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have been discussed in the report,

FOREWARD

The task of providing drinking water and scni.a’tl
—people in the region within the period of the Internat:uic

king Weter Supply and Sanitation Decsde (1981-90} is a grca: cha-
llenge. Low cost technologies that satisfactorily work are within

the reach of most countries. Two of the important reaulirements

of the success of low cost technologieg are gocigl scceptance by

the nsers and proper operstion and maintensnze of th: systems.

Ground water is the main sourue of gsfe dr.nking or potable

water in Bangladesh. But this sourase may be polluted by various

environmental conditions end humen gctivities. At present, in

Bangledesh, installaticn of hand pumped shallow tube-wells by DPHE,
Govt. of People's Republic of Banglydesh with the help of UNICEF

ig going on in wide scele., In parsllel with this programme, the

instellation of pit-latrine to diépose faecal maiviters which are

the sources of many diseases, hsg @lso been tasken up by the same

agencies. Both the progremmes sre expected to benefit the people

enormously. But there is e possibility of contamination of gsha-

llow aquefer from pit-latrine snd from this equefer level water

1s drawn by the hand pumped shallow tube-wells. To assess this

problem, this study was tsken up in collaboration with DPHE assig-

ted by WHO end UNICEF. During this study it wes keenly felt that

the active collgboration/participation of microbsologists, chemists,
hydrogeologists, sanitary engineers, etc. asre escaniially required

for successful completion of such studies. BEub. unfortunately

this could not be properly achieved mainly due to unavallghility

of the services of the hydrogeologist. The ovner diffizultlies
encountered including the shortcomings of the Proja.-

oot
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However, some valuable datae have been obtained, But aceording
to this report based on these dats, this stuvdy con not be termed
as ‘eompleted one' rather it indicates that further studies follo-

wing the much more well planned progremmes should be carried out

to assess the situation and solve the problemsg. To help in this
matter two chepters "A short Review of Literature' gnd "Recommen

dationsand Guidelines" in which some similsr important studies and

studies on the related problems have been discussed, snd s good
number of suggestions have been mgde for proper designing of

project programmes on such study.

We, regret that a considersble amount of delay has ocecurred

due to reagsons beyond our control,

Hepe, this report will be found beneficisl for further study
as mentioned ebove and for the soientistswho are engaged in Ground

Water Pellution Resesreh,

Y 'biiﬂip
Dated : Dhaka ( Di. S.F. Rubbi )
; The Principal
June 1387, Co~ordinstor of
the Project

and

Director,

Institute of Food
Seience and Technology
(IFST), Bangledesh
Council of Solentsflo
and Industrial Reseerchy
(BCSIR), Dhaka.
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1+« GENERAL INTRODUCTION

1,1 The cheap and easy ways to supply safe drinking water to
rural people and to dispose human faecal matters in the rural
area in developing countries like Bangledesh where water-borne
diseases are most prevalent, are the installations of hand oper-
ating shalliow tube wells and pit-latrines respectively.Depairt-
ment of Public Health Engineering (DPHE), Government of People's
Republic of Bangladesch wilth the assistance of UNICEF and WHO

ere slready active in instaliing such systems .

1.2 But if the ground water is contaminhted by faecal pollu=-
tants from the pit-latfine, it is very likely that shsllow tube.’
well will not supply safe drinking waster: Some pioneering works
have already been done in different countries to monitor the
travel of pollution from underground feecal matter disposal
systems, cagusing poliution to the underground waters, but har-
dly any such work has been done in Banglsdesh, Accordingly,the -

»

above mentioned agencies prepared a project ("Pollution of

Ground Water from Pit-latrine") and IFST, BCSIR was requested, -

to do the chemical snd microbiological analytical works as
prescribed in the work-plan of the project, BCSIR was not

involved in the preparation of the project.

1.3 Unfortunately, the work plem of the project did not take
into account to create ideal experimental conditions gnd it was
not possible to recast the work-plan as it was needed with the

progress of works, for unavoidable reasons.



However, some modifications were done, but these di& not produce

the expected results. Moreover, hydrogeological studies (for which
IFST,BCSIR was not responsible) of the project have not been carried
out though repeated requests were made to the concerned agencies by
IFST,BCSIRy Consequently, though some valuable results were obtai-
ned, rit hss not been possible to establish the fact whether the
pit-latrines were respon=gible for the contamination of the moni-
toring tube wells, hence the ground wster. These points hgve been
«digcussgd in more details in gppropriate chapter of this report

alongwith other difficulties fsced during the investigstiong,

bl SV B ',’:!

4+4. The works done by IFSTy were periodicelly discussed by a
review committee oonst}tuted by the representstives from IFST,DPHE,
UNICEF and VHO end studies were carried out according to the deci-

sions of the committee in the lizht of the work-plan of the projeet,

1.5 In this report, the results of chemical and bacteriological
anglyses of & large number of water samples aollected from the
selected monitoring shallow tube wells have been described along

with recommendations and guideiines for further studies in future,

,'I‘l'



2. A Short Review of Titerature

2.1 General Considerations

There are not many published communications directly dealing
with the subject ""Cround water polliution from pit-latrine".But there
are a number of pubiications desling with the factors which ere con~
nected with this problem, Lewis et al (1980) reviewed many of such
publication in a report which hss deslt with the vital aspects of
the subject. It is clearly shown that the bacteriologzy of low cost
sanitation as thig, which comprises of instaliations of sheliow tube
welis for water supply speciglly in the rural area and unsewered

require
faecal disposal systems such as the use of pit-latrine/thorough stu-
dies involving many factors which may be broadly divided
into three groups of studies (a) hydrogeological (b) chemical and
(¢) microbiological of course, the technological aspects concerning
the installations of such systems should glso be given proper consi-
derations. The uneed for gsuch Low cogt sanitation megsures degling
with the supply of safer or hygienicslly pure water to the masses
gspeciaglly in the rural arees and disposal of human faecal matters
could not be over cmphasized in developing countries like Bangladesh

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

system for dispocsai of faecal matters clearly involve such high cost
not feasible in our sitiation. However, they have also pointed out
that the establishment of such systems (low cost sanitation) are

clearly influenced by hydrogeological and matecriclogicsl conditiong

of the particular ares.



2.2 Water-Borne Diseases and Diseases Caused by the
Faecal Matters

Feachem et sl (1980), Salvato (197”) end Brndley (1977)
have complled comprehensive list of such dlse ses, The most of
the water borne diseases are of enteric types and most prevalent
in Bangladesh. The cagusative agents sre generally (a) bacteris
(b) viruses, (c) protozoa and (d) helminths. They are traced to
be of faecgl origin., Many of the deseases usy be vector b?rne
but water poiiuted by faecal matters ere psrticulsrly responsible.
These facts indicste the vital need for hyglenlc disposal of
faecal matters as well ss SuppLJ of pure domestic water. As said
gbove, 'the instsllations of haud Qper;£ed shigllon tube well and
pit-latrine may be rega;?ed as the most practicel snd cheap
solution, But there is 5no‘botentiel danger, faeccal maters

o L.,

from the pit-lgtrine mcy be transmitted to the ground water and

c | :,,

consequently, the water qupplled by the shaliow tube well may

be contaminated by the pathogens of faecai crigin. If this

occurs, the whole aim of oreventlon of thesc diseases are in
zeopardy and many authorq héve shown that this can happen if o
. the proper precautions are not tbken. The diseases caused by
protozoa and helminths by prﬂundlwater are not liiely ags they

are suppoged to be eliminsgted by soil proflles becsguse of their

relatively bigger sizes. (Lewis ot aL, 1980).

L '

There is snother type of disease of babies_called mstheo-
moglobingemia which may be originsted by water,polluted by
excessive nitrste content of faecal matters transmitted to
ground water from septic tank type latrines (which include pit-

latrine also, Lewis et 81,1980 and Woodward et al, 1961) .



2.3 Prancmission of Polliutants from Pit-letrine to
Ground Water: - .

Hydrogeological feetures play rnrect roles in the travel

’

of poliution from pit-lastrine to ground water or the aquifer
from which water is pumped by hand operated shslicw tube wells.

The soill space hetween the pit-iatrine znd +the ground water,

»

latersl or vcrticel 15 the ojor determining fsctor depending
on the s2il cheracteristics. It is apporent thet the bottom of
the pit-latrine i sbove the water toble so there must be an

unsaturated soil prefile between the latrine snd the ground

water. The latcrcl spacing is directly present sad this also is

1
)

important. Actucslly the aim of

(=

lavegtizetione is to find out
the suiteble vertical =pacing between the pit-letrine and
ground water asud letersl spacing between the shalliow tube well
and the lstrine. However, in some pasrts of this country the
water teble is very high 2nd daring the flood seasons it may be
higher theu the bhottom of the pit-l-trineg So the finding out
of the optimum latersl spzcing betwecn the two systems is most
needed. llarny factors waich influeace trsvel of pollution

through the soll profiies are required to be studied to achieve

this objective. The s0il prefiic which to be tzken into account

.

in this connection msy be 4divided into two zones, (a) unsaturated

which 1s above thc water t-ble znd (b) the caturated zone i.e.

the soil of the aquifer.



2.3.1 Piltration and Adsorption of Poilutants in the Soil

) Soil is a nstursl bagrrier to the trevel of pollution to
the ground water and in the ground water itscif. Filtretion and
adsorption play a grest rele in this respect (Bosrs, 1957, Hage-
\dorn, 1978, Buchan, 1956, Meé Ginmis, 1983, Celdwell gnd Parr,
1937, Lewis et al, 1980). Filtretion of microoragenisms is
ngturally dependent upon the porosity of the scii, thet meaas
smgller is the particle gize, more is the filtrstion efficiency;
So the solls containing the clsy metters are more effective in
this respect. Filtraticn caepscity of the scoills sround the

latrine increascs as the clco;ringz of pores occuargs due to the

film of bnacteria a= the time pssses on.

Trec ions in the scils are abundant (gpecicily in clay),
the bacteris snd viruses moy be regarded as colloidal particles.
So adeorption of bscteris 2nd viruscs on the ©oil particles

natursiiy occurs.

For cnemicels, filtration apparentiy 4o not play very
significsnt role but edsorpticn or absorption help much in

removing chemicgls from the infiltrating w-ter.

It may be menticned that in the upper layer of soils,
where oxygen is appropristely aveilable, mineraslizetion/
oxidation of micrcorganisms and chemical occurs significantly.
But this natural effective quality of soil heo lLittle part to

play for the faecal matters deposited in pit-latrine.
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2.3.2 Tgecal Tudicators
(a) silcrobirl : Though fzecasl matters contsin protozoa and

heimintnas which csuse meny diseescs, but they are not much
importsnt in ground water =5 statcd above. Moreover the deter-
mingtion of virus is costly end ecasily cdoptable routine methods
are not avellsble. So for the determingtion of poliution caused
by microbes to the zround water, the attention is naturally
given to “he detection and enumeraticon of suilteble bacteriag of

feecel ori:in,

Jceenm et ol (1977) heve recosnized the following major
group of bzcterle in humen exercts : Bnterocbescteris, Enterococci
Lactobrc2rlli, Clogtricd Lz, Brecteroides, Bifidobecteris =2nd Eubac-
teric. lioore snd Taldeman (1974) exsrained the faecal flora of
20, ciluicselily hcelthy Jnpanese Hewellan msles gnd found 113
distinct types oI orecnisms. Ac 1t 1s not possible to determine
ossible types of hscteris in weter for routine/monitoring

p
angliyses, 1t 1s nceded to sclect some zroup of bacteria which

5}

resgligbly would indicete the contamineticn 2f frecsl matters

in weter. These sroups of feecasl bscteris must fulfil the follow-
ing critcrie:
(a) Formal habitst must be fhe gut of the warm blooded asnimals

(b) Prosent in fececce in appr opristc numbers so thst they
can be detected cven when hizhiy diluted,

(c) ormaily should prcliferate extrscentersl environment.
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(d) Should not be out-survived by the enteric pathogens and
the survivsl charrcteristc, in zenersl Should be similar

to the enteric pethozens.

(e) Their modes of survival in the environment should be

appropriately known.

v

(f) Essily adoptable techniques for their detection and

i
enumeration are avsiiasble (Resnick and Levin, 1981).

Tor long time coliferm group of bscteria has been'used
to asscss the quslity of water refering to faecel polliution,
But total coliforms g3 1ndicators of faecai hsve been found to
be ingcpproonricce o35 m=sny members of the colifcrm bscteria sre
not of feeccl orisin (cusses, 1965), cmn survive indefinitely
and grov out-side the zut of the wermblooded snimsls. Inadequency
of ccliforms =& index of water quality has been discussed by

Dutks (1973) iv dct-il. He suzpested the determination of fgecal

>

o

coliforms snl fcecal sireptococcl for better sssessment of

[

water qusliity. In fact, fBGCElECOlifOT&S considered to be an

idesl bectericl type for sssesoment of fsecasl contamination in
water and food. Escherichie coli, which is regsrded a3 exclusively
ngturgl bacterisli flors of the‘qut compriscs by far the mejority
of the faccsl colilcrms. But other bacteris ; giving the typical
reaction of F.coll in routine method are silso included in this
group. Bz 1ley snd Seidier (1977) have shown that Klebsiellas

which occurs giso in the environment (Water, Vegetstion, etc.)
has the Tsir chsnce to be recognized ss faecel coliforms in

the ususl detection gnd cvnumerstion methods. However, this may
not be a great probiem in cese of ground wgter with reference

to poliution Irom pit-latrine, if direct lesksge in the sampling

|
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point does not occur or the ssmples are not ccontaminated by the
matters of the surface environment. But %he defferentistion of
faecal coliforms into specific types, wouid, obviocusly be help-
ful to exclude other sources of zround wagter pollution such as

onds, rivers, csnelis, drsins, etc.
b ? ] b

Fsecgl streptococci (inciuding enterococci) are recognized
also as zood indicators of fsecsl poilution. Hagedorn et sal,
(1978), Malimsn snd Litsky (1951), Cooper and Ramadan,(1955)
Barnes, 1956, Alian ct el, 1952, Ksbler, 1968, Kibbey at ail,

1978, lcFaeters et sl, (1974) Methur and Ramensthan (1966),

sultcbility of these zroups of hscteris as faccal indicator.
They heve ocen Tound to bhs more stable in water and this makes
their relative importance in assessment of qusiity of ground
weter in which contsminstion may not be recent one, But the
ratics of faccal coliforms to faecsl streptococci which indicate
the source or poilution do not hold good for ground water for
the 'sgme reszon. However, tue differentiastion of faecal strep-
tococci in different species may be considered very helpful to
locate tuc source of pollution as the game specific types live

in the gut of humean.

