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FORE~/~RD

The task of providing drinking water enc’ acCI ~ ~.o ~l1

~people in the region within the period of the In~er ~i i~iifl—

king Water Supply and Senitation Decade (198i-~O) is a

ilenge. Low cost technologies that r~etisfac’1~oi’~Jy work are within

the reach of most countries. Two of the important re~iu~’~ments

o±~the success of 10w cost technologies ere s~cia~ accep~ance by

the users and proper operation and nî~intenence of th~ systems.

Ground water is the mei sour~ie of aafe drLn~dng or ooteble

water in Bangladesh. But this sour~o may be pol!uted hy various

environmental conditions end human ~ctivities. At present, in

Bangladesh, installetion of hand puc~ped shallow tube-•wells by DPHE,

Govt. of People’s Republic of Bengl~deshwith the he’r o:’i~ UNICEF

is going on in wide scale. In paratlel with this programme~ the

installation of pit—latrine to dir~pose faecol m8~ers which are

the sources of many diseases, h~s~1so been taken up by the same

agencies. Both the programmes are expected to benefit the people

enormously. But there is e possiliility of contaminationof sha—

how aquefer from pit—latrine and from this aquefer level water

is drawn by the hand pumped shallow tube-welis. To ascess this

problem, this study was teken up in coliaboration with DFHE assis—

ted by WHO and UNICEF. During this study it was keenly felt that

the ac-tive collaboration/participetion of microb~oLogists, chemists,

hydrogeologists, sanitary engirieers, etc. are esc~n~iellyrequired

for successful completion of such studies. Eut~- unfc~’tunate1y

this could not be properly achieved mainly duo to 1C~Va11ahiTLLtY

of’ the services of the hydrogeologist. The oii~e~-d~ff5~n~Eties

enôountered including the shortcomings of the Prc~j~. :c~’~coi

have- been discussed in the report.
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1
However, some valuable data have been obtained~ BU acoordifig

to this report based on these data, this etody ccn not be termed 1
8S ‘completed one’ rather it indicates that further studies follo— 1
wing the much more well planned progreramesshould be cerried out

to assess the situati~n and solve the problems. To help in this

matter two chapters “A short Review of Literaturo~ and ~

dationsand Guidelines” in which sorne similer important studies end

studies on the related problems have been discussed, and a good

nurnber of suggestions have been made for proper designing of

project programmes on such study.

We, regret that e consid.erable airiount of delay bas ocourred 1
dus to reasons beyond our controL,

Hepe, this report will bo found beneficiel for further study

es mentioned. above and for the soientis~who are engaged in Ground 1
Water Pollution Research. -

1

Dated : Dhaka ( Dr, S.F. Rubbi )
Junè 1987 The Principe].

Co—ordiriator of
the Project

and - 1
Director,
Institute of Pood
Science and Teohnol.ogj
(IFST), Bangladesh
Council of Sotentifto
and Industrie). ReaØarcb~
(BOSIR), Dhak~.
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1. GENERAL INTRODUCTION

1.1 The cheap and easy ways to supply safe drinking water to

ru~ral people and to dispose human feecel matters in the rural

area in developing coun-bries Like Bangladesh v~here water—borne

diseeses are most prevelent, are the instailations of hand oper—

ating sheltow tube wells and pit—letrines respectively.Depert—

ment of Public Heelth Engineering (DPHE)-, Government of People’s

Republic of Eangladenh ~~ith the assistance of UNICEF and WHO

are already active in instelling such systems

1.2 But if the gi~ound water is contamiri~ted hy faecal pollu—

tante from the pit—latrine~ it is ~ery iikeiy that shellow tube.

well will not supply safe drinking water~ Some pioneering work~

have alreedy been done in different coun-bries to monitor the

travel of pollution from underground feecel matter disposal

systems, causing poliution to the underground waters, but her—

dly any such work h~s been done in. Bangladesh. Accordingly,the -

ebove mentioned agencies prepered a project (~‘PouLution of

Ground Wat9T from Pit—letrine~) end IFST, BCSIR was re.quest~d~

to do the chemicol and microbiological enalyttoal works as

preecribed in the work—plan of the project, BOSIR W~s not

involved in the preparatiori of the project.

1.3 Lînfortunately, the work plan of the project did not take

into account to cireate idee). experimental conditions and it wa.s

not possible to recast the work—plan as it was needed with the

progress of works, for unavoidabie reasoris.
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However, some modifications were done, but these did not produce

the èxpected results. Moreover, hydrogeologicel studies (for which

IFST,BCSIR was not responsible) of the project have not been carried

out thoûgh repeated reque-sts were made to the concerned agenci,es by

IFST~BCSIR~Consequent].!y, though some veluable resulta were obtai—

ned, rit ha~ not been possible to estabLish the fact whether the

pi-b—latrines were respon~.siblefor the contaminetion of the mpni—

toring tube wells, hence the ground water. These pointa have been

~i~scuss~ç,d in more details in appropriate chapter of this report

alongwitti other difficulties faced during the investigatioris.

~ ~The worka done by IFST~ were periodicalLy discussed by a

revi~ewcommittee çonsli,tuted by the representatives from IFST,DPHE,

UNICEF and WHO and studies ware carried out according to the deci—

sions of the committee in the lisht of the werk—plan. of the project

1.5 In this report, the resuits of chemical and bacteriological

analyses of a large number of water sampLes ,oilected from the

selected monitoring shalLow tube welis have been described along

with recommendetions and guidelines for further studies in future,

1
1
1
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2, A Short Review of Literature

2.1 General Considerations

There are not many published communications directly deeling

with the subject UGround water pollution from pit—latrine”.But there

are a number of publications d~aling with. the fectors which are con—

nected with this problem. Lewis et al (1980) reviewed many of such

publication in n report which has deelt with the vital napecta of

the subject. It is cleariy shown. that the bacteriology of low oost

sanitation es this, which comprises of installations of shaliow tube

weils for water supply specially in the rural area and unsewered
require

faecal disposal systems such as the use of pit—latrine/thorough abu—

dies involving many factors whtch may be broadiy divided

into three groups of studies (a) hydrogeological (‘o) chemical and

(c) microbiologtcal of course, the technological aspecta concerning

the instaliations of such systems ahould also be given proper consi—

derstions. The need for such low coat sanitatiori rneesures dealing

witb. the supply of safer er hygienicelly pure water to the masses

specially in the rurril arees ~nd di~posel of human feecal mat-bars

could not be over omphasized in developing countries like Banglade~h

because the alternative ways, the supply of piped water or sewearege

system for disposal of feecal matters clearly involve such high coat

not feasible in our sitietion. However, they have also pointed out

that the estahlishment of such systems (low coat sanitation) ere

cleerly influenced by hydrogeologicel and matoriological conditions

of the particular area.
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2.2 Weter—Borne Diseases and Diseases Caused by the
Faccal Matters

Feachem et al (1980), Salvato (1972) and Bredley (1977)

have compiled compreherisive list of such diseases. The most of

the water borne diseeses are of enteric types and mast prevelent

- ir~ Bangladesh. The causat ive agents are generally (a) bacteria

(b) viruses, (c) protozoa and (d) helmintF~s. They are traced to

be of faec~l origin. Many of the deseesesmay be vector borne

but water polluted by feecal mattera are perticulorly responsible.

These facts indicete the vitol need for bygienic dtsposal of -

faecel mattera as well es supplyof pure dornestic water. As said

-~ above, the instellations of hand pperated sheLLo~r~tube well end

pit—latri_ne may be regarded as the r~ost precticnl and cheap

solution. But there is one potentiel danger, feecal meters

from the pit—latrine rney be trensmitted to the ground water and

consequently, the water oupplied by the shallow tube well may

be contaminated by thu pnthogens of f’eecal origin. 1±’ this

occurs, the whole a~mof prevention of theso diacones are in

zeopardy and many authors have shown that this can happen if

the proper precau~ionsare not taken. The disenses caused by -

pro±ozoa and heLminths b~cround water are not likely es they

are supposed to be etimineted by soil ~rofiles bece’use of their

relatively bigger sizes. (Lewis et al, 1980).

There is another type 0±’ dtsease of hobiescelled matheo—

mogiobinaemia which may be originoted by wate~,poltuted by

excessive nitrete content of foecal matters transmitted to

ground water from septic tank type lotriries (which include pit—

latrine also, Lewis et al,198O and Woodward et al, 1961)
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2.3 Transmisoion of ~ollutants from Ftt-letrine to
Ground Water: - - -

1 - - - Hydrogeologicel features play ~reat roles in the trevel

I of polLutmon trom pit—latrine to ground water or the aquiferfrom v~hicf~nater is pumped hy hand operoted shollow tube welIg.

The soil space hetween the pit—latrina and the ground water,

lateral or verticel is the ~ajor detcrrniuing factor depending

1 on the soil characteriatic~. It is noparen~that the bot-bom of
the pit—latrine is abave the water table so there muSt be en

1 unsatureted ooit profile between the latri~e and the ground

i water. The latoraL spacing is llrectly oreser~band this also isimportant. Actu-~lly bhu nim af toveotigatiano is to find out

1 the suitable voirticul spacing betweeri the pit—latrine and
ground water and leteral spacing between the shalL-aw tube well

1 and the l-3trine. Howevor, in some porta of this country the

‘ water teble is very high a~dduring the flood seasons it may be

higher than the hottom of the pit—l~-brine~So the finding out

1 of the optimum lateral spacing between the two systems is mest
needed. Mnr~yfactors woich tnfliencc travel of pollution

1 through the soil profiles are required to be studied to achieve

I this objcctive. The soil profile vvhich to be taken into accountin this connec-bion may ho dividod into two zones, (a) unsaturated

1 which isabove the water tablo and (b) ~o natura-bed zone i.e.
the soil of the aquifer.

1
1
1
1
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2.3.1 Filtration and Adsorption of FotLut~nts in the Soti :

- Soil is a naturel berrier to the treval of pollution to

the ground water and in the ground water itself. Filtret ton and

adsorption play a great role in this respect (Eoars, 1957, T-lage—

dom, 1978, Buchan, 1956, M~Ginmis, 1983, Culdwell end Parr,

1937, Lewis et al, 1980). Filtretion of rnicraoragenisms i~

naturally dopendent upon the porosity of the soil, that meakos

smaller is the particle size, more is the filtrotion efficiency.

So the soils coritatning~the day rnetters are more effective in

this respect. Filtrntian copecity of’ the noils oround the

letrine increesos os the clc~jina of pores occurs due to the

film of bacterio as the time passos on.

Free jans in the soil~ are ahuridont (specioLly in day)

the bacteria and viruses may ho regarded es c~lloid~l particles.

80 adsorptton of bacterie and viruses on the soil particles

naturally occurs.

For chernicals, filtration opparently do not play very

significant rob but adsorptiau or absorption help much in

removiria chemicals from the infiltrating water.

It may be mentianed that in the upper leyer of saus,

where oxygen is approprtately available, mineraLization/

oxidation of nhicroorganisms and chomical occurs significantly.

But this natural effective quality of soil has littie part to

play for the feecal matters deposited in pit—latrine.
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2.3.2 Feecal Indicetorn

(a) Microbirt : Though foecal mattern contain protozoa and

helaiinthas which cause maag diseoses, but they are not much

important in ground water as st~ted obove. Moreover the deter—

mination af virus is costly and easily adoptable routine methods

are not aveibobbe. So for the determinstian of paliutton caused

by microhes to the ground water, the attention is naturally

given to nhc Jetoc~tonoud enusiorabion of suitabbo hacteria of

foecal oiri:in.

Jcechm ot ~l (~977) hnie recagtiized the following major

group af b~cteri~in HL~LTI~n. o~:erota Enteroh~cter in, Enterococci

Lectohocilli, C~ostrtdt:, Bacteroides, Bifidob~cterie and Eubac—

tans, I’iooyc ~ TT~lderaan (~974) exs~ainedthe faecol flora of

20, cii~iicaiLy heslthy JapaneseHewaitan mabes and found 113

distinct types of orgurilsrns. ~u it is not possible to determine

all possible types of bactenio in water for routine/monitoning

analyses, It is nc-eded to select some group of hactenia which

reoltobly ~ onid md icete the c outesinat ion of f~ecal matters

in water. These groups of’ f~eccil bactenia must fulfil the folbow-

ing cniteirma~

(e) Sormal habitat must b~ ~be gut of the warm bbooded animal~

(b) Present in fecoca in appi opniato nurnbers So that they

con ho detected even when hishly diluted.

(c) Norrristly shoubd proliferate extraenberal environmen-t.
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(d) Should not bo out—siurvived by the entenic pathogens end

the survtval chsrcctenistc, in general ~hould be similar

to the entenic pathogens.

(e) Thein modes of’ survival in the environment ~houLd be

appropniately known.

(f) Easiby ~daptabbe Lechniques for ~heir detection and

- enumeration are avstl~ble (Resnick and Levin, 1981).

Pan long time coliform group of b~ctonta bas been used

to assoso the quality of water refening to feecat pablut ton.

But total colifonms as inrilcotars of feecal have boen found to 1
be ineppaopi’ic~e es raang members af the coliform bactenia ar~

not of faec~l onisin (Uousso, 1965), ecn survive indefiniteLy 1
end grow out—side the gur af the wanmbboodedsaimels. Inadequericy

of coliforma ee index of water quality hes been discussed by

Dutka (1973) ~ dct~il. Na suegested the deterruination of faecal 1
colifanins and foecal stroptocacci for betten essessmentof

water quslit~1. In f~ct, faecalcobifonrns considened to be an 1
ideob bacteniel type for assesomentof foecal contamination in

water ~nd f’ood. Eschenichia eau, which is regerded as exclusively

naturel b~cterfeb flora of the sut compnises by far the mejority

of the f~ec~lcotifcrrns. But other hacLerin ; giving the typical

reaction of E.coli in routine method ore also inciuded in this 1
group. Bs~ley and Setdler (1977) have sbown that Klebsielbe

which occ’urs also in the environmont (Water, Vegetetion., etc.)

has the fair chance to ho necagnized as feecal cobiforms in

the usuel detectian and onumerstion mothods. However, this may

not be a great prablein in cese of ground water with reference

to polLution from pit—batririe, if direct beskage in the sampling

1
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I point does nat accur or the sampbos a~’e~ot contamineted by the
matters af the surface enviranment. But the deffenentiation of

1 f~ecal califaorns into specific types, would, obviously be help—
ful to exclude other sources of ground water pollution such as

1 ponds, rivers, canals, dnsins,

Fuecab streptococci (iricluding enteracocci) ere recognized

also as goed indicators of faecal poblution. Hagedorn et al,

(1978), Malbraari ~ Litsky (1951), Cooper and Remadan,(1955)

Barnes, 1956, Alb~Oof ei, 1952, Kabler, 1968, Kibbey et al,

1978, McFetei’s of al, (1974) M~tbur and Ramanathan(1966),

Mednek and Litsky (1960) have studied the different aspects of

suLtehility oi these ~rroups of becteria as faccal in.dtcator.

They have ocea found La ho more stoble in water and this makes

their reiative inportance in ~assessient of quelity of ground

water in which contamination may not be recent one. But the

rat ios of’ f~~c~bcabiforma to feeceb streptococci which indicate

the source af pollution do not hold good for ground water for

the same noason. Howevor, the dif’ferentiaLion of faecal strep~

tococci in differen-b spectes may be carisidered very helpful to

l~cote tno source of’ pollution as the same specific types live

in the gut of human.

I In recent times, some other eritenic organisma have beengiven considerable attent ton to be used as foecel irid icat ors.

I Lechevalier and Seidler (1980) showed interest in the presenceof coagulase posifive staphylocaccus in drinking water aS the

1 strains of staphybococcus pi’oduce eriterotoxin. Temple et al,(1980)

t -
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brought Salmanelle typhimurium into the picture shovutng its high

survival charactenistic. Bifidobacterie is gettina attention es

faecal indicator(ResnfckandLevin, 1981 ~nd Gytbenberg et al,

(1960). Reitler and ~eligmon (1957) studied the occurrence of

pseudomonasoeragina~nin drinking water and suggeeted to take

it inta account far nsscs~tngthe quality of drinking water~

Cbostnidiuri~fring±’ns (f’amorLy 0. webchii) has been

recagnized for long time Oj fsecel indicetor ~nd heing en spore

bearing or::rnism it con persist in water for long oeniods

(Feacheme-~~b, 1980)

Saaie of these faccel indiceforu raoationed ahove may be

deterrained 0100 with fnecal colifarma and f~ec~lstreptococci,

if not rautincly bef ponindic~-lly in essessin~ the poLlution of

ground water as supportnug evidence. Thore may ho difficutities

as essily adanteble no tSods for the daterrainofion os some of

these fsecal uidicatar have gat to bo estoblishad.

(d) CheLilcal : Chemical polluttan af ground weten have been

studi-ed by a number of cutbars (Beons, 1957, wordwerd et al,

1961, Buchor~and Key, 1956, Waodhutl, F.S 1931, Prwley.J.D.1982~

Dyer, et nl,1945., Reinhard and Velacchi 1982)opd others and in

ground water polbetanta auch es nitrete argnriic westes, neutral

s~lts, vobatile chemicals, oil, sobvents, spray subatances,

surfoctonts, etc hivo been fourad. In fnct oll the toxic meter—

tele depasited an the ~otL surfece or underground may contamine—

ted the ground water eventunlly, though rat surfo~a~nd in

subsoil miaerabization-proce~s or oxidation breeks these

substances considcncbly dupeiiding upon the ~vatl~bbity of oxygen.
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It is recognized that chemicol pollutents travel far ~nd

persist for langer poniads in ground water. However whenpollu—

tion emsuatiac from the pit—botnine is concerned, many of these

industnial and agnicultereb v;os-tes er chemicals do not mattermu~

Woodward eL cl, (1961), have put emphosis on nitrete and sur—

factant to cansider as the index of contstniuation in ground

water. Foecal matten to rich i~ nitrogenous compounds and

water coratnining surfactaats ~sed in damestic purposes may be

added to the baading of pit botninesi Dyer et al,(1945)

determtned am~norais,chlanides, condcctivity, scidity end pH

for assesoing feecal cantarninotian of ground water from the

experiroontal Letrirac-. ~manTaf these doterminetions of nitrates,

chborideu, canductivity end pH may be cansidered as hmghly

helpful for ro~initoring f’cecsb cantorninatian from pit latnines.

It may bo COOiflC 1tcd th--t, ~o-ctiy dce to dibutian effects and

sorne other factors iracluding the cail charnctcnintics of the

unso±crcted e s~turofed zanes of sail prafilec, these para—

meters shc-n doterLiried may not be found sigraificant even where

bacteniala-’ical indico-toro rare rebinhly faund.

2.3~3 Servivral of Fceca1 Orgeniarna (Bacteni-~ and Viruses)

in Soil and Ground ~Tater.

The uicr:orgsnisrns specially bactenio and viruses the

naturel habitat of which is the gut of warm bbooded aaimals

do not survivo in nmtural environment for indoftntte peniod

unless the grawth and survivel condittons are ovoilable. These

are hardly found in ground water. So the rete of survivel

(rather the rate of death) is correbotoci with the -travel such

organisms in the ground woter

t
t
t
t
1
t
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T A lange number of asehore (Harodarn, 1978), Mallmam and

Lits~y (1951-), Tempbe et ~b, (1980), McFetors, et al, (1974)

McFeters rand Stuart (1972) Gylienborge et ei, (1960) McFeters

et—~]r, (1972) nnc~ather~, have studned the survivol of eriteric

micr~orgariisms et different conditions. Lewis et cl, (1980)

and Feachom eL p1, (1977) b~vç~reviewed the ssb,~ectextenstve1~.

There are confltct ing ~oartn ~b~ut th~ hot tr sue’vivai o~the

two roast used types of faccnl md Icators, fnecal coltforms ~nd

feecal nt~outacooci. Nut ~iarreilv is accoofrad tb~t, in ground

water, fec-c~1streptoc~cci survivo lan :er tb~u faecal coliforms.

jvloreaver, it is reearnizel fict ~ucel ~te ~Lac ~cc i herdLy

pra1i~’ox’ete i,ri wptor.

In soil, ou~-vivcl of b~ctenisos well ~S viruses depends

much on tornpeea~ul’c ~L1J inaisfuc coitenta. fjCT;CY temperoture

and higher tompei’~ture bot h Iricrease thoir sLYr’j 1701 periods~

The pr~seuco~of ontragonistic hccteni~ ~ffocts the survivel of

feecel md icatars. With increasin seid ty, ~he survival of

bacteirte decrensea. Adsonbed ijirusea h~vcthe poastbility of

surviving’ lon,rer noiriod . The oroseace af rist~tont generelly

in the anus of o~’~Liic~ra ~~or tould obviously increose the

suryjvcl of bectenin ~ni evon roT~rowthof name ±secol md icetors

such pa frec~l csliformo may t~ko the pbnce. Inbaboratory

exponirneuLa Buirko c of r aabur (i936) hnve ~hovved that Escher—

ichia coli rney grow in wstur o ant~ining significently small

amount of orgo!-iic matter.
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The in~rmaions on ~the fact~rs ~ffecttng the survi’val~

of faecal indicetôrs in ground wat~rs are scantly. Rowever, It -

is apparent that the effect of temperature on Lheir survival

Is anabogous to tharof in soil. It is generally found~that,tn

ground water bacteria inciudin~g~faecaitypes sifrvive longer ~

in surface water. The chemicel net~u~’eof thé g~undweter such

as acidity and ~a1t~ity may a1so~ffec~ the survival of f8ecal
—‘ ‘ ~ 1 -

bectenia butthe presence of nutnientswould obviously help

their survivel. ‘ -

cbnsidening these facts, ‘it is quite obvious -that th~

survival of fa~cal bactenia and viruses venies much, bothin’

soils a~d-ground water according to the physical and chernical

nature of the particUlar zone. Their survival may even be èxten~ -

ded to several montlis under the favourable conditions.

