-60°Cmight

accelerate completeeliminationor attaining safe limit valuesfor pathogenhandling It
will hopefully be safe for using in agricultureas organicor biofertilizer.
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Table 1

Survival Rate of Total Coliform in filled-up pits

Pit No.

(with closing dates)

SampleNo.

with depth

ConcentrationofTotalColiform

(pergram)
1stSampling

31/7/95 &
01/8195

2ndSampling
1/10/91 &
2110/95

3rd Sampling
2/12/95 &

3/12195

4thSampling
1/2/96 & 212196

5th Sampling
4/4/96 &

5/4/96

6th
Sampling
1/6/96 &
3/6/96

7th
Sampling
16/8/96 &
20/8/96

8th Sampling
15/10/96 &

16/10/96

I (Gazipur)
05/07/95)

1(2’ depth) 5.3 x i0~ I 2 x 106 2.0 x i03 I.1~x10’ 1.0 x iø~ 2.0 x 10’ 3.3 x i03 3.0 x 10’

2(4’ depth’~ 2.8 x 106 4.8 x 10~ 6.0 x 1.0 x 0.9 x 10’ 1.1 x ~ 2.7 x 10’ 2.8 x

2 (Ga.~pur)
25/05/95)

3(2’ depth) 2.0 x i07 3.0 x 106 1.2 x i05 1.7 x ~ 1.5 x 10’ 1.6 x LO~ 3.8 x 3.6 x 10~

4(4’depth) 2.1 x 106 1.1 x 106 3.5x IO~ 2.Ox ~ 1.7x iø~ 1.7x i04 3.2x 10’ 3.Ox IO~

3 (Gazipur)
07/06/95)

5 (2’ depth) 2.5 x 106 1.8 x 106 8.0 x 4.2 x IO~ 4.0 x 4.0 x 1O4 1.8 x 3.4 x 10~

6 (4’ depth) 1.4 x 106 8.4 x i05 4.0 x ~ 5.5 x 10~ 5.0 ~ iü~ 5.0 x j~4 7.0 x 10’ 8.0 x

4 (Rupganj)
12/06/95)

7(2’ depth) 7.1 x [06 1.0 x 106 8.0 x IO~ - 4.5 x I0~ 4.0 x IO~ 4.0 x IO~ 2.0 x iø~ 1.0 x i0~

8(4’ depth) 1.2 x 106 5.8 x 1O5 1.0 x IO~ 2.1 x i0~ 3.0 x 3.0 x 10~ [.5x iø~ 1.4 x

5 (Rupganj)
17/07/95)

9(2’ depth) 1.0 x iü~ 2.2 x 106 7.0 x 3.3 x 10~ 3.1 x i04 3.1 x ~ 2.6 x iø~ 2.1 x tO4

10(4’ depth) 2.3 ~ 106 1.1 x 106 3.0 x 2.5 x 2.1 x i04 2.1 x ~ 1.5 x tO4 1.4 x IO~

6 ~Rupganj)
15/05/95)

11(2’ depth) s.~x 106 2.0 x 106 1.5 ~ 2.0 x 8.0 x IO~ 8.0 x 10’ 2.5 x j~4 2.1 ~ 1O~

12 (4’ depth) 3.5 x 2.0 x 10~ 1.0 x i05 1.5 x 1.2 x LO~ 1 2 x t0~ 2.0 x IO~ 1.7 X iü~



Table : 2

Survival Rate of FaecalColiform in Filled-up Pits

Pit No.

(with closing
dates)

SampleNo.

with depth

Concentration FaecalColifornis
(pergram)

1st Sampling
3117/95& 01/8/95

2nd Sampling
/10/91& 2/10/95

3rd Sampling
2/12/95& 3/12/95

4th Sampling
112196 & 212196

5th Sampling
4/4/96 & 5/4/96

6th Sampling
1/6/96 & 3/6/96

7th Sampling
16/8/96 & 20/8/96

8th Sampling
l5(1O~S6& (6/1Q196

1 (Gazipur)
05/07/95)

1(2’ depth) 7.5 x i05 1.1 x iO~ 8.0 x I0~ 2.2 x 102 1.7 x 102 2.0 x 102 2.1 x 102 0.9 x 102