In rceent times, some other enteric organisms have been
given considerable attention to be used as faecal indicators.
Lechevalier snd Seidlier (1980) showed interest in the presence
of cogyulese positive staphylococcus in drinking water as the

strains of staphylococcus produce euterotoxin. Temple et al,(1980)

' Medrek and Litsky (1960) have studied the different aspects of
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brought Sslmonelils typhimurium into the picture showing its high
survivsl charccteristic. Bifidobacteris iz getting attention as
faeczl indicator (Resnick znd Levin, 1981 snd Gyllenberg et al,

i

(1960)., Reitler and Seligman (1957) studied the occurrence of

pseudomongs ageroginose in drinking wster snd sugsested to take

it into account for asscaiing the quality of Arianking water,

&

Clostridium perfringens (fomerly C. welchii) has been

recognlized for lcug time =3 faeceli indicetor zad being an spore
bearing or~cnism it can persist in weter for long periods

(Pegchem et =1, 1980) .

-

Some of these fecenl indicators mentioned sbove msy be

determinecd gsiong with frec~l coliforms and feeecsl streptococcei
[ 9

9]
o]
|—l.
>

if not routincly but peviodicrlly in rssces
J

ground weter as supportinsg cvidecnce. There rie

as caslly adootrble wmetnsdi for the determinaticn ss some of
t

these fazec=l 1ndicator have got to be established,

a0

(d) Cheisicel ¢ Chemicel pcilution of ground woter have been

)

studied by = numover of suthors (Brors, 1957, wordwerd et al,

~

1961, Buchan =nd Xey, 1956, Woodhull, P.3 1931, Prwley.J.D.1982,
Dyer, et al,1945., Reinhard =nd Velocchi 1982)and others and in
ground wgter pollutants gsuch as nitretc orgrnic wastes, neutral
salts, volatile chemicals, oil, solvents, spray substances,
surfactants, etc h-vec been found, In fact 51l the toxic mater-
igls depogited on the soil surfrce or undereround may conteming-
ted the ground water ceventuslly, though at surfoee and in

subsoil minerslization:process or oxidation brecks these

substences considerabiy depeuding upon the avalileblity of oxygen.,
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‘

It is recognized thst chemical pollutants tresvel far and

persist for longer periods in ground water. Howcver when pollu-
tion cmanating from thne pit-latrine is concerned, many of these
industrial and ngriculturcl wastes or chemicels do not matter. muc
Woodward et ri, (1961), hove put emphesis on nitrate and sur-
factent to consider as the index of contewninsgtion in ground
weter, Foecel matter is riclh in nitrogenous compounds and

water containingz surfactants fised in domestic purposes may be
added to the loading of pit latrinesi Dyer et al,(1945)
determined smionis, chlorides, conductivity, acidity and pH

for assessing Teecal contemination of ground water from the

chicrides, conductivity cnd oH may be ccnsidered as highly
helpful foxr minitoring fsecsl contemiaation from pit latrines.
It nay be cormcted thot, icetly due to dilution effects and
gone other focetors including the zolil chsracteristics of the
unsatur~ted . s-turaved zones of goil profilec, these para-
meters wuacua detert:ined mey ncet be found significent even where

bacterioclo~-icnl indiccstors are reliably found,

2.3.3 Servivel of Fnecai Orgronisms (Bacteri~ snd Viruses)
in Scil and Ground “Tatecr.

The micg:orgenisms speclally bseteria and viruses the
natursli h=abitet of which is the gut of warm blcoded animals
do not survive in natural cnvironment for indefinite period
unless the crowth agnd survival conditions are avallable., These
are hsrdliy found in ground water. So tne rete of survivael

(rather the rete of desth) is correlated with the travel such

organismgs in the ground water .

l " experimecutcl Letrivc. smcur st these determingtions of nitrates,
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=07 A lerge number ol £uTnors (Heredorn, 1978), WMallmam and

Litsky (1951), Temple et =1, (1980), McReters, et al, (1974)
McFeters snd Stuart (1972) Gylienberge et oi, (196O)IMcFeters
et-al, (1972) sand others, have studicd the survivsl of enteric
microorgasnicms at different conditions. iewis et o1, (1980)

ghd Teachem et al, (1977) heve reviewed the sabjcct extensively,

There src confiilcting r.ports ~bout the hetter survival of the

two most used types o7 facenl indlectors, facecnl coliforms and

faecsl syroeptoecocci. But wnerailv is accepbed thet, in ground

~

water, foce:sl atreptoccecl survive lon:er than faccel coliforms,
Jloreover, 1t iws wecopulzedl Lhrt Jocesl oicecstococel hardly

prolicur=te iu wgter.

In <oli, survivel of brecteris a2 well g5 viruses depends

much on tempe <surc < ul molgtnre ceatents, Loner temperature

and higher tempercture both lucressec theilr suvrvival periods,

The prescuce of sntsgonistic breteri~ affeets the survival of
faecsl indicstors. With increasin- scidity, the survivel of
bacteric dccreascs. Alsorbed viruses hove the pessibliity of

surviving longer periocd. The rrcosence of nuatricnt zenerally

v
.

in the :orm of org-uic meSsur “would obvicusly increase the

suryivel of brcteris cnl cven vegrowth of gome T
V. ! :

necal indicetrors
such s frecsl cotiforms mny teke the place. Tn-ilaboratory
experiments Burke ~n2 Mcozher (1936) hnve showed that Escher-

ichig coli magy grow in wobter cont-ining significently small

|gmount of orgenic matter.
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~

The informations on the factors affecting the survi%al’
of faecal indicatOrs in grgund watéfs are scantly..Howéver, it '
is apparent that the effect of temperature on their survival
is anglogous to thatof in soil. It is geqerally found’that in
ground water bacteris incluc\i’inﬁ;faecai types survive longer than

in surface watcer. The chemical nafu{e of the ngundVWater such
as ecidity and sslinity may ziso.gffect the survival of fgecal
grtesy b 1 !

hacteria but “the presence of nutrients would obviously help

their surviﬁal. . : T X

Ve

Cconsidering thesevfacts,'it’is'quite obvious that the
survival of fagcal bacteria and viruses varies much, both in’
soils and "ground wster according to the physicel and chemical
nature of the particular zone. Their survival may even be éiteng

ded to several months under the fevourable conditions,

2$394 Determination of Faeéél Indicators :

(s) Chemical Indicgtors : Well defined procedures for the

determingdtons of these parameters have been given in the
stendard mathods (4PHA, 1980). Some methods have been modified
time o time in the newer editions. However, these procedures
may be considered sufficient for the purpose of moniforing

ground water pollution chemicai from pit-latrine.

(b) “iBacterial Indicators : In the above discussion, theJ
determination of faecal qpliforms'and faecal streptococei have

been given the most attention. The determination of .other faeﬁal
. y ! i .

indicator organismé discussed above, may be regaerded as suﬁpérting
gvidence - but sometimes these may be very helpful\speq;a%¥y‘wgeg@?
confusing or contraedictory results are obtained,: '
SR I , Coon R s T e e

¢

s . - A . $
I -
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(¢)" Determination of Faecgl Coliforms = In the recent time,

ﬁne-rﬁntiné determinations of frecal coiifogms and streptocoéci
~haye.bgen made much éasier by using membrénehfilter (MF) Teén—
niquéﬁinstéaahof cdnventional mnltiple tube most probable
”number (MPN) tedhnlque. 'The methods of MFx%nd MPN technique’ -
1‘;forudgﬁgrmlnatlons of "totel colifosrms, faecal coliforms and
ﬁgapcg;.strgptococci have been elgborstely described in the.
1§tandard-méthonT(APHA,1986). However, there is alwaﬁs 8 cohw
dtrgversy over the two types of the techniques and though now-aw
wgays, it is well recognized that one-step MF methods have got
nany advantages over MPN methods spgcially referring to the
saving of time, But this one step technique is facing some well
established criticisms specially in the case where the faeceal
contamination may not be recent inqnéture as,inléné case of
ground water. For shortening the time of the determine@inn.of
coliforms by MPN method, Lieber and Mertin (1856) have develoy
ped method using flourescent antibody. In this method a }grge
number of sample may be exsmined within short time by examin-
ing the slide prepared frgm 24-48 hours lactose broth dultune
“treated with flourascent antibody. Seidler etfal, (4 981), Evans
et al, (19818) Evans et al, (1975), Evans et al, (19810) Presggw
wood. and Strong (1978),Hsu and Wiliiams (1981), Standrldge and
Delfino (1982) &nd Grabow et gi,(1981) aiso studied the dlffera
Eent aspects of MF technlque in determination of coliforms inoluy
dlng faécaL COLlfOImS and suggested improvements in medis and
technlquess Thelr studies show that'sultable modifications

should be adopted in the conventional MP or HMPN methods as

found guitable for the tybé of saemples,:
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It is recognized that the inhibitory effects of some constitue-
nts of selective media (such as lauryl sulfate, rgsolic acid
etc) should be teken into account. Some studies have been carr-
ied out on the quality of the membrane filters having different
characteristics and manufactured by different companies (Scha-
effer, et al, 1974, Biodsky and Schiemann, 1975 and Talin et sal,
1980). Théy have showed the quality of the membrsne filters
affect, the recovery of coliform group of bacteris to a consi=-
derable extent. However, membrane filters having good soaking
capability and pore size around 0.45-um, as suggested in Stan-
dard Methods (APHA,1981,/L%%?) may be considering sufficiently
suitable for monitoring the faecal indicators in routine anglpe
gls which are required for determining the fgecal pollution in
ground water., The distributicn pattern of the coliforms in
water has got direct influence on the assessment of the quality
hénce the pollution in the samples. Christian and Pipes (1983)
and Pipes and Christian (1984) have shown that the frequency
distribution of coliforms in water is not in normal or random
distribution patterns, rather in negative binomial or lognormgl

distribution. Tnese findings should be tsken into account in the

determinagtion of sample-number and sample volumes of in monitore

ing the faecsgl indicstors in ground weater.

The presence of other bacteria in water may greatly

~influence the determinations of coliforms (Reilly and Kippin,

,198}, Franzblau et agl, 1984, gnd Lechevallier and McEeters[

1985) gpecially in membrene filter technique due to their mase

king action or over growth on the membrane filter,
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AN 8 ] .
The greater are the numbers of non-coliforms the less will be .
—T o an ' ' )
the reocvery of coliforms. Franzblau (1984) suggested and an-
Rl S L ] R _
aerobic membpane fiiter techricue Tor the improved recovery..

——

The turbidity of the ssmple slso has the similar éffect‘
(Reiliy and Kippin,“1983 and Lechevalliefkét al, 1981). Thé
particles causing turbidity ﬁinﬂéfs the colony formations by
col'iformss In ‘such Ceses, the determination by MPN method may
be- adopted or'thHe ' 'dseptic pré%iltrat;an using membrane having
porosity th¥sugh Which indicstes organisms can poss, may also
be helpfuli’Turbidify elso interferes the chiorinntion of water

(LéChevailiér et al, 1981).°

sy

In determinations of coliforms of the membranes of the
genus Envinis moy give abberant results (Eired,1942), white
klebsiclia msy produce sinilar cH?écteristics of fsecal coli-
forms (Bagley and Seidler) in routine detection and enumera-

tion procedures.

Tt 'is generally sccepted that coliforms do not surviﬁe
indefinitdly 'in water, so the effect of timne passed between _
sempling and beginning of the expéfiment is expeéfed\to iAfluence
the recovery of coliforms adversely. McDsniels et sl, (1985)
have ;tudied the probiem elaborstely and suggested that the

water ssmple should be ke»st in ice and anaiysed on the same day,

A good number of studies (mostly done recently) have beeq
done on injury of coliforms (including faecasl types) which are
subjected to stress; and development or modificetions of

procedures including media for the recovery of such injured



. (ii) Determination of Faecsl Streptococci
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coliforms (iiilbsuer gnd Grossicz, 1959, Maxcy, 1970, Scheusner
et al, 1971, Ray and Specl, 1972, Ray and Speck, 1973a, ﬁéy and
Speck, 1973b, Bissonuette et 81,1975, Bissonnette et al, 1977,
Stuart et al 1977, Mcleters et si, 1982, LeChevallier et al,
1983, LeChevsllier asnd . cFeters, 1985). This injury which is
non-lethal in nature, may be done by chlorine and other saniti-
zers, freezing, hecat and other enviroamentsl fectors, biologicsl
interections (egs, interactions with other bacteria),leack of
nutrients, cctions of hesvy s3slts etc. Though in examination

of ground wsters, routine mehtods have generclliy been féllowed,
but it should be recognized thrt some of the fsctors by which
cbliforms masy be injured exist in under ground conditions
speciglly in the case where the contasmination msy not be recent
one, As such, it is sug:ested thst in monitoring coliforms in

round weters, improved methods developed for the recovery of
g ) f p ¥

~——injured coliforms should be evaluated in parnilel with the

Standard iletiiods.

F'cecal streptccocci cenercsliy occur in chains of differ-

ent sizes end form coicrnies on membrasne filter or szar plate on

individugl chsin bssig. These chains but not the individual

=

cells esre regarded gs celouy forming units (CPU). This chain

formation siso affects the determination of numbers by MPN .

method. So in quantitstive determinstions mey sometimes  produce
5 .

conflicting or confusinc results, specially in conditions when

chgins break up and this condition prevails in older cultures
which is likely to be found in zroundwater. ot e



4

So, thea guantitstive aspects of deterninstions of faecal

[}

Streptococcl mey not correiste with the degree of pollution in

‘ground water.