2,~3.4 DëterminationofFaec.ai In~-icators

(a) Chern’ioel_Indicetors : Well’ defin~d procedures for the

deter~i’ri~t~ons of these pa~’am~te~’shhve been given in ~he

stand ~ma’thods (APHA, 1980). ~ome methods have been rnodified

time ‘~o time’ in the’ riewer editions. However, these procedures

may be considen~dsufficient for the purpose of monitoring

ground watér poilution chernical from pit—latnine. -

(b) ~BacteniaLIndicators: In the ebove discussion, the

de~ermin~tJc~n of faecal coliforms and faacal strepitoc000i have

been given the mast attent ton. The determinetio~i of othei” ~aoet

indicator orgatlisms discussed above, may be i~ëg~rded o~

qvidence- but sometime~ thes~ may be very helpfui spea~1v~he~~

qQZ3fusing or contradictory resuits are obteined.~
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(s)” Dètenmination of ~‘aecelCbliforms i:’In the recent timè~

~he-~titir~e ~~erminatians af’ f’c~ecaLco1iform~ and streptococci

aye~~~n~ademuch~~ier by using membrs~e filter (Mr) Te~h— 1
qu~’dnsteadnof c~nventioriai multiple tube most~probable t

numbe~ (MPI~) te~hnique.The methode of MF~\ndMPN techniqu~~

~fodecrmin~i~ris of’totel colifÖrms, faede~ coliforms and - -

~~ca)7streptococci have been elabonately descnibed 1n the,

rstandard méthod~:(~PHA,1986). However, there is alwa~s e con~ t
troversy over the tWQ types of the techniques and though now—a~

days, it is well recognized that one—s-bep MF methods have got

meny adventeges over MFN methode spectaliy referning to tho t
saving of tijii~, But this one stap technique is facing sorne well

~tabiished cniticisms specially ~n the case whene t~e feeca]. 1
contamination may not be recent ir~n~ture as in th~ case of

ground water. For shortening the time of the determin~+ion.of

coliforms by MPNmethod~ Lieber and Martin (1956) have deve1Q~

ped method using flourescent antibody. In this method e 1arg~

numbel’ of ~ample may be examined within short time b~y examin— 1
ing the slide prepar~d from 24—48 hours lactose bio~h dulture

treeted ~ith floui~esceht antibody. Seidier etai, (1981)~ Evens

et al, (‘1981e),Evans e~ 819(1975), Evans et al,(1981c),Pi~es~— t
wood and Strong (1978),Hsu ~nd Wiliiams (1981), Staddridge and

Delfino (198?) and Orabow et ai,(1981) also studied the differ-’ t
- ~ent aspects of MF techn~que in determinetion of coliforme ~olu~

ding feëcal ci~liforms and suggeated improvements in media and

techn~Lques~Their studies sh~v~th~t~suiteblemodificetions 1
should be- edop-ted in the ~onveritiorial IVtF or MPN methods es

±‘ound ~uiteb1e foi~ the t.Vpe of semples. 1
1
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1-t is recognized that the inhibitory effects of come constitue—

nts of selective media (such es lauryl sulfate, rosolic acid
‘1

etc) should be teken into account. Some studies have been oarr—

ied out on -the quality of the membrane filters having different

cheractertstics end mariufactured by different comparlies (Sche—

effen, et al, 1974, Biodsky and Schiemann, 1975 and Teun et al,

1980). They have showed the quality of the membrene filters

effect, the recovery of c.aliform group o±~bactenia to e consi.

derable extent. However, membirane filters having ~ood soaking

capability and pore size eround 0.45-,um, as suggested in Sten.’
l5th

dard Methode (APHA,1981,/edd.) may be considening sufficiently

suitable for monitoning the faecai indicators in routine 8fl9lJs.

sis which are required for de-termtning the faecel pollution in

ground water. The distributian psttern of the coliforms in

water has got direct influence on the assessmetit of the quality

hence the poilution in the sampies. Christian and Fipes (1983)

and Pipes and Christian (1984) have shown that the frequency

distnibution of coiiforms in water is not in normel er random

distnibution patterns, rather in negative binomial or lognormal

distnibution. Tuese findings should be taken irito ~ccount in the

determinetion of sample—nç~mber and semple volumes of in monitor~

Ing the feecal indicators in ground weten.

The presence of other bacteria in water may greetly

influence the determinations of coliforms (Reilly and Kippin,

.1983, Frenzblau et al, 1984, end Lechevallier and McPeters, -

1985) specielly in membrane filter technique due to their rnes~

kingaction or over growth en the membrane filter,
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al -

The greeten are the numbers af nan—califorma the less will ben,

i~~~reocvery of’ colif’orms. Franzblau (1984) suggested and ~n—

aenobic membrane filter techuioue for the iurlproved ~ecovery.-~

1’ ‘ —

The turbidit,y of” the sampie also has the similar effect

(Reilly and Kippin,”1983 and Lechevalhier et ol, 1981). The

particles causihg turb~dity ouders the colony focmations by ‘

colifonm~ In ~uch b~es ‘the determinotÏon by L~PNmethod may

be-- ad~ptedorT ~‘oeptic~ pre ltretion usÏrig membr~ne heving

porosity th T~gh~~hi’ch i~dicator organisms can pass, may also

be helpfu ~ intenferes the chloninotion of water

(LéChevalLi~’et ~1, 19~1).~

In determinations of colif’orms af the memhirujnes of th~

genus Envinia may ,sive abDerant resulta (Elrad,1942), white

klebsiclia may produce simil014, ch~ecteristics of foecal coli—

forma (Bagley and Seidlei~) in routine detection and enumera—

tion procedures~

~It~is ~anerally accepted that coliforms do not survive

~ ‘in water, so the effec~of time passed between

sampling and beginning of’ the ea~peniment is expected to influence

-the recovery of coliforma adversely. McDa~iels et al, (1985)

have studied the problem elabonetely and suggested that the

weten somple- should ho kast in ice a~d onaiyaed on the same day
1

A good numher of studies (mostiy done recently) have been

done on injury of coliforma (including feecal types) which ere

subjected to stress; and development er modifications of

procedures inciuding media for the recovery of such injured
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1
coliforme (iviilbauer and Jrossicz, 1959, Maxcy, 1970, 5cheusner

et al, 1971, Ray and Speck, 1972, Ray and Speck, 1973a, Ray end

Speck, 1973b, Btssonuetta et al,1975, Bissonnette et al, 1977,

Stuart et al 1977, McFeters et ~l, 1982, LeChe;ailier et al,

1983, LeChovallier and fcFeters, 1985). This injury which is

non—lethal in nature, may be done by chiorine ~nd other sèniti—

zers, freezing, heat a~dother enviroumentral factors, biologicel

interoctions (eg4, interactions with other hocte:rie),l~k of

nutnieuts, ~ctions of’ Fieavy ~~lts otc~ Though in examineti-’6i~

of ground 1~ateT] routine mehtodu have generally been f~lowed,

- ~ut it should be recagnized th~t sorne of the foctors by which

coliforms may be injured exist in under Ground coriditions

specially in the casa where the conteminatian may not be recent

one~s sucb, mt is suggested bh~t in nionitoring coliforma in

ground waters, improved methods developed for the recovery of

-±njured coliforms should be evaluated in panailel with the

Standard iJetiiods. -

•(ii) Detenminatiori of Foecol fttreptoc-occi

Foecol streptacocci generally occur in chains of differ—

ent sizes ~ud form coloctes on eiembrono filter or ragar piate 0fl

ifldividLlal chain basis. These choins but no-t the individual

celis ere regarded as colony fonmirig units (0FF). This chein

formation also a~ects the determinotion of numbers by MPN-

me-thod. 50 in quanti-tative determinations may sornetime~,produce
r)

conflicting or conf’usinp nesuits, specially in conditions .when

cheins braak up end this condition prevails ~n olfter cultures

which is likely to be found in groundwater. ‘-t.
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So, th~-quontitative sspect~of deterriinations of feecal

Strept.ocacci may not coll~eiste \1jth the dep-ree of pollution in

ground water.

In the Standard idothods (j~FTL~,1981), the ~‘ell establish— t
ed methods for the doterminstios of f~ecal sti’eptococci have

been given. Povlova et al, (1972) studied iJfforcnt types of t
media for ‘Jetection and enunieration of fac-cal streptococci and

suggeste’i ocLierne ny ‘h~cLi diPtorent tyoas of faecal Streptoco—

cci could he determined. Such differentin’hian should be consi— t
dered s~veny ‘ie Ipiul in locattop the sourcc. Cooper ond Rema—

dan (1~55) also cLrriu-Li ceL -s el~Uon~teotudy en -the dif’feren— t
tiation of human a~d ‘iusc’l Lypce oJ’ fnec-~l r~troptococci.

Barnes (1956) sn~yestedthe rediction of totnozoliurn salte as

a means oP diffeacutti-tin ‘ft:~oatccaccifaocelis from S. feecium 1
es these two types of’ feecol atrept acocci sh~remnuy common

characteriatica. It may be uneuttoned that in hem n foecal t
streptocacci group, 3. ~aecalts is regarded as the most promi—

nen-t one. So in oases~ing the poiletion of’ utTldc-rground weten in

reference to pit—istnine, the deter~inctcan of S.±’aecalismay 1
be very helpful.

t
It may be me-~tior~edtLict some influcnctoc factors which

have been discussed in conuection vuitli the deterriinotian of

coliforrno may also be important for the determination of

faecai s’~reptocoeci~openiniJy, the turbidity of tFie samples

create unfavourabio eendit ion for the ‘Jrowth of’ foecal strepto—

cocci coiouies en the membnonefilter and their examination.
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The eppiication of IIPN method may be requifted in such cases.

2.4 Trevel of Poltution in Craund “later
Sonie important Pociors infisencins the travel of poilut ton

in ground water have already been discussed. It is evident that
without carryinp out ~eli—desinried monitoring co~eringfor e

t considerable peilod it eauid not ho ~iue to pre’Jict the distance

of travet of poLlutian in n p’nticular site er loo lity. The
design of’ such study bas been discus~e’~belo’’ in shart. Caidweli

(1938), C~ld’~ott ~ri~ Parn (1937), cilpinnis and Deesile (1983),
Wangen and ~ (1958), S~tv~to(1972), Bucho~and key (1956),

Ree Jbr~etet al(1978),Frnco et cl, (1279), ‘:odvnrd et al,

(1961),

Baars (1957), ~ Dyer et ol, (i945~) Cnidv:eii (1937)

and Le~is ei cl, (1980) studied ~ reiieeed the litereture,

on the trovel of boetenin t~ciudin~ pathoasno ~nd chemicais in

underground water from pit l~t~tnesDr o-ther types of bored

hele ictnines.

It hee been Pound ~h~t The tï’evel of potlution, both

bactenial and chemical dopend much on the fla~ rate and volume

of the Srour’ic1 ~~~atoi~ Th’: imniohiitzation of b~cte:~in and virus

is lese in seturated soit er ~he aquifer than th~t in the Un—

saturated ooit zones. The most oot~,-ble fuature of ~he tnevel of

bacteiia is that the pollutian stream becamiop nonrower with

distance mostiy, perhops, (dce ta) the cto~ging of the surround—

ing soils. The ‘J is ~nnce covened by bocteria ~ud virus is corn—

perat ively ICSS than that in coses of chomical paltu~ants, but

it vanies from a few meters to more than hundreci meters.
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The hydrauiic grad tent cu cresLuJ’e to the aquifeJ are also

effecttve factor in the iravot of the pottution. The bad in

the latn toe c-L3o affecto -the not te~ion to th: ~cter and its’

trevel. Obviously, the patlution travet penenalty to the direc—

tion of the ground water fla~, Onty ii littte lotenal dispersion

or travet a~ainst the flow of ~round w~te~t»kes piece. This

may be a-ffected b,y heavy abetraciton of’ water (drnw—down effect)

from the aq’itfen and this is Liet lt~ei:1 be h~nisened in casa of

hand operated shatlow tube -okt,

2.5 Desi n of ;te Faalt ortn~ ci’ Crccodvlates Paltut ton from
21f I~~Litue~ -~:‘ --- ~---- -~- 1
In toe chepter (9)on ~ie omiaod’-’Lto~T,itdtines and

for Future ‘~orke, ci tht~ na ~ari cent in 3e-leestten have been

put forv and far dest~ning a feesible, realist te and scient ificelly 1
sound sc,jeme far s’L~ing ground waber potlutlc’~ from pit—latnine.

0~iy revier~tn’ liiorct~co, it is no-t possible to formule-te such 1
e scherne of study. The orrtLahittty of funds, existing facili—

ties 5~d’t~: mcd rnnnpower sheiild bc- token toto acceunt in these

regende. LIoAeven, the find ings of the st cdv d coenihed in t his 1
neport and the infoiraut tans croitable in ihc ccisting iitera—

~ure ould c~rtoiuty bc very hctpfet~ - t
The claosicat studa:s 0± D~e~’~nl Eha,H~crsn(1943), Dyer

end Bheskc-ncn ei al (1945b) t: ‘ether -~1tth 1’ rtud~ez done ~y

Caldweit (1937), C~ld~elt(19P8) ent C:ldl’,:ii a~d Forr (1937)

are s-tilt re ~-ordod ~9 ‘act ~tz Pa: c~‘n;ing out stud 1_es on ground—

water poitution. Of coui’se, in mechodology much irnprovement hee

taken piece spociatty in the recent yeors, bui basicaily the

1
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expentmencat design of these studies shouid ho nogarded as pnimary

guidetines. The moet c-ssentaot feotures of studies of Dyer et al,

and others es for as the expcrimenbal design is concenned are es

f’oitows

(a) Select ton of 0 auit:bte site which hoc- not been oontami—

- neted hy pettut~entsfrom barehoto typo tetrine.

(b) Studying the fact ons whieh mighb nf~’ect the trevat of

p:llLltien (bolt oharact:-rtsuics, hyraeotogicsi faatures,

such as oround water flow direction end ra~eetc.)

(c) Deturraiu:t lans af por~onotsrswhioh wel’n La he studied in

eonnooi-ion of maaltonin~ the poiliat ton of piaund water,

beth chemtoot rn’t raicro~lol, befaro iust:lLrtien of latnine.

(d) Instcltecien of s bonehote tatrtne in o scitabte post-tien

of bhc ~~pcnlaien:i utte.

(e) Insteltottoos af s,ouit:nia: tuberetts in ninswise around

bhe tetrlue at van icis Jiatanoes and dept is (these mont-

-tering totnine are sloc requtred hetore the instettation

of the letrine).

(f) Deterioina~ions of md icative parametero of potlution,both

baotenioiogicel end chemicai, for e corssiderabte peniod

of b ime.

(g) Asseosment of’ poltctiao by compening the petto-tien tndiea~
ton data obained hefore the Inatalisfien of the tamme

wlth startten data obtalned after -the mnsteltation of the

to t r i~i-i0.



These pregmetic app~oachesshould be re~~dedes primarily

essential in formuleting etiy study SL home couce~:uingthe determi—

nation of poliution of g~oundwater from pit-Latrine. At the seme

time, the most reliabie techriiques should ho ±oflowed for studying

factors offocting the La’ I7O’I of poLtut ton as welL as determinations

of feecal p~L1ut ton indicetors, both becterfoLo~icei and chemical.

Receutiy, ~7a-rd ~tid [?hE~ft ~nloih (1982) n~doe summary of

the report prepared by Werd and FoLaer, (Go e ite Genitat ion and

Ground Water Qu?Ltty~ s methodo].o~yby Werd 0. 3~. and Foster

8. S. IHCJS, ~benderf/SvLatzerLend) en the methec1ology of monito—

ring grouod water queli-by ~nconnoction rtth Ori—Gtte Santtatton.

In this report, the ~bove ve~tor~edde~3ir~pa meLare ore generally
0

accepted. They have suggeuted n project area oW hKrn~ size and

put omphasis o~the foilowing notabie aspecte

(a) Back ground water quelity of letrine ~nd hydrogeological

features should be knov~n

(b)’~ Idonitoring of roiof~Li.

(c) Glotted casing for bore holes

(d) Sonipiing—~smpLes shouJd ho truely repreecntat ive of the 1
aquifer being ~llCL1LaC~eJ~

(e) i~ionitoring period e-t Leest 3 ~iears (moettoriog should

commence one yeai’ prtor to the tustaltation of on site

sanitat ton);

(~) t’louitoring should be Lamited to determination of faecal

coliforms and streptococci a~dthe chemicci studies should

- be ~‘estricted to the determinatiori of chioride, nitrates

(La cértain cases nitrite;ammonium and iron) in additio’~
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to physic-al characierLstics sucia os teinperature

end eiectricai cenductivity (done in -the field);

(g) tTso o±~field kits, where poasihle;

(h) pppiicatton of standard methode and materials;

(i) The d~t~ubould be evs]rcated consbantiy, so that, the

monitonin procu:D~e’acsn ho up—dobed and bhe anomalies

cieckrsd immedtotoiy.

ql)

t
t
t
1
1
t
t-
t
t
t
1

opriropniate intorpretatton of d~i~cie.

From the cccve discc~sto~and the expenionce obteined

doning the study descnihed in this reponi, it may be conciuded

- that without a well designed programma, it is inlikely to obtein

eny meaningful resuits and ti is not at all adviseble to make -

raradom monitoring of ground water q’~iaiity te ascese-the pollut~on

done by pi-t—iatrloee without -the rcq1ired bockground informations

end other data affec~bingsuch poliution.



— 24 —

3 ~~ie P’’~ ent Pt-’n

3.1 Identficrtion of the fnobtem : t
Bangladesh has na extot-isive sbalLow -tube well sinking progra— t

mme. pccordtng to IIJICEP, Bangladesh has neonly 626,000 shallow

tube wells exicitug to tOe country of’ which about 423,000 tube t
welts have been instalied by tPh3 in co—operr-tion with UNICEF up

to December 1985. ~n addttiari-sI 122,400 tube wetts have to be sunk

duning the year 1985—88, to meet the tnr~ot of ene oporable tube t
well per 75 peoplo.

Fit—latnines so far inc :atled h? 02110 in caitaboration with

UNICEF ere bout 362, 0e0 up to December 1905 and -bhere is a pro—

gramme to i~statt 375,000 more ntt—iatntries in the rural areas in

neer future. It bas be, observod -th~t come h~od tube wetts have

been locuted as cioco :a ?—mabors to oa tcn s~cl istnines. Some

others ene tocated ot ,ei’eater dJot cc’: ~it stilt Liet more than

10 meters uv~eyas preeen-tly recanriosdod by DPIlT.

In view af the abevo f~cts tlie questian of possible source

of ôontaninatien of tube eello a,~bar from water sealed pit—latni—

nes and other potenbi~l ao’iï’ces of peli’rtien aas heen raisad. On

the other hand the soil of 0:~glndesh are highLy atluvial cofisi—

sting of cloy,sitty day, stlty day toom, silty 10cm, loarn end t
come very fine sandy day bom, the possibtttj of bactenial

contemina-bien of welis of the deptli of 80 ft. nesutting from the

transport throogh the sotl are oonsiclored to ho low . t
However, it has been fel-t t~ot it Would be important that en

assessmerit of-the potentisi hnzards essociated with the instalie—

tion 1
t



25 —

of p~t—la-tnin~sshauld ho made. It in :0 mntbiet move to esteb—

lish whet hen or not s petentiat -threat to qua lity of water of

shal tpW aqoifenu exista; 50, s sunvey programmo of monitoring’ the

quality in oxtsttng band pomp tube wetb Was pnepered.

3.2.1 A~1s end 0bj~stives -

Long term: to asuura that the provision of eta—site sanita—

fl06 froits tien doen not Lbr’~ t thc s-fetv of nunsi and urban

drinking maten oupptie~,;ohach are ertoeOL:thy dor tred from

shaiiow snoond natono’ in Larvbadosh,

FFta7Je 1 af the nnsjaot—tlo osc:oss the exteot af poltWtion of

hand pomp tube a otta in rot~tioo to sosnoeno of ootentiel poltu—

tien, soit tjpe cod voni: abn t: waton t:hle.

To ascese the aeed for fuo’th~nmone defiaative research en

-brevet of pottuteato thnoe:h saus in Bangladesh.

3.3 Onigiaat Flso of erork

3.3.1 Reseunoh Oporoacu

Sonvey of’ waar qoabity in existing oud limfied number of

ne-~ shattow hand pump t~bo :cbba.

— To ho ooaduoed in areen havin~ sef’fioien-t eooess to Dhaka

-to ponmi-t -the return of sr~i~~pheuto the tahorutory in Dhaka

befeno tno obose af want en -the day of saropbing.

— To ho eaoducbed in anaal nepreseiting 3 diffenent soil types

to a dop-th of 1 to 2 toeters in which letrires are instelled.

o. Rad Bnovvn Tenreoe Soils— day soib; pH 5.1—5.3
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b. Grey Floc plail SoiLa, ioaacliae Phnse— Clay, Silty cl~,

silty day beu; fine poros and r:oto; pU 6.8 to 7.0

c. Colcareons Alluviem~ sibt bern, silty day boom; pH 7.8—8.4

Sites will ho :cl;a~La 1n two woys.

(a) ~~bout 10—20 weils witt H
0 selectad an each La the three

soil type areas. ‘These cdle may ho privete er public tibe—

weils bocated at vni’yiu:: distanees frac existing latrines,

het not exce~dia~25 etars, Laery eltort ~viLl be made to

ensnre thr t wens Ca ~elected dovvnstream from sources of

polletion. ,asi,otccce 1 1 ho :ea~ht t
11ra~gh the water

Devebopr~ent Board to ons ~re tho t tIto xeqoireraont is met

in so far es it is reasasally posaiblo to do so. Froject

areas have been seiectod repreaeuit1 :r’ the three soil types

obove. The survey date obtoined from these sites will be

empboyed to detrmine the inflnesc~ of arvz, of d istance

en water qua lity mennoremerits at the 1’ dIs.

(b) At leest Lam and p’;rhaps three, ie’isely nopelated areasØ 1
in Lhich tubewells are iocnted will ho selected for moni—

toring. Locations of tebeweils will be mspaed in relation

to pobential pallutioa sources. Water q~atity will be

de b~rminedin shaJlo ~rn paap tehewell waters. Where

dugoeils could aflect LOl orhy t bowells, nitrates in the

dugweil water will ho dotsrrnLa, diie site Ho been selec—

ted for thio compoient of iho survey ( village of Baliapur).

This is a commnnity of ah~ut 12,00e pesple ahich is served

hy i6 teheaells a’La ~‘‘ i.’ fnoi t n schei’ of dugweils. The

limits of this villu
4’e are very sharply defined by the edge

of the mound an which ft to sitneted, The village is very

densely popniated hy people, and al bast locally, by

cattle, There are 14 sater sa:l batrines and nurnerous

surface letrines in the villaue, some loceted clhse to

tubewe1ls~

1
1
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The armp]es ohtaice mmi ~t1 16 tnhov’ctis and a few selected

dugweils in this vitlu ~e ‘~ itt come from en nrea with numerous

pûteo’ti~1 poliutbon saurces and mLhe quaiity of water should

repr’aoerit the inf t ~scce af 1 casa po~uistion onder cond ition~

existing in -this eren~

Di~ec±ionof grov.t:dmnte:c fbov will be determined in—so—fer

es it is possibte to do so.

~ eecand densety pepuisted ane,aotth eristing shallow

tuhewelts ~nd v~nr’ionu cia ~le Jenbly and cocimonity latnines

mitt he :ctecte’~ in tno T’ongi Te±~ugocCmmrrip (Dattapara).

.~bout20 tobewetts ill ho setec-tod and ‘two new test wella

VL~tl be pr:vbded uontrr-m erom the c:m~ area to serve as

c onr ots.

1 ~ ~ ma 1~ct~e 00 area minhin Dh~k~which
is served by lenfe diameter ‘t~be~eLlswith several on—site

1 excreta/nr~iagediepacat ~‘~~ittties onoond

1 temilts of the sorveye- to densety poputated ereas will be
ernployed to detc~:~t~e te infbLlerice, if ony, of’ distance

1 on water qoality, and also to demonstrote whether there is

I e tongen toc~1effect of nurnerous, ctosely associatedpollution source en the ground water nesounoe serving

1 these areas.

t
t
1
1



- P8 —

3,3.2 ResearchMethods

(a) Sampling Sampling witt be calb~cted q:t-rteniy over a one

year peniod at eacb of the- v~lts sebectcd. Y~lts to be

sampitng mus-t be in good condition at flic ‘time of sampling

end no-t neouine or1~1br1:. ‘~hc spouts of the tube wells will

be flomed in en app:’opre~00 mannen ~ weten purapod for a

peniod of five minutes befor: snmD]os are teken.

(i) Sampteo m;’itl o ~m’ ±or bncte.rboto’ bol analyses in

approeriste stel te seIn t hot-t tea oslo aseptic tech—

fliqLL~. They nitt ho stoi’cd t aporariaatety 4°C and

returned to te ee-“~apnirte behonctorles en the day of

sst-nptioe. Wheoe oea:mLhte, dii Itlon ~i itt ho made end

pbottug :nid ILO’aub sian t medio witt t done en the

day of sempting. t’1~crethis is nat ~osutbte semptes

will be kapt of 4°C and pmcocesat early the foibowing

day.

(ii) Sampling for cheLn:o~’bçnrtysis i~itl ho processed ~S far

‘a~ passibbe in the hIeld omebaying nppnapriate field

test kits. Random :~IubaccIlt ho pro~orved appropriately

and returned to the tahonet~ry far euabysis.

(b) Weten ~~ity Fsrnrmic~:-rs

Anatysis ~1li be t: Itt ~o t bene parameters of immediate

value for meet in: the ob~ec: ~mïm: of scnvey.