2(4’ depth) 7.0 x iü~ 3.5 x i04 1.5 x iü~ 1.2 x 102 1.0 x 102 2.3 x 102 1.9 x 102 0.8 x 102

2 (Gazipur)
25/05/95)

3(2’ depth)_ 7.4 x io~ 4.0 x ~ 5.0 x iü~ 3.5 x 102 2.5 x 102 2.6 x 102 2.0 x 102 0.7 x 102

4(4’ depth) 1.1 x ~ 9.0 x. ~ 3.0 x ~ 2.2 x 102 2.0 x 102 2.3 < 102 1.1 > 102 1.0 > 102

3 (Gazipur)
07/06/95)

5(2’ depth) 6.5 x ~ 2.1 x i05 1.5 x io~ 3.8 x 102 3.0 x 102 2.5 > 102 1.8 x 102 1.7 x

6(4’ depth) 2.2 x i05 1.0 x io~ 8.0 x ~ 4.0 x i0~ 2.5 x ~ 2.4 x 10~ 1.5 x 102 1.0 x 102

4~Rupganj)
12106/95)

7(2’depth) 6.3 x i0~ 2.5 x i05 5.0 ~ i0~ 2.0 x iü~ 1.1 x i03 2.0 x 1O~ 1.5 x 102 1.5 x 102

8(4’ depth) 5.2 x i05 1.1 x ~ 2.0 x iø~ 1.0 x 1O3 2.7 x 102 2.6 x ~ 8.0 x 102 5.5 x 102

5 (‘Rupganj)
17/07/95)

9(2’ depth) 5.8 x ~ 4.1 x iO~ 5.0 x i04 2.2 x i0~ 1.7 x 102 1.5 x 102 1.8 x 102 1.7 x 102

I0(4’depth) 2.5x i05 2.1 x i0~ 1.Ox 10~ 5.Ox 102 4.2x 102 4.7x 102
1.7x 102

1.Ox 102

6 (Rupganj)
[5(05/95)

11(2’ depth) 2.5 x 10~ 4.8 x iO~ 8.0 x 10~ 4.0 x 102 3.0 x 102 3.7 x 102 2.4 x 102 2.1 x 102

12(4’ depth) 4.4 x I0~ 1.1 x iO~ 1.0 x i04 3.0 x 102 2.0 x 102 2.1 x 102 1.3 x 102 1.0 x 102
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Table:3

Survival RateofFaecalStreptococci in Filled-up Pits

Pit No.

(with closing dates)

SampleNo.

with depth

Concentratio
n of Faecal
Streptococci

(per gram)

1st Sampling
31/7/95&0I/8/95

2nd Sampling
l/10/91&2/10/95

3rd Sampling
2/12/95&3/12/95

4th Sampling
112/96&212/96

5th Sampling
4/4/96&5/4d96

6th Sampling
1/6/96 & 316/96

7th Sampling
6/8/96 & 20/8/96

8th Sampling
15/10/96 & 16/10/96

I (Gazipur)
05/07/95)

1(2’ depth) 7.1 x 10 ~.o~ io4 0.5 ~ io3 0.3 x 102 0.2 x 102 0.3 x 102 0.4 x 102 0.3 x 102
2(4’ depth) 52.6 x 10 1.0 x ~ 6.0 x 10~ 2.2 x 102 1.3 x 102 1.4 x 102 1.1 x 102 0.7 x 102

2 (Gazipur)
25/05/95)

3(2’ depth) 2.2 x iO~ 1.2 x ~ 3.0 x i03 1.7 x 102 1.2 x 102 1.2 x 102 0.8 x 102 0.5 x
4(4’ depth) 1.5 x i0~ 1.5 x 10~ 1.0 X 10 0.7 ~ 102 0.8 x 102 1.1 x 102 1.0 x 102 0.6 x 102

3 (Ga.zipur)
07/06/95)

5(2’ depth) 5.0 x i05 5.0 x 10~ 1.4 x 1O~ 1.3 x 102 i.~ ~ ro2 1.0 x 102 0.9 X 102 0.7 x 102