In the Standard lMethods (APHA, 1981), the well establish-
ed methods for the determincstion of faccal ztreptococci have
been given. Paviove et =i, (1972) studied d1.fTcrent types of
medis for detection snd euunerstion of faceal streptococci and
suggestel 5 schieme ny which different tynes of faccsl Streptoco-
cci could be determined, Such diffcrcantiation should be consi-
dered =33 very helpful in lccatin. the sourcc. Cooper and Rama-
dan (1955) =lso cerricd ont -1 elaborste study on the differen-
tistion of human snd ~.aincl Lypcy of fraecazl ntreptococci,

Barneé (1956) supgrested the redoction of tetrazolium salts as

a mesns ol differcuti-tin: Otrerntccocci Faccells from S, faecium

D

as these two types of fsecal ztrepftococcl stsre mony common
charscterictics. It may be mentioned thet in hum-n Taecal

streptococci group, 3. Paccclis is regnrded zs the most promi-

nent one. S0 in assegring the pollution of underground water in
reference to pit-latrine, the deteruinct.on of S.fgecalis may

be very helpful.

It may be meationed thrt some influcncinz factors which
have been discussed in coutection with the deterriination of
coiiforrmc may sizo be ilmportant for tne determination af
faecal streptococel, apeelclily, the turbidity of the samples
create unfavourable condition for the ~srowth of faecal strepto-

coccl colonies on the membrane filter snd thelir examingtion.
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The applicstion of MPN method mey be reguifted in such cases.

2.4 Travel of Poilution #n Zround 'Jater :

Some iluportent Tcciors itefimenetms—the travel of pollution
in ground wster have glresdy been discussed. It 15 evident that
without carryinp out well-desiszned monitoring comering for a
considerable peviod 1t would 1ot be wise bto predict the distance
of travel of poilution in o p-riiculsr =ite or loc-lity. The
design of such gtudy hes been discugsel belov in ¢hort. Caldwell
(1938), Caldvell =03 Parr (1937), icinnis =nd Dewnlle (1983), _
Wanger =nd Lansi-t (1958), Seivsto (1972), Buchaen and key (1956),
Haze Jdornet et al(1978),3xz27a et i, (1979), c2dvard et al,
(1961), Tisars (1957), =nd Dyer et al, (1945a) (sidwell (1937)
gnd Tewis et al, (1380) studied and reviewed the litersture,

on the tragvel of bgcteris lacludin: pathortons gnd chemicals in
underzround water from pit lairines or other tvpes of bored

hole lstrines.

It has becn found thrt -he travel of poliution, both
bacterisl &nd chemicel depend much on the fiow rate and volume
of tne grouad weter., The immobilizstion of bscteris snd virus
is lesg in ssturated soil or c¢he squifer tiasn thst in the un-
saturaeted soll zoacs., The most aotriole Teature of nhe travel of
bacteria ls thet the poliution stresm becomin~ narrower with
distance mostly, perhaps, (dve t2) tas clo-ginz of the surround-
ing soils. The disvcuce covered by bacteris end virus is com-
paratively less taen thet in csses of chemical pollutants, but

it veries from g few meters to more than hundred meters.
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The hydrsulic gredient sn' ores.cure 1a the aquifer are aslso

effective fector in the *rovel of the poliuvtion. The load in

the letrine slsc affects-the nolivkion to the woter znd its

4

trevel. Obviousliy, the poilution travel zenersily to the direc-

5

tion of fhe ground wgter flow, Only a little 1a

T

crel dispersion
or trsvel aasningt the flow of sround wster f-'les place. This

may be effected by hesvy ebstrzetion of woter (drew-down effect)
Zely be haonpened in cagse of

from the agnirer end Shis is uot 1i

hsnd opersted sheiiew tube ~ell,

-

2.5 Desin of nue Minltoringz of {(roundweter reilution from
Pit Lolwine
T tue chapter (9) oa +he “ecomncnd-tiow fGiidlines and

for Puture works, or this resort, cert.in su-cestion have been

put forward tor desizining a fepsible, reciietarc gnd scientifically

sound scuaeme Tor styylng ground water poilutlicon fyom pit-latrine.,
Only revierin: litercthve, it is not rossible tc formulste such
a schere of study. The gvrilenility of funde, existing facili-
ties and t: . ined manpower shonld be baken into sccount in these
reasrds. dowever, the findings of the staiy deseribed in this
report and the inlormgtions svsileble In ihc e.isting litera-
ture ould certaiunly be very heipfal.

The clessical studice of Dyer =nd Fhatarsn (1943), Dyer
end Bheosksorecn et ol (1945b) u- ether with +1c studies done By

)
Caldwcil (1937), Celdveil (1938) anl C-idveil and Parr (1937)

]
)
Y
R
'-J

are still vecresrded oo g For o 2eocrying oot studies on ground-
water poilution, Of course, in methodology much improvement has

taken place specially in the receant years, but basically the



experimencsl design of these studies should be rezerded as primary
guidelines. The most csscatial featurcs of studies of Dyer et al,
and others as fer as the experimentsl design is concerned are as

fDlLOW :

(a) Selection of g, suitzble site which has not been contami-
_ ngted by pollutsnts from borehole type lstrine.

(b) Studying the fcctors which might af"ect <he travel of
pciiutlion (3oil chorcetorissics,

hyliro-ecclogical features,
such as zround weter Flow direction and rese etc.)

(c) Determin-tionz o7 psvaseters which wevye 50 be studied in

copnccvion of monitorin, the poliution of round water,
both chemical ~nd microcisl, before iustili-si1on of latrine.

(a) Inateilscilon of & borehole lstrine in 2 suiteble position

of the -vperiment-l uite

(e) Instzllsticas of woritirin: tubewells in ringwise sround

the latriue at verious Jistasnces snd depths (fthese moni-
toring iletrine ave :lsc required hefore the installation

of the lLatrine).

(f) Deterwingtcions of indicstlve parsmeter

[

of poliution,both
bacteriologicel gnd chemical, for o considerable period
of time.

(g) Asgenzment of n

5iluation by COFDrTlH* the poiiution indieg-~
tor dsteg obtained bhef

re thp installiation of the latrine

with similer dgvs obtained gfter the insteliastion of the
iclrine.




These prazmatic approaches should be re.sded as primarily
essentiagl in formuleting cuy study s.heme concerning the determi-
nation of poiiution of ground vwister from pit-ictrine. At the same
time, the most relicble techniques should be followed for studying
Tfactors affecting the trivel of pollutian_ns well as determinations

(RN

of faecal poilution indicators, both bacteriolovicsi and chemical.

Recently, Vierd -ud “-hertnleib (1982) nsdc g summary of
the report prepsred by Wsrd snd TFoster, (On site Senitstion and:
Greound Water Qu-=lity: s methololo»y by Werd C. . and Foster

S. S. IRCYS, DLabendsrf/Switzerland) on the methodelogy of monito-

ring grouad wster guslity i1aconncction vith On~-5ite Sanitation.

In this report, the sbove wetioned desi-n parrmeters are generally

. N -
accepted. They have sugzested a project ares of 25m™ size and

put emphesis ofv the following aoteble aspects

(a)- Back ground weter quslity of letrine gnd hydrogeoiogical
’ Tfeatures should be known 3

B

(b) lionitoring of railufail

(c) Zlotted casing for bore holes ;

(a) Sampiing-ssmples should he truely representative of the
agulfer being wmcartored;

(e) monitoring period: et least 3 ycors (mouitoring should
commence one yegl prior to the installation of on site

sanitation):
9

(£) Monitcring should be limited to determination of faecal
coliforms and streptococci and the chemicsl studies should
.1 'be restricted to the determingtion of chloride, nitrates

. (in certain cases nitrite; ammonium and iron) in addition

)



!

to physical characteristics such as teuperature

and electrical conductivity (done in the field);

(g) Use of field kits, where pogsibles

(h) Application of gtandard uethods and materials;

(i) The data should be evaluated constaently, so that, the
monitorin: procediies can be up-dated and tne anomalles

chiecked immediateiy.

(%) appropriate interpretation of data etc.

From the above "digcuscion end the experisnce obtalned

during the gtudy described in this report, it may be concluded

“that without g well desighed programme, it is unlikely to obtain

any meaningful results ond it 1s not at all advisable to make
random monitoring of around water guality to assess the pollution
done by pit-latrines without the reqaired backsround informations

and other dats affecting such poliution,



3.1 Identificntion cf the Froblem :

Bangladecsh has an extensive shelilow tube well ginking progra-—

mme., According to TIICED', Bangladesh hss neariy 626,000 shallow
tube wells cxioting 1a thc conntry of vhich about 423,000 tube
wells hgve becn instsiled by OPhHZ in co-operrticn with UNICEF up
to Decembcer 1985, An gdditionsi 122,400 tube weils have to be sunk
during the year 1985-88, to mcet the tar-ct of one operable tube

well per 75 people.

T

Pit-latrines g9 far inseoalied by DPIT in collaboration with
UNICEF szre :hout 362,007 up to Docewmber 1935 -ad there is g pro-
gremme to iastall 375,000 more nit-lstrines in the rural areas in

negr future. It has heor obscrved thet some hznd tube wellsg have

2}
0]
jO}

4

been locsted as clogse 5 “-metors to wabcr o 1 istrines., Some

others arc iocnted ot srecter dizts ccs ot ptill aot more than

10 meters avey -8 presently recocanccdced by DPHE.
.

In view of the above facts the question of pogsible source

1

of céontamination of tube wellis wabzr from wster scealed pit-latri-

nes and other potentisl cowces of poilvntion hes been raised. On

the other hand the s0il of Hingledesh ere hizhly alluvial consi-

Ju

sting of clay,silty ciay, siity clay loam, sililty 1loaom, loam and

L

some very fine sandy clay 1ioam, the possiblit; of bscterisl
contsmination of wellg of the depth of 80 ft. resuiting from the

transport through the soil sre considered to be low .,

However, it has been felt t.st it would be important that an
assegsment of the potentisl hszsrds sssociated with the installia-

tion .



of pit-letrines should be msde. I{ is ca initisl move to estab-

I

I
lish whether or not & potentiel threst to gquelity of water of

sheliow aquaifers exists; so,

9 2

<]

survey procrsmme of monitoring the

quality in existinz hLeaad puup tube weli was prepared.

3.2.1 Alms and Objectives

Leong term: to ascure that the provigion of on-site sanita-

tion fecilartiern does act thv. "z the s-lety of rursl snd urban

drinking woter gcappliszs, which rre priccip:lly derived from

shallow ground weters in bDarr lsdesh,

Phese 1 2of the project-To =u-

oy A

5 of polliution of

o
)]
[
IS
(@]
[0
~
o}
oD

hand pump tute vells in rel-ticn to sources of notential poliu-

tion, scil type cud verisciouw 17 water tob
To sgcsegss the need for forthormore definestive research on

travel of pollutents threv:a soils 1n

d

anglclesh,

3.3 Oripinsl Pign of Work :

3.3.7 Resecxreh apnroccy .

.. .= Survey of water guality ian existing cind = limited number of

new, ghallow hgnd pump tibc ¢

[

Ls.
o5t .-
. — To be ccnducted in aress hsvin: sufficient access to Dhaka

-

. to permit the return of szupice: %o +tne laborutory in Dhaka

; 0 o

before tac close of worll on the day of s-<mpiing.

~ To be couduvcted in sgrics recpreseuting 3 different soil types
to a depth of 1 to 2 metcrs in which latrines are instslled.

a, Red Brown Terrace Soils- Clay soil; pH 5.1-5.3



(a)

(b)

b,
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reprcocutiar the

three soil types
gites will be
of distance

te obtained from tacee

te the influenc., 17 any,

eanurenricuts at the

three, deuccly rorculated areasg

v lcoccrted vilt ke sclected for moni-

I tnbewells will be mspped 1in relation
ion gources. Vgter ciality will be
o ncoLopanp tubewell waters., Where
rby tibowells,

.

nitrates in the

be deterrni oo, Cre gite hos heen selec-

ent of %hc survey ( viliszge of Baliapur).
of sb-ut 12,000 pzople which is served
oo tnov b o ser oF dugwells.,  The

' ore very sharply defined by the edge

cil 't 1o situsted, The viilege is very

least locslliy, by

4 vrter secl latrincs and nuwnerous

the viilage, some located clbse to



The srmplies obtoited trom oill 16 tubevrcolis =snd a few selected
dugwells in this vililsze 1Ll come frow sa rvrea with numerous
potenticl peollution sources zand the quality of water should

<

repravent the inflizoce of dense population under conditions
exigting in this ares,

Direvction of growudvwater fiow will be determined in-so-far
as 1t 1s possibie to 42 so,.

4 sccond densely populsted gres with existing shallow
t

9]
e

ubhewells snd v-ricas gi

giciie famlly snd community latrines

Will b

]

s 3elected iu vre Tongl "efugec domp (Dattapara).

About 20 tubewells 7ill he selected esnd two new test wells

will pe provitced vwpstrerm Jrom the comp sres o serve as

copntrols.

It is

N - 1 = o - < ~ 7 5 .
2L82 pripoyc. 50 LacrL e =4

grar within Dhaka which

ig served by large diamester tubewells with seversl on-site

excrets/ sweze dignozel {acilities around taem.

l'ezults of the surveys in densely populsted ereas will be

employed ©tc devermive coe iafluence, 1° =ny, of distance

on water quality, aend nizo to demonstrsitc whether there is

g larger local effect of numerous, closely associsted

poliution source on the ground water resource serving

these areas.,



3.3.2

(a)

(b)

Research Methods

Sampling : Sampling will be collzcted gurvterly over g one
year period &t each of the wells selectcd. Viells to be
sampliing must be in zood condition at the vime of sampling
gnd not reaguire pnriwnins, vhe spouts of the tube wells will
be Tlamed 1n an eporcpre:ve mouncer szad weter puniped for a

period of five miunutes beforc ssampics are tgren.

(i) Ssmplesz wili v &+ <. tor bacteriolo icsl anaslyses in
appropriste sterile seiin’le nHotties nsin - sseptic tech-

. 1 2 3, e - - -3 L N O
nigqu.. They 1ill bve storcd -t spprovinately 4°C and

P

retorned to she ap~-cprircte laborsvorics on the day of
ssmpiinz. Where posiibie, dilaition vill be made and
pilating cod icocvl cion -f medic will be done on the
dsy of sampliing. +hcre tnis is not pcseible samples
will be kept st 4°¢ sna procesgaw carly the following

day.