(i) Bac’tcniotogicrt : ~tmptcs wilt be 1;o~tef ‘r’er feecal

cotifonms and f~eceb n~m1eptocacci~ L~o’~iennne filter

techniques wilt be used for eech emptcying m—Fc end



KR n’-r neen-actovoly . Srrnptos vv hIt ho non st apprepriate

dito: bon,: n, m ~oomrd ie: to Ptt-ad rad Ji’othods for the

fxojnbnatboa of ~:toim and ~‘auto ‘~‘mtcrs.

(ti) Onsoic i - : 1’ 3. -m 00 0 orn-o vn-tot’ que-iity will

ho ttmit:d t p:i. btro to oud abbonilo . ~tt three

prr - :tcme,: til to l:’torraioel hy op ~ropr In-te me-thods

t La t otd . ; hoit ene mi’ oomrth af the ar tin-toe wilt be

ni in-ei lor ‘mtbtrt~’’n 1 oaior010 aLSO in the lebonetory

oom :~i~nm~hi,l t als, :1 to--st nanv dunne the study

o :; npbo o’bbb :~ uhisa turi to mens rjetnit&d chemical

eeambaetbon.

3.3.3 Other ItL:io

— Joy not maamtar. witt be done bn alt survoy ~reas.

— tomhor dutm on t o itno ~tIl t ehteioed ee follows:

- Tott~to,: ii itt b’m aUtoboot ‘or wotts teofed

oharever posshbbo.

— Ivimrmobmium aal rob-~~,
1~~1 - not of the vn-ter to bte will be

mc ard

— FroobpbP::boo ‘t» III t: oordod.

— O-o~- nic iitro-an o2 10 ‘mobt ‘~ijll of :utsrmuned.

3.3.4 faa~sisofRestan

(a) Sanvor of :tmbdwotln t: ret”-lm ban to potbotbon sources

the in--suite of’ tij unvey wilt be aociyzed to determine

v’hothe~’ there is dat ;otabto woten a~ovomentfrom potent ial

sourcoe of ppltutten to tubewoits based upon No3 end Cl

Coeoentnetien. The rosults wilt be orcupod hy distence
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from pottution soorco -to well and exe-mined te determine

vihet 1jan bac’terb~t or ch~rntcol c ontamina-ttea of well waters

cao be corretntc-d ‘bat ltntsoc~ ïrom p~tentist poltution

sources, and tests of sipntficcuce itt ho appited where

appticnbte. This tIl t done by distance from source of

pollution and CEn-500 :t ~ich eiste.

(b) Survey of deneroly papuleted cross the tm’esuirs of’ the

eurv’my of urban aren-s til ho onelysed in terms of’ distance

from test wotlo t pollutbor] sources as in paragraph 1

above. liumhero af saeptoct end oumbens of volle feiling to

mee-t stende-rds vtlt oe anotyzed according to intervals of

dis-tance from DOllLtttDfl mtouroes oud tests for significance

applied. Centoore of ob’trote ~ chlonide coctmntration and

shtfts in contoors with scn-sonswill be platted where

passibbe and concentra tons will bo comrrela-ted with loca—

tionis of potlution =on-rces.

3.3.5 Intor~netation al Resut’ts

The two surveyc pi’cpraed ere designed te demonstrate

differorit o~1ec’t~t tito con’tsmiurxtion af ground wetens.

The first is donbpaed to dor’tonntorrto “tother contamina—

tien may occor in b~JivbJ~~lOvellO bocated cbose to

pollut ton sourcao~Tt~ cocand is cic-sipned to demons—

trote whethc-r ‘thore is ~n fact en identifiable impact

of poLtu-t ton sourcos in donsoly ponuleted Drees on

the drinking water resounce as a vvhote. Stud,y resuits

will be intorpreted with this in view.
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3.3.6 Toltos-uoho”n-irc

— The fotiow—u’p ~ to noch m: °cmonotr~tienmight be

a ff000 nibonous s-oipliep ononromraeostng modern tech~

ntpn-s and ieclodiog Itmited virus isolation 80 thet

the truc- a,maten- of t [‘ie prohlom con ho stablished end

ms’ot;cti: o m000,;-:c t imtplementod. ‘~ ro:n- lange question

is that of imwmct: on the toteb proaed aator reservoir.

Tho part af toe proosnt pna~ectdeolinr wi’th densely

poon lated aroes con dcmonotr’nto only ohethor or not

hi»zh rJLLn-y7 oP ‘mollubion :0’:reo5 iLey ofvo en impect

on to rail t-nl vaten ouvf::ooncat, This must be de~1t

‘otto Portier 00 tent sc lo and would roquire modelin�

3.3,7 Iatttuttonal rr:mnrartts

— 3Ln-d ori:ihbtbty Oso oi~ernll tesipa and i”nptementetion

of the er: ct itt t,t: ‘itt the DPHP assieted by WHO.

This til inciucie oeppiop, carn,yinJ out field werk,

inc ioCia~ cH,,clcoi tootiog in the fiotd omptoying test

- ktt- , and co~5dioo’ttag cli aspects of tho project.

— ;tt »tiosrone- fbtt - t::tmoîor’t-ac”-t notiforms end

occol stro1:tococoi tilt ho coaducted hy the IFST,BCSIR,

Dhcka, ‘ - -

— Chemical tossio in the leboratony liii ho conducted

by the 1RST, SchIk Lehonatony in Dhake.

It may ho mcnsioncd ‘tIn-s ‘the ~bove -tank pion wouLd not be

entinoly followud er futf’illed duo to the unavoidebbe ressons

deecnibed insubseqoont ohaptens (4—E)~
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4. 1 Descripflono f 1~onftorino?ube\~ielis

Houd operst~dshotioc tube v~oiis nunk bj h?HE/LTUICEF or

the public us~d by the rurci md rollbon inhebitnnts for drinking

purposes, have been used 1cr ooiiuct inu s~aples. It consists of

s barrel mede of costa trom, o pisbon rod cor~nectedwith a piunger

and veive end ~ixed om r c. home io fixed on a 1~ diameter

G.F. pipo ‘ohich is sunh is the moil end hoc ~enaroiiy platform

about ~jft 41’t ino-de of oour~sets (Fifl. i).

4.2 Desc~oti~of_Fin- i;onue

Fit--iatni~ to dc ~tc~ 1 i~ino tLle costa obout Eft.

deep, 00 bhot concrete or ~ortho1 rcn;~s c~n ho fi:ced like e

rsck (FiF0 2.)

First throu peirbor:t’H riago ere used to ho fixed underneath

and next -bv,o ore 1 ixed os them us to the susfoce. Thea a platform

is made ‘scth concrete. After tFcc-t m commode is fixed on it. The

istrine is thea covered rith ceroented v~’nll rad roof or with straw

and bemboo foncings.

4.3. Exuenisentsi Sotes

(a) Shenid Hagar It is o ftoui coca end ioO isnd quite adjacent

to Lsibng, Ehoko city md ot the vicinity of river Buriganga. 1
(b) - Baiiopur It io mhom~ 1h lii in the north~est from Dhaka

- v~ith a donceiy populotod rso~munityof 12,000 poopie served

b~y 16 tuba vveils end unknovvn number of dug wells.
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(c) Dattapore It isa bastuhere (ref’uge,e) coloney (Ershad

Neger), about 8 KIn no~th to Tongi Bazar. It is also e

densoly populated area. It hee pit—latrines mede by o~am

orgonizetion. -

(d) Ghior : It is in the distnict of Menikgonj, 80 }~ away

from Dheka. it is also densely populeted and has p’it~1at—

nines end a few surface tatnine.

(e) Gheteil It is 128 KIl away from Dh~ke,a village densely °

popuicted, haviug weten sealed pi’t—letnines and a few sur.r

face lstririea eround -the tube wells.

4.4 Distences of’ Pi’t-•lctnmnes from the Tube Weiis

Those hand pomp tube wolis which have been selected for

sampling are closer to pit—l’sbriaes et about 2 to 20 meters dis—

tances. Sh~htd Nagar hes no ptt—latnines system rather it has

surfece istnines and ditches around the tube welig whjct-i are sub—

merged in the rainy season.

It is ‘to ba noted that one tube well selected at Health

Complex Hospitel, Ghior, bes a safety tank edjacent to the tube

well.

4.5 Sem~lingpr~r~~e~ •1

4.5.1 Sem~iing by Convenfionel Me~hod ‘ ~, ,, - -

- ‘“L~ - 1,
(a) Standard ecrew cap somple bot-ties (cép~city 200 ml.) were

washedwell, thon wrapp~dat the mouth wit aluminium

foils end steriliz~ed in 0 autocleve ~t 15 ib pressure for

20 minutes.
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(b) Before t~ki~’ the sample of water from to tube well, the

tube well vvat\~rwp,js purged out for 15 minutes, then the

spouts of the veli were sterilized by flemming with a spirit

lamp. ‘ 1
(c) The water eaDiples ware collected in the sterilized sample

botties ascoptically. -

(d) The sainples coliectec’ es ebove we’re kapt et tce—boxes and

trensported to the aboratory for investigstion on te same

day of colbection. In casa of late rec~eipt of’ the ~p~iple~st,

- they were preserv~ in the refnigretor of the laboratory ç~c- -

tili next morning.

(e) The ~neter levels were measured after collecting the samples.

The pH and temperature of water were mea~ured with HACK KIT

and a thermometer respectively.

(f) Sampliflg, ~fe~” öhlbrination

In ‘the later phase of -the st,udy a number of new tube weUa. -

- uj ~
(observation wells) were sunk and cepped to av~oidpubLic

use. The tube well water ~rid the platform were chlo~i~ted~

and kept for 72 hours. The depth ~nd diameter of~w~’~e~r

column ware de-termined end volume of we-ter in the pi,pe.-weij

calculated. Then the water ‘was chionineted cndtrj~d to

maintein 25’—30 ppm of initial chloiine cc~ncentrat~oa L~

tube well pipe.

After 72 hrs of chionination the1~t sam~’Ie~a ooiiecte4

from ‘the tube well without pu~g~i’n -~iéio- -the t~b’~~eTI~as u~?~

out~or-4~-bi’s. tÖi5 Fire. to’iemove the free chiorine if pi~sent,
- ‘-

Then t~e.samples v~ere~b1Ïected~ “~ ‘ -

i
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It is to bo nated that the eempboe from these (ceppod) tube

welis wei’e coibectod by ueing c coavoatiaaol bannel. The barrel

wee epaciaiiy polished tooide and the pincen and other pen-te ware

weehod with boiiiact water to rvoid con’teminetiorj

The pnimio0 noten usod sas -‘~laochl oniaated to about 25—30

ppm coaceatnation end after the nequirad peniod of punging, the

weten oemoiee rare colbected.

4,5,2 3am~iaeb~Tube Techniqua

In the t-st ohosc of hbo vn-rk, tube techaiquo iatroduoed

by P. ±n-nca ( no expert) bas been Isen • ;~ poiytheae tube of 4mm

dia (ao»roxin-tety ) wae iatroduced in to the well pipe up to the

middie of the pito about 40f’t—GOft. , e vveioht ras tiod et the end

of the tube to that it remain-ed ie water. The top of the tube wee

fittod 00 a socket. The mouth of the aocket was kop-t on a bridge

f’txed betweon the pipes.

Anothen socket wss coenected to tube. The end of tube

Wee connected to eaother tube ceiied conpiing tube of 2 mm dia.

which was couaected nith the v-’c-u’im vee-tel of 8 bi-tno cepecities

mede of fibne giess, The vacuum vessel was naam coanected with

e pressune tube to the suctioa pomp.

Befone openstien, the suction pump wee coaaectedwith

vacuum vessel and the vacuum veseei was conaected with the cou—

pling tube witt a sooket (cooplinq tube end socket were stenili—

zed). The sooket vies oscepticeily conaected to the mouth of the

tube neeted on the bridge of the tube well.
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~fter f’ixing -the tube, the vacuum pomp was opereted. When

sufficient vacuum sas made ~n”~ide the vessel, the mouth of the

vacuum vessel was opened and doe t the vaCuum created in side

ves~el, the weten from the tube well etarted coming through the

tubes in-to the vacuum vessel.

At the -time of sernpiing, frech end stenile coupling tube

wit socket was ascepti-celty corinocted to socket tube rested on

the bridge and water somple were taken in-to the stenilized sample

bottles of 500ml capacity. -

The sample betilo ware fitted with a stopper witt one

coupling tubee and tubes vere fixed sub sockets. The stoppers

with socket:~ and th~ bettbes wene previeusby stenibized in the

labaret ony. The tube weibo ware ctleriaated ~nd purging was done

es before. - 1
Ac~ally, the pniaciple of’ the metbod is to -take the

sempies from the aquifer directty by n tube introduced through

the welt—pipe Lip to -the straten and viith the help of e vaouur~L’

pump; the other end of th~ tube being directly cennected with

the steiile bot-ties thos making a coridition ee that contemination

from extennai seurces may net toka piece ( sea fig~3)L

4i6 Examination of W~tepSompies

4,6.1 Dotex’niine’tion of F~ysical and Chemical Charactenistica.

(a) Tempernture : Tempereture was meesured in -the field by e

standard Labônetory thermometer.
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(b) pU pH of the aamples vene meesuned in the- field by HACK

I~I? (J~mes,IOVJb, t’s~~). In the isbenatony the pH was mes—

ouned ny elcctnicnity opcrated pH meter. - -

(c) ~etenminetian of Solide : In aaclystag weten semples collec—

ted duiinq the phese 1 ct II, gravime’tnic bottle W~Sused

for de termination of solide. This motbed ~‘es edopted to

have q,Liick s’esuits, hot oaiy gnotnaly acCLirate (10—20% devi—~

~tiano ,no~Ithe accoracy have been foLled ). de in the third-

phese, solid detcnmiuatioas have heen done more eccurately

~e

(i) 100 mi samplewas f’ilt~red tlireugh dnied rnembrene filter,

1becausethe generally ueed fitter pepers, even of’ high

quatity wene i’ound to fail t held the fiae day particles

and uhu nest na wee d~iedat 105°Cwit the filter to cons-

tant wcigbt. The vieight of the suspendedeelt, was deter—

mmcd hy su’~s-trsctiagthe vieig[ot of’ the membrenefilter.

(ii) The fittretc from the ebove was dnied a 105°C to determine

the djssoi-îed

(d) Chloride : Determioed by ~gentometnic method,

in Ctsudard Methode (~FIJi~,1980).
c

(e) N~trp~_e Dotonmined bi Br~ne MeteO, descnibed in

Standand Methode (APHA, 1965). Thi’s method was foilowed

doe ~o operational edvantago end duly standerdized.

(f)
Iron : Determined by Colanimetric MetFiod deecnibed. in the
M~nu~lof Laboretory Techniques (Neti. Inst. Nut., 1971).

1
S
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$g) Sulfete : Detenrained by Grevemetnio JIethod (‘Standard Methode

AIflJA, 1965). -

(h) Llectnicç~nductivi~ i~easuredby Con~uctivity Meten - 1
(Gniffin t~.K.).

4.6~2 Det~nmiaotien of Feecal Indicetor Bectenia

~e- per suggestion e,ivcn in the protoc~l/werk progremme which

was propered by the expert ~nder the auspices of WHO, two types of

faecal indicator organisme rere determinod from the sempies.

A. Feecci Califonms:

B. Feecat Streptooocci:

(a) Determination of faecalcolifonms The membranefilter

mothod describecl in Standard Ilethcds (APHA, 1980) bas been

fellowed for the quarititetive determination of feedal ccli—

- fanms es suggested~ The medium ueed was mFC broth maflufac—

~tuned by Difco inharatonies (Detnoit, Mtchigan, TJ.S.A).

The filter mernbrtoe (tore diem 0~45-urn)and seacking ped

manufectured by Goten Scionces, Inc. (Aan. Arbor, Michigen)

were used. The iucub~tian tempereture and peniod were

44.5 ± OJ°C end 24 ± 2 hns. respectiveiy in water bath as

pci instructions.

The sampbe vies filtered by standard membiane filtening

appanetus in two pontions of 100 ml eech end the everege resuits

(per 100 ml of the sernple) wero teken. The typicel cobonies were
(1

counted vvhen not exceeding -the timit (80 celonies/membrane). When

the count exceeded the l.imits the resulte were recorded es TNTC

(too numerous to count).
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IL~or a’typical ceber~iesand’ also for typicat cotonies et the

initiel peniod’on the stody, standard test faltowed in MPN Method

were done for fLln±h3i cerifirmetiori. (Standard Methed, 1980).

(b) Determiriation of’ Faecol St~ptococci :- In this casa also

the tnethed descnibod in ‘the Standard Methods (APHA,1980)

Vi5S ~ollov)ed a~conding to the sug~estien of the work—pro—

gremrac mentianed above~

The mediusi vies KP— streptecacci egar supplied by BBL

t /eystern.MicrohiotT~ay/ (Eectan Dickfa~n- and Cc. Ceckoysvilbe). The incu—

1 bation tempoistuies and pe”iod ware respoctively 37°C ~nd about
48 his. The tncobetion Vos rJDte in cii’ heeted incubetoi. Sample

t velo~esfiltenod viere the come es steted abeve. The further

confiroistion of the typicat ~nd atypicel colonies were carnied

1 ou~whou re4uired. Feecal sti’eptececci colonies grown on the

t memb±~fleexcaading-the timiL (i~e.1O0 colorties/membrane) ware
recorded ras Tk?C es stetod ~h~vo.

In both the casco of’ dotermine-tion of faecai indicators

the centrale \Plore nuij ~
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5~ ResLitte

5.1 The finst er_Initialphaseoflnvestigotioe’: 1
The teh~oI~ shows that the mcaotaring tube welte are

situated in euvirbnments vihere not only the pit lotnines but

other sources of faecel pot iutione inoluding di,Jerant types of

latnines exict~ Idereovon, iLlIoofly cases severol -pit letnines are

installed in the vicinity of the monitoning tuba well. These 1
conditions clearly indicete that if ground water is found to be

polluted, it would be very difficolt to locete the ex~~ctsoDrc-e

of the patIo-tien. This difidicui’ty could ho Llininhized to some t
extenf if the f’low direction of the ground weten would have been

determiried. Unfartunetely, this coeld nat be done. This problem t
has heen discusoed elsorhere of this report.

»t ‘far es the manitoning tube welte are concerned, they

have been feuad not in ~~od conditians in meny cases, platforms

have beenf’ound cracked os’ otherviiee dofective, come did no-t have

even c~rentcd ,la-tfonms. It was elco foond ~het f er pniming the

tube wells ootluted watere ‘rare used, so contaminotion of ground t
water from externel eoorces and by humen activitioe have been pro—

minently present. These reasons become very important when in

this initial phase of the iavestigation, ~bl the samples were found

to be ceritaminated by the feecot indicetor organisms (table 2B).

So far the next phace of the investigebions, stternpts wene made 1
to eliminate -these poesible cxtennal sources of poltution and some

new tube wetts (obeervotion tube vielle) wene instalted neer to t
come monitoning ‘tube weits as descrihed ahove. The rosuits of

bacteniologicel findinge have been givon in table 2,~and it is

1
1



1
1
1

dear that olt ~ne tube weilo ~re coun-ninated by faecel indicator

- ~rgedisrne~ h~ïbr~bein quaatibott’ve aspect ore not cornelated appa—

rently with the dietancec cd the pit latninen. Of course, such

1 ~cornelatione are only v lid h~n at ic~st th~ ftO?j dinection of

the gro’und water is knovin.

t
t
t
t
t
1
t
1
t
t
t:
1
I~
S



A. Running Tubewetle-:
Site : Dettap-ara

Si. QTubewell~
Noj No.

~ _•(

1

Total QConditiora
Depth ~ of
in meter~1Platfonm

Dtstances of
Pit—latri’io

end
‘Direction --

‘Other sour—
ces of
Pol i~tiorts

-j ~,0

filled ditch
adjacent t

3. 23

4.3 (hT~5)

2 .7 (Idart)
5.0 (u.~. )
1C,7(’~. )

4.6 (P~st)
4P (3.L)
7.0 (West)
12.0(3.1. )

Kecctie- con—
‘dcce drain
1.Om away

junface
dr~iu 4.cm
away & stag—
nant wee-te

5. RT 17.C KLicche ~3.2(~orth) Kacche sun—
face drain

50 Pucca
platform
later

t
t

4,0
6.4
7.3
70

(Worth)
(S. ~3aSb)
(south )
(o Eest)
(“-, -14-Ç~D

38.1(Soo-th) 500 Mecha—
n i cel l,y

_____________ ___ operated

Reference Shallow Tube well
Deep Tube Well of’ ]3t!DC
Cement Concreet j3bock of 1 ,2 X 1.2 X 0.lm.
Without any cemen-tedElock. 1

1
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Table—I Deecniptio: af Selected Ivïouituning 3Jeils
otDiffereLit L~nj1~iento] SiteL-~ _ --

t
t
1
t
•1
t

3
1 4. ()

4 Q 5

~T~’c5~~ ~r~T
13.1 (Worth

fl~st)
9~5 (~LEast)

3

No.of i~Remerks.
Tj ser s

0 7~ 8

14.0 Pucca

11 .0 Puoca

16.0 fL1005

l”rcche
0 iCt 1-11
aer’rhy

4. 32

t
1
t

25. 0(Oorth)
2EI.O(~.

30

500 t
150 t

1r.t~~~Cr ditch

1,8
3. 4
4,5
7.6

(s~E.)
(5.5, )
(Nar b h)
(We st)

2

7. 28

8. 33

9. BADC

P0 Cce

Pucca

Id ucce

140

12~0

-~1 t”1 -F ‘‘—

138.0

2.7 (3,’;est)

Surf cce

1.Sm away

Jorfece
drol it

1 . 5n away

500

1 50

500

RT =

BADO
Pucca =

Kaccha =

t
t
t
t
t
t
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Teble: 1 (Corttd)

-1—-Q 2 ~ T ~ ~ 5 Tr~ ~ 7~

10. RT 40.2 Pucca— 21 .3 (N.W j,,
broken 6.0 ci deep

1 50

2.1 (s.E.)
6.7 (‘crest)

pond
3.7m away.
Flooded viith
water in
raifly season

12. 4 40.? Fucce 11 .9 ( South) 200

41.5 Fucce

41.5 Pucce-

).6 Dug latnine 12.2m deep
(5auth) dug well

13.7 Sook pit, end 4.Om
doop 5.5m(Eest) away and

s ui’ f n c e

6.0 (Eest)
9.1 CV~8~Ysur—
face ],e-tnine-
(dorth)

drain
1 .6~mcv ay

15.2 ( ‘eet) hotten

3.7 (idonth)

7.6 (N.~vest)

3Cj.5(Ijorth)

uiuddy laad

20
dia i ii

1.6 Dug—la-bnine Meishy
(S.Eaat) Surroun—
9.1 Dus—latnine ding

~S. East)
45.7 Dug—latnine

(1los’th)

60

19. 14 Pucca 9.1 Dug lat.’
(South) et

Manehy
surroun— 250

20. 1 20.1

- 2 28.0

Sitei :~hohid11e-gun

Pucco 3.0 (Hortit)

Sur±’ecolat.’

Pucce 12.2 (Ilonth)
C’as’fe-ce let.

Pa~i~= Cement concreate Elock
Kaccha= Without any cemeuted I3loc1~.