6(4’ depth) 41.3 x 10 3.0 x i0~ 1.2 x ~ 0.8 x 102 0.8 x 102 0.7 x 102 1.0 ~< 102 0.8 x 102

4 (Rupganj)
12/06/95)

7(2’ depth) 2.0 x i04 1.0 x i03 0.8 x ~ 0.4 x 102 0.3 ~ 102 0.8 ~ 102 0.7 x 102 0.3 x 102

8(4’ depth) 1.0 ~x_10 2.0 x i0~ 1.8 x i0~ 1.4 < 102 2.4 x 102 2.2 x 102 1.0 x 102 0.8 x 102

5 (Rupganj)
17/07/95)

9(2’ depth) 1.7 x 10~ 1.5 x i03 1.2 x ~ 0.9 x 102 11 < 102 1.0 < 102 0.9 x 102 0.9x 102
10(4’

depth)
1.0 x 106 1.3 x ~ 1.7 x ~ 1.2 x 102 1.2 x 102 1.1 x 102 0.8 x 102 0.8 x 102

6 (Rupganj)
15/05/95)

11(2’
depth)

2.0 x i0~ 0.75x 10~ 0.4 x i0~ 0.4 x 102 0.3 x 102 0.5 x 102 0.9 x 102 0.7 x 102

12(4’
depth)

44.0 x 10 3.0 x ~ 0.8 x i0~ 0.7 x 102
‘

0.4 x 102 0.3 x 102 0.4 x 102 0.7 x 102



Table : 4

Survival RateofRoundworm-eggsin Filled-up Pits

Pit No.

(with closing dates)

Sample No.

with depth

Concentrationof Roundworm-eggs(Ascarislumbricoides)
(per gram)

1st Sampling
31/7/95 & 01/8/95

2nd Sampling
1/10/91& 2110195

3rd Sampling
2112/95& 3/12/95

4th Sampling
1/2/96 & 2/2/96

5th Sampling
4/4196& 5/4/96

6th Sampling
1/6/96 & 3/6/96

7th Sampling
6/8196 & 2018196

8th Sampling
l51l01’?6 & 16/10196

1 ((3~jpur)
05/07/95)

1(2’ depth) Low(100 1000)
Low
(100-1000) 42 45 29 Nil Nil Nil

2(4’ depth)
Moderate
(2000-5000)

Moderate
(2000-5000) 40 35 27 35 15 5

2 (Gazipur)
25/05/95)

3(2’ depth)
Low(1001000) Low

(100-1000) 140 l 10 57 42 18 10

4 (4’ depth) Low([00-1000)
Low
(100-1000) Nil 30 30 25 12 7

3 (Gazipur)
07/06/95)

5 (2’ depth) Eligh>5000 High>5000
Nil Nil Nil Nil Nil Nil

6 (4’ depth)
Moderate
(2000-5000)

Moderate
(2000-5000) 745 330 210 165 55 12

4 (Rupganj)
12/06/9 5)

7 (2’ depth) Eiigh>5000 High>5000 7,413 2,250 1,900 1760 410 20

8 (4’ depth)
Hig> 5000 Moderate

~ 5000) 2,065 1,150 780 610 235 29

5 (Rupganj)
17/07/95)

9 (2’ depth) Moderate
(2000-5000)

Moderate
(2000-5000) 420 220 187 200 105 40

10(4’
depth)

Low
(100-1000)

Low
(100-1000) 1,025 650 510 382 110 32

6 (Rupganj)
15/05/95)

[1(2’
depth)

High>5000 Moderate(2000-5000) 2,053 1,130 830 610 210 15

Moderate
(2000-5000)

Moderate
(2000-5000) 1,680 1,260 530 218 39
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Table: 5
Survival RateofHookworm-eggsin Filled-up Pits

Pit No.