(ii) Sampling for chemic~l cnslysis will be processed as far

‘g8 possible in the Ficld cmploying appropriate field

test kivs. Rondom scuwonias will bc preserved asppropriately

ard returned to the lehoretory ror esnglysis

o

Water Quaiity Psrsncsors

Anelysis will be 1 iied oo {hese perometers of immediate

velue for meetine the odleciivey ol gurvey,

(i) Bactcrioliogical : Somples will be fteuted Tor faecal

coliforms gnd f{acce

[

gsrepbococci. enorgne filter

techniques will be used for cach emplcying m-Fc and




K esrr vegpectively., Semples will bo run at sppropriaste

dilucions oo ~coocdingy vo Jtend-rd IIotlhicds for the

pxcwtinst lon of V'mter and Taste Tinsers.

(ii) chamler 1 @ 7> oS’ 27 cloerer Lowrter queiity will
be Limitod to pd, vitrote r~nd chioridc., AlLL three

pex o tbtors with oso doternined by sporcpriate methods

e oLlonol for o wLbrete cal enlovide £1lso in the laboratory

agin Si-uders othiodg, rELoleost once Juring the study,

& 3 oaple wili oo -ubjecbed to move detniled chemical

crnmination,

3.3.3 Other Itens s

- Toy oub menodlnng will be done in =211 survey areas.
- Juber dett oon sesn Zittex v1ll be obtained gs follows:

a 5

foLl-10; i1voe i1l o ohtrinel T"ox vells tested

c

wherever pozalble.

- Meoximuam -l miaflusnr L orneh ot the wrter Loble will be

e ord

-y

LW

- - -7 ~ . - ~— 1 EILE
i - Prececipis-tioa 5o L1l L oroecorcod.

- Ovr - aic 1itr> 20 2. v 70il will b. Zuhcrmined.

34344 fneiysis of pesuled s
(a) Survey of sbbewells 10 zoi-tion to pollation sources

~

the results of this _urvey will be =nelyzed to determine
vhethery there is dov:cbsdle weter movement from potentisl
sources of pollution to tubewmclls based upon NOB and Cl

Coacentration. The rcsults will be crouped by distance



(b)

3‘3'5

from pollution source to well and exemined to determine
whetlier bacterisl o1 chzmicsl contasmination of well waters

cen be correleted wwivh disigace {rom potentisli polliution

ct

sources, and tests of si-nificence will bhe =zppliied where

applicsble, Thal

0]

will b¢ doue by distance from source of

2

loticn and sesscn ¢h =ach gite.

P

po

Survey of dengely populsted arces @ the rssults of the

@)
)
|0
03

gurvey <f urbagn srcscs v1ill be anslys terms of distance

from test wells to pollution sources ss in paragraph 1

ey A

gbove, numbers of scmpics gnd numbers of vells falling to

()]

meet gstsndsrds will oe anznlyzed zccording tc intervals of
distance from pollution sources cnd tests Tor significance
applied. Contours of nitratc asnd chioride coccntration and
shifts in contours ~ith sezzons willi be piofted where
possible and concentrs ions will be correlated with loca-

tions of poilution -ources.

Interpretetion 01 Results

- The two survey:

@
O
r3
(@]
®]
[
&}
()
[oF)

cre designed to demonstrate

differcnt asocuects 7 the conbtaminstion of ground waters.

The first iz desipned Yo dencnatroate ﬂbgther contaming-
tion may occur in individusi wells loceted close to
poliution sourccoy Toae <zcond is dcesi-ned to demons-
trate whether there is in fact an identifisble impact
of pollution gources in denscly ponulated areas on

the drinking water resource as a whole. Study results

will be interpreted with this in view,
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The follow-up aegwrred to such - “emoacrtrastion might be

G WoCC TLLOTCUS 97

73

iing nrogrcmme using modern tech-
nizaca agnd inclading limited virus isolation so that
she true citens of thne problem cen be sstablished and
pootectin e mecoure s lanlemented. ) very lorge question
L3 thet o1 1npncids anrthe total ground water reservolir,
The pevt of tae present project desiine with densely
ponuinted arcez con demonntrate only whether or not
higzh dc.-izy o ~cllution sources sy have an impaét

cn 5.3 ~oil el weter cmvirconment., This must be deelt

with “urtlizr ou irr, . sc-lc =nd vwould require modeling

3.3.7 Inotitutiongl .rr-oucc.i. 1ts ¢

a

resconsihiiity o2 overasll desizn ond implementation
or the nrooLer 1il we rith the DPHI a2ssisted by WHO.
This will inciude wappinz, cerryinz out field work,
inclucing chernlort bLeosting 1n the fiecid cmploying test
tit., nnd coodvdinscing £11 aspects of thc project.

- Jil osiomorcnes Tils - Sooss Tonr Uege-l coliTorms and

1rocesl #treptocceci will bhe conducted by the IFST,BGSIR,

I\—J

- Chemica ¢csvla, it the laborstory will be conducted

hy the 1¥ST, BCSIR Leboratory in Dhoks.

It moy be mcavioned Sics vhe =bove mori plaon would not be
entirely followed or fulfilled duc to the unevoidable reasons

described in subseguent chapiterc

[
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Jdoriverying Qube Woellsg e

Hend operagtoed shallce tnbe wells sunk by TPHE/UNICEF or
the public uscd by the rursl cod nrbeoen iuhebitants for drinking
purposes, have been uged {cr coliiccting g-aples. It consists of
a berrel inode of ceste iron, o piston rod conncected with a piunger
and veive end “ixed on = b-_c. The beze 1o Tixed on s 1% diameter
G.P. pipo which is sunk in the s0ll gnd h-3 :encrelly a2 platform
about 41 of ~coueie

te (Pig. 1).
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4,2 Degcrlptlion OF Pit-1i-5.1ne s

Pit-latri,. g 0.0 ~ toy dizsins toce certa sbout 6ft.

deep, ©o thcot o concrcte cr oarthc.:

&)
b
-
]
n
o]
@]
]
o)
1.
t=
] \:
(0]
jon
=
=
~
D
[ay)

rack (Piz. 2.)

9]

First thrc

O

seroresed ringse rre used to be fixed underneath
and next tvo sre fixed ou frem oy tc the surf-ce. Then a platform
is made with concrete. Aftcr thet 2 commode is fixed on it. The
isgtrine is then covered vith cemeated wall cnd rcof or with straw

gnd bsmboo fencings.

r

4.3, Fxperimentoal Sitcyg
(a) Shanid Magar : It is o «lum arce ond low land quite adjacent
to Loibag, Dhaoks city snd et the vicinity of river Buriganga.

AT

(b) Bagiiepur : It 15 cooud 125 LM irn the norihvwest from Dhaka
with a denccly populatcd coumunity of 12,000 people served

by 16 tube weils and unknown number of dug wells.
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(c)

(a)

(e)

4.4
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Dattepora : It is a bastuhers (refugee) coloney (Ershad
Nagar), about 8 Ki. ﬁofth to Tongi Bazar. It is also =

densely populated area. It hss pit-latrines made by Qxfam

orgsnization.

Ghior : It is in the district of Manikgonj, 80 KM away
from Dhaka. It is zlso densely populated and hsas ﬁit~lgt-
rines and a few surface iatrine.

s

. v
LR

o]

Ghatail : It is 128 KIf swey from Dhaka, o village densely -
T

populated, having water sesled pit-latrines and a few suri

face letrines aground the tube wells,

Distances of Pit--lotrinces from the Tube Wells

Those hand pump tube welils which hsve been selected for

sampling are closer to pit-latrines at asbout 2 to 20 meters dis~

tances. Shaliid Nagar has no pit-latrines system rather it has

surface latrines end ditches around the tube wells which are sub-

merged in the rainy seeson.

It is to be noted thet one tube well gelected at Health

Complex Hospital, Ghior, hags a safety tank adjacent to the tube

well,

4.5
4.5.1
(a)

Ly

. Rt
Sampling Procedbtreg :
* ) . t

Sempling by Conventional Mgfhod

Lo

S~ L

Fring

Standard screw cap sample bottles (capacity 200 ml,) were
washed well, then wrapped at the mouth with gluminium

foils and sterilized in a autoclave at 15 1b pressure for

20 minutes.
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(b) Before taking the sample of water from the tube well, the
tube well watgr wes purgsd out for 15 minutes, then the
gpouts of the well were sterilized by flamming with a spirit

lamp,

(¢) The water semples were collected in the sterilized sample

oy

bottles asceptlcally

1o

(d) The samples collected as above were kept at ice:Boxes and
transported to the Jaboretory for investigetion on the same
day of collection. In case of late receipt of the spmples,
they were preservaf in the refrigrator of the laboratory ¢ .

till next morning.

;(e) The water levels were measured after collecting the samples.

| Tﬁe pH and temperature of water were mesgured with HACK KIT

and g thermometer respectively.

(f) Sempling éfteinéhlbgipa¥i5n :

Iﬁ the later phase of the study s number of new tube wells
ARV
(observation wells) were sunk and capped to avpid public

use., The tube well water and the platform were chloripeted

" and kept for 72 hours. The depth and diameter of, the‘Wa#Br

,,,,,,

column were determined and volume of water in the pipe was.
calculsted. Then the water was chlorinatedjenq,tried-to
maintain 25-30 ppm of initisl chlorine c%ﬁqentratian in the

tube well pipe.

After 72 hrs, of chlorlnatlon. the Tst sampIe was coJLecteq
from the tube well without purglng;—then the tubE weTl was purgeq

out, for- 4% hrs. to.5 hrs. to'remove the free chlorlne 1f pnesent. iy
) . RTINS

o I e -
iy - r"

Then the .samples were“ébllecteds

s
erorn ! — '
ARSI BN . .
Wb . VTS
e - T
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It is to be noted thst the samples from these (capped) tube

wells were coliected by using e conventional barrel. The barrel

was spceclelily polisied itsidc acd the plonzer cnd other parts were

weshed with boiling wgter to rvoid contsminetion .

The primin. vweter used vwogs ~1g2 chlsringted to about 25-30
ppm ccacentration =nd cofter Gt

ie required pericd of purging, the

water ssmnlcs vcocre co2liceted.,

4,5.2 pemolins by Tube Technigue

In the i-vt ohcye of the

work, tabe technigque introduced

by B. lorcul ((HO expert) has bwesa nsed. 4 polythenc tube of 4mm

die (aporoxiustely) wes introduced in to the well pipe up to the

9]

middle of the pi>e chout 4005-060ft., o weizht wee tied at the end

of the tubc 30 thet 1t remclned in water. The ton of the tube was

IS

fitted on s soccket. The mouath of the socket was kept on 2 bridge

fixed betwecn the plpes.

Another soccxet was connected tc = tube. The end of tube

was connected to ~nother tube celled ccunliing tube of 2 mm diag,

which wss counected vith the vecunm vessel of 8 litre capacities

made of fibre glass. The vocuum vessel wss sgaln connected with

a presgure tube to the sucticn pump.
Lefore operstion, fthe suction pump wes counnected with

vacuum vessel gnd the vecuum vessel wags connected with the cou-

pling tube with g socket (coupling tube and socket were sterili-

zed). The socket weos asceptically conuccted teo the mouth of the

fube rested on the bridge of the tube vell,
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After fixing the tube, the vecuum pump was operated. When
gufficient vacuum wes mcde in~1de the vessel, the mouth of the
vecuum vessel was opened and due to the vacuum created in side
vesSel, the water from the tube well started cemiﬁg through the

tubes intc the vacuum vessel.

At the time of sampling, fresh and sterile coupling tube
with socket was ascepticsliy connected tc socket tube rested on
the bridge and weter sample were teken into the sterilized sample

botties of 500ml capacity.

The szmple bottle were fitted with o stopper with one

coupling tubes cnd tubes were fixed with socxets. The stoppers

with scexet: and the bottles wers previously sterilized in the
laboretcory. The tube wellg were cinlorinated end purging was done

as before,.

Acfually, the principle of the method is to take the
sémples Trom the gquifer directly by a tube introduced through
the well-pipe up to the streiner and with the help of a vacuumy
pump; the other éﬁd of the tube being directly connected with
ﬁhe sterile bottles thus making a condition go that oontamination

from external sources may not toke place ( seec figi3)i

446 Examinaticn of Water Samples

4.6.1 Dcterminetion of Physicsl snd Chemicsl Characteristics,

(a) Temperature : Tempersture wWas measurcd in the field by a

standard laboratory thermometer,
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(b)

(c)

(i)

(ii)

(d)

(e)

(£)
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ptl pH of the scmples vere mesgured in the field by HACK

KID (smes, IOWA, USA). In the laboratory the pH was mea-

sured by clectricsliy opecreted pH meter.

Detcermination of Sclidg : In

analysiag water samples collec-

ted during the pheee I « II, gravimetric bottle was used

for determination of solids. Thigs method was adopted to

have quiclk results, but only grossly accurate (10-20% devi-.

o]

tiong J1on the rsccuracy have becen fouad), So in the thirg-

phesc, sclid detcriinagticons have been dene more accurately

ag Tollows

100 ml sample was filtered through dried membrane filter,
because the generally used filter papers, even of high
quality werc Tound to fall to hold the fine clay psrticles
and vhe rezidue wes A¥isd at 105°C with the filter to cons-
tant weight.

The weight of the suspended solid wag deter-

minced by gudbstrscting the weight of the membrane filter.

. " . . . o] .
The fiitrate from the above weg dried gt 1057°C to determine

the dissolved so1id,

Chloride : Detcrmined hy Argentometric method, described

ir Ztandard Methods (APHA, 1980).

: c
Nitrate Determined bv Bryine Mothod, described in

Standard Methods (APHA, 1965), This method was followed

duc to operational advantage and duly ‘standardized.

Iron Determined by Colorimetric Method described in the

Manual of Laboratory Techniques (Natl. Inst. Nut., 1971).
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(g) gulfete : Determined by Gravemectric lMethod (Standard Methods

APHA, 1965).