Adjecent
to a Pond
&~ latnine

Adjacent 0
‘to e Pond
& iatnine

11. 1 40.2 Pucce atudied
200 in the

2nd
pha~é
also

13. 11 40,2 Pucca

t 14. 6 ~3.3 Fucca

43.3 Fricça

tIen s hy
drain

200

60

5015. 7

16. 9

17. ll(A)

18. 12 11,0 Pucca
500

cleve’ted level ding
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~ji~:ETtE~rL

23. 4 34.1 Fucca ~.6 (S.East) cc nbov~
- 5urfece i~t~

24. 5 34.1 Puoca 6.0 Surface
- let. (Id~East)

25. 6 40,2 PLICCe 6.0 Sirface
lat~ (rrcot)

- 9.0 int..
- (S.~Jest)

29. WASA DIW

The well ie 200
ort the hnnk
Of 0 Pond
hnving a
l~’tnirme.

above 150

YTater sup~ly
sy stem,mecha—
nically
openated.

~ltc : Cheor 1
30. 24 40,2 Pucce 45.0 Sui’f’roce

latsine (‘Id’ n’~)
Ditch nean
the v~el1

1 50

31. 25

32. 26

33. 27

38.0 Focca 30~5 old pit
~1Jorth~ -

32~0 PLicce- 6.0 soptlc
-- tank (tIert)

2O~C) Pucco 9~1 Septic ‘te-uk —

(ilont)
14.0 Septic t~nk-

(Mont h)

NA Fucc~ 12.0 3eptic »‘-ak
(ilortu)

30 ‘14.0’ Pucco 10~6 5uYi~oc~ lat~ —

- b~t (West)
- ‘b~ök’ën

NA = Not~ evailable.
DTW = Deep Tube Well we-ter,

400

30

1 00

• 1

1

t

Table : 1 (Conbd)

1

22, 3

3
34.1 Pucce - 3,0 (5~at)

Surf’eÔe lrrti’iaie

-Q~- b - 7 Q
f~’eut- to
o latrina
in a pond

60

60

50
The well and
ln~~nirieere
in a ocad

t
1
1

—I
‘t
t

‘t
•1

t
•1

es ai)Ove 500

26. 7 40.2 Pucco 6.0 7erfuce
lat. (o,y.)

27. 8 28.u Fuccu 7.6 (J,E~ ~

28. 9 43.2 Fucce 7.6 (Seoth)

7,6 (p. ‘‘a~-~-:r)

es ubove 300

34. 29 50 t
‘150 .“O

1
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Table 1 (Cor.itd)

1 ~ 2 Q 13 Q 4 Q

36. 33 14.0 Pucc~ 7.6 Se~t~otnk
(i~.\u,)

Q b ~ 1V

200

37.~”RT

37.1 36

35.0 Pucca 6.7 Septic tank
(N.E,)

3~OSeptic ‘tank
- ‘1

t. • JrJCJ S

28.0 Pucce 12.2 Seak Pit
(Saot h)

500

- ~tu-dLe~ in
the 2nd
phaso

38. 35 32.0 Pucca 9.1 Septic tiL
(West

15.0 Soptic tank
(East)

39. 36 28.0 Pucca 9.1 Septic tank
(S.East)

13.7 Septic tank
(S • Weet)

200

200

Sito : Ghatail

40. 24 14.0 Pucco 6.0 Surface let.
(North)

- 13.7(East)

25 17.0 Pucca 4â5 (NiEest)

1 2.O(North)

42. 26 16.0 Pucca 3~6 (Mont)

2
4~. 27 14.0 Pucca 4.5 (Nonth)

44, 28 20.0 Pucca 8.0 (Noi’bh)
11 .O(North)

45, 24(A) 14.0 Pucca

Surface lat. 7
is on the water
filbed ditch.

8.0 away
is a Ca,nal

8.0 away
is a ~naI

as above 9

as ebove 8

as above 6 B1~z~ed
in t4~
2t2d ph~se
also

46. 26(A) 20.0 PuCca 8.0 (West) as above 9

41.

3.6 Surface
lat. (S.East)

47~. RT 33.0 P’ucca i’7.0(N.We’st) 11



~ab1e : 1 (Cont~)

3. Observetion ______

— ‘,~6 —

~1, 1-’ ~‘-n

(Fucce)

11 1 .2::1 .2
x.075 cc
block

14 as
ab’ove

L1 .5 (IJeat~
2,0 ~

4.5 (t. )

1’.Sm ~tL}died
in the 2nd

Site : B~tiapuT t
5. 12(Eas±) 40 os ebove 6.0 (~outh)

6. 12(Far—Eas~) 40 as above 4.5 (5e-st)

7. 1 40 as ~bove 2.1(S,E,)

_________________________ 6.7 (01oct)

8. 36 28 ce above 10.0 Septic(.r~~t

1 . 5m — Studied in
the rd ph—
a se 1

5.Om t
1.2m Studied

2nd phase

1.2ri Studied in
the 2nd phese

14’ as above 6,0 (:‘~.~) - 1.2m. Studied in
the 2nd phase

t

TdIbeWe11 ~T’o’te 1
No. ~Depth

~in me-ter

1
1

1ETO!1j~Trtt~ ~ ~T~c efl5~
- of ~OfPit’lCt.’t~’eemi Ene’ia

~Fln’L’f~rm )and Direc—~end obcairva—
______ Qti~n Qtior. 1f~ll
~

3ite: Datta-pare

1. TDH(Eaet)

Remar
t

ks

11 1.2x1.2 15.O(T[.East)
x.O76cc

t

1 . 5m

t

~• TDH(West)

1. KB

— Studied
-thp 3rd
‘~pha~e

in

9 . 0 ( ‘0 S 1)
12. 0 ( e t)
13.o(s:’)
14 .0(11’, 1, )

1
t

phase

60 os
o reve

t
6,Om

1 . 5cr

‘t

‘t

t’1 .5(iion’tLi)
3.6 (0.t’)

-6.O (Ecot)

t
t

tank

- ~‘ , 0

Site’: Ghatjl

9. 24(~)

14.0 SerIdric taak

- i
t

e= Newly sunk Tube

m~Meter

t
bielts kept r~jth c-’jp te avoid extes’anl contamination t

1
S
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The :‘esutts deecribed in t~bte 2A shou t0t the physical

cha~actenistles of the somptes Were~not setisfaectory in many

cases, Though the deg~eeof turbidity has:not been measuredj but

the v-ieuot ‘observation indicate te uns~atiefactory level of

turbidity~ in many sa~p~es, Other physicnt chai~c~eristics wore

s~tJ1sfactory~ in most cosos, The tevels of chl,os±des w re found

tè 4e set irrf~c~tory in moet ee-sas, so was the cond~tie~ for nitrete.

The ~l~an Contetit’ care bigher than the decired level in a goed

number ot sa~’Les.

The tvi~odeep tube walts monitored (one from ee-ch sites,

Shidinegan e-nd Datto~ara) produced no feeca], ladicetone showing

that the dee-p ~-aquif’e~’s ~ere not contaminated

1 ,, --

1 -

I~
- ‘

1 — -

1
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Tab1e-2--_~L~ResLd~ D±’ the Bete2~io1ogica1 Cherac—
~e~~’~cs o± Wa~r ~mp1es,.

= Too Numerous 1o coun-t.

Sl.~
No~~

Tube well 9
~Tos.

Feec-: — uoltrøI1m~
/~0O ni~1

~

~P~ecei
~ /100 ml

4
,
‘

streptocoôcie~R*m~r1~s
~

iQ ‘2
~tt~ : Dettra

TNTC TNTCle 1

2. 3 7 50

3. 23 19 25

4. 33 22 70

5. RT 4 3

6. 2 50 15

7. 28 20 5

8. 32 13 25

9. BADC -~0~ 0

I
Site

10~

: BaliaPUr

RT 30 2~

11. 1 50 17

18 2

7 2

25 11

45 50

7 2

17.

18.

1~.

11

12 -

14

50

35

25

45

14

6

12.

1).

4

11

14.

1~3.

i6~

6

7

9

—t’ —
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‘,j-~”’ ()~“C2’T’”~’ f,

Teble : 2B ( ntTdi~ ~ ~,‘ ‘:- ,

i ~L~-
“~n- ~ ~ L )~“ ~ ~“ -

1’

-----S~t&--:-’1~ ~‘
~ - -~- f2 - - —

‘

20. 1 -~i-’,~ 25

4)1-

-‘ 1 ,~‘-))‘

-

- ‘ ---- — - — - •‘--- - ~— ‘~ -

‘‘-
1)$02j ,F - -

-‘~‘~l5

‘

~1-

-

- ~ -
‘

~

21 • 2 ‘~80 ‘50 ~- - ‘~

22. 3 ‘‘30
( ~ S:

23. 4 “)V~ 3~ 4 ‘ - -

24. 5 ~‘ 5 0 ‘ -:

25. 6 ~:r TNTC ‘15 -

26. 7 ~‘15 8
~:,7

27. 8 - ~‘ 35 ‘

28. 9 ~, 20 ‘

20 ‘ -

10 -

:

:

29. WASA 0 0 ‘~ - ‘ ~‘ ‘ ~-

Site : Ghior

1
1

30. 24 - 20 0

31.

32.

33.

25

26

27

1,12
~20

“18

- 4

6

‘22

34. 29 25 20

35. 30 ‘8 7

.‘12f

TNTC

W14 S .A

-= Too Numerousto cOufl’~

R~fei~’enâ~’bo- lI~C~aa1tbw)
- -‘ ‘ ‘‘- ‘‘‘- - -t --(-r’-’
= Deep tube well Mechanicail,y 0pèrat~d ‘,‘ - -



‘l

Ta~e :2E (Contd)

~l --~ 2 ~ 3 —

36. 33 THTC ~5 ‘ ‘, -

37. 35 8 4

38. 36 14 25

39. RT 2 4 - - ‘

Site Gh~tail

0 -- -‘

- -‘

3’40. 24

41. 25 7’ ‘ , 5 1

42. 26 i6 ‘ ‘ , - 24

43. 27 2 12

44. 28 50 “10

45. 24 (~) 7 - ‘‘ 6

46.’ 26 (~) -‘20 “ 5 ‘ ‘

47. RT , - 1 ‘4 ‘

—- ------ -“- ‘,,

TNTC = Too Numerous to Coucit

RT = Re±’erence Tube well

0’’
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5.2 The Secorid Phase

(a) The findirigs of the initio5. or the -1-st phese of this investi—

gat ions influe~~ed the subsequent studies substantialiy. As all

the shallow tube welis moriitored showed faecal contaminations (even

in the tube well which is considera~l~ifar from the nearest pit -

latrine).Naturaily the attention was directed on the quality of

ground water, (speciail,y the bacteriÖlogical quaiity) extracted ‘by

the shaliow tube welig in respect of faecal contaminations. It

became imperative to get the samples which were truely representa-’

tive of the ground water. Consequently, the original work plan had

been affected considerably.

Under the circumstances, new tube weils (observation tube

weils) were sunk adjecent to the existing or running tube weils a-s

decided by the review comrnittee of the project. Adequate cares

were taken in the sinking end up—keep of these observetion welig to

avoid the contamination by exterrial sources. The conventional use

of cowdung for the stabilizatiori of the tube holes was avoided

during sinking of the weils. The platforms were darefully cons-truc—

ed and the necessery repairs of the Pletform~ of the selected

running tube welis were carried out also. The observation welig

‘were not ellowed to be used by the public and kept in a capped ~on’.

dition. Only during the sempling, the cap was teken away end th,.

~U~P ‘Is Jot~d $D tbs ptp after tgktn.g tse.asar~ atspa te ds..
taminate the pump. More execting care We~ also teken during ~am~

Ling so that the samples might not be contaminated by th. exist~ng

unhygienic environment. The experimental site Shedinagar we~~
•luded because of its very unsatisfactory sanitory condittena at~

this locetion is flooded over duririg rainy season.
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In the first step of thts phase of the study (the 2nd phase

to obseise ~he~er the observation, tube vvell gave better quality of

water, one paiT of tube welig ~one runuing ~‘nd one observation tube

well installed L3CCY to the’ runnin~ tube weils) was selected from

each. site a’~d the three ~oL1nds o~-~arnpling were made during March—

February~ 1985. To get tr~el~’ representative samples of the gro~und

wat-e-r~ Ç~~ pu~gin~ of water was done (15 minutes and 30 minu-

tes). The ~‘osulbs have been given in table’ 3A and3~ --- - ~- -

- To av-eid the external conteminat ion,-- the hand pump was decon—

taminated wi~h hot water ond at the sitewith the ‘cEilorinated water.

Chloriuated,te~’ was used also for priming and sufficient water

was purged out to remo-ie the chlori~e used in the process’~ -

Thou~h the cure~]est~ken du’±’~ngthe’ first and the secondr,ound
o~ sampling from ‘the observat ton tube wolls apparentiy gave compara—

tivel;i satisfe;oi’y resuits in~espects 6f feecal indica~ors but the

~sampies takefl ,~rom the observetion viells during the third round ofsampltr~gw~’e f OUi)d to be conteminated with feecal indicators -in

- mast of the cases, As found before, all the old -tube welig were -

found conteminated b~’faecol indicètors (table 3B)~ No signific~ant

effect ofpvrgi~g tirn~ (between 15 minutes end 30 minutes) co~ld’~b~

ascertained~ - -

As for other factors determibing the quali*y of the water

samples, nothing new is to be said; the~ were satisfectory in

‘ moet casco excep-ting the turhidity end color which had bee~ îound -

in consid”2rdble number of sampies (table 3A).

I~ ri’ey be ~otc~ t~iat during this step~of inve~ti~’~io~ the

nev) (oboer”~ation) tube ~ells had no pucca platforms., In,th~ next

step of experiment this deficiency was rectified by constructing

proper plat-forrn~.-
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Table—3A: Physical and Chemicel Examiriations of water samples
after Instal]-stion of Observation Tube Weils

1
t
t
t

Site Datt~ara Feriod of Sampiing~eb—March’85.

No.
Tu’b”e well ~a~~~iEer ~ ~~pT~’iWater~

~ No. ~ling ~Temp~C ~ ~ievei~
~‘in ~

9 ~moter’~
2 ~F3”- ~‘“-‘“f~T~b~1

~5~7j~
rance

ÇiJis—
~solve
~solid
~m /L

Ç~1~T~~Nitrate
~ride ~mg/L
~mg/L ~
~

10

TDH (a) 24 6,5 6.7(c) Clear 800 297 Trace

(West) (b) ~ 6~5 dear 800 297 trace
1. (Runningj 1 et -‘

TDH(West) (~)24 6.6 6.7 Turbid 988 354 0.8

(Obser—
vation) (h) 6S5 Turbid 980 354 0.9

TDH(Wost) (a)25.5 6~G 6.9 dear 432 304 0.5

2. (Running) 2nd (b)~ 6.7 Clear 4523010.7

TDH(Vlest) (a)25.5 ~ 6.9 Turbid 1-64 357 1.1

(Obser—
vation) (b) 6.6 Tu~hid 300 362 1.2

TDH(West) (e)* — — — — —

3. (Running) 3rd (b)* -~ — — — —

TDH(W~~t) (e)26.0 6.6 7.0 Turbid 516 34? 1.1
(Ob~er—
vetion) (b)11 6.7 Turbid 556 325 1.0

Site : Bali~p~r

No—1 (‘a) 24 6,0 Cleer 1532 27.0 2.2
5.8

1. (Runniu~ lst (b)24 6,1 Clear 147227.0 2.5

No—1 (~) 24 6.2 Turbid 1420 19.0 2.7
5.8

(Obser—
vation) (b) 24 6.3 Turbid 1500 19.0 3.0

(a) After 15 min, Furging
(b) After 30 min, Furging

(c) = Water leveis were measured for Running Tube weils only
and it was assumed that adjacent Observation Tube Well
would have the same Water level.

(*) = Out of ordQr.

1
1
1
1
t
t
t
1
1
t
1
1
1
1
1
1
S
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_3 Q 4 ~5 ~b ~ 7 ~ ~ ~ip

1 Table 3A

~i’~ ~2

2~.

No—1 (a) ~5

S~i~j ‘2nd (b”)~5

(a) 25

1 (Observ.

No—1 - (a) 25

1’ ~i

,

-~-1
No—1 (a) 25

1 -

(0bse~’v.’) -

6,0 Clear

6.0 - - -Clear

6-2 Turbid
6.4

6,2 Turbid

6.0 Clo~r
- - 6~8

60 CiLeer

Turbid
6,8

- 6~1 ____ Turbid

1200

1 480

1 320

1304

1 268

1 524

1 340

1136

30,0

29.0

21.0

23.0

32.0

38S0

34.0

31.0-,

Site : Ghio~

3.8

2.6

2.8

3.0

2.9

2.8

3.. 0

3.1

(c)
6.0

2~

Coloured

~9
6.0

Trace

,,

2nd

--No--36

1. (Runni~)

- No--36

- (Observ.)

No—

No—36

____ ÇÖbs~rv~)

No—36

3. ~
No—36

____ S-

(c)= Water lever

(a) 26

ist (b) 26

(~)26

(b) 26.

(a) 26

(b) 26.

(o) 26

_______ (h) 26

(a)-24

Jrd (b)24

(a) 24

(b) 24

6,5

6.6

6.7

6.7

6;5

6.5

606

6 .6

0 ,

‘-6.4

6 4

6~5

6.4 ‘‘

-

6.4
,,

,, -

,,

800

1 004

820

7 Q0

1144

1184

1 040’

952

1 532

1 528

1 348

1 372

23

21

23

21

13.0

12.0

12.0

12.0

19.0

21.0

19.0

21,0

-— , ,

,,

6.5

6.5

,,

.2~L

,,

s wer~ measi’ired ‘~‘orRunning Tube vello only and
assumed ~ adja~et~tObsoi6;stion Tube Woils would have the same

“Vater- Level0

It W~s



Note’’ (a) = After 15 min. purgin~.

(b) = p,f”~er 30 min. purging.

(c~ Water level were Measurod for Running Tube

Weits only and ~t w~s assuined that adjacent

Observatiori Tube Welig have the s~mewater

level.

~able : 3A (Gon-td)

-~ 58 -

le

1 0 2~ ‘1 4 5 Q h ‘~Q~ ‘7 ~

Site : ~hatail

24—A

(Runn ing~

2-~--~A

(~~er—
_____ vat ion)

24 —A

2~ (Runnin~

24 —A

(0 beer---
______ vat ton)

24—A

30 ~n~)

24—A

(Obser—
vation)

let

(e)

(h)

25

25

6.4

6~4
5.3

Clear

Ober

1352 44.0

1380 42.0

0.1

Trace -

(~)25 6,5 Clear 1336 61.0 0.25
503

(b) 25 6,5 Clear 1344 6i.0 0,3

(a) 24 6,2 Cleer 1508 29.0

-

0.2
5 * 4

2nd (b) 24 6.2 Cleer 1520 23.0 0.25

(~) 24 6~3 Cleer 1468 53,0 0.25
504

3rd

(b) 24

(a) 26

(h) 26

(a) 26

6,3

6.7

6,5

5.6

Clear

Ober

Cle er

Cleor

1408 52.0

1508 27.0

1300_25.0

1512 57,0
5.6

(b) 26 6.6

0.2

Trace

Trace

Trace

Trace

t
1
t
1
1
t
1
1
1
1
1
1
t
1
t
1
1
1
1
1
1

Clear 1412 53.0



Table—3 13: Eact~riO1ogica1 Examination of Water Sampies

after Instalbetion of -0bserv~tion Tube- Weils

.

Site : Dat~~ara Period of $am,pjing Feb—Mar c h’ 86.

sl.F ‘Tube Well
______ No. ____

1 ~ 2

TDH (West)

1 . (Runn~~

TDH (West)

(Observation)

TDFI (West)

2. (Runnir~

TDH (West)

____ (0bs~rvatjon)

TDH (V’Jest)

(Rurini~g)

TDH (West)

(0 b s er vat ton)

Ealicr’VuT

30

Streptocot~ci
/100 ml.

46

85

15,

0

86

61

8

3
*

11

10 —

T~ij517f~~
_________ /100mb. _____

LiTL_~~~ 111hi
(a) -TNTC

ist ~h) TIi’TC ____

(a) 25

(b) 8

(a) T1~TC

2nd (b) TNTC _____

(a) 30

______ (b) 15

(a) *

(b) * _________ ____

(e) TKTO

(b) 75

3rd

Site

--No~1

-

(s) 20 4 -

1. (Running)

No-1

-

st (b) 14 -- - 2

(a) 0

-

(Observation) - ‘ (b) 0 0 ,

No—i (a) 7 1-

-2. (Runn~a~

No—l ‘

2 ud (b) 5 2 -‘

(a) l~ 54’

(Obse~tion~~ ‘ 33

(a) After 15 mini purging. - ‘ -

(b) = After 30 min. purgihg~

(*) = Out of order -

TRTC = Too numerous to count.
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(Observation)

- TC = Too flumerous to count

:able : 313 (Contd-)

1
t

1
1
t
t

2 ~T3~T~ -

No—T (a) 3 5

3. .(Running) -

No—1

3rd (b) 3 3

(a) TNTC 29

(‘0b~ervation) (b) TNTC 10

Site : Ghior

(a) 38 2No—36

1. (Runri in~

No—36

1 st (b) 23

(a) 0 0

(Observation) (b) 0 0

No—36 (a) 4 2

2. (Runni,,~,g)

No—36

2nd (b) 3 -1

(a) 0 0

(Observation) (b) 0 0

No—36 (a) 14 2-

3. (Runnin~

No—36 ,,

3rd (b)6 4

(a) 7 6

(Observatton) (b) 4 2

Site : Ghatail

24A (a) TNTC 25

-1. (Runnin~

24—A ‘

ist (b)TNTC 12 —

(a) 2 0

(Observation) - (b) 2 0

24—A (a) 2 0

(Runn i~a&?,~ -

24—A

2. 2nd (b)i 0

(a) 0 0

(Observation)________ (b) 0 0
24—A (a) TNTC 6

3. (Runnin~)

24—A

3rd (b)32 1

(a) 23 7

(b) 8 — 2
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~b) In the next step, more stringent rr~asures were taken for the

observation welig mentioned ebove ,(4.2.1), to observe whether the

1 samples takën from’ these w~blg were improved in their bacteriolo~icE

I quality0 Accordingly, the observation welig were disinfected byin—troducing chborinated ~a*er into the pipes in ostirnated concentra—

1 - tion~nd volume, so that the~who1epipe contained the chlorinated
water h~tng bactoricidal r~~g~ofchiorine. Then they were kep’t’~at

1 the capped conditions for 72 hours before sampling. More prolonged

purging of water wos carried for the observation welis and sampling~

1 were made (~)hefore purging, (h) after 4~hrs. of purging and

- (c) 5 hrs~-o’f purging. In oase of the running tube welig, the sam—

pleswere teken as before (4.-l.1). The results have been show~in-

~‘the tqble 4A and 413.

1 In this case also, though a riumber of samples taken frbmthe
obse±vation welis as well as the running weils, shovved the absénce

-- of faecal indicators organiem, but the over all resuits were not’--

I
significantly different from thoseobtalned un ‘the previous experi—

ments. All tube weils, both the observation end running were found

contaminated by faecai indica-tors. So the chborinated procedure,

in general, failed to improve the bactoriological quality of thë

1 eampbes0 The effeots of pur~ing were variable and as before it also

failed to improvc the bacteriological quality of the samples to

1 any significant level.

In this experiment atso e good number of samples were found

~urbid and or coloured apparently to the undersirabl~e level. In

respect of pH and contente of chioride and nitrate, the samples

were no-t generaily unsatisfactory.
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Table—4A: Fhysical and Chemical Examinations of Water Samples
after Chborirjation 0± Observation Tube Welig

Site : Datto~ra

Q pH

Period of ~

t
1
t
1

- ‘‘T

1
1
S

‘Tü’be Well TSamp--~‘Water
No. ~ling ,~ Temp.