(with dosing
dates)

Sample No.

with depth

Concentration ofHookworm-eggs (Ancy(ostoma)

(pergram)
lstSampling

31/7/95& 01/8/95
2nd Sampling

1/10/91 & 2110195
3rd Sampling

2112/95& 3/12/95
4th Sampling

1/2/96 & 212/96
5th Sampling

4/4/96 & 5/4/96
6th Sampling

1/6/96 & 3/6/96
7th SamplIng

6/8/96 & 20/8/96
8th Sampling

15/10/96 & 6/10/96

1 (Gazipur,
05/07/95)

1(2’ depth) Ancylosioma
Low ()001000)

Ancylosioma

LOW (100-I000)
41 (Ancylostorna 30 (Ançylos:onia) Nil Nil Nil Nil

2 (4’ depth)
E,uerobius

Moderate (2000-5000)
4ncy/osto.’na

Moderate (2000-~000)
TrlcJnzrzsmoderate

Nil 200 (Thchwir) Nil
Nil Nil Nil

2 (Gazipur
25/05/95)

3 (2’ depth) Ancy1osto~naModerate
(2000-5000)

.4ncylo,sroina

Moderate(2000-5000)
Tnchurisrood. (2000-
5000)
Then/asagmala(2000-
5000)

42 (Trrclniris) 21 (Trichuris) Nil
Nil Nil Nil

4 (4’ depth) Nil Nil Nd Nil Nil Nil Nil Nil

3 (Gazipur
07/06/95)

5(2’ depth)
1prcy/osto~’na

Low(100-1000)
~1ncy1osroma

Low(100-1000)

Ti-iclun-is (Moderate)

Nil Nil Nd
Nil Nil Nil

6(4’ depth) ~1ncy1atIorira

Low (100-1000)
Aocylostoma

law (100-1000)
Thchuris(100-1000)

92(Ancylostoma) 60 (Ancylastoma) Nil
10 Nil Nil

4 (Rupganj
12/06/95)

7(2’ depth)
Nil Ancylostonia

Low (l00-l000)
325(Ancy/ostorna)

320(l’rlthurte)

200 (Ancylastoma)

110(7’ndruris)

100 (Tnthurzs) 89 15 Nil

3(4’ depth)
Nil

Ancylostoma

Low(l00-l000)
Enzervblus(2000-5000)

245 (Ancylostoma)

175(Tnchw-is)

130 (Ancylostonia)

60(Tric)nwzs) 100 (Tnchw~s)

210 25 Nil

5 (Rupganj
[7/07/95)

9(2’ depth)
Nil Ancylostoma

Moderate (2000-5000)
42 (Ancy1osto~na) 22 (Ancylostonia) Nil Nil Nil Nil

0(4’ depth)
Nil Taeniasaginaza

Low (I00-.l000)
223 (Ancylostoma)

140 (i’richurls)

105 (Ancylastoma)

125 (Trzchurrs)

30 (Trichurts) 30 Nil Nil

6 (Rupganj
15/05/95)

Il (2’ depth)
Nil

-____________

Ancylostoma

Low(lOO-1000)
280(Ancylostonra) 150(Ancyias:oma)

30(Tridiurzs)

30 (Ancylaszorna)

60 (Trichuris)

93 10 Nil

2(4’ depth)
Nil Nil 140(Anci~!os1o,na)

- 34 (Triclivrzs)

Nil Nil Nil Nil Nil
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-I : Count of total coliform bacteria in sludge
Study site: Gazipur, LWT (dry) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-2 : Count of total coliform (mostly E.coli) in sludge
Study site : Gazipur, LWT (dry) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-3 : Count of fecal streptococci in sludge
Study site : Gazipur, LWT (dry) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-4: Count of roundworm eggs/ova in sludge
Study site : Gazipur, LWT (dry) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-5 : Count of hookworm eggs/ova in sludge
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figurè-6 : Count of total coliform bacteria in sludge
Study site : Rupganj, HWT (wet) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-7 Count of feacal coliform (mostly E. coil) in sludge
Study site: Rupganj, HWT (wet) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-8 : Count of feacal streptococci in sludge
Study site: Rupganj, HWT (wet) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-b Count of hookworm eggs/ova in sludge
Study site: Rupganj, HWT (wet) area
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SURVIVAL RATE OF PATHOGENS IN FILLED-UP PITS

Figure-9 : Count of roundworm egg/Qva in sludge
Study site: Rupganj, HWT (wet) area
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