(h) ZSlectric Conductivity ¢ leasurcd by Conductivity Meter:

(griffin U,K.).

4,642 Detérmingtion of Faecal Indicator Racteria

Ag per supgestion civen in the protocal/work programme which

was prepared by the'expert under the guspiceg of WHO, two types of

faecal indicstor organisms were determined from the gamples.

A. Faecal Coliforms:

B. Faccal Streptococcis

(a) Determinsgtion of faeccrl ccliforms : The membrane Tilter

-mefhcd desceribed in 3tandard Methceds (APHA, 1980) has been
followed for the quentitative determingtion of fagecal coli-
forms as suggested. The medium used was mFC broth manufgc-
‘tured by Difco laboratories (Detreit, Michigan, U.S.a).

The filter membriue (»ore diem 0.45um) snd scacking pad

manufactured by Gelman Scicnces, Ine. (Ann. Arbor, Michigen)

were uscd. The lucubation temperature and period were
. O ' . n .
44.5 + 0.37C and 24 + 2 hrg. respectively in water bath as

per instructions.

The samnle wags filtered by standard membrane filtériﬁg
apparatus iu two portions of 100.ml eacﬁ and the average results
(per 100 ml ‘of thé‘sample> were taken, The typical colonies were
counted when not excceding the limit (80 colonies/membrane). Wheg

the count excegeded the iimits the results were recorded as TNTC

(too numerous to count).

1

1
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For atypical colonies and also for typical cclonies at the

initial pericd ov the study, standard tests followed in MPN Method

were done Tor further confirmation. (Standard Method, 1980),

(b) Detérmination of Faecal Streptococci :~ In this case also

the ﬁetﬁod described in the Standard Methods (APHA,1980)’

vias foiléwed‘adcording to the sugzestion of the work-pro-

gramac mentioned above,

The medium was KP'- streptococcl agor supplied by BBL

/aygten,

MicrobiciZey/ (Becton Dickina-n 2nd Co. Cockeysvillie). The incu-
bation tempersturcs and period were respcctively 37°C and about
48 hrs, The incubation v.as deode in air heated incubastor, Sample
volumes Tiltered were the gauwc s steted above., The further
confirmation of the typical agna stypicasl colonies were carried
out when regyuired., Faecal streptococeci colonies grown on the
membBane cxceoding -the Limit (i,e.100 colonies/membrane) were

recorded as TNTC as stated above,

In both the cascs of determingtion of fgecal indicators

the controls were rud
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5. Resnif

5o Thevfirst or Initisl Phasc of ITnvestigation
The tgbic I, shows th-ot the mcaitoring tube wells are
situsted in cuvironments where wot only the pit latrines but
other sourccs of faccal poliutions insluding dicffercat types of
latrines exist. lMoreover, in many cases severcl -pit latrines are
ingtglled in the vicinity cr the monitoring tube well. These
cenditicns clearliy indicate thet 1f zround water is found to be
poliuted, it would be very difficult to locate the exact source
of the pollution, This difriculxy conld be ninimized to some
extent if tho flow dircction of the ground water would have been
determined. Unfortunstely, thls cculd not be donc, This problem

o

has becen discugred elszwherc of this report,

A9

ar &

the monitoring tube wells arc concerned, they

b
m

have been fouud not in 5 .od conditions in many cases, platforms
have beenfound cracked cr otherwise defective, scme 4id not have

even c@ncented latforms. It vwias asleo found chat for priming the

tube wells poiiuted waters vterce ased, sc contamiuation of ground
water from‘externel gsources and by human activities have been pro-
minently present. Thesce rcssons becgme very importsnt when in

this initial phase of thc investigetion, all the samples were found
to be contaminated by the faccsl indicrtor orgsnisms (table 2B).

So fer the next phase of the investigations, attempts were made

to eliminate these possible external sources of polliution and some
new tube wells (observation tube wells) were ingtalied near to

some mon:toring tube wells a3 described above., The results of

bacteriological findings have been given in table 24 and it is



clegr that sli ruace tube wella =re conv-nminag*ted

by faecal indicator

organisms, bhut their quantitotive aspects are not correlated appa-

rently with the distences cif the plt istrines. Of course, such
4

‘correlsticns sre only valid when at lesst the flow direction of

the ground watcr is known.

S



A. Running Tubewells:

Table-1
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Descriptioa of JSelected Lionitarine Wells
at Different Dxperimental Ditec,

Site Dattopara
S1l.iTabewell{(Totat {Condition] Distences of (Cther sour-Jlo.of JRemarks.,
No.} ©No. {Depth d of § Pit-latrine fces of {Users]
i fin meter{Platform and frolintions {
§ g J Direction J )
1 2 0 3 b 4 5 ) 5 Q0 7 9 ]
T, 1 T4.0 Thcca I.8(Mast) "aste water 350
13,1 (Jorth filled ditch
fast) adjoscent to
9.5 (U.Bast) nlatTorm
2. 3 14,0 Pucca 4.3 (West) 1 accha 30
2.7 (North) drain
5.8 (17.1,) necrhy
10,70 7.0.)
3. 23 1.0 Pucca 25.0( orth) Yececha sur-
28.0(. . ) Toce drain 500
1.8m away
4. 32 16.,C Pucca 4.6 (=ast) Jurface
4,9 (3,1) drain 4.0n 150
7.0 (West) avay & stag-
12,0(3.7.) nant waste
vwater diteh
5 RT 17.C xuccha 23,2 (7orth) naccha sur- 50 Pucca
face drain platform
lagter
6. 2 140 Puccayg 1.8 (S.E.) Surface
3.4 (S.B,) drain 500
4.5 (Worth) 1.8m agway
7.6 (West)
7. 28 12.0 Pucca 2.7 (3.7est) Jarface
drain 150
T.50 avay
8. 33 14.0 Pucca 44,0 (Jortb))
6.4 (S, rast _
7.3 (South ) 500
7.2 (. Rast)
9,1 (Test
9. BADC 138.,0 - 38.1(Souta) - 500 Mecha=~
‘ nically
RT = Reference Shallow Tube well
BADC = Deep Tube Well of BaADC
Puccg = Cement Concreate Block cf 1.2 X 1.2 X O.1m,
Kaccha = Without any cemented Block.
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Tgble: 1 (contd)

10 e 9 3 1 N ) L o P &

10. RT 40,2 Pucca- 21.3 (N.W)& - 150
broken 6.0 m deep
1. 1 40,2 Pucca 2.1 (S.B.) A pond Studied
5.7 (West) 3.7m away. 200 1in the
Tlooded with 2nd
water in phage
rainy season also

12. 4 20,2 Puces 11.2 (Bouth) - 200

13. 11 40,2 Puces 5.6 Dug latrine 12.,2m deep
(South) dug well
13.7 Soak pit, o9ond 4.0m 200
dzep 5.5m(7est) away and
surface
drain
1.8m agvay

14, 6 413.3 Pucca ¢.0 (East) Marshy
9,1 eway sur- drain 60
f3ce lastrine

uud@y land

16. 9 A1.5 ruccs Mlarshy 20

)
st) drain
17. 11(4) 41.5 Puccy 30.5(orth) - * 60

18, 12 11,0 Pucca 4,6 Dur=latriue Marshy
(S.Bast) Surroun=- 500
9.1 Dug-latrine ding '
(s.Bast)
45.7 Dug-latrine
(North
19. 14 356.4 Pucca 9.1 Dug lat. ilarshy
(South% at surroun- 250
clevated level ding

Sive: .hohid ilapar

20, 1 20.1 Pucca 3.0 (Wortn)  Adlecent 50
Surface lat. to a Pond

o

& latrine

o1, 2 » éB.O Puccsy 12.2 (MMorth) Aajécent\
rface lat. to a Pond
& latrine

50

Pacca = Cement coancreate Block
Kacchga= Without any cemented Eloclk,

l 5. T 43.3 Pucea  15.% ( est)  TLobbe 50
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Table : 1 (Contd) l
T 1 2 1 3 173 1 5T tTrTTo 171 B
22, 3 34.1 Pucca . 3,0 (Dast) .A_‘djaéent to 60 I
Surfeée laotrine’ =z latrine
* 1n a pond
23. 4 34.1 Pucca 3.5 (8.3ast) * as obove 60 . l
L - Surfsce 1at. : '
24. 5 34 .1 Pucca 6.0 Surface Tae well and '
" lat. (Ii.Bast le%ride are 50
in & oond .
25. 6 40,2 Pvcea ., 6,0 Sarface as above 5(50 '
latd ( JO”‘t) .
9.0 1ot.. l
(;).Jeut)
26. 7 40,2 Pucca - 6.0 Sarface The well 1is 200
1at. (id.7.) on the bank I
' ¢’ o Pond
naving a
- intrine, . l
27. 8 28, u Pucen 7.6 (J;Toi‘ an obave 300
28. 9 43,2 Pucea 7.5 (gSou uh) g~ chove 150 I
29. WAsSa DTW - 7.6 (5.7 20%) - "ater supply
zystem,mecha- '
nically L
operated.
Site (aeor o l
30, 24 40,2 Puvcca 45,0 gurface Diteh near 150 .
letrine (ioosh the well l
3. 25 38,0 Pucca 30.5 oid npiw - 400
coortln) . I
32. 26 32,0 Puccs 5.0 zuntic ~ 30
- tank (Jorth): o l
33. 27 20,0 Pucca 9.1 Septic tahk - 100
(Horth)
14.0 Septic tank . ..: '
(Nortn)
34, 29 NA Puccsy 12.0 3eptic t-nk - 50 I
(Jortn)
35, 30 14.0 " Pucca 10,6 Suri‘aclf; lat. = " 150 LN I
— .. but (Viest)
broken e
NA = Note available. o - Rt
DTW = Deep Tube Well water, - e '
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Table 1 (Contd)
T 0 20 3 4 5 { 6 T 70 S
36. 33  14.0 Pucca 7.6 ?epti? tank - 200
V..
37,77 RT 35.0 Pucca 6.7 Septic tank - 500
(W.5.)
3.0 Septic tank
(3.Eest)
37.1 36 28,0 Pucca 12.2 Socak Pit - = Studied in
(south) the 2nd
phase
38, 35 32,0 Pucca 9.1 Septlc taalk - 200
(Wast)
15,0 Septic tank
(Tast)
39, 36 28.0 Pucca 9,1 Septic tank - 200
(3.East)
13,7 Septic tank
(S.West)
Site ﬁhgtgil
40, 24 14 .0 Pucca 6.0 Surface lat. Surface late 7
(North) is on the water
13.,7(East) filied ditch.
41, 25 17.0 Pucca 4.5 (XNlEast) 8.0 away 11
12,0(North) is a Canal
42, 26 16.0 Pucca 3i6 (North) 8,0 away -
e - is a cenal
43, 27 14,0 Pucca 4.5 (North) as above 9
44, 28 20.0 Pucca 8.0 (Worth) ‘as above 8
11.0(North)
45, 24(4) 14.0 Pucca 3.6 surface ag above 6 Stulied
lat.(S.East) in t
2nd phase
also
46, 26(a) 20,0 Puccag ‘8.0 (West) as above 9
47. RT ~~33.0 Pucca 17.0(N.West) - 11



able : 1 (Coatd)

3, Observaticn YWells®

~m— e e

31, ITubewe ll {TotTal *T?ord1t1ﬁn§ 15 arceo Hilgf}nce bé —— -
dle =
Io.g No., %Depth ([ s wil Qo—'- !—E ~Te Eot\'_een ‘RL‘K"]‘.D\; 6 Remavxr ks
§ fin meter{Platform % and’ Direc—aand ohrinyrvae - "
X § } tien tior weil
2 P 0 4 0 5 § b (i
5ite: Datta@para ¥
le TDH(East) 11 1.2x1.2 15.0(7.EBast) 1,5m - Studied in
» : - x.076cc ~ the 3rd
Ck blcck pha'se
. (Pucce)
>, TDH(West) 11 1,2xz1.2 9.0(.est) Ay . .
‘ 2,075 ce 17.0(.e5t) Teom o ~tudied n
o v in the 2nd
block  13.0(3.%) e oo
14 ,0(17.7.) bta
3o 2 14 3. A.S(Westz 6 . 0m - "
above 2.0 (L, )
) 05 <r:)w-)
1e KB 60 as 1.5 (Forth) 1.5m - "
o oove 3.6 (5.1)
6.0 (East)
Site : Baligpur
5, 12(East) 40 as sbove 6.0 (Zouth) 1.5m - Studied in
\J the 3rd ph-
v ase
6. 12(F§§;Easr) 40 as sbove 4.5 (Sast) 5.0m - 4
Te 1 40 as above 2,1(S8.E.) 1.2m studied
6.7 (West) 2nd phase
Sib G'\.\‘\.:\O)-\ T ]
8. 36 28 as above 10.0 Septic tank 1,70 Studied in
(Fest) the 2nd phase
rLoo0 - 14.0 Sentic tank
e UL
Sité‘: Ghatsil
9. 24(4) 14 as above 6,0 (2,7.) 1.2m. Studied in .
: the 2nd phase
a= Newly sunk Tube Wells kept with cap to avoid external contamination

ms Meter .



am

. - 47 -

[

v The zesults described in tsble 24 show thst the physical

characteristics of the szmpies were not satisfaectory in many

cases, Though the degrece of turbidity has not been measuredp but
the .visu:l observetion indicate the ﬁnsatisfactcry level of
turbidity ia many "semplies, Other physical chavacteristics were

sat'sfactorﬁ in most ceses, The levels of chiorides wTre found

- o~
1

t6 He SatlﬁJa sory in most cases, so was the conditioh for nitrate.

The ‘iron ¢onteut vere hisher than the desired level in g good

[ ; -
number o safi-res.

S AL v~

s , . .
The two deep tube wells monitored (one from each sites,
{

Shi&nagar end Dattapare) produced no fsecal indicstors showing

that the deep aquifers viere not contaminated .

> m————————
{pp— 7=
—p———

PR

o -

S ot e
s



— = 48 —

Table: 2A : Results of the Examination of Physical and Chemical Charac-
teristies of water ssmples (period of sampling Feb-May,1984).