~‘
1 Q ‘2 3 Q 4

QWater’2Appea—~
~ieve1~rance 1
~in ~ -

1
Dis—
solve
solid
nigj L

CI o-~:~
r ide
mg/ L

~Nitra-~Reniarks
~te
~mg,L

~‘ ~ 6 Q 7 - :::~-:: n5_ ~ 11

~DH(West) (Ô)27” - 6,6 - Turbid 708- 390 Trace

(a)~6 -‘ 6.5 7.0 ‘Ci~ar 738 290 0.8 -

1~ (Obser— l’s’t (b)26 6.5 Clear 740 295 - 0.5
vation) , - - .

TDH(West) - (a)26 6.5 Clesr 750 245 O~8

(Running) - (b)26 6.6~0c~ar]36 248 Ti4ece

TDH(West) - (0)27 6.7 Turhid 7”~2 353 Trece

(a)25.5 6.8 7.2 Olec’r 628 305 1.5

2, (Obser— 2nd (b)25.5 6.7 Cleer 640 300 1.1
vation

TDH(West) . (a)25.5 6.6 Clear
7.2

628 308 l~2

-- ‘(Running) --— (b)25.5 6.6 ÇILear 560 306 1.2 - , ‘

TDH(W~st) - (0)26 7.0 Turhid 600 335 0.9

(b)26 7.Q 7.3 Turbid 595 298 1~2 -

3~ (Obser— 3rd (c)25.5, 7.1 Turbid 605 293 0.8
vation

TDH(W~st)r’.

‘

-- (‘a)26 7.~ - dear
7.3

568 313
‘

0.8

. ‘(Running) - (b)26 7.1 Turbid 580 315 ~0.8

1
1
t
t
t
t
t
t
t
1
1
1

(0) = Without purging

(a) = After purging for 4:30 his. in oase of ohservation Tubo
welig & 15 min, in case of rUnning tube well.

(b) = After purging for 5:00 hrs. in oase of obs~rvationwelig
chiorinated 72:00 bis. before ist sampling.



Table : 4A(contd)

T~ ~
Site : Baiiapur

Trace

2.5 -

2.5’-~..’~ --

3.5

3.5

Tr~e

3.7

3.0

6fl -

10 ~1i

Ist

(0)27

(a)26.5

(b)26.5

6.6

6.7

6~6

6.4

,

Olear

Cleer

Clear

01e-er

Cleor

Cioo~

696

680

~96

664
-

716

692

169.4

43.7

42.0

38.0

39,6

38.0

(g)26

(b)26

(0)26

6.8

6.7

6,8

6.4

(e)25,5 7,7 6~5 Ober 756 28.5

(b)25~5 7.6 Cl~ar 732 28.52nd

No-l

1. (Obser—
vation)

No~1

(Run n i n~j_

No-1

2. (Obsor-- -vation)

No—~1’

1 ‘ (Rurrnin~)

No-1

3. (Obser—

- vation)

No-l

(Running)

Site : Chior

1~ö’—36

(a)25

(b)24~5

7.,7

‘7~

7~7

‘

Clear

C’lear

696

“715

30.4

30.5

3.0

3.,5,

(0)25 Oleor - 588 30,4 2.1

, (a)24d5 7.5 6.7 Olear 620 34~2 2.5

3~’d (b)24â5 7~6 Cioer - 588 34.2 3.0

(a)24.5’

(b)24

7.7

7,6
6.7

Oleor -

Cleer

596
- ‘

592

36.1
- -

36~1

2.5
‘,,

2.3—

1 ‘
(0)26.5 6,4 Coloured 429 57.0 Trace

I -1. (Observ.) -let

I No—36 ‘(Runn~pg)

(a)26’ 6.5 5.8 ,, 429 19.1

(b)26 :6.5~, — 426 17.1

T~’ace

0.06 -‘

-

(a)26 6.7 Coloured 4d3 22.8
5.8 ‘ -

(b)26 G.7~ 48921.0

0.05
,

1.0 - ‘ ,

i No—36

.
(0)27 7,8 ,, 384 23,0

(a)26.5 7.7 5.9 ~ 392 21.0

Trace’