Sl.{Tube obn@mmlanm(OGOﬁmw §Chlo-{Nitr-{ Sulfate | Iron | Electric | Tempera- | Water | Remark
No.[Wwell {rance | {Dissol-fride fate § mg/L § mg/L § conducti-§ ture °C { level inf
{os. § § {ved fmg/L §mg/L § § ) vity ) } meter |
§ 0 § Jeoiid § ) i § § mohs/cm | ] )
{ ] {  Jmg/L 1} ] { § i ] i §
1.0 2 4 3 p 4 0 5 P 6 07 ) p o 0 10 ) 11 ) 12 { 13
Site : Dattapars
1. 1 Coloured 6.4 49C 180 D 148,00 0.538 260 24 5.8
2. 3 Clecr 6.5 750 61.8 B 5.48 1.385 305 24 5.9
3. 23 Clecr 6.4 TBU 328.3 @ 4 .11 0,462 460 24 £.2
4. 32 Liuddy 6.4 520 151.3 i 20.56 0.308 165 25 5.0
5. RT Ciear 6.4 T30 239.8 B 25.70 1.030 640 20 6.2
5. 2 liuddy 6.5 670 247 3 13.10 0,690 250 26 .5 6.4
7. 28  iuddy 6.7 690 33.1 i 23.10 0.770 320 26.5 4.9
8. 33 Turbid 6.4 6G5 121.9 i 24,20 1690 410 25 5.2
Sampie from BSDC pump
9. BADC Ciesr 6.2 656 19.0 4.0 2140 0.15 395 29 -
Site: Balliapur.
10 R.T Ciear 6.4 651 45.6 ND 16 .4 0,262 120 25 5.7
1. 1 Clear 6.4 432 28.6 i 6.92 0.308 160 24 5.6
12. 4 Ciear 6.3 581 83.3 B 6..58 0.385 20 24 5.3

WD = Notge done
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Table-2-B:__Resul*s of the Bateriological Charac-
teristics of water samples,

Sl.y Tube well I Faecc. . woliforms gecal StreprtoCoGCleSINOMarks
No.} Mos. § /100 nl | /100 ml f

T3 2 i o 4 R L T
Sit2 : Dattopara )
1o 1 TNTC TNTC

2 3 7 50

3. 23 19 25

4. 33 22 70

5. RT 4 3

6. 2 50 15

Te 28 20 5

8. 32 13 25

9. BADC 0 0

Site : Ballapur e

10. RT =0 25

11, 1 50 _ Y e
12, 4 18 2 :
13. 11 7 2

14, 6 25 11

15. 7 45 50

16, 9 7 2

17, 11 50 45

8. a2 35 14

19. 14 25 6

+IC = Too Numerous to count.
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Table : 2B (Contd) e I
0 J o [ 0
g @ i i 4 i 2
DR N Tt Y BT B L irnone) ~oaAt RS T
FEIRRE Y . LA
- Site %ha‘t‘n “"‘Na’g’é_f_“ -— . " ! __J“ o o
TN ST SR e ST T A 2O0dTF )
20, 1 L ~ 15
21. 2 .;_‘,;‘;‘k "80 50 - ot
22. 3 :J ABO ( ‘20 l -
23. 4 v 30 4
24. 5 f 5 0
25. 6 r TNTC 15 AP
26. 7 @ 15 8 348 on
27 . 8 - DG 15} 20 )
28. 9 20 ' 10 L .
29. WASA 0 0 C e T e
Site : Ghior 5t : '
30, 24 20 0 “
N |
31. 25 12 .4 .
.
32. 26 ~ 20 6 -
33. 27 18 22
34. 29 25 20
35, 30 8 7
TNTC.= Too Numerous td counv )
- ‘““Refefence"fube weil (Shallow)

. )
WASA = Deep tube well Mechanlcaxly Operated
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Pabie : 2B (Conta)

0 0s T ' ]
1 f g0 . L
36. 33 THTC 85
37. 35 8 ) 4
38. 36 14 25
39. RT 2 4
gite Ghatagy
40. 24 ST 3
41, 25 g Co 5
42, 26 16 L. 24
43, 27 2 12
44- 28 50 \_“IO
45, 24 (1) T )

46 . 26 (4) 20 Y5
47. RT o 1 g

-

TNTC

Too Numerous to Count

RT Reference Tube well

-1,
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5.2 The Second Phasse

(a) The findings of the initial or the 1st phase of this investi-

gations influéhéed_the subsequent studies substantially. 4As all

the shallow tube wells monitored showed faecal contaminations (even
in the tube well which is consideragldly far from the nearest pit .
latrine)s Naturgliy the attention was directed on the quality of
ground water, (specially the bacteriological quality) extracted by
the shallow tube wells in respect of faecal contaminations. I%
became imperative to get the samples which were truely representa-
tive of the ground water. Consequently, the original work plan had

been affected considersbly.

Under the circumstances, new tube wells (observation tube
wells) were sunk adjacent to the existing or running tube wells as
decided by the review committee of the project. Adequate cares
were taken in the sinking and up-keep of these observation wells to
avoid the contamination by externsl sources. The conventionsgl use
of cowdung for the stabilization of the tube holes wss avoided
during sinking of the welis. The platforms were darefully construc-
ted and the necessary repairs of the platforms of the gelected
running tube wells were carried out also. The observation wells
were not allowed to be used by the public end kept in a capped gonw
dition., Only during the sampling; the cap was taken away and the
punp wes joined to ths pipe after teking netessary staps te degea-
tamingte the pump. More exaeting egre wags also taken during sanpw
ling so that the samples might not be conteminated by the existing
unhygienic environment. The experimental site Shadinagar wes @X—-
eluded because of its very unsatisfactory sanitory conditiens end

this location is flooded over during rainy season.



In the first step of this phase of the study (the 2nd phase

to observe #heliher the observation tube wel@ gave better quality of

s

water, one pair of tube wells (one runuing gnd onc observation tube

wel; 1nstalned near to the runnlng tube wells) was selected from

each 51te ﬂnd the three rounds of,.sampling were made durlng Marbh-

"
Februaryﬂ 1985 To 0'e‘c truely repreoentatlve samples of the ground

—

water,- ;;_Qnded puvglng Df water was dgne. (15 mlnutes and 3O minu-

tes). The resulbs have been given in table 34 and’ BB. SRR

To avold _the external contemination,-the hgnd pump was decon-
taminated with hot water ond at the site with the chlorinated water.
Chlorinsted.water wss used also for priming agnd sufficient water

was purged out to remove the chlorine used in the processs

of sampling from the observetion tube wells apparently gave compara-
tively satlisfacsory résults in respects of faecal indicators but the
“gamples taken ~rom the oogervatlon WeLLS during the third round of
sampl ing were founad to be contamlnated with faecal indicgtors-in -
. most of the cases, As found before, all the old tube wells weée '
found contaminated by faecal indicstors (table 3B)s» DNo significant

effect of purgidg time (between 15 minutes and 30 minutes) could 'be

" ascertained. - .

As for other factors determining the quality of the water

samples, no%hing new is to be szid; they were satisfectory in the
mogt casges cxcepting the turbidity and color which had beet found |

in considerable number of samples (table 34). 1 ;

—_—
H

T: way be noted that during this stepof investigation the
new (observation) tube vells had no pucca platformsmlln,fhéynext
step of experiment this deficiency was rectified by constructing
proper platform:.-

l Thouoh the cemnles token dur ng the first and the second round
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Table-34: Physical gnd Chemical Examinations of water samples
sfter Installiation of Observation Tube Wells .

Site : Datteapara Period of Sampling Feb-March'85,
Sl.) Tube well {Samp--QWater ° 0 pH (Water{Appea~(Dis- {Chlo-{Nitrate
No, { No. jling {Temp.C  { §level {rance {solvefride {mg/L
§ 0 § ) fin  { Jsolid{img/L |
§ ¢ b .4 fmecter] jmg/L § J
(I - T T - - A = O 1
TDH (a) 24 6.5 6.,7(c) Clear 800 297 Trace
(West) (b) ¥ 6.5 clear 800 297  trace
1. (Running) 18t
TDH(West) (a) 24 6.6 6.7 Turbid 988 354 0.8
(Obser-
‘vation) _ (b)) ™ 6.5 Turbid 980 354 0.9
TDH(West) (a)25.5 6.6 6.9 Clear 432 304 0.5
2. (Running) 2nd (b) © 6.7 Cleer A52 301__ 0.7
TDH(Vest) (a)25.5 6.6 6.9 Turbid 464 357 1.1
(Obser-
vation) (b) 6.6 Turbid 330 362 1.2
TDH(West) , (a)* - - _ _ _
3. (Running) 3rd (b)* ~ - - ~ - -
TDH(Vest) (a)26.0 6.6 7.0 Turbid 516 347 141
(Obger-
vation) (b)) 6.7 Turbid 556 325 1.0
Site : Baliapur
No-1 (a, 24 6.0 Clesr 1532 27.0 2.2
5.8
1. (Running) 1st (b) 24 6.1 Clear 1472 27.0 2.5
No-1 (a) 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. Purging
(b) = after 30 min, Purging
(¢c) = Water levels were measured for Running Tube wells only
and it was assumed that asdjacent Observation Tube Well
would have the same Water level.
(*) = Out of order.
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Table 34 (Contd)
2 0 3 4 g 5 § © 0 7 g 8§ 9 010
No-1 (a) 25 6.0 p Clesr 1200 30,0 3.8
S 04'- - -
(Running) - 2nd (b) 25 6.0 . . .Clear 1480 29,0 2,6
No-" (a) 25 6.2 Turbid 1320 21,0 2.8
6.4
(Obgerv, ) (b) 25 6,2 Turbid 1304 23,0 3.0
No-1 (a) 25 6.0 p Clear 1268 32.0 2.9
. ) - . - .8
- (Running)  3rd (b) 25 6.0 Clegr 1524 38.0 2.8
No-1 (a) 25 .0 Turbid 1340 34.0 3.0
6.8 -
(Observ,) (b) 25 G.a . Turbid 1136 31.0- 3.1
Site : Ghiog
- No-36 (a) 26 6.5 (c) Coloured 800 23 Trace
6.0
(RunnLng\ 1st  (b) 26 6,6 Y 1004 21 ,,
. No-36 {a) 26 6.7 - ' s 820 23 -
6.0
" (Observ.) (b) 26. 6.7 Cy 7Q0 21 'y .
(a) 26 6.5 ; - 1144 13.0 ,,
o4
(Running)  2nd (b) 26. 6.5 ,s 1184 12.0 _,,
No-36 (a) 26 6,6 ; y s 1040 12.0 ,,
. _ - a - 04
(Obs_gr'v.) (b) 26 606 9y 952 1200 99
NO—36 (8)“24 604 6 [ 1532 19.0 9
e D
3. (Running) 3rd (b).24 6.4 sy 1528 21.0 ,,
o~-36 (a) 24 6,4 ¢ - 1348 19,0 ,,
5
(Obse"?VL) . (b) 24‘ 6n5 _,_’; 1372 2150 EX)
(c)= Water levels were measured for Running Tube wells only and it was

asgumed

Ylaver level,

|
i
i
I
1
i
i
1
1
1
I s
1
5
i
i
i
|
1
i
i
[ |

thas adjecent Obgelration

Tube Wells wonld have the same
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Table : 34 (Contd)

T 0 2 N 4 I 590 76 71 { 8 19770 10

Site : Ghatail (

244 (a) 25 6.4 c) Clear 1352 44,0 0.1
' 5.3

1. (Running) 18t (b) 25 6.4 Clear 1380 42,0 Trace
25=4 (a) 25 6,5 Clesr 1336 61.0 0.25
(Coger- 5.3
vation) (b) 25 6,5 Clesr 1344 61.0 0.3
24~4 (a) 24 6.2 Clesr 1508 29.0 0.2

5.4

2, (Running) 2nd (b) 24 6,2 ___Clear 1520 23.0 0.25
24 -4 (a) 24 6.3 Clesr 1468 53,0 0.25
(Obser- 5.4

vation) _ (b) 24 6.3 Clear 1408 52,0 0,2
24— A (a) 26 6.7 ‘ Clear 1508 27.0 Trace
5
)-

3. (Running) 3rd (b) 26 5.7 ~Clear 1300 25.0 Trace
24 -4 (a) 26 6,5 Clecr 1512 57,0 Trace
(Obser- 5.6

vation) (b) 26 6.6 Ciesaxr 1412 53,0 Trace
Note :-~ (a) = after 15 min, purging.
(b) = af1er 30 min. purging.
(¢) = Viater level were Mceasurced for Running Tube
Wellg only =nd 1t was assumed that adjacent

Observation Tube Wellg have the

level.

sgme water
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Table-=3 B: Bacteriological HExemination of Vater Samples
after Instglliation of -Obgservgtion Tube Wells.

Site : Dattopars Period of Sampling Feh-March'86.
SL.§  Tube wWell § Sampling ~{ Faccal ColiformsiFaccal streptococcl
10, | _No., 0 ] /100 ml, 1§ /100 ml,
10 2 R 3 0 4 0 5
: e
TDH (West) (a) INTC 46
7.  (Running) 15t (b) mHTC 85
TDH (West) (a) 25 15 .
(Observation) . L (b) 8 0
TDH (West) (a) TUTC ¢ 86
2. (Running) 2nad (b) TNTC 61
TDH (West) (a) 30 -8 - -
(Observation) (b) 15 3
TDH (West) (a) * *
3, (Running) 3rd (b) * *
TDH (West) (a) TRTC 11
(Observation) (b) 75 . 10 "

Site : Balispur ~

No-1 (s) 20 4

1.  (Running) C st (b) 14 2
NO»—‘T (a) © o0
(Observation) o ) (b) O 0
No-1 (a) 7 1

2. (Running) 7 ond (b) 5 2 _
No-1 , (a) 15 54
(Observation) (5) 15 33

(a) = After 15 minJ purging.