Trace

2~ (Observ.)
No—36

2nd (b)26.5 7,7 - ~~396 19.0 Trace

(a)26~5 7~E ,, 392 25,0 Traco

~~~ing) (b)26.5 7,5 ,, 384 23,0 0.07

Col : ColoUx’ed



«1-

1 - 23 5~ ‘5~6~7’~8~

(0)27 6.5 Coloured 260 28.0

1o~ii

No—36 Trace

. (a)26.5 6,6 6.0 ,, 240 27.0 Trace

3. (Observ.)

No—36

3rd

-

(b)26.9,6.4_ ~, 21227.0 Trace

(-e)26.O 6,8 ,,, 250 24~7
6.0

Trace

‘(Running) -— (b)26.O 6~8 ,,264 26.6 Trace

Site :Ghatail -

(Ö)25 6.5 Cleer 484 67.7 0.224-A

(a)24 6.6 5.5 01e-er 540 26.6 Trace

1. (Observ.)

24—A

lst (b)24 6.5 450 26.6 0.4

(a)24.5 6~7 dear 468 26.5
5.5

Trace

(Running) (b)24.5 6.6 Cieer 468 26.6

-

Trace

24—A - (0)25.0 6.6 Ober 525 32.5 0.8

(a)24.5 6.7 5.6 Ci~ar 530 32~2 0.3 --

2. (Observj’

24—A

2nd

-

(b)24,5 E~’7 Ober 580 32.6 0.3

(a)26 6.7 01e-er 450 32.2 Trace
. 5.6

(Running) (b)25.O 6~7 Cleer 495 32.5 Trace

- 24—A (0)26 6.8 Cleer 520 34.2 Trace

(a)25.5 6.9 5.7 Ober 440 - 34.2 0.5

3. (Observ,)

24—A

~rd (b)25.5 6,8 Clear 48034.2 0.7’

(a)25.5 6.8 - Clear 420 36~l
5.7

0.8

(Running~ (b)25.5 6.8 Ciear 435 36.1 Trace

Note dol = Coloured

Table : 4A (Contd) t
1

t
t
1

t
t
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Site : DattQ~ara - ----— -

SL.1\Jo.Q ~uoe Well
_____ No. ____

T t_
TDH (West)S

S
t
t
t

Teble—4E: Eacieri~ogical Examination of Water Samples

after Chborina,,tion of 0bservatinT~e Welig.

Periodofs’e~npiin,gApriu1y’85.

— ~ ‘ ‘ - ‘

- ‘~ ~Sam~ CoT or~’~6”c’~bStro pt o - ~ Remark~
_____ _____ ____ 1100 ml. ~cocci. /100_m1.~ _____

__ __ _ T T -~r
- (c5) 6~

(5’) 34

___________ (b) 15 ______ ____________

(~3) 3

_______________________ ___ (b) 4 ______ ______________

(0) ‘70

- ‘(a) 18

________ 2nd (b), 16 -—

(a) 1

1._ (Observation)

TDH (-West)

lst

4,
(Running~____,__

-_~DH (West)

,-_ -

75

4

TNTO --

2

3 _____________________

3

14

10

13 --

2 ~‘~“ ‘~(Gbs-e-r-vatton,)

TDH (West)

(Run ningj

TDH (West)
S.- -

(b) 0 2

(0) 22 TNTC

• (a) 22 TNTC

,.3. (Observation)

TD3 (West)
3rd (b) 20

55

65

t ‘

-‘ (a) 83

t Site

(Runn~g)

:

(b)

(0)

-(a)

,26 - -

34

3

TNTC

10

3S
-- No-1

lè bsorv~jion)

“No-l

igt (h) 3 2 -I - - -. - (a) 4 11

t (~unning) (b) 3 - 8

• No-1 (0) 32 15

t
2.

(a)

(Observation) 2nd (b)
No-1 ~)
(Running) (b)

TNTC = Too numeroug to count.-

15

3
0

0

‘

10

4
-0

0

‘



2 3 Q 4 Q 5

No—i (0) 23 .~

(o) 10 2

3. (Observotion)

No—1

3rd (b) 28

‘

25

(a) 8 11

(Ru~ing) (b) 9~ 2

No—36 (0) 15 4

(a) 0 24

1 . ‘(Observati en) 1 st (b) 0 20

No—36 (a) 0 2

.

3.

No—36 ‘ ‘.

(Obsorvation) 3rd

(0)

(e)

(h)

(a)

(b)

98

rpT~r~C

T11-TTO

--20 “ ‘--‘-

11

3

2

__________ 0 _____________________

2

(Running) 0

Note: (0) = Without purging. ~------- --

(a) After purging 4:30 hrs. in oase of 0hsd~r~ttQ~ Tube
Well and 15 min, in ceso of Running Tube Welig.

(b) = After purging 5:00 hrs. in oase of Observation Tube Weils.

Observation Tube Welis = All new Tube Welig Chborinated
72:00 bre; (3—das’s) before
lst sampling.

No-36

Table -4~ (Contd)

1
t

— 66 —

t

Site : Ghior

(Runninij~) ____ (b)O

No—36 (0) 2

(a) i

2.--- - (Observation) 2nc’) (b) 2

No—36 (e) 3

-~ (Running) ‘ (b~ 1

2

t
1
1
t
1

3

— 40

____ 52

2

—r

1
S
S
S
t
S
S

TNTC = To uumerous to count
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Table : 413 (COL~tC
1’,

8 ~ ‘t~T5’~ -

_________ (b) 9

24—A (a) 10

(Running) (b) 57

24—A (0) 30 ii

(~) 3 5

(b) 2 7

(e) 2 25

(b) 1 55

(2) 2’’TTO 2

(a) 6 2

(b) 3 3

(n) 5 3

(b) 3 27

Site r: Ghat’ail

24-A

1. Observatice) let

5 6

(0)

(a)

14

2

1

0

~1

1

1

2. (Observot,on) 2nd

24—A

(Runn it’~)

24—A

3, (Observation) ~rd

24—A

(Running)

t
1
t
1
1
1
1
1
1
1
t
S
t
1

TNTC = Too numerous to coun-b
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- ~68- 5
5,3 The Third and Final Phase of the Irivestigation

The resubts so far obtained at differeet experimental condi—

tions are very discourrging ee tbey a—bearby indicste that the hand

operated shalbo\~’tube ~ebls are riot-producing pure drinking water.

The- fact- needs to be confirmed, In the previcus experimen-ts-, ste-p

by step, and ac far as possible, the sources or causes of external 5
contamination have been elir1itrioted. Stili, en considered ‘by the

revievv conimittee, the doubt rernained in the v~itdity of the con— 5
ventionol sompling procedure. 30 in this phese (the ~third- phese)

of study, the tube ‘technique- (described in Chonter 3) was adapted

- t’o ~et somples directly from the aquifer. Oniy ‘two sitos ~hich are

very neer to Dh~ka,were setected. The ‘resul-to of’ -tL~ese have -been’

given in t~bie 5A and 513 the fotlow’ih,g obsoi’v~tions could be made:

(a) Most of the semplc-s t~keofrom the ruunin~, tube welig have 5
been found con-teminoted by faecal organicins, ‘bhough a good numbei

have been found free fiorn such contereiue’tion. Itmey be noted that

the-conventionel mc-thod of’ sanoling have heen fobbowed in cgse of

running tube well~ ‘ - - 5
- -‘ (b), The--samples tken from the oheervotion tube welis showed

less incidence of ~ontc~n~t1 het o’iite a nurnber of’ samples have

been found to he contaminated by f~oc~l or~ariiems. In this ~aSo

the tube technicec of sempling hao heen fob ioeed

(ô) The chboride, niti~~toeri~ p13 contentu ö± the eampl~s are 5
generaily v~ithln the limit. The suspended, dissol~ed end total

solids are Ciso ger’ierclly ~ithiu the lirni’ts. 5
(d) The resubts shov:ri in tebles 5A and 513 hasiceliy foliow the

trends o±~the previous results though tucidence of foecal con—

tamination may he oonsidered to be less, speciolly in the oase of

t
1
1
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Tab1e-5A:P~içe~ on& Che tcsJ- ExaniinetJo~soLWotnT~SarxLp1es

-‘ -‘‘“ ‘ - aft-e~dp,ptatipft~oS_.Tubo-.TocJ ,,e~of~sai~p1ing.., - -

Site - Det-b~ara Period of’ 3orn~i~rigJan—May’ 86

.

31 ‘~Tube ___________

5 - ,

?Samp—QWater~
~iing ~Temn.~

~on

L
1 .3 -~, 4_,__

14 TDH

1 (West)

a t er
~1evoi

-~-1n- -

t~meter

6.6 6.4

~st (13)25

(0)25

fiopea—’~ __________

r a nc c-
-‘ - ~ded ~eobvc~3olid

~solid ;~oiid mg/1
~m /1 ~nig/1

r~~’ i~

Turbid 15 627 652

Turbid 19 703 722

i~(j~LLoriae ~i~it~a
~mg/1

-

-

-‘ ~ 12~

165,5

269.3

0’5

0.7

338.7 j~,r e ce

U 2. TDH 2nd - ‘- -- -(West) - (0)25 6,6 7.8 ‘flurbid iE - 516 532 277.8 0.9

(~‘)‘25 - 6.7 6.8 - ,, - 28 --492. 520 119.9 Tra~e
• 3. TDR 3rd

(West) - (0)25 6.7 6.8 ,, 45 579 624 253.8 o.1 —

5-- ~‘~“ - - ‘CR)26 6.E35,2~ ~ ‘~~‘ï’Is 546 357~8 - 0.9
4. TDH 4th

(West) (0)26 6.7 5.9 ,, 30 ~~36 566 274~0I ‘“(t) - 6.6 7.5 ,, 1E :588 604 350.7 i~2

• 5. TDH 5’th 25.5
• - (Wdst) (0) 6.8 7.5, - ,, 39 - 609’.64B 299.7. .1.0

I - -- (13)’ 6.6 7~4 C],eer 5 586 591 392~i Ti~ace6. TDH 6tfi — ~. -
- -- (W~st) ‘ (0) - C.7 7~4 ~~u~’c~d16 - 684 700 263.3 - ,D.8

S - - (R)25 6.6 6.7 Cobo~rod5 359’ 364 238~7 0.87. TDH let
(E~~) - (0)25 5,5 6.7 Obepr 9 505 514 44~7— 1.0

5 - ~566 69Cloer3 ~5 142 7
8. TDH 2nd

(E~~t) (0)25 6.6 6.9 dear 9 223 232 44.7 ‘

1 - (Ï~T~3~~ 7 7~i~~ 165 .6 t r ec e
9.TDH ~d - ---- - ‘ -

I ‘7Ëast’Y~” ‘‘(0)25 E~7’ 7.1 C]io~r ‘~9 4~7 456 62.6 0.8~(~‘~7~o.2 ~±~bid 15’ 3ö9~ 324 169.4 1.2
25.55 10.TDH

(East) (0) 6.7 6.2

(H)= Running Tube ~/et1s
(o)= Observation Tube Wei

de-er 8 264 272 58.9

ls, b~o samples after he
have been taken and the everage value have heen shoviri.

ND = Not done.
Col= cobour

1.5

intervab of 15 min.



TobJ-e : 5A (contO)

~1~Q 2’Ç~

ND Not done

dol Coloured

- 70

3 ~ 4 ~ 5 ~ 6 ‘f~7~ Q ~B1’ ~‘i 0 ~ 1 1 Q 1 2

S
1

1
S

(R)26 6~7 7.6 Coloured 8 296 304 140.8 2.6
11. TDH

(East)
5th

(0)26 6.8 7.6 Ober 7

(R)286.6 7.4 Clear 14

253 260

336 350

69.5

161.7

2.0

1.0
1 2.TDH

(East) (0)28 6.7 7.4 Ooi.,. 10
~-

(13)27 6.7 I’TD Cieer 8

425 435
—~

285 292

132.6 1.3

123.7 0.6
13.TDH 7th “

(East) (0)27 6.7 ~D Olear 8 272 280 128.5 0.9

No—2 (13)24 6.7 6.9 Cel. 24 46x1- 488 53.3 2.5
14. - ist

(0)24 6.4 6.9 Turbid 36 648 684 271.2 2.2

(13)25 6.8 7.0 Cob. 55 493 548 58.9 2.3
15.” 2nd

(0)25 6.8 7.0 Turbid 74 578 652 243.6 2.3

(13)25 C~7 I~ lui-bid ~0 888 976 58,9 2.4
16.u 3rd

(0)25 6.8 ND Turbid 62 798 860 266.4 1.5.

(13)26 3.7 7,2 Turbid 96 436 532 60.9 2.5
17.” 4th

(0)26 6.6 7.2 lu,ubui 5C) 682 732 253.1 2.0

18.” ,Çth
(13)25 6.7 7.5 Tur bid - 169 466 735 921.4 3.8

(0)25 6,8 7.5 Turhid 45

~13) 70
25.5

690 735

386456

244.3

87.5

4.2

4.0

19.t? Etb
(0) 6.6 7.2 Turbid 47

25.5
859 906 264.0 4.0

KB(New)
20, - let

‘

(13)24

(0)24

6.9

6.8

9.3

9.3

Turbid

Ool.

160

45

452

611

612

656

39.91.1

117.0

-

‘‘~

- tr~e

-1
t
1
1
S
t
1
S
t
t
1
1
t
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Table : 5,j-~ (‘r(ntO)

Sito Babi-apur

T~T~TT’~ ~~T’

let (13)25 6,6 6,5 Clear “‘f3. 562 572 5~.9 2~
(0)25 6.0- e.s - Cbear 10 438 d48 t5~.5 ~

- -‘ -~25 68 6 9 -C~car - 20 436 L~

2. 12—Eas~2nd - -

(0)25 6.7 6~9 Cb5ar 10 416 ~26 ‘-6e-- 2 -

(R)i-m 6,8 7.8 C1~~ - 7 361 358. ‘2? ‘~-

3rd -

- -‘ (0)I1ID 6,8 7.8 Cbear 8 334 342 173.~-

6~9C~ar - 4~27O~2~
4~“ - 4th ‘ -

-- (0)26 67 6.9 Colour 14 223 24-7 75.3 2.6

(~266~6~ 2.55; 5th - -

- (0)26 6.7 6,2 ‘ Cobour 6 254 252 75,2 2~O

(13)27 6,8 7~0 2~c~:’ 7. 308 312 91.4 “fO
5. ~‘ .6-th - -(32( 5.7 7.0 - Clear -iZ~ 225 239

- , ç~)25 6~6 608 Clear 12 552 664 70,4 2~7
, 7~ 12—Far lst - -‘ -

(0~2~ 6,7 6b r,I’9fl~ 12 5A-8 - 56’O 57,0 2.6
-~———----——--———__~~~-

(R~25 6.8 - 7.0 Clear 27 - 273 280 62.0 ‘~ 3
8, i~-Far 2nd -‘

East - (0)25 ~.7 7.0 Cloar 15 251’ 265

- ~13)25 6,8 7.5 C1~~r 10 372 382 73.0 ~ -

9, 3rd -

- ~0)25 6.7 7.5 Ober 26 290 3i~ 53.7 3-6

- (13)27 6.3 7.4 Ober 8 252 260 79 9 2.
4th -

- (0)27 6~7-7.4 Ober 15 211 226 57~0 ,~ -

-- ‘ (13)27 6.6 6.7 01e-er 12 252 254 ‘(7-0 2.4
5’th

(0)27 «.7 6.7 Cleer 9 208 217 66,6 2.5

13o-~e: (R)

(0)

dol.

Nl)

= Rvnn~.ng Tube Welig.

Observetion Tube Welig,

= Co~ournd,

= Ï2ot (JO~le.



Table : 5A (ContO)

- 72 -

t
1
S
S

T’ Q 2 ~ 31 4 Q 5 Q b ‘Q~’ 7 Q 81 9 Q ¶0~Fii~ -~ -i-~-
1

N0-1

12.12—Far Eth
(13)27 6.7 5.8 Cb~r 8 297 305 87.5 2.6

East (0)27 6.8 5.8 - 01e-er 12 232 244 82.0 2.4

(R)25
1 st

(0)25

6.7

6.7

5.2

5.2

Cieer

01eer

(13)25 6.6 6.6 Obear
14.” 2nd

(0)25 6.8 6.6 01e-er

38.1

48.5

I’_)

10 300

20 204

15 254

3.0

2.6

340

310

224

269

(R)25 6.7 6.9 Oieer 1
15.~’ 3rd

(0)25 6.6 6.9 0le~’r

56.2

55.2

3.2

3.0

16.
(R)26

4t h
(0)25

6.8

6.7

6.2

6.2

55.2

58.1

0 221

8 212

6 215

8 192

2.6

2 .0

C1er

Oleer

231

220

221

200

64.7

58.0

1.9

1 .5

17. “ 5th
(R)25

(0)25

6.7

6.6

5.8

5.8

01e-er

Oleor

5

5

147

248

152

253

68.5

59.9

1.5

1.0

(13)26 6.7 5.3 Ober 8 369 377 53.3 2.0
18. “ 6t,~.

(0)26 5.7 5.3 Obear 8 329 1337 58.0 1.5

1
t
t
t
S
t
1
S
t
S
1
1
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Teble—513: Eactei’ioiogiceb Examination of water semples
- ~

Site 7Detta~ara PerioCof seuç-iing Jan-May~86

si. Q u~bë~è1l : Q Feecâ]- coiifoi’ms QEaecal sfreptbcocci
_____ Eo. ‘~~? /lOOml ___ ~‘ /1 00m1
1

1. IDJI (West) —~

2. (0) 0 6

- (13) 0 0

3. 3rd (0) 0 25

-

4th

(13)

(0)

0 1

0 25

(13) 0 0

8. 2nd (0)

- (13)

0 ~ 8

‘0

blote 0 = Obsorvation Tube webis instalied for experimentel
~urp,ose.~ - - .~ ‘

13 = RUnuin3 ‘]El’Je ~%e~s ~~0tbl~d hefore & used by the
people.

* = In oase of obscrvatiou i~ol1s, two samples after 15
-- ~ - - min... in’turuial..have he,en. taJ~en& av~e.raga,vaLue have

been shown.

1 st

Q

(o)* 0

(13) 0

8

0

1
5,

--

‘~ 5113i (0)

(R)

0

0

5

18’

6. ~‘ E’th (0) 0 5

7. IDE (East)

(p~) 0 2

let (0) 0 0

(R) 0 1
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Teble 515 (Contd)

1 .0

9.

2

TDH (East)

3

3rd

—~ --—~ —~ ~— ----- -—— 4 - -~ —

- - _10.

(0)

(R)

0

0

4t h

2

42

(0) 0 6

-(13) 14 25

~) L~S11. u (0) 0 2

(R) 2 9

12. “ 5th (0) 2’i~C

1 2 1;
1 ~ •

29

7th

11310

11-1-10(F-)

(0) 21210 44

(R) 2 - 17

14. No—2 1 s’t

15.

(0) 120 T NT C

(13) 2 T11’TC

2 nd

1
1
1
1
S
1
t
t
S

1

t

16.

(0) TNTC TNTC

(13) 31 TNTC

3rd (0) T biT 0 T NT 0

(~¼LLJ 65 - TNTC

17. - 4th (0) TiTIC TETC

- (~) ‘ 25 TTTTC ‘

1 8. - 5 t Ei (0) 2 NT0 INT 0

(ii) 55 - TN~d -

19. “ , 6-th -(0) TElG TNTC

-(R) TNT0 TMPC
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Teble 518 (Contd)

--

Site Daiiepur
______

1 .~ ~l2~-a~-) 1 et — - (0 ) 0 ‘ - ‘ - - 9

5. 6-th (0) 0 0

(13) 0 0

~3 -- ‘_Q’_ ‘~

2~~(New) lst (0) 0 , 81

(R) 11120 TTTTC

4

0

21 TbTTC

(ii.) 1

2. 1-11:0 (6)

3~ 1 3rd (o) 0 0

0 8

4. 4bEi (0) 0 40

(bi) 20 20

(0)

(PL)

5. 5th 0

0

0

6

7. 12(For--ldest)
.~-- —.v~_’~,,-,.-—-- -~

-l (o)

(‘t-
\ IL

01 8.

1T~
1
1

0

9

0

8

(0) 2 53

(ii) 35 TNTC

3 r d

10. 4th

(0)

(13)

(0)

(R)

12

0

0

3 /i.

T NT0

1

0

1

TNTC = ~Poo numeroiis to ceu nt.
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Tebie 5E (Contd)

T p’~Z 2- - -

11. 12(Far--Eost)

15 __

5th (0)

(PL)

(R)

3rd (5)

(R)

0

-1-1

5

0

10

0

0

5

48

12. Stil (o)

13, lIo—1 1s1

0

Ö

4i1 ~t
‘‘-Pl

15 ~
1 S

(0) 0 2

(R) 0 20

2nd (0) 0 0

(13) 5 61

0

0

~1’ 1
~1
-- - 1
“-t
‘-S
~1

1
.5
--5

1
•1

“1
-1
~~,~1

1
‘‘I

1

16. 4th (0) 0 0

(R) 0 2 --

17 Sth (0) 1 1

5-th

(13)

(0)

0- 2

18. “ 0 9

- , - (~) d - 8

Note : (0) = Observetion tube well

<R)=Rurining tube Well

TNT~ ~ Too numerous to count~
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1amples taken from observation ~obbs.

Ie) In hot Ei the cases of rune ing and observation -tube webls, no
;ube well ~as found to ho free trom feeci contamirlation consider—

ng the over all resuits end feecci s-trcotococci heve apparently

‘ound to be more persisten~ than the Eecai cel-forma,

1f) J\ppareetby tube techaique 1,: safor het coeipartivaiy difficult

;o handie ~d tIme cO’~sunio.. ‘ilo concrete couclL’i0i~n, from these

may he deducted Ib~t this method is significantby superior
;o coaventionab sampiirig method.

1
Î~)

Stili, -the source of fiît-b conternineticri could not be bocated

peciebiy as there were mony pollu’ting soercer reu~dthe -tube

Though, much precaution hee beeu tken to remove -the exter—
~a1 sources of coetamine’tto~i, speciaii~i ie cese of observation

~iebis, could not perhaps, be removed totlly~ So It could
iot be COflC1UdC1 Erom the~eresuits whether -the source of feecal

lontamieaion wee pit latrine er not.

One importeet fect may be nientioned here the~the lack of

1 dro’geoiogiccb det speciebiy re’-a’t’ding the direction of ground
~ter fiow mn~es-the resulta more difficuit to interprete or come

sobie reabistic conolusions. This part of study (hydrogeoiogioal)
ias not been done, bhough it is vitebly important for such investi—

1 tio~. It may be mentioned that 1503113 was not entrusted -to carry

t ~he hydrogeobogical studies.

1
1
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6. Discusuion:

5.1 General Considerations:

It i~i qLitc opperen t tht resu’L-ts obtsined in this prelim

nary studies give no v~lid ocsis to formutste eny reeiistic çon-

olusion en the- cobiution of ‘irou”d water from pit—batrines; in

other aor~s, these results ere ‘:ot -et cii sufficiont -to fullfil

-the ~ims ecU objeotives of this project. Thcre rnsy be identifiec

many reesses Eo~--’ no-t heirv’i succeusfui to astsirt the goal at this 5
stage. These- incbude rsuay appsrently roinor anats, but which in

reabit» crec-teJ difficuities in the- pro~iess of e-orks, such as

transport probieras, back of proper l0’ist icci supports, environ-

mantel conditiens, instelintisa of tube wei
Te is standard ways, 1

defects is platforms, doiey in get:in,c; s’sppiies of chemiceis,

media etc. However, the mc
4our fectors w’hich affec-ted the propei

progreso hence- the ecoie-vemeut of the “cci may he described 1
summQriby as foliows

1
6.1 . 1 Inc uffbc ie-n int Orisinal Fro-tocob Proj~9t Pl en

The programmo/protocot which was handed ‘over to the inves

tigetors was no-t formulated ‘ei-th sufficient hcckground knowledge

and practicel experience cpecicity rei:ardin,c coadi-tiona naturel

to Bangladesh. The pioneer’tng works of Ceidwei’i, e’t al (1937),

Dyer and Ehaskeran (1942,191t3b) and ~yer et -‘Dl (1945e) are quite

useful in desigrling such studies. Eet in this originei work plan

their studies were not tsken in-to account. 13-ether o shortcut wey

of monitoring underground water poiiution WaS programmed. In the

studies, they sebec-ted sitea which wero epparentiy free from

faecal poliution . Latrine was instaiied in e selected piece of
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the experim-ontu t sites eaU tube welis were instalied around this

latr inc a 1 ~‘6fui’ e~it di It 5c03 5LJU d ept hs for proper mon it oring

of the treveb of nollution (s-ee SISC Recoemendationand Guidelines)

Actu~ily, ‘t,.he p~oposal for c~oating such experimentol condition -

was put To~’v1arU by the investigetors but this was no-t agreed upon

by the se~lew couimittee, oc’rheps mainby , because it would drasti—

catly cbcngc th~ ori~iuai plan e~drequ~remore fund s• $0 it

was tr~5-Jt c ~e-i ±hc 50511 1S ~iii yeguits b-i gorne minor mod ifica—

tiona ‘1’ics h:vo heen cb’:cccsed in sultahie- placos. Rigid time

Dec-u ,,ct -- - ere loani to bo nimost impossible

to fdibot’- d’ ~O f5’) icei ,ib~~ce~tO neceesei’y, was vISL’aiized and a~’~

such,, ~E10Y’C ~- Por-)i; n~ cccn. ‘f1’cr sny mejor changes in the pro—

gramme. 3e the iil-vcstl,-ct cc - eenoi~-tuT to the sug~ostions of the

advisoi-’» huview Oomc~ttn or ~‘~c ocoj-~ct coinpriscu of the represen—

tativc’c eE l,2Z’(sCSIR), EF132, ~H0 end 10111011F mcde some minor modi—

fica’tions c~’~io~e,it icsiiY hit ~~he’-e f~ibod to prod eec the cherished

results.

6.1 .2 Fcioci’imerjta t Sitosenl Sampii~i~s

This ryae of study rees “es, as ~~id in rucommendations,

special experirnental condjtion. spccicbiy co~srdingsito seiectiori

and crecting, standc-~dcondc±icas for iovestlc1et tons. In absence of

standard oxperireentai a~te it is onb, n~tLiral the-t the date obteine~

may not ~ro,iucc the o~mncb-~’1c~c-cl~~iou-s~This has heen pointed

out is the Uiscussions d’erin~ the meeting of the Review Committee

but such expericientel site could not be created hecause as said

above major changee in the rlrot’remme viere difficult to be consi—

dered ~t this stage.
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ijoireover, the sitee setected ore ~ituatnd in such environ—

ments vvhere poiiut ior~ soure’-e of faoc~l I~Dcttors- other than pi’b—

letrinos exist promirientiy witli the good posoiblity of contamine—

tion of ~:rcund water from such sources. So is iriiterpreting the

data it is not paseiblu nclurliiy to ioc~te the poricuiar pollu—

t ing source, seecieiiy to make nny v~lis”T rcfc’re’ice to pit la’tr me

where the seme],us ehoved pos’ttive isd icet ioH of f~ecabcontamine—

tion. AS in -the cese of ei-te select jou the sc~npiiegpoints (hand

opera-t-ed ,~h~i1c’ï--tube weils) ~re solec’ted no-t on the basis of ariy

properly designe) study pluri es st5teU above. Hoeever~they were

selected on account of the existence of pit iotr~ne near by (in

come cas-es other type of icti’inee clso). Bui in the vicinity of

these selected ‘nonitoring tube welin, ciiilost in all cases other

types of potentiel poilution cources soch es other -types of feecal

ma-t-ter disposab systems, d itches, noteble di-eins etc are located

and the over all envfronmcn-tai conditions ere depiorable. This

makes compbication in interoreting the x’esuLts particularly with

reference -to pit la-trines rabove.

~ii the monitoring, tube ~eils ere runnins ‘tube—welis and

the~ are used by -the pthbic. This increasod the possibli’ty of

ex’ternal cou’tE~1ination to a gre~’t extecit. More over, it is also

reported tE~etpolluted vveter are c-sc’3 for nrimiteo these tube weils

and in meny dosos thero ere fissured plaforms ~ud possibLitiös

of leakage arouncl ‘the pipe o~ the tube well ‘‘ore elco noted. These

factors, would no dou’ot tnfluonce -the resubts very much. Of course,

in the course of the study speciebly in the second and third phases,

attempts were made to eiimiriate come of these factors by repairing

the pletforms, preventing the possible ieaknge, eto.

1
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As d~scribed obove, in the second phase ‘of the study, observation

tube ~iis which vere kep’t ~ e~poedc~ûditions and the public were

not eibowed to nee theci v’ere instelled in the nejrhboL~rhoodof -the

running tube ‘olle to elieiitstc the exteicsel coLet-Dminoting factors.

As ‘tliey were instaibed very neer to -the rstinin!-’i tebe wells (for -

parallel study), i’t was likely that tbey night alsoget con-taminatec

when the rusnias tube weiis were conteminatod. As ‘-the over all

resubts showed that though some- of the senipbos teken from -these

observeti,r’tn tebe- we-bis vara found to cor1tail’i no feecal indicator

organisrus, tiie~i eere fo end to ho even-t i~liy conterninated by feecal

indjce-tcre. 30 the abcve men’tioued pci-nt (poitution of observotion

tube roll free the runnino tube we-bi) eau not ho overbooked. $0

such a sy stem sEec-LDId eet ho coesidored ideel for such study.

It cii’-y 5e mcni~oned‘that the seL’ictien of experimental sites

and ses~piingpoints (i.e. the a~cnitoring tube welig) was not done

by IFSI (‘13031fl).

5.1.3 Lok of ~d~eoio,ic l’~l De t’ a

Thou’ji it vee repeatedly pointed out ‘that in this type of

st~dy, hydropeolD~icai firidii~gs nr~vlialty important also, but

no sucli study hee hen done-, L~ïeiethe diroction of flow of the

ground wr-’ter could not oscer’teined duo to leek of manpower or some

other recson. Ee-t such datn ere most importeut in interpretating

the data of microbioiogicel ~id e-lso chemical investigattorîa. 1f

such investigatfon would hove been done, wha’tever data we have in

hand, it could have been ettompted to anc-iyso the data to’locate

the source of poiiution --Li’~h sociai rofere-rice to pit latrine. It

may be mcriti-oned, her~, that the Institute o±1 Rood Science & Tech—

nology,BCSIF, whei’e the inicrobioiogicai end cbemiceb investigatiofls
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ware done, has no menpower or e-xperience in hydrogeoiogicel studies.

This fect nos tehen in-to consideretion whe-n eirroement was echieved

between 1303113 and DP~1Erotierding this project.

Fowever, this inve-stvg”tion hes reveebe-d some important 1
informstints on ‘the queiilj- of tnbe—weli water. The resuits of this

investigetions, ~ins pointed o’it meel! vitni ospocta of such atndy oM 1
providos good b~i~for further resiistj,c, meeninvfui and §~ientifi—

caliy sound progrcmlninç for cc ‘e-,~ein the cctn~l situation. It hes

greetiy heiped in Lormuleting the sugges’tions and recommendations 5
necessery’ for dr-:-winp -the future pi~n of studies vihich ere consi—

derèd to be ve-ry important for rurel water sriçpiy by hand operated 1
shsiiow tube nelle and instelirtions ot pit--iatrine to emeiiorate

the present conditions of diepossi of faecsi mstters. Lewis et ei S
(1980) in their generei revie-vv en ‘the risk of ground water pollu— 1
tion from pit batrine end pour flash type ici’trine, put great

emphasis on ‘the hydroneologicci charac’toristics resarding the trev— 1
ei of poiiution from suoh- ictrino13 through unsature’ted and sature—

ted zonec. In the unssturnted zone filtrstion end adsorption play 1
a great rob in prave-ntinc hacterin oud viruses ‘to trevel verti—

celiy er horizontslly ‘to con’tnmiuete the ground we-ter, The soil

~ha~ëc’teristie ere mout impor’tu nt in these ren peots. The adsorp— 1
tidn of bncte~-icend virusea in day soil is grec’ter. The pore -

aizes of the soil determine filtretion re’te (-eec iitereture re~iew) 5
the smaller are the pores, mcre ie the fiitre’tiun capacity of aoil.

In the aeturo’ted zone, the floiv diroction virtually determine the

trevel of poilution , The- dispoi’sion effect of poilutent from the 5
source is not much, they trsvei generel~yaccording ‘to the direb~

tion of the ground water fiow. The rete- of fiow of ground water 1
S



also infieerico the rate of t~’~vei~nd concentration of the poliu—

tants. These fac’ts cleariy shor ‘the- importanco of determination of

the reciiired hyd’1rogeoio~ic:i reeremeteru ‘to roaci conclusions about

the polluting capecity of pit L~tj’1nc~in respect of ground water -

and this will cer-teinly very according to ‘the di,[’fcrences in soji

profiles and ~10ieifer chcrecteri ties of differont zones. As these

studies have not been ‘los t t is irnor Ci ic~i, to coi:relate the

bscterioiocicei and ohernicci f,ndir~”~ of the enelyeel of ‘the sampi—

es teken froe r cuite irr~e nanbor of’ nenitorins ‘tube vvebis with

the pit- le’tr~ne si’t’ ‘tel ~ L’ -. ~5±Ci te-ee-mesmore compiicated

beccuec of the- prcnsce of other cc ~rceo 00 aalietton existing in

the vicrni’ty cl the reor t-tOTLtn “Oii~ lii ~‘b~’tod ‘-h,û-ve.

5.2 Evni:,~’tien of the helen’s of th~ Investige,rions Carried Out:

t 6.2.1 ye-’iccl Darnot,~r,: —

Somo semples Vera Een) turbid nU coloured. The former

1 characterestics is et~ribu’to] to the f~ ~lt in ‘the s-trainer or some

other lenkage do—irever. this ie endosire-bbo for uich s’tudy as the

S many eu’thors (sea litoi-eure revior’) have fcund thc’t turbid samples

5 masked ‘the colony fo~-’ri t t-en os the meiebr~ne in the Mli’ technique

which wy feli owed in -this ,‘t ‘U’j , irbid neter te also aesbhetica—

liy undcsi-rr~hie.The nonsurcrnent of ‘the degreo of ‘the urb~dity

shoul’] b~ it’,iciuded is the f-’ture nork. lOost of the -tubid semples

1 contomcd very fin cl’-,’ rieten’ ie which even the high quality

1 filter peper could riot hold. ‘13° the fii’terrioiebratin :,sed in MF
techniquc wee ~ in the meesure-meatof suspended eolid content in

1 the les-t shcse of the s’tudy ea’) the previouo resuitc ~re discarded.
In the nioes’urement, Df ‘the dissolved soild, to ge-t quicker results

5 in the first two phbse’s of this investig~D~ionswhich was regarded

1
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as prebiminary ones the gi’evinietric rno’thod vies folbowed (More atten-

tion was focussed on ‘the de’terrninst ton of t-lee feecai indicetors).

The resubts showed considereble veria’ttons vihen compared to standard

method of drying the me-esuredaantitieu of fil’tered samples. This

method was adopted in tho t[iird phese of the itevestigetions and the

solid contents, specialiy -the dissolvecl soiid contents which is

directly rei’L’ed ‘to the conductivity (and ‘the higher conductivity is

sometirnes may be indice’tive of Ee-eed poileteon) ve-re not found

unusLJai and could no-t he evaleeted for indicetion of poilution. In

casa of pH, the same gerierci conelusios moy be reac}ied. In general

the temperaures of the sampies rare obove 2000. These temperatures

may not lee- regarded as favourebbe foi- ‘the survivol of fsecai indica—

tors if the regrowth of face-al coliforma hee no’t teken piece. It

has been fouted by sorne outhors (see- ‘the iitersture review). That

bower temperetures spe-cialiy neer -to 400 fovo’ered the survivab of,,

feecab indice-tors for lol-sier periode.

In conclusion, it may be re’tted tho’t ‘the ohysical parameters

of the samples vvhich h~veboei ~tudied h~vo not been found meaning—

ful regarding ‘the i~dications of poilu’tiou from ptt latrine.

6.2.2 Chemie-el Cherecte-ristics

The excessive nitr’ete content in drinking water is highly

und,esirabbe beceuge it COLtOOS a disoosc riamed Mothoemogbobiriamie and

nitrate poliutioa of ground water from septie ‘type ietrine (inclu—

ding pit istrine) is quito possibie (Lowis ot ei, 1980). But the

resuits sbowed no unusuai concontration of nitrete in the sampbes

studied. The chioride content of human faecai matters is quite high.

~o it is expected -that ground water contamiseted by pit iatrine

should content higher concentration of ohiorides. As in the oase
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of nitrate no such ury’sual concen’tra’tion of cleboride in the sample

1 lees been fousd, But botle the nitrte and cleboride concentrations
in the sampies are subj-ected to niany fectors~including soil charec—

1 teristics, dflu’tion retes (directiy related to -the fbow rate of

I the -ground w~teyvihich b~snot been determined), etc, S0 in thiscase-s’ai’so LTD condiusjon could be reached reger~ing the pollution

1 of ground eater from -the pit istrine in these trivestigation. It
- Joisy be no’ted th~’t in some sampies ‘the iron content bas been found

1 hi-gleer than desirohie. This is regarded os rer,~i5n~iicheracteris—
tics of ‘the soil. However, these eoncenti’etions are not expected

1 to cause eng sor~OLiS trounles in compr~rino:iVdi-th ‘the pollutions

ceused by pa’thogens.

I 5.2.3 Eec’teriologicel Findinge
,13ctueily in this study~ ccmnarnti’Je-ly more attention lees

been given 0e the becteriolegicnl findings wh~lchconsisted of
determina’tions of conventionol feecai indicatora i~e fa~cal coli—

1 forme and feecal streptobocci by thd standard methods Öf MF

I technique.
When at the first phase of the inves’tige’tions, most of the

1 sompies showed the presence of fcecai md icators, incriminating

I all the monitoring tube vveils as poibu’ted, naturally, attentionwas focussed en the possiblity of ex-terriai poilution as discussed

1 above. But in the second phase of the stu&y (vvhich was done after
taldng poseible preceutions to exciude the exterurl poliution and

5 jnsbalbo’tions of observation tube nelle) -the picture VaaS not al±er—

I
ed to any sigriificant level, ~though more samples shoned -the absence

of faecni indicators, (meotby in respect of feecal coliforms),

1
1
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specially in -the samples teken from observetion weils ~but not

much significentiy). So it vi~5 ‘tried to improve the sampling tech—

nique which might be the cause of such widespread contamination. 5
0e this consideration, more sophistica-ted ~nd weli guarded tube

technique of sarnpling method was introduced in the third or last 1
please of the work. However, in ‘this case also, ‘though a good number

of samples -taken from the ru’eniieg as well as observation tube weils

showed the absence of the feecril coliforrrisbe’t cii the tube weils

were found to be con’taminatod constde-ring ‘the overall resuits. It

was noted thot feecab streptococci v~eromore ~revclent. This is 5
not unexpected or unusual as some autbors (see the literature

review) foused that faeee-l s’trepbococci survived ionger than feecal

coliforms in come special environ~riente and conditions .

These bacteriobogical findings clearly showed that the tube

welis were not givtng anfe drinkinfi \r~e’torend contaminatton of

ground water er the aqulfer con not be r’uiLed out et all. But 00fl—

crete and highly relieble conclustons con not be rer-ched on these

data regarding the contaminetion of ‘the ground water by pit letrine

as the sole source of such contamination becauseof the reasons

stated above whtch include the lack of necossary hydrogeological

studies. Even these findings could no-t be compared with these may

be found in the standard coridi’tioris (i.e. having the absence of pit

or other types of batrines, other pollUtin’1) sources etc.). This

indicates the iesufficiency of the york—plan of the project as

discussed elsenhere in this report -
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5 However, one soli) coielusto s-doe-s ccvie eet from these

findings that the sneiie’e/tihe—eell water shoutd not be regarded

5 es sofe or hy~ieniceiiy oure os d~inktng’water under the preveiiing

circums’tancea to which ‘the-eo invcs’tignticns nere cerrted out. As

1 such, ‘the o:cpee’tetto~of erovid in,; geel dris1eing ws’te~to the

5 people by ins’telle’tton of shr’l’iouv ‘tube reus os found in these

investtga’tions is in doubtful condttton. it is e1so required that

5 the tnsteiletion of pi’t ls’trtno shonid not ho done in haphazard or

complstssns’t weg. ~i11 theoe- require s well destc’ned study to find

5 out the ide-el eonditiens for tns’tolio’tions of shallow tube wella

I end ‘the pit letrtse-s (no thoir apolerent nsefui sess aan not be

diaregercied). For auch st~ly come giiidelmnes/recomrnendatton have

5 been incl’ided in thio report



7. Summarji

7.1 In th.e first phsse of the investtgntion which included. the

monitoring of thé selected tube we’tls of five sttes were studied

for ±‘aecsi indicator organisma and al]- the tube weils were found

to be contaminated with these organ isros.

7.2 It was considered that SLJCh faeca]- pol].utiori might be caused

by using po]-]-uted primii~o cstsr, unscnitor~yLIse of tube welis,

leakage through platforms ctc. So in the secocci phsse of the study

the ineasures‘nare taken to eliminEte or imprc’v~ethese undersirable

conditions and it was decided to instoil soparste monitoring tube

well with extraordinery care (observ~t~o~ tube wolLs), very near

to the existing monitoring tube weils. These new ii~stalled tube

wells were not allowed to be used by the pecple und kept capped.

They were prooerly chlorin~ted before sainpling. However, tb.ough

some of the saLnples taken from these ohserv~tion tube welis were

found to be free from faecci indicator orgonisma, but over all

resuits showed the~’ were elso contaminated by faeca]- organisms.

Old monitoring tube well (running tube wei]-s) showed the same

trerids of the resuits as before regardin~ faecc]- indicator organi—

sms

Shahidnagar which was flooded over, was kapt out of further 1
invest igations.

7.3 Such a widesprend ccct~rninotion ~ave risc to the doubt

about the validity of couverationol camoling method, so%’a rather

sophisticated tube sampling mehtod was adupted for the observetion
of

tube weils in the -third phase/study. However, the trends of resuits
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regarding con’tamino’tien by fae-esi tndico’tor orgonisms were almost

as before, though qui-te o numhe-r of somple-s shoned ‘the absence of

these orgontams. From ‘the results t’t V5~
5 not firrniy established

that ‘the tube teahntque of ssmpling was bter ‘than the conventional

method of sampitng.

7.4. The chboride- ond nr’trste conten’ts of ‘the- sompie-s taken from

all moni’tortng locetions were more- er ieos irm’thin ‘the limtts i.e.

they wore- not in high conee-ntro’tton. Ce sueh fmndings could not be

censidered as tndies-tor of foecol psliutton in etther way.

7.5. A few sample-u in ‘the iotttoi phaso were anoiyse-d for tron

con’terrt. In so:ne eeoe-s, ‘this vos found ‘to lee high

7.6. In the vteinity of ‘the- non’t of the mentterrng weils, there

exiated net enig the set istrine (whiele w~sre-quire-d for the study)

but other unde-cireble source-s of polls’tien, sueb os open ietrine,

ditchea, drain: etc.

7.7. The hydroeroologteel studies tteeiudtng such vi-tel paremeters

as determinotien of flo; lire-c’tions and retes ‘~ere not done.

7.8, conoide-rtng the abeve two potnts 7.6 £ 7.7 t’t was, apparently

not poestbie to boce’te conciustvely the source- of eontemination

t.e. whethe-r the- fee-csl tndtee’tera were- isfrod-eeed from the ptt

iatrine. So it could not lee e-stsbiished vhether ‘the ground water

was con-tamtnated by ptt—iatrine-a er not. Hewever, t’t was cieariy

tndtcated by the findings ‘ths’t, ‘the -tube wella of ‘the experimentel

areas were not supplying the destred pure drinking water to the

consumers
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7.9. ~li tbeserfacts point out ‘that this study v~s ~np9clusive.

5o furt her studte~~rnuch more ~~efully designed, are need-ed to be

carried out . Come gui-delines/recommendstions for futu~ investi—

gattons on this subject are incorporated in this report

1
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8. Conelusion

8.1. The resui’ts obtatnecl in these invea’tiga’ttons ciearby mdi—

cate that ‘the hond opero’ted shaliow tube veiis of the experimental

sites did not produco goed drinking water i.e. the water of these

tube weils ware found to be con’tamina’tod by faecol pobiutants.

8.2. Though, ‘this feeesi ~ciletion of sheilow -tube well water

(i.e. ‘the- unde±’ aroend woter) con riot be eorreioted with pit—latr—

mes baeeuseot tnsufficieocy and or of ahsence of some vital date

(eg. hyd~o;eelc5ee~l, o’te.) to s eonst3er~hie degree of certainty;

the pesoiblity of poilutice from pit—ia’trtnes is streng enough

conside-rin~th5-G the ma~er soureos of faoeoi oOliution- were the

pi’t botrines situated in the vicinity

8.3. Fur’ther study in this field i~ certatnly necessary.

1 8~4. For snee g study, the irivestigation procedures should be
weil—pienne-] ond based en the svaiieble informations.

S
t
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9. Recommendationsand Gujdeijees for Èurther Studies

9.1. Introduction --

The rother unsucesuful completion o±‘the investigation

deacribed in this requires, tursl Ly,’ o fsrthe~ broed based study

to achieve useful informations. It shouid be recegnized that in

this s-tndy, net only the polistion 0± ground Vater is irivestigated, -

the porticulor source e±~pollu’tion 1 .e. pit-•batrine must be taken

into account. In fect,~thio source of polbutien is, in this study,

recognized as virtueiiy the most important factor of ground water

pollutton. Se ‘this adds e new dirneosion of irnpor’tonce to this ét~dy

making ib o very speci~i one. -

- considering these, the pl:n/progra~ime of the study should

be prepared very carefuliy. Informattons gotherel from literature 1
descri—

/—bing such er olbied studies (inciuding those which are important

for methodology end data interpretetton) may bo much helpful in

these rogerde. Special at’ten’tions may ho given ‘to the experimental 5
1945e

desiges foliowed by Dyer and Eoh~skarsn (1943,/1945b) a~drecommen’

dations o~Vlard and Foste~ cited hy ~Jerd and Schertenteib (1982). 5
Of course, the experience echieved in the inveetigations desoribed

in this report Will iSO be ver:’ much educative ~nd everitually

considerably use±’ui. 13ut octuel plan should not be prepared only 1
on -the above fecte. Freitminerg studies (also cerofully carried

out according to -the requtrarcents)must be done to chlk out a 5
worthy end workabie plan. The foliowing recoui—nendstions/guidelines

ere prepared for giving the primary direction of such planning.

They are in no ccce, o compie-te plan, or unalteiabie programmes. 5
Suitable modifications, edditioris, deletions, should be made by a

group of people who have at 1e-es-t come first hand knowledge in such

1
t
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type of atudy together with the reaponsibie peopie who would do

er direct the future riork

However the reeommerdo’tecri~/gutdelines concerns the foiiowtng area:

a. Sugges’tiens for oeclimtncry study ‘ohich nctbsiiy is the

seieetion oud oreperotien of experimen’toi iocstion.

I le. The os~oes’tiDnfor eerry inn es-t the nota otsdy Le. the
- polititi ee ef gros os water from ntt—iatrine,

c . Sug e tions end disetisnionn en -the lïe’thoieleyy and

Reqntreeîonto I~olsotien end tn’terpre-tntton of findings and

their rpplieotion end risc the felle’s—up study (tnciuding

persoitoel ~uonttereng)

5 d. - Fersonnel sequired for eornytng eet the nece-ssery mnvesti—

gattens

S
e4 pddetienol Remorks

5 Fredino is eneth ~r vitsi espect ~hteh bos net been discussed

meeh. It may enly lee sotd ‘the-t without proper funding, such

1 sLdy es bound ‘to ‘tske ‘thu ohopo of o ‘sinio’ture er truncated

5 one ‘;bteh is he-iJir eeceoe’todto produce ‘the standard

teformattenu

S -
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9.2 Selection ~nd Preiiuiina:’y Studies of the Experimentai Sites:

These shou]d fulfil the fotlowing cr~terie and findings.

9~2,1 Hydrogeological -

a. There ahould be no ~ource of pollution within at least 60 m

diam.of the field selected for H~estudy;

b. The field s[~outd be f1’ t if there is eny topographical

iuclinatio~i, that uhoulci he dot~r’:ined;

The conto~rs of the field ore to be detormined;

d. The charocteristica of th~ aquifer level including its

sessonal flactuetion are to be rletpyminei;

e. Deterroinstion of the slope of the aquifor;

f. Determination of flow direction of water ~n aquifer;

g. Determinetion of low rate (velooity) of water in aquifer;

h. Detc-rmination of verticel penetration of water through soil

above the aquifer; 1
i. Farame-ter d — h should be otudied for such o period so that

the ~e~sou~l eh~n~oscon be evolueted.

9.2.2 Chemicais oidFhysicel Studies

a. Determinntion of chemLeel and physical chaicecteristics of

soil with special i’eference to the study for pollution; eg.

chiorido, nitrate, nitrite, ammonia, organic compounds, iron,

calcium,conductivity, pEl, porosity, capiLLery characteristic,
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- gram Cize and u-niformity coe±ficie~’t, day and send con’tents etc.

5 (seasenal verietions ‘shere relevant should be evaiuated). Soils

- ~ken from vsrieus deptlis should be enciysod.

b. Deternii2n’tien of physicei end chemical charoctei’istics of ground
water, eg. chlori~es, nitra’teo, solids (dissol-zod end suspended)

5 - ammoni~,ntti’tte, tros, cnle~m-i end other reievnnt chemicals, pH,

temperr’thre, eend uc’tivity, organic rs’~ter, e te. (peesonal varia—

S tion sho-old be

9.2.3 Eeetertolegieel

e. Feecal indi-ectr: (~~ecl coitfoi’ms aud fnecl s’treptococci) shoul
be determined ~itb referesce -te seesonel effe-ets for ‘the soils

S teken from vertous dop-th (n loOSt 3—5m dephs from and above the

aqui±e-r). odditionai ±aecsi ind~cotors asch es Pseudomonasaero—

1 ginoso, Olori’tr5-diurn perfrinqe-ns, Encteroides, Bt±idobacterium etc.

may be studted.

5 b. DetermiLos’tjsn of ‘tO’tCi courts- of

c~ 1± poestbie, dotermiriotien of types 0± becteriad

d. Experiment: n-c are to ho nrrr~cd out for ‘the slbound water after

inata1iotiet~ o~ tube well.:. -

e. Se-e-sonal effe-ets ere to be de’termised.

9.2.4 Detorminetionoflrovoio±jeoliution -

1 a. Experiment-ei pit letrine ::houid properly be instolled (the depth

5 should be e-bove the equifer) in the middie of the expertmental

sites~and the rings
1 of tube weils e various distances (eg. 2m,

S
1
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4m, 6m, lOm, 15m, 20m, ete.) should be instailed for monito—

ring the ground ‘sator. In ‘the rtngs, distances between the

tube welis shouid ho generaliy about mi or es required. The

depths of ‘the tube well~ shoeid be as foliows (i) touching -

the level of -the oquifer, (ii) going well in -to -the aquife~’

and (iii) going doep in-to ‘the cquifer. In the iatrine, some

indicetor chemicais (eg. eommon salt (~~Oi)or a flourescent

dye, such s ~urarniri E) should be put and samples should be

analysed periedicaliy (1—7 doys) to determine -the flow pattern

of pollution. Seosonai studie-s sheuid eiso ho carried. out.

9.2.5 Samj~j~g : 1
The correc’t samoltng is criticeily important. For chemical

and phy~icri psramet~rsof -ocil-o and vistc-rs, extraodinary precau—

tions to preven’t conteminotion er mixing may not be teken, but for 1
bactertologicol studies, contomine’tion probiem should be seriously

considere-d. It is rthcr d~ficuit to collect samples of soils at 5
different depths without contomitia’teng them, hevvever come standard

techniquc-s os osed by Dyor end Ehaskaron (1945b) may be adopted.

For bacteriologicci snaiyris of wotor,the sampiing procedures has 5
been discribed boiovv. The sampiing peints have also been described

above. This arrangement may ho medified as fosnd suitable ie the 5
preliminary studies. Another vi’tai aspect of sampling, is the

number of samples ‘to lee studie-d. These concerns also the number

of points of sampling as tieii as intervals of sampling. However,- 1
sampling must be statisticaily sound. It is preposed that for

analyses to find out physicai and chemical as well es bacteriOlOgi— 5
cal characteristics of SOtis, 4 seasonal periods may be sufficient

- S
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and 5—10 points in oech zose mcv be oeiec’ted for sampling. But f

water, ‘the frequency of seinpiing should be increased much more,at

1e-act once in week oud if posoible detly for the tube well in h

ring noor the la’triLie end nsmbor of points should increase 2—3 fo

Actusliy, this may ho determtued after e few round of preliminary

sempling. -

5 9.3. The Experiinontni Loco-tien te Oporation for Studying

Poilution of Ground yfoter from pit—latrine

5 9.3.1 Estoblislimen’t_of F~rno~eiFit~iofrfr~e

The bored hele ‘shicEe is eentroliy plceed in the experimenta?

t field is to lee eonver’ted tuto pit latrine and sufficient number

I of peopie ~rC to be found ‘to ese tt for proper charging it with

fe-ecel rnntter. Dyer et al (1945a) converted ‘the experimental bore

5 hele tn’to ‘s lotrino cherging i’t v~ith night soil bringing from

some’iere hut sseh. rechar—gtng is constderod ‘to ho difficult in thi~

5 case. do’;ovcr, if t his is to be adop’ted, thea t ho bored hele shou:

I
- be couver’ted in-to a le’trtne which in every vi’tal respect would be

similor ‘to r pit ia’trine hich nre in cce “in ‘this country.

5 9.3.2 Control Tube Weils

i PC ib is nissost certaiuiy ostabliahed the-t -the pollutions
1 trovel with the ground wotor flow direction, some diffusion may

5 occur. The drewdown effect caused by the -tube welis from which

sufficien’t e~nount of water to he pumped out deily (to simulate the

1 tube weils acually in use), may make- the poiiution travel to some

I extent ageinst -the flow direcfion. But ‘this distence is expectedbe very limited, eg. l—2m. iTnder these conditions, the welis just

I opposite to the fiow direction, installed at various distances frorthe latrine (in a ring) may be used es control.
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9.3.3 Perameters to be studied -

a. Chemie-el nd physiccl — es doscribed -cbove.

b. BacteriolegiQal — os deserihed above,

9.3.4 Period of study -

- II would be ideal if the study is con’ttE-sued to three years~

then not oniy the seasenol variattons could be checked, the yearly 5
variations may also be cv iusted. Cotectdering -the time re~uired for

pre—study (selectien and preparatton of ‘the experimentai location) t
and ‘the pertod su ~gested foi -actsel poliutioc s’tudy plus the nece—

ssary follow ~p study and eveluation of resui’ts and report writieg

which will need ~ leest 6 mcnhs to a :~ear; ~he whole period of 5
study comes doun to 5 years. II m-iy seeCi o long -time for a study.

But for succeestel cc4pie tien of such s tudy ebosld os expected, 5
produce very reltebie results. In the meentime, the intermediate

results may ho very usofsi end if the significcn’t results are found,

thei e~-udyperiod may be cut stiort. 5
9.3.5 Sampling

In both pre—poilution ~nd after—poll,ution studies, the

sampling of water has go-t ‘three espects 1
(a) The n~imberof sompies studied These shosld be statisticelly

reliable. Thes~may be determined after preliminn~y studies~ 5
However. it is proposed that experimentsi ‘tube welis situated neer

the latrine (2—4m) should hc studie-d ~t leest once in a week and

the tube welis which situcted far (6—lOm or more) once in a month~ 5
The control tube welis should also he simiioriy studied. In this

case the numbor of tube wells may lee r~duced to half -(comparing with

the experimentel tube weils in eceb case of distance).

os - - - - : 1
1
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(‘0) Procedure of samplin~ -This is vitally important specially
for becteriologicci examinettons. The conventiona.1 me’thod (described

in the report ) hes no-t boon areved un—uceful if it is done care—

I ftilly. The odvontase of th~s type of sampiing is ‘that it is verysimpie md lerge number of sarriples may lee tekee in a single day.

1 However, the ‘tube techniese of sc~npiinf (described in the ~eport)
in no douh’t scicuti~ecel 1-jore perfect, but neeessary modifica—

5 tions such es m-echonieei opers’tion sys’ten tns’tead of menual~ opera—

I tien rnoy hrve ‘te b: inecrporo’ted. It would bo goed if the twoprocedures ere cornprred in tden’tic»l conditions, stnce small error

1 in the ccce ei former may ho disregorded if ‘the face-ei indicators
are studied fsrtbc-r ‘to nacertpin their source (see beiow ).

S
(c) Volume- of later to ho Exomined : For physicol examination,

1 this is not e prebiem and for che-mical analyses, the volumes may

I be determined as per stondord orocedures. Bu for bacteriologicalanalyses specioiiy for faec~l iridico-tors SFV (Standard Filtration

5 Volume ) should lee determined according to the standard procedures.

1 ~ IiJethodol~gy (apart from the sinking of ‘tube weils, instella—
tior~ of -ptt—letrtnc, etc. , t.e, -the engineering aspect, the study

5 may be divtderi in-to three broed area

5 a. Hydrogeoiegtcai

b. Physicci and chemie-ei nnniysos,
c. Bec’teriologicnl examinc’tions,

1
S
1
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Of course, -the methode for abovc studies obviously will

remain limited ‘to the monitoring and evaluatien of pollution from

pit—letrine to ‘the ground ~o ter, leut asch iimi’tations should not

be considered obligatory, these sheuld b~vomsch rus—rgin of flexib—

lity as occasions may ertoe involving many fectors which do not

directly invoive the project but necesserily -are- releted to it

9.4.1 ~~roge ~ t 1 nvecti~ions 5
The paremeters of such have been descrihed ahove in general.

Actualiy, ‘the whoie- eim of these tnves’tiaetions is to extablish a

proper experiment-el set—up ‘to coilec’t reprosen’te’tive ~nd necessary

semplas and to interprete the findings of other inves’tigations for

formulation of sugges’tions/recemrsendatien for estabiishment of

pit—latrine and shailew h~nd operated tube systems in useful and

applicable ways.

The proper methode for ntmJying the req~ired parameters

as suggested will not be elabora’ted here. ~Je hope that conventional

methode may be ssfficiently -ose-isi in ‘these regerds~ A senior

hydrogeoiogist spe-cially hoving oxperience en ‘tho land cherecteris—

ties of Bangladesh with cpeci-i reference to underground water

system should bo consuiterl to ch~lk out the rnetbods for the deter—

minetions of the above moutiened parametors.

9~4.2 F~ysica1 and Chemicel Analyses of Soti and Water S~mp1es : 5
The parameters cited obove regarding such analyses are -

available in standard books. A soil chomist may be consulted for

analyses of soil samples as required a~dthe- methods given in
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Standard Methods for Examinatione of Weter e~d Woate Water (1980)

may be considered suff-icierstly uaefuiin ‘these regerds. -

Though cbernical and physicai analyses of water samples will

mainly remain confiried ‘to the monitoring of polistton coming froni

the l~’trine, (i.e. human feecol mat’ters) i is egood idee to stud~
ie -

some parome’ters lr,hich concern cesthetics os well ss other chemical

aspecte of pooble wter cri’tel’is, such as con’tona of salts of

various rnetals, toxic subs’tences etc., ii poosible.

9.4.3 ~

It is cccepted that the changes of physierl and chemical

characteris’ticc of ground water sacipied ‘through the monitoring tube

well may give goed indico’tions of poliutiotos caused by feecal matte:

deposits i.e., istrines and it is e~se en es’tohlished fect that

chemicçl poliutrnts may fravel further thas the bacteria (see the

literature review)~ StilI, evidences mny be confusirig, vague and

iniluenced by so many known ond unknown factors. Moreover, the

dilutions of pollutanta mjy heceme such that onolytical procedures

adopted may not lee eble to evaluate or detect them. Therefore, muc

more attention hoc been ~ivon to bacterie, naturel habitets of whic

are humen gst end ‘they are- e:cre’ted in ‘the foecea 1n such a number

that dilstion effect infiucnco -the monitoring wibh much less -

significo nice.

- Focol coii±ol’ms (inos~ly Escherichie coli) ere recognized fo

~ long -time to evolunte ‘tno hygienic quolity of water. F~eca1

streptococ~i osc also given much importanco. Clostridium wellchi

(cl. perfrin~pps) ond recentlv Pseudornonos, acruginosa and bifid—

bacteria (Bifidobacterium) are also -taken in-to considerations.
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Naturel habitats of all these organisme are warm biooded animals

(with come exceptions) and so they are ceiied ~faocai ~

Established me’thods for detecting ~nd enurnern’tina: faecal coliforms -

- -os and faecel streptoc ccci have boon established long before. -- But

controversy over -the mest effective er suitable rn~thods has no-t been

over, specinliy, recently much s-tudies have boon done en the ‘improve—

men-t of the routine methocla me i’t bos heen found that a large number

of factors which have not beon given importance before, can effect

the routine procedures, sometimos retftor dros’ticeliy, specially where

the pollu’tion is not recent er ‘the orgruisrns ere under stress. The

latter cause has been given much attention ~nd suiteble methods have

been attempted ‘to develop for be’t’ter dotection end Dr enumeration

(see -the litereture review). So, compsretively more elaborate

attention should be given in this ren of investigations.

For routinie investipo-’tione, it is eft possihie to monitor all

the ±aeccl indicators mentioned ahove. ~s it lees heen done in the

investtgatiorss descrthed in this report, detection nnd enume~ation

of faecal coliforms and fnecsl s’treptococci may ho considered as

sufficient. Other foocel indicetors may be determined periodically.

To-tal bacterial count or standard plato coun’t nnd determinations of

total coiiforrns are helpfui to detcrmiae the ex-ten-t of pollution.

The characterizetion of the orgnnisms isoi’ted from ‘this count pia-te

would give ~ goo~ picture of bacterial pells’tion of under ground

water, specisily when compared with tno spectra of orgenisms,of the

soils and latrinecontents, e good nuinber of pollutior~characteris—

ties is expected to come out. --

-‘t.
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Td~e n~ore specific, the ioilocj~ni~’ recommendhtions oro~described
belew - - -

~~ermine’tion end Snumera’tiori of Feecsl Ce~iforms : -

As it h~s sire-edy been mentioned above that the microorge—

nisms when psesenit in- the sndcr pround. are undar stress. So,speci~1

recovery methed for the reeovery of injued ceils msy be nece~sery.

In this case ruodjiierJ memhraaofilcr rrethed (se~s‘the literature

review) may b~. adop’ted. In -the pi’eit~sinosy inve~tif-:tiens, this

should bo checked. Turhidity maska the colony formn’tton by ±eeoa].

colifornis (cce the litex’~ture revie’t), Se either prefiltration

method should ho dopted for ‘these sanpios er iJiI~h (mes-t propeble

number/tube dtls’tien technique) may ho fnhiovred. It is recognized

that il the faec-1 ooliforms are not Jaciorichti eelt, go differen—

fiction of f~~c~i coli~ornis ieoi--ted peri.odicalty (sny, once in a

mont{]) will Cive more specific ptctlre concernt-is the source of -

pollutien e ~. pit la-truc. -

b. De t~rmia~tie~ of to-tal coiiformn - -

Though rocentiy the Jatermieetien of total coiiforms as

indicetive of water quaiit~’ h~nbeen diepst-ed hy meny authors (hee

the litex’~bure revievi), sucle study would show generally the extent

of pollu ton and when compared wfth ~he feecal coliforms, the source

of c~ lna’tion ma~bo be’tter expisined. Usu~l membrane filter

technique may have to lee modified es per preiimiaory inveBtjga~ions

as in -the cese of feecal coFiforms te recever the possible injured

celis. For turbid sumples, preftltra’tton er MF~\I technique may have

to be used s also in caso of fnecoi coliformu and faecal

streptococci.
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c~ Detection rid enumeration of faecal streptococci

Feecal st~eptococci survive apparefitly longer in water and

hardly proliferate outside ‘the gut. So theii’ detection and enume—

ration hs go-t some added advantege. It is also recognized that

faecai coliforms and f~ecal streptococci ratio give a goed indica—

tion of the source of poliution specially in recent contarnination

(see -the literature review). The standard method of membrane filter

techniqee u~ing KF s’treptococces ager may ususily be followed,

subjec’t te modificotion ja ccce of turbid sempies, However, it

v~ouldbe advantegeous if ‘the feecol streptococci are differentieted

further come of -the s-breptoeocci rocogntsed as fecel streptococci

in routine procedures, may not be- ei faecsl origtn (soil or plant

types). Human ‘types, -isturaily, would be more suitnble indicator

to locate source of poiiutton, in this case, the pit—latr~ine. This

differentiatien of foecal streptecocci may also ‘0e done es recommen—

ded in ~the case of faecel etreptococci.

Standard Piste Count

This may be done ~s routine procedure. The implication of

total count hes already been discuased..

1
e. Detection and Enum~retionof Other Feecci Indicators

The detection and enumera’tion of Fseudomonuseeroginosa

,

Clostridium perfringens bacteriods Bifidohecterium etc. may be

done periodicaily (once in s month). But -this viii depend en the

loads of works and should not be considered as obligatory.