(b) = After 30 min. purgihg.
(*) = Out of order
TNTC = Too numerous to count.
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ngble : 3B (Contd)
T 1 2 3 T 4 5
No-1 (a) 3 5
3., _ (Running) 3rd (b) 3 3
No-1 (a) TNTC 29
(Observation) (b) TNTC 10
gite : Ghior
No-36 (a) 38 2
1. (Running) 18t (b) 23 1
No-36 (a) O 0
. (Observation) () o 0
No-36 (a) 4 2
2. (Running) 2nd (b) 3 1
No-36 (a) O 0
(Obgervation) (b) © 0
No-36 B (a) 14 2
3. (Running) 3rd (b) 6 4
No-36 (a) 7 6
(Observation) (b) 4 2
Site : Ghatail
244 (a) TNTC 25
1. (Running) 19t (b) THTC 12
24 =4 (a) 2 0
(Obgervation) (b) 2 0
24 -4 (a) 2 0
2 (Running) 2nd (b) 1 0
24-4 (a) O 0
(Observation) (b) O 0
244 (a) TNTC 6
3. (Running) 3rd (b) 32 1
24—~ 4 (a) 23 7
(Observation) (b) 8 2
. .IC = Too numerous to count
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\b) In the next step, more stringent Mmeasures were taken for the
observation wells mentioned above (4.2.1), to observe whether the
samples takén from these wells were improved in their bacteriologice

qualit};° Asccordingly, the observation wells were disinfected by:}n-

troducing chliorinated Wéf¢r’into the pipes in estimated concentra-

tion.and volume, so that the whole pipe contained the chlorinated

- water h&¥ing bactericidal réhgg:bf chlorine., Then they were kept*at

the capped conditions for 72 hours before sampling. More prolonged
purging of water was carried for the observation wells and samplings
were made (a) before purging, (b) after 4% hrs. of purging and

(¢c) 5 hrs. of purging. In case of the running tube wells, the sam-
pleqiwere teken as before (4.1.1). The results have been shown in
the table 44 and 43B.

4

In this case also, though a number of sesmples taken from the
observation wells as well as the running wells, showed the gbsence

of faecgl indicators organism, but the over glli results were not--
significantly different from those obtained in the previous exper&—-
ments. All tube wells, both the ogservation and running were found
contaminated by faecsi indicaéors: 30 the chlorinated procedure, .

in general, failed to improve the bactcriological qualitytﬁf,thé

camples., The effects of pursing were variable and as before it also

’

failed to improve the bacteriological quality of the sémpiéé,to

any sgignificent level.

In this experiment also a good number of samples were found
turbid and or coloured apparently to the undersirable‘ievel. In
respect of pH and contents of chloride and nitrate, the samples

were not generally unsatisfactory.



Table-44:

- 6D -

Physical and Chemicsil Examinations of Water Samples

after Chlorinstion of

Observation Tube Wells .

Site : Dattapars Period of Sampling aApril-July'85,
'Eﬂ.q Tube Well QSamp -y Water ( pH QWaterQApbea—QDis— §Cko- J}Nitra-)Remarksg I
Np.g No. §ling g Temp. | Q¢evelQ“atce Jsolvelride {te

] o } 0 in { QoolldOmg/I,ng,L g
0 )] g ] meterd .
1 0 2 0 3 ) 4 5 o 0 7 8 ﬁ g 5 10 y 1
TDH(West) Q)27 6.6 | Thrbid 708" 390" Trace
- ()26 6.5 7.0 Clear 738 290 0.8
1. (Obser- 1st  (b)26 6.5 Cilear 740 295 0.5
vation) . , B N
TDH(West) (a)26 6.5 Clear 750 245 0,8
(Running) ()26 6.6 0 clear 736 248  Trace
TDH(West) (0)27 6.7 Turbid 772 353  Trace
(a)?5.5 6.8 T.2 Clesr 628 305 1.5
2, (Obser- 2nd (b)25.5 6.7 Clesr 640 3C0 161
vation .
TDH(West) (a)25.5 6.6 Clear 628 308 162
72
"(Running) (b)25.5 6,6 Clear 560 306 1.2 -
TDH(West) (0)26 7.0 Turbid 600 335 0.9
(b)26 7.0 7.3 Turbid 595 298 1.2
3, (Obser- 3rd (c)25.5 7.1 Turbid 605 293 0.8
vation o
TDH(West)»- 5 17 (a)26 ! clear 568 313 0.8
T3
(Running) (b)26 7.0 Turbid 580 315 0,8 .
(0) = Without purging
(a) = after purglng for 4:30 hrs. in case of obcervation ube
wells & 15 min. in case of running tube well.
(b) = After purging for 5:00 hrg. in case of observation wells
chloringted 72:00 hrs. before 1st sampling.
" _
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| Table : 44 (Contd)
T 2 371 4 J5 ey 7 38§19 170 I
l Site : Baltiagpux ) - ‘
No-1 (0)27 6.6 Clear 696 169.4 Trace
l - . 7 (a)26.5 6.7 6.4 C(Clesr 680 43.7 2.5
l 1. (Obser- 1t (b)26.5 6.6 Clear 696 42,0 2.5 __
_vation) R . ;
No-1 (3)26 6.8 . Clear 664 38.0 3.5
v, 4 T - ——
l (Running) (b)26 6.7 Clecr 716 39,6 3.5
No-1 (0)26 6.8 Clecr 692 38,0 Trace -
l (5)25.5 7.7 6.5 (Clcar 756 28.5 3.7
2. (Obser—-  2nd (b)25:5 7.6 Giesr 732  28.5 3.0
I vation) ' : -
No=1 (a)2s 7.7 . Clesr 696 30.4 3.0
' (Running) _(b)2445 7.5 clear ~715 30.5 3.5
No-1 (0)25 7.7 Clesr 588 30,4 2.1
l (a)24.5 7.5 6.7 Clesr 620 34,2 2.5
3. (Obsger- 3rd (b)24:5 7,6 Clesr ~ 588 34,2 3.0 L
l ) ___yation) ‘
No-1 (a)24.5 7.7 ] Glear . 596 36.1 2.5
L (Running) (b)24 7.0 Glear 592 3641 2.3
Site : Ghior' ,
l T No=36 (0)26.5 6,4 Coloured 429 57.0 Trace
i (a)26° 6.5 5.8 ,, 429  19.1 Trace
1. (Observ,) 1st (b)26 6,5 " 426 17.1 0.06
l No-36 ' {a)26 6.7 Coloured 403 22.8 0.05
5.8 - . .
(Running) (b)26 6.7 b4 489 21.0 1.0 .
' No-36 (0)27 7.8 'y 384 23.0 Trace
(a)26.5 7.7 5.9 4, 392 21.0 Trace
l 2, (Observ.) 2nd (b)26.5 7.7 4} 396 19,0 Trace
No-36 (a)26.5 7.6 . 392 25,0 Trace
5.9
l (Running) (b)26.5 7.5 s 384 23.0 0.07
Col : Coloured
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Table : 44 (Contd)

1 0 . 2 4 3 0 4 ¢ S8 6§ [ 8 ¥ 9 1 T 11T

No-36 (0)27 6.5 Coloured 260 28,0 Trace

(a)26.5 6.6 6.0 ,, 240 27,0 Trace

3. (Observ.) 3rd (b)26.0 6.4 Ly 212 27.0 Trace

No-36 . (a)26,0 6.8 co . 250 24.7 Trace

_(Running) (b)26.0 6.8 L, 264 26,6 Trace

Site : Ghatai}

24— ' (0)25 6.5 Clear 484  67.7 0.2
' (a)24 6.6 5.5 Clesr 540 20.6 Trace
1. (Observ.) st (b)24 6.5 Clesr _ 450  26.6 0.4
24-4 (a)24.,5 6.7 Clear 468 26.5 Trace
(Running) (b)24.5 6.5 > Clesr 468 26,6 Trace
_24-4 - (0)25.0 6.6 Clear 525 32.5 0.8
(a)24.5 6.7 5.6 Clear 530 32,2 0.3
2. (Observ.) 2nd  (b)24.5 E€.7 Clecr 580  32.6 0.3
24~ A . - (a)26 6.7 Clear 450 32,2 Trace
__ (Running) _(h)e5.0 6.7 5.0 Clear 495 32.5 Trace
24-4 . ] (0)26 6.8 Clear 520 34.2 Trace
R (a)25.5 6.9 5.7 Clear 440 34.2 0.5
3, (Observ,) 3rd (b)25.5 6.8 Clear 480 34,2 0.7
24-4 (a)25.5 6.8 .  Clear 420 36,1 0.8
... (Running) . (b)25.,5 6.8 a Clear 435 36,1 Trace

Note : Cpl =_Coloured
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Table -4B: Bac®ridogical Examination of Water Samples
= after ChJ_OI‘lnathD of Observatlon Tube Wells.

B

Site : Dattapara . -7 7T Period of uaﬁnpung Aprll-July'BS'.

e T - ’ o= -

SI,No,§ Tube Well QSampllngQFaecal Coliformg(raecal Strepto-~-) Remarks
be % R

TNTC = Too numerous to count.:

' b No. ) ) /100 ml., ({cocci, /100 ml,
1 i 2 . 3 ) 4 ) 5 0 b
l TDH (West) "(0) 65 - - 75
R o (a) 34 4 P
l 1, (ObsﬁeI‘VEtiOl’l) 18t (b) 15 TNTC -~ L
l TDH (West) (a) 3 2
. e
(Running) (b) 4 3 -
I - ..IDH (West) (0) 70 3
(a) 18 14
' 2. " (0Observation) 2nd (b) 16 10
TDH (West) (a) 1 - 13
l : (Running) (b) O 2 “
__ _ TDH (West) (0) 22 TNTC
| (a) 22 TNT G
3. (Observation) 3rd (b) 20 65
' . . ___TDH (West) (&) 55 83
(Running) ) (b) 26 - THTC i
l Site : Baligpur | -
—— . TNo- (0) 34 10
l ’ S (a) 3 3
l 1 (Observdakion) 15t (b) 3 >
T No-q - (a) 4 11
l (Running) (b) 3 8
. No-1 (0) 32 15
l (a) 15 10°
2, (Observation) 2nd (b) 3 4
No-1 ) (a) O e
. (Running) (b) _© 0
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Table : 4B (Contd)
T 0 2 | 30 40 5 y ~©
No-1 (G) 23 A
| (2) 10 2
3. (Observation) 3rd (5) 28 S 25
No-1 (a) 8 11
(Rumning) (b) 9 . >
Site : Ghior B
No-36 (0) 15 4
(a) O 24
1. (Observation) 18t () o 20 _~
No-36 (e) O 2 T e .
“(Running) - u(h) 0 2
No-36 (0) 2 3
(a)n 1 T .40
2o~ (Observation) 2nd (b) 2 52
‘No—36 L (a) 3 4 ) T
- (Running) o (b)Y 1 2
No-36 . (0) 3 98\
(a) 2 THDC
3. (Observation) 3rd (b) O THTC
7 No-36 (a) 2 | 20 e
(Running) o (b) © 11

Note: (0) = Without purging. Tt el

(a) = after purging 4:30 hrs. in case of Obséfvatign Tube
Well and 15 min. in case of Running Tubc Wells, 77 ---- L.
(b) = After purging 5:00 hrs. in case of Observation Tube Wells.,
Observation Tube Wells = All new Tube Vells Chlorinated
72:00 hrs. (3-days) before
1st sampling.
TNTC = To numerous to count.



Table : 4B (coubtd )

: R A

1 2 _gm 3 i g

Site © Ghatall

244 (0) 1 14
(a) 0 D

(P Observation) 18t (b) ] 9
24-4 (a) 1 10
(Running) (b) ’ 57

24-4 (0) 80 11

(a) 3 5

2. (Observet -~on) 2nd (b) o 7
24-4 (&) 2 05
(Runniug) (b) : 55

24-A VD) U 2

. (a) 6 2

3. (Observetion) ird (b) 3 3
24-4 () 5 3
(Running) (b) 3 57

TNTC = Too numerous to count
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5¢3 The Third snd FPingl Phase of the Investigation

The results so fer obtained at different experimental condi-
tions are very discourcrging as taey elearly indicate that the hand
opersted shallow tube wells are not -producing pure drinking water.

_The fact needs to be confirmed., In the previous experiments, step
by step, snd ac far as possible, the sources or causes of externsl
contamingtion have been eliminated. Stiii, as considered by the
review committee, the doubt remained in the velidity of the con-
ventionel sempling procedure. So in this phase (the third phase)
of study, the tube techniaue- {described in Chenter 3) was adapted
“to get scmples directly from the squifer. Only two sites which are
very nesr to Dhska, were seleccted. The results of these have -beenm-

given in tgble 54 sud 5B the following obscrvations could be made:

(a) Most of the scmples tokeu from the running tobe wells have

been found conteminatced by faecal organisms, though a good number
heve been found free from such contsmiustion, It msy be noted that
the-conventionsi method of =amolinz hsve beern followed in case of

running tube welly

(b) . _The -sgmplecs tsken Trom the obhserveticn tube wells showed
less incidence of ¢ontcuinction hut guite a number of samples have
been found to be contaminated by faccaol orranizms, Tn this case ;

the tubc technicue of campling has been folloved .