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f. Indentificafren of Bac’teri~~I3eia’tod from the Count Piate

This werk may Ciso be done periodicaiiy (once in a month )

followins the standard mc’thod enid criteria deseribed in Bergey’ S

M~nnuni of De’terminettve- T~actertology (the iatest edi’tton) at

leest ~pto ‘the ge-nee level. The ~pplica’tion of this study has been

discussed above.

9.5. Evalsetion of Findino~s

9.5.1 ~ydrog~eiq~.ical~’tudics

The foliov/tn~ fecte from ‘the rindiri-Es oh-DuiT] be estabiished

soundiy

a. hbo rolationebip betwees ‘the inclinotion of vieter table

(t. e.agstf ~-r iivei) end ‘their poseibie e-ffects en ‘the flow of

under~rcuni :r-ter mal th- peilutien.

Reiotic~e1:ip of tee eau cherectorietics, porosity ,capillary

ection, pH, typificatisni (en the bpsi~ of send ci~y etc. coritents)

and their ch~recteristics eg. ~rain size, untfermity etc, general

chemicci end other Ihysical cherecteristics with -the horizontal

and vertic~l fiov~ of poli’’tion and ‘the cap-:city to make barrier

to the t~.avei of pollution.

c. Establishment of directibn and rate ei’ fi~w end their

relationsbipe wi’th the ‘trevel of pollutien, bo’th chemicel (which

is sLppoaed to flevi fnrthor then the bac’terioi poilution ) and

bacteri- 1 peliution. As it is npparent]j~ 0fl es’tnhiished fect that

the pollution does not travel ageins’t -the flovi direction to any

considereble extent, ‘the experimental welis instalied tO the
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oppesite directien of the g-~~’ound water flow ore to be used es

controls. This fact should be firmly estshiished. The rate of flow

is also important os it may have direct reimtionship ‘aith the extent

of travel of pollutien. In bo’th oase-s, ‘the seanoe-ei effects are ‘to

be dete-rmined wi’th refei’ence to ‘the trevel ei’ pollution. Moreover,

the effec-ts of varioes dep’ths e~e the peliutien ch,are-c’teristics are

-elco ho censidered

d. ilelattoeship hetween height of water frbl~ (seasonal effect

on the e~uifer level) and tho trovel of poiletian

e. Evluctieta of the eh~:n~:es of hydroge-oiogtcal feaures with

reference to mtteretien OP pollutien with pregreso of time (as the

study sheuld continue for eb leest 3 yesrn, ‘this peint should bp

considered es particulariy important ).

f. Possible effect of roinfall (the data en the rainfali should

regulariy he recorded er mmde fr he availobie from the materiologi—

cel depar’tment concernins the expertmentml zene)

g. From ‘the findings, ottempts sho’sld be mede te determine the

vuidth, and contouren, ii’ ~ny, af the polis-tien stream.

9.5.2 ~ysiceloridchemicei studies

In ‘the -above discussion, the irnplice’tioni of ‘the findings of

physicai end chetaacel s’t-sdios lees eiroady been considered.HoWever,

the foliewing peints shesi-T] bc censidered and evalueted with refer—

ence to polluttcn bravel and effocts
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e. The effect ei’ teteoera’bure en thë su~vivel of bacterial

polis-tien floe

b. The sintier effect ei’ eH, (thc oh- uge in the pH of the wate

samples compared with control mmy ho considered as en ex’trn mdi—

cation of poliubien

c. Relatioeshio between dalende enid nitrete centents with

bscteriol polistion in-dicators (feccol indicators) : These corn—

pounds ‘themselve-s may be cat~sideredma indicatora of pollution

when cerretderuble vo~irosttoms(increpses ) ere found comparing witft

the ceni’trois

d. Ji’fee’t ei’ turbicli ; o.~~i.O es:merm~icnof feecal indicators

e. Inplic ~ttee ei’ the pre-eeacc ef orp5uic metters en the survi

val of f~ec~iinT] icatera end effect en ooliu’tion characteristics,

f. Effecte of ohystc~l ~ad chemi~al char~c’teris’tics (conducti—

vity, sespended end dj~soivud ~otids, contante of inor~anic saits

e’tc~) en ‘these curvivel end trnvei of faeceiinidica’tors.

g. 0ver~li queltby masesomenten the has~nei’ physicel and

chemie-el ch—rec’teriotics coeeidering net only the hygienic aspects

but aesthetic ~id~y mud cf her useful parameter also. Comperi

sion bot: -eeni the exteno Ci trevel of c[iemicoi and bacteriological

pollutions . -
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9.5.3 Bacteriolegical Studies

In -this oase also, becterielogicel findings have been

involved in the above discu~cion. However, the deiiberation and

evaluafion of ‘the following peinta are viteliy important

a. Checking ‘the rne’thedelogy with the references to qualitative

and quantitative aspects of’ the determination of faecal

indicaters, recevery of injured cells wianre necessary,

comporison between IJFU and LU~me’thcds (where MFN method is

- required te opply ee in the turbid sarnplc ) and other rele-

vant factors

b. Determinotion of ‘trr-vci of foecai indicators with and

against the flow directions (including leterol directions

also to a limito-P ertent). Je deubt, this aspect of the

study is ‘the mes-t vt’t~l one end the mest determinating

factors for drawini’ ~he final conclusiens en the study.

In -this oase, the findings en the dtfferentiation of faecal

indicators, ho-th feecal coiiformn end faecal streptococci

should be teken int o accoun’t end ‘theae would md loste more

definitely the source of pol~ution

C. Evsluation ef deterrD-inotioss af other feocel organisrns,such

as Pseudornonusooreginesa, Ciostridium perfringens. becter—

eides, otc. as faecel indicators (tf such studies are done).

d. Relotionship of ebcnderd ple’te counts wi’th the occurrence

of faecal indicoters in the semplen and consideration of

standard pia-te counts as, edditionni criteria -to determine

the bacterielogicel con’teminotieu
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e. Evalum’tiot~ of t~xonom~teaifindings (-typification) of ground

water bacteniai flora (betle qualitative end quantitative)

when compered with con-trois and soil flora, as addittonal

indicators of poilufion~ -

It may bo mentiened here that though human feeces contain

many pahogens ether hsn becterte SuCh e~ protozoa, helrninths end

viruses, eniy becteriologic-cl studies have been suggested in these

recommendottoris a~d guidiines becuse af the f~Ï{owing reasans

(i) It is censidered that ‘the fiiteretion capecity of soil may

eecily prevent penetretima of’ protozoe (eg.causing dysentery)

ari(~ i]almitDth0 (~er .), U.c~usc of the-ir considerabie-bigger

- sizes, to the ground. water ii’ t-t is not grncsly poiluted

vertice] ly by cccie leakage direc’tiy bo ‘the aquifer. It is

recomrnendod that cccle chence- should De eliminsted during

the study, -

(ii) Viruses cause quito n n’smber of dise-esos incimding infecti~is

hepatitis, peliomyeletis, diarrhoeel diseaaes etc~ and they

are more reststan’t -te antimicrobtal egents such es chiorine

and they con survive in ccii for considerabie period~ But

it has also heen feund. that inactiva’tien of viruses is much

more at -the surfoce, Elaborete inf’eyreo’ti.od. en the survival

of viruses in ground w~±orare not avetimbie and it is con—

side~’ed they do not mes-t prehably, survive much longer than

-the hacterial pnthogcna. Hewevor, the s~udy on ‘the Öccurence

and travel of vir-uses en -the ground would be, ~o doubt valu—

able, leut this will ri1~ike the project much more expcnded0
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Moreover, few viroiegis’t is ovaiiable in -this country. So

it is censidered that ooncentrating en enly bacterial flora

in microhioiogicei inveatigattan V)jll be oufficient to

achieve the meaningfui and practicol infermatiofls~

However, It is qui-te weicome tO carry out studies en prote—

zes, helmin’ths and viruses, ii’ -the scopes nfld funds are

evailable. 1
9.6. Personnel 1

The report i’tself and the recemmendetiens/guidelines clearly

points out ‘that a team of ecie~tists from different disciplines

(eg. Microbiology, Hydrogeoiogy, Chemis-try, Engineering, etc.,)

should carry out the study . Their asststan’ts should he given at

least ~ome preliminary training on cccle study and it is expected

that they would be oufftctently ‘trained after the completion of’ the

preliminary phase of the :study. -

For the proper insteilatiens of monitertn~ tube welis and

pit latrines and slee for -their jcintonsnce, the services of safli—

tory engineers end mechonios sre nice necesacry. 5e -they should

also lee inciuded into the tnvoa’tismtine ‘team,

The number of’ personnel ~hould ho determined according to

the loads of werk. It is suggested thn’t chomists should be given

adequate training to carry out routine micrebieiogical tests and

microbiologists should aL~o be given ‘training te cerry oct the rou-

tine chemical tests, because in ccce of cmergcncy or ii’ the loads

of works become unusually high, the progress üf’ werk does not face

difficult ies.
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It is also suggested -that a overall supervisor of 1the celibre

of a senior acien’tiat and weil oenversan’t vvith the vvhele studies

should ‘lee epooinked. He may act also as project coordinator if the

different agencies are involved. -

1f he s’tu-dy is bein~ done hy en ostablisbed Instftution

where ho-th microbioiogieal and chemtcsl investiga-tions are to be

qone (such me lust itirtion is auggested), msny ei’ -the personnel

deacrihed abeve may no-t have -te lee recrutted, but they must be depu—

ted by -the concerned mnkho:ei-ty, en full-time er per-t—-time basis es

requirsd, for the oroject.

9.7. Cenolusice

Ohu receurendctione and guidclin~D Ere fur’ther atudy appsrent—

ly tnclsdo come experimentel t-toma af .:ccandary im-portance or impor-

tant oniy in soeeink casco. These susges-tiens dirsoted to a broad

based a’tudy which is neceasa~’ycenoidonint the iteportance of the

problem. However, -the study—plen may lee shortened to some extent

according -te -the avoilsbiily of funds, fenilifles and msnpower, but

the foiiewtng essentini fenksres should no-t lee ovoided

(e) Orea-tion of standard experimen-tmi oondiions inoluding proper

seleo’ttoe ei’ sites, ins-tnila’tion ei’ reanletoring -tube wells end

the pi-t—latntne as reuemmendedabeve.

(b) Deteriineticn of mcii ch’-rmcteristies end -the derection and

ra’te of -the fiow end the level of the ground via-ter.
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(c) Determination of the mast important f~ecal i,ndicator organisms

(i.e. f~ec~1 coliforme ~nd faecai s-treptococci) in -the expe—

rimental water samples.

(d) Detei’minatian of nciraery physicol chorecteristics of the

~ater sompies such. es pE~,tempereturc, turhidity, conductivi—

ty, solid contento otc.

(e) Doterminotion of nifrete nri~chiaride onacentrations in the 1
~voter sempies.

(f) Sompling should be r~rdc in. such o vvay so thet they are

considered to be the true rep~escntatives of the ground water.

(g) The study period sh.ouid cover such a length of time so that

the data obtairied may ciearly indicnte whether pit latrine -

oontaminate the srouod ~oter und the monner of such. contami—

nation when found; it ~cuid ~ls~ Ui70 enough scope to deter—

mme the seosanel vaxiotions of exporimentai parometers.

(h) The study—oi~n shonid heve the fiexihli~y to inciude any

experimental item, ih:.r~found nocessory.
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File #403
10 November 1987

NOTE FOR tHE RECORD

Groundwater Pollution from Pit Latrines

Introduction

UNICEF and WHOhave assisted a study en the pollution of groundwater

from pit latrines, conducted by the Bangladesh Council of Scientific and

Industrial Research (BCSIR). UNICEF provided some of the funding and was

represented on the Review Cornjnittee. The report of this study makes statements

which, if taken out of context and reported wit-hout any balancing statements,

could be used to cast doubt on the suitability of handpump tubewelis as a

source of domestic water and of pit latrines as a method of excreta disposal

in Bangladesh. This Note for the Record has been prepared to counter such a

sugg es tion.

The report states that, because the majority of samples tested

indicated some measure of faecal pollution, “shallow tubewel]. water should

not be regarded as safe or hygienically pure as drinking water under the

prevailing circumstances in which these investigations were carried out”(p.87).

However, the report is inconciusive as to whether pit latrines are

the source of the pollution and recornmends further study to investigate this.

The report attributes the apparent inconclusiveness of the study to

external factors outside the control of BCSIR, namely the inadequacy of

the project design, the nature of the sites and sarnpling points and the

failure to obtain hydrogeological data. However, the report ignores or

plays down the problems deriving from the unre1iability~many of the earlier Lof
sampling and testing techniques used in the study, as evidenced by

the inconsistency of rnany resuits and the significant improvement achieved

when improved techniques were introduced.

The presentation of the report itself is rather confusing to the

reader th~• tubewelis are numbered inconsistently, the tables are poorly

laid out, the data are not rigorously analysed, leading to what 1 feel

are erroneous findings and the omission of some important conc1us~ons.

contd. . . .2
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The Study

The study was intended to measure the quality of groundwater. In the

first phase of the study, samples ware taken from 45 handpumps used by the

public and the resuits indicated a significant degree of contamination. Out

of 45 handpumps tested for faccal coliforms per lOOmi, 3 indicated TNTC

(too numerous to count), 1 indicated 80, and the other 41 indicated 50 or less,

with 13 registering 10 or less. (sea Table 28).

It was thought that these resuits may be due to external contamination

rat-her than contamination existing within the groundwater itself so, in the

second phase, observation weils were installed near some of the existing welis.

The observation weils were not used by the public and extra precautions ware

taken during sarnpling, inciuding washing the handpump with hot chiorinated

water, and priming the handpump with chiorinated water. The sampling procedure

was repeated three times for 4 running wells and t.heir 4 observation welis.

The resuits ( Table 3B) in 2 of the 4 sites suggest serious sampling contamination

or testing errors, because of the close proximity of TNTC rcsults alongside

very low figures. ~part from these apparently freak results, the samples from

observation weils ware generally less contaminated than from the running

wells,,suggesting strongly that contamination is introduced by the users — a

finding that is alluded to but not seriously discussed in the report.- From

UNICEF’s point of view this is an extrernely important factor. Furthermore, if

the apparently freak TNTC result on the observation well of Baliapur No.]. is

discounted, the average of the observations of the 3 least contaminated

observation welis is less than 5 FC per lOOmi, whilc only one observation well

(TDM West) exhibits consistently significant pollution levels.

The procedure was repeated, this time with yet more stringent measures

to reduce the risk of external pollution, including construction of pucca

platform, disinfection of the observation tubeweils with chiorinated water,

and capping for 72 hours followed by purging. The resuits given in Table 45

indicate very littie improvement in the quality of samples from the observation

weils, but a significant improvement in the quality of samples from running welis.

contd.. . .3
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In general the qi.iality from the observation weils is similar to or, surprisingly,

worse than from the running weils. This suggests that while overall sainpling

and testing techniques have improved, thcy are stili not completely reliable. It -

is significant to note that the average of all raadings on the running tubewelis

is 5.6 faecal coliforms per lOOrni, which is not a serious level of pollution in Banglac

1f contamination was due to pollution of the groundwater one might expect greater

contamination in this Pl1,a-.~ which was conducted in the wet soason, than in the

previous p~ase conducted in the dry season.

In the last phase of san-tpling, a visiting consultant from the Inter-

national Reference Centra for Waste Disposal (IRCWD) in Switzerland introduced

the tube-technique for sampling, which improves the chances that the water

sampled is from the aquifer itself, rather than from the (possibly contaminated)

tubewel].. Unfortunately, this technique was used on only one of the tubewell

sites reported in Tables 3~and 4B, so it is not possible to measure directly

the improvement brought about b~’ this technique.The method was used on 7 running

weils and their 7 observation wells. The result are given in Table 5B. It is

not dear exact].y which wells in Table 2-B correlate with those in Table 55,

because of inconsistencies in tubeweli nun’tbering. The results show one site

(Dattapara No.2) consistently polluted, with the observation well, surprisingly,

more polluted than the running well.

Of the other six sites, one site (TDM East) recorded TNTC in 2

samplings of the ob~ervation well against zero for the other 5 sarnples from the

same well, suggesting the TNTC are spurious resuits due to oxternal conta-

mination. One site (KB new) recorded TNTC in the running well against zero

for the observation well, again suggesting a spurious result duo to external

contamination. Considering the six observation wells, and discounting t-.he two

spurious resuits, 27 resuits were zero, and only three results positive (being

1, 2 and 12 FC per lOOml, suggesting that these six observation weils were

basically unpolluted. Considering the six running welis, and discounting the

one spurious result, 19 results were zero an~ 12 resuits positive (being

1,2,2,3,5,9,11,14,20,21,29,35) indicating generally low levels of pollution,

probably from external sources ( i.e.not groundwater).

contd... .4
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The one consistently polluted site (Dattapara No.2) is a tubewell of relatively

shallow depth (14 metres), the running well is situated within 7.6 metres of 4 latrine5

and the observation well is within 4.5 met’res of 3 latrines. 1f the pollution is

caused by the proxiinity of these latrines, the combination of a shallow depth with sucl

a large nurnber of latrines within such a short distance is extremely rare (probably oni

likely in urban squatter situations) that one can only conclude that the risk of -

pollution of groundwater from pit latrines is insignificant on a national scale in the

foreseeable future.

It is dear that the results from the tube-technique for sampling are signi—

ficantly more accurate, though the report plays this down. It should be noted that the

tube-technique sampling was conducted in the dry season, so the resuits should be

compared wil’,h Table 3—B (Feb-March) rath-~r than Table 4-3 (April-July).

The above analysis does not take into account the resuits of test-ing for

faecal streptococci (FS). A brief review of FS resuits suggests similar or slightly

lower nurn.bers of FS than FC in the first two phases of sampling (Tables 2-3 and 3-3)

but slightly higher levels in the third and fourth phases (Tables 4-3 and 5-5).

Generally, the FS results do not appear to change the picture suggested by the FC

resuits, though more detailed analyais ( not done in the report) might reveal

further insights.

Conciusions

The study has not been as inconciusive as the authors of the report claim.

A more objective analysis of the data would lead to the following general conclusions~

a. There is no evidence to suggest a serious risk of pollution of

groundwater by pit latrines at normal population densi.ties,, even

with 100% coverage by latrines. (NS: current coverage level of

pit latrines is about 10%, inciuding non-sanitary types.)

b. There is evidence to suggest that under extremely dense housing

conditions, pollution of the groundwater may reach a tubeweil

withjn, say, 10 metres of three or four latrines, if the tubeweil

is in an aquifer of l5rn depth or les~. ( The risk may be

considerably reduced by sinking the tubeweli into deeper aquifer).

c. There is considerable evidence to suggest that pollution of tubeweil

water by the users themselves is common and more significant

than the pollution of the aquifer by pit latrines.

(tisers may pollute their water by intro~ucing contarnjnatjon

contd. - . .5
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into the tubeweil or handpump during priming, by touching the

spout with dirty hands and by using dirty water containers and

failing to protoct water in the containers from further

pollution before consumption ).

d. While the study indicates no cause for alarm as far as

polluticn of groundwater is concerned, furth~r study is

desirable to try to quantify the relative risks more accurately.

However, such a study should not be und~.rtaken unless the

sampling and testing techniques are guaranteed to be reliable.

Furtherrnore, it could be postulated that:

e The possible pollution of groundwater and the more common pollution

of the tubeweil water by the users is stili significantly less than

the gross pollution levels comi-nonly found in surface water sources,

which are the only alternative to tubewelis in most of Bangladesh.

f. Epidemiologically, the proportion of pathogens transmitted

specifically by drinking polluted tubeweli water is likely to

be insignificant compared to the proportion transmitted by poor

hygiene, hand washing and food handling practices, and by

drinking water from surface sources.

g. It is difficult to measure faecal contamination of tubeweli water

in field conditions, because of the risk of accidental contamination

of the sample and the difficulty in ensuring that the sample is

representative. The tube—technique is dlearly the inost accurate

rnethod for sampling.

C6lin E. R. Glennie
Coordinator, WES Section
UNICEF - Dhaka
10 November 1987





Mailing address:

IRCWDIEAWAG
Ueberlandstrasse 133

Mr. Mohan Lal Gupta
Chief, Promotion of Env. Flealth
WHOSEARO

CH-8600 Duebendorf
Swilzerland World Health House
Telephone (01) 8235018117
Telex 56287 EAWA CH

New Delhi 1.10.002/ !NDIk

Subject: ReDort on Pollution of Groundwater from Pit Latrines in Bangladesh

Dear Mr. Gupta,

Thank you very much for sending us a copy of the report on the above subject.

Pleaseexcusethis tardy reply.

After going through the report, we would like to make the following cornments:

- There is probably a tiping error in the secondparagraph on Page 12: Lower
temperature and higher moisture (not temperature) both increase their
survival periods.

- We are wondering 11 there is not a confusion between “observation” and
“running” in table 4B (p. 65 fr) It does not make any sensethat the fecal
contamination in the running tube welis are suddenly very low whereas the
counts of fecal coliforms in the observation weils are consistantly much
higher.

- After looking at all the data, we do not quite agree with the main conclusions
given in the report. It is obvious that the sampling procedure had a significant
influence on the resuits obtajned. With the exception of tubewell No-2 in
Dattapora, 27 out of 32 samples from observation tubewelis had 0 fecal
coliforms (FC) per 100 ml, one sample had 1 FC/l00 ml, an other had 2
FC/ 100 ml and in one sample 12 FC were counted. In the rem aining two of the
32 samplesthere were “too many fecal coliforms to be counted’, that means
more than about 100 FC/100 ml. These two samples must have been
contarninated during sampling or during the analysis. 1f the observation
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tubeweli TDH-East would be contaminated by a pit-latrine, one would not
have observed five times zero FC-counts and suddenly more than 100. It is
also possiblethat the sudden high counts are due to contamination from the
top becauseof heavy rainfalis. Unîortunately we have no information if the
two samples were taken before or after the rainy seasonstarted.

As we mentioned already in our letter of 23 July 1 986 to Dr Myat, the resuits
obtained from the observation tubeweil No.2 in Dattapora are not astonishing
considering the hydrological situation at this observation point. The data
correspond to the observation made by Mr. Morand at the site. It seems that
the dirty drainage/surfacewater which is literally flowing over the tubewelis
does contaminate them from the top. This is also why Mr. Morand did not
selecttheseobservation tubeweils for the tests as he expectedcontamination
from the top.

In summary, only Qfl~.Out of 32 samples showed a fecal coli count of more
than 2 FC per 100 ml. In addition, at the site where once 12 FC/100 ml were
counted, 4 other samples showed zero FC/100 ml. Therefore. with regard to
fecal coliforms. it can be definitely conciuded that the water in all exceot one
(No. 2 in Dattanora) observation tubewelis is not contaminated by fecal
material.

This conciusion is obviously contradicting to the interpretation of the resuits
by the authors of the report. In their opinion, the resuits obtained in the
investigations clearly indicate that the water of the tubeweil is contaminated
by fecal pollutants. This interpretation is mainly based on the counts of fecal
streptococci (FS). However, the usefullness of FS as indicator for fecal
contamination is now very much open to question because some strains of
nonfecal streptococci are indistinguishable from true fecal streptococciunder
routine detection or counting procedures.Especiaily at densities below 1 00 F5
per 100 ml, the ubiquitous S J~zecaJi:~ vat. hqueJ~icJensbas been reported as
the predominant biotype (s. enciosedliterature). By far most of the F5 counts
in the tubeweliswere even below 50 FS/l00 ml. In fact, we observedin other
projects that the analysisof fecal streptococci in groundwater samplesis not a
reliable indicator for fecal pollution. Even in caseswhere fecal contamination
of the groundwater could be excluded, we often found FS in groundwater
samples.In the report, the discrepancy between FC counts and FS counts is
attributed to the fact that FS survive longer in water than FC. This is basically
true. However, pit latrines are a continuous source of pollution. With a
continuous rechargeof fecal organisms into the ground it is very unlikely that
in caseof fecal contamination practically all have died.
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As a whole, we believe that the resuits obtained in these investjgations
indicate quite clearly that the fecal contamination of the groundwater at the
experiinental sites (except at tubeweli No.2 in Dattapora) js ininimal and
cannot be attributed to the pit latrines. The relatively 10w nitrate
concentrations in all samples are also indicating that there is no fecal
contamination from the pit latrines.
Therefore, we are not at all convinced that there is any need for conducting
more elaborate studies as suggestedin the report. On the other hand, we
realized that in the last phase there were samples taken only in the dry
season.The most critical situation with regard to pollution however, occurs
during and especially towards the end of the rainy season when the
groundwater table is highest. Unfortunately, there is very little information in
the report about the situation during the rainy season. It would be very
important to know how much the groundwater level rises. The most critical
factor for pollution is the minimal distance betweenthe highest groundwater
level and the bottom of the pit. Therefore, we believe it would be worthwhile

--

to make anothersam pling campaign during the secondhalf of the next rainy
sea~~n.The level of the groundwater should thén also be monitored. This
would also be a good opportunity to find out if the fecal streptococci could be
further differentiated. In our opinion, a decision on further, more systematic
and elaborate studies should be based on these resuits obta~nedduring the
rajny season.

These are our most important comments to the report of the BCSIR on the
pollution study in Bangladesh. Please keep us informed about further
developments.

With kind regards Sincerely yours,

R. Schertenleib
Director IRCWD
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