_— - N - - . l O -
(o) The chloride, nitrate 30?2 oH contents of Hhe samples,are

generally within the limit. The suspended, dissolved snd total
g0lids sre slso generclly within the limits.

ke

(d) The results shown in tsbles 5A and 5B basicslly foliow the
trends of the previous results though incidecuce of fcecal con-

temination may be considered to be less, spceciaglly in the case of
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. .Table=DHA: Physglcsi. gnd Chenical Iveminations of Water Samples
after:adoptation of T Tubc=Technique -of ssampling.. . . .-

Site s+ Dattapars Period o Fempling Jan—Na‘y‘ 86,
ST, JTubejSamp-(Water( pH (Water(Aippea— Solid fChloride|Nit¥a
l Vo, Well{ling (Temp.Q QleVCLQrancc ySuspu~-{Dis- QTotTngN ' Umgﬁ
- = 4 Fosf-- - ‘-Qo § -0 10 -F- - (Qded fmolve§solidl -
yo.o0 . ) ) fmeter) §s0lid -§301lid fme/1 )]
3 ] ] N e b lm /1 Qm /1 1 ] [
l 12 3 1 4 T5 01 6771 S 9 10 0 AT 1 12
14 %‘DH ) 1at (R)?5 6.5 644 ’Durbid 15 627 652  165.5 0.5
West .
l . (0)25 6.6 6.4  Turbid 19 703 722  269.,3 0.7
) (R)25 6.7 1.8 CILcrr 6T TSEE 664 338.7 | Irace
l 2. TDH  2nd - : ,
(West) (0)25 6.6 7.8 ~urbid 16 516 532 277.8 0.9
'h T T T (RYes5 6.7 6.8 sy 28 A92 520 119,9  Trace
3. TDH 3rd
(West) ~ (0)25 6.7 6.8 ., 45 579 624 253.8 0.7
B 0% s s LT AT S e mmie | 0.9
4. TDH Ll-th .
(West) (0)26 6.7 5.9 yy 30 536 566 274 .0 142
l_,_ .i. - S (r) 6.8 7.5 - 1€ _-5'88 604 350.7 1,2
l 5. TDH 5th 25,5 , : .
(west) ~ (0) L. T.5.  ,, 39 609 . 648 299.7. . 4.0
- (R) 6.6 Tud (lenr 5 536 591 39241 Trace
6. TDH 6th - - o
Co(west) T (0) 0 Cu7 T4 UBLBuredit 6564 700 263.3 . .0.8
l : " (R)25 6.6 6.7 Coloured 5 359 354 23847 0.8
7. TDH Wst B
(Edst) (0025 4.5 6.7  Clesr 9 505 514 4447 1.0
- . - {R)25 6.6 6.9 Cleer 3 255 268 142.7 - - Tract
8. TDH 2nd ) _
(Eeat) (0)25 6.6 6.9 clesr 9 2237 232 44,7 0R9
()25 6.7 7.7 clear b - 450 156 165.6 trace
9. TDH S S o L
Y " (East) 3rd (0)25 TET T clear 9 427 456 62.6 0.8
. (R) b.7 0.2 Tuarbid 15 309 324 169.4 1.2
25.5
10.TDH " ' o
l (Bast) " (0) = 6.7 6.2  clcar 8 264 272 58,9 1.5
{R)= Running Tubc vells
(0)= Observation Tube Wells, two samples after the interval of 15 min.
have been teken and the oversge value have been shown,
ND = Not done.
Col= colour .
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Tgble : 54 (Contd)
T§7 20 30 4 § 590 6 1 7 R T0 1§ 12
(R)26 6.7 7.6 Coloured 8 296 304 140.8 2.6
11. TDH 5th )
(Eagat) (0)26 6.8 7.6 Clear 7 253 260 69.5 2.0
(R)28 6.6 7.4 Clesr 14 336 350 161.7 1.0
12.TDH
(East) (0)28 6.7 T.4 Col... 10 425 435 132.,6 1.3
(R)27 6,7 ND Ciesr 8 285 292 123.7 0.6
13.TDH 7th .
(East) (0)27 6.7 ©ND Clear 8 272 280 128.,5 0.9
No-2 (R)24 6.7 6.9 Coli. 24 164 488 53.3 2.5
14, 1s%
(0)24 6.4 6.9  Turbid 36 648 684  271.2 2.2
(R)25 6.8 7.0 Col. 55 493 548 r8.9 2.3
15.“ 2nd
(0)25 6.8 7.0 Turbid 74 578 652 243.6 2.3
(R)25 (.7 1D Turhid A8 888 976 58,9 2.4
16,1 3rd
(0)25 6.8 ND Turhid 62 798 360  266.4 1.5
(R)26 5.7 T.2 Turbid 96 436 532 60,9 2.5
17." 4th
(0)z6 6.6 7.2 Turbid 50 £82 737 253.1 2.0
(R)25 6.7 7.5 murbid- 169 466 735 921.4 3.8
18,7 §th
(0)25 6.8 7.5 Turbid 45 690 735 244.3 4,2
fRY 6.7 7.2 qurbid 70 386 456  87.5 4.0
25.5
19,.% 6th
(0) 6.6 T.2 Turbid 47 859 906 264,0 4.0
25.5 y
20 KB(New) (R)24 6.9 9.3 Turbid 160 452 612 39.9, . 1,1
. 18% ' Tt E
o (0)24 6.8 9.3 Col. 45 ‘ 611‘ 656 117 .0 ~ trgce
ND = Not done
Col = Colbured
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' Tgble “Coatd,
Site Baligpur _
l 1T TR O I = A U =T = A O LI O S -
12Be8%  (R)25 6.6 6.6 cClear © 12 . 52 572  55.3° L.:
‘\:l 1SJ\: ; L - ’ .
l (0)25 6.8 €.6 Ciear 10 438 148 V68,5 o.i
S (025 6.8 69 -olcasr 20 436 ATT 1o
l 4. 12-East2nd ; ,
(0Y25 6.7 6.9 Clear 10 416 426 5. o
(R)TD 6.8 7.8 (Clear 7 361 368 oo
‘39 it 311d -
_ (WD 6.8 7.8 Clear . 8 334 342 173.5 q.T
P 126 6.8 6.9 Clear - 4 312 316 70.. 2.8
4, 1 4th i <
e (0)26 6.7 6.9 Colour 14 023 247 75.3 2.4
l'—' _ (R)26 6.7 6,2 Clear 6 206 - 212 81.8 2.5
5. 1 5th . o
' \ (0)26 6.7 6.7 Colour 8 254 262 75,2 2.0
()27 6.8 7.0 Clen 7. 308 210 91.4 .0
6. ™ . 6th i
l (0 2/ 6.7 7.0 (Clear 14 225 239 .. 1.7
()25 6.6 6.8  Jlear 12 652 664 TO.4 2.7
l_, 7+ 12-Far 1st - _
Tast (0)2: 6,7 6.5  Llzar 12 518 - 560 57.0 2.5
.« (R)25 6.8.7.0 Ciear 27 . 273 280 52,8 . 0
l 85 12—F8r an i B —
— Fast (0)es ~ .7 7.0 Clear 15 251 265 54,37 3.5
' (R)25 5.8 7.5 Clray 10 372 282  78.0 4.1
9, @ 3rd : :
(0)es G, 7.5 Clear 26 290 316 63.7 3.0
' (R)27 6.5 7.4  Clear 8 252 260 29 2.
10," 4th
l (0)27 6.,7--7.4  C(lcar 15 211 226 57.0 1.9
R ()27 6.6 6.7  Clear 050 064 (7.0 2.4
)17.- 5"61’1
' (C)27 €,7 6.7 Clear 9 208 217 66,6 2.5

il

¢olourcd.
ITot

qone,

Running Tubc VWells.

Obgervation Tube Wellg,
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Table : 54 (Contd)

T80 29§ 30 4 g o4 5 1 il P 8 & 9 2 100 11 912

(R)27 6,7 5.8 Clesy g 297 305 87.5 2.6
12.12=Far 6th

East (0)27 6.8 5.8 . Clear 1?2 232 244 82,0 2.4
No-1 (R)25 6.7 6.2 Cloar 16 324 340  38.1 3.0

13. 18t
(0)25 6.7 6.? Clesar 10 300 310 48,5 2.6

(R)25 6.6 6.6 Clear 20 204 24 56.2 3.2
14." 2nd

(0)25 6.8 6.6 Clesr 1 254 269 55.2 3.0

U1

(R)25 6.7 6.9 Cleceax 10 221 231 55.2 2.6
15,9 3rd

(0)25 6.6 6.9 Jleex S 212 220 58.1 2.0
¢ (R)26 (.8 6.2 Clear 6 215 227 64.7 1.9
16, " 4th

(0)e6 6.7 6.2 Ciear 8 192 200 58.0 1.5

- St (R)25 6.7 5.8 Clear 5 147 152 68.5 1.5
1 A d !

(0)25 6.6 5.8 (lear 5 243 253 59,9 1.0

(R)26 6.7 5.3 Clcar 8 369 377 53.3 2.0
18, " 6th
(0)26 6.7 5.3 Clear 8 329

A
()
~

58.0 1.5




Table-5B: Sacteriological Uxaminstion of water samples
== o o= - ~after pdoptation of Tube=Tecnnique of Sampling.

Site : Dcttapara Period of sacpling Jan-May'86 -
SL. (§ Tube viell 75‘{:?;;;“"F—?5éoal coritormg ( raecal sTreptococcl
No+f§ —— io. gReHR L sy /100ml -0 /100ml- -
] b 2 g 3 ) ! ) 5

1 TDH (West) 18t (0): 0 8

I - (R) 0 0

2 i 2nd (0) 0 6

— (R) 0 0

3. i 3rd (0) 0 26

B ' (R) 0 1

4, " 4th (0) 0 25

R () 0 0 '
5e ' 5th (0) 0 5
o - | (R) 0 18

6. i 6th (0) 0 6

S ' (R) 0 2

T TDH (East) 15t (0) 0 0
_____ o (R) 0 ]

8. L 2nd (0) 0 . 8

(R) o0 0

Note : O = Cbscrvsastion Tube wells instelled for experimental

——— e . . _ . purpose. . e B oL
R = Runaing Tuhe vells instelied before & used by the
people.
* = In case of obscrvetion wells, two samples after 15
e im mvime — - .. min. .intervsl. have been taken & average vsalue have.

been shown,



Table 58 (gontd)
19 _ 3
9. TDH (Zsst) 3rd (0) 0 2
_”___’ (R) 0 42
10, ™ 4th (0) 0 6"
(R) 14 25
11, © 5th (0) 0 2
) (R) 2 9
12, 0 6th (0) TNTC TITC
o (¥) 29 THTC
13, 7th (0) TI 44
o (R) 5 17
14. No=2 18% (0) e THTC
T (R) ? TNTC
15, * ~nd (0) THT C THT C
______ (R) 31 TNTC
16, 0 3rd (0) TN TNTC
o (R) 6% THTC
17. % 4th (0) THTC THTC
N (R) o5 AT
18, " 5th (0) TN TNTC
() 55 TNT G
19, © 6th (0) THTC TNTC
(R) THNTC TNT ¢
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______ o ~- 75 =
ww—
Table 58 (Contd) .
T~ 2 0 Ty 5 —
——n P W ——— - e e mdd e e = = e b - omme - —_ aa O.- - — - — ——

gg?ﬁew) 18t

g

. --_-
Site sglicpur

— s i

g YA e

o
. THTC TNTC )
t

7.

12(Prr~2ast) 13t (0) C 0

e ROy R T o )
(1) 9 8
8. 2. (C) 2 53

TNTC

9. ¢ 3rd (0) 12 TNTC
(R) 0 1
10, © 4th (0) 0 0

' PNTC = Too numerous to count.
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Teble = 5B (Contd)
I IS AP 4T 1
11, 12(Far-dast) 5th (0) ¢ 0
(R) 11 10
12 7 6ta (0) 0! Q
(R) 0 0
13s UWo-1 1ot (0) 0 2
(R) 0 20
14, " . - - 2nd (0) 0 0
(R) 5 61
15, © 3rd (0) 0 5
(R) 0 48
16, 4th (0) 0 0
(R) 0 2
7. ° 5th (0) 1 1
(R) 0 - 2
18, © 6th (0) 0
(R) ) 8

Note : (0O) = Obgservation tube well

(R)

TNTC

\
\

“Running tube well

= Tpo numercus o count.

B '
| .
. ' ' V
t B . <
' .
’ 5 .
. a i N
- - - ' )
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‘amples taken from observation wells.

'e) In both the cases of ruuning and observestion tube wells, no
sube well was found to be free from faecal contamination consider-

ng the over all results zond faecal streptococcl have apparently

a

[
[}

m

.‘ound to be morz persistent than the faecal colifo

f) Apparently tube technigue 1. safer but comparatively difficult
;0 handle and time coucunin-. o concrete coiclusisn, from these
Iesults, may hbe deducted fhst this method is significantly superior

;0 conventional sampiing method,

2) Still, the source of finrl contaminetiicn could not be located

'pecially as there were many poliuting sourcers srsund the tube
ells. Though, much precsution has been taken fo remove the exter-
1al sources of coataminstioca, specially in case of observation

'ube wells, couid not perhaps, be removed totsliy. So it could

10t be concluded from the.we results whether the source of faecal

.ontamination ves plt latrine or not.

l One i1mportcnt fsct may be menticned here thst the lack of

dro'geologicral data specialiy re~arding the dircction of ground
later flown makes the results more difficult to interprete or come
ln some reglistic conclusions., This part of study (hydrogeologiosl)
1as not been done, though it is vitsily important for such investi-
ttion. It may be mentioned that BCSIR was not cntrusted to carry
llt the hydrogeological studies.
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L BT

6. Discusuion:

6.1 General Congiderastions :

It i3 quite apparcnt th.t resulte obtcined in this prelim
nery studies give no v.iid nasis to formuiste sny realistic qén-
clusion on the »nolliution of -"vourd woter from pit-latrines; in
other words, these resultz sre 0t at 9ll sufficient to fullfil
the gims ag.d objectiveg of thig project, Thecre may be identifiec
many reasons Tor not heine svecessful to avtoin the gosl at this
stage. Thezec 1lnclude ngony apparently minor scints, but which in
reality crectel difficulties in the proviess of works, such as
transpnort problems, lack of proper loclsticel supports, environ-
mental conditions, instollrtion of tube wells 1in svandard ways,
defects i1 platforms, delay in getring supplies of chemicals,
medis etc. However, the nc, our factors which affected the proper

progress hence tie gcalsvement o1 the -o2l msy be described

summarily ss follows :

I

6.17.17 Insufficicncy in Gthe Oricinagl Protocol Prcject Plan :

The programme/protocoi which wns handed wvver to the inves
tigators was not formulated with sufficient bsckground knowledge
and practical experieuce vpeciclly reparding conditiong natural
to Banglasdesh. The pioneering worke of Caidweil et al (1937),
Dyer snd Rhaskeran (1947,1943°) and Uger et =1 (1945a) are quite
useful in designing such studies., But in this originel work plan
their studies were not tsken into account. Rather a shortcut way
of monitoring underground water poliution was programmed, In the
studies, they selected sites which were apparently free from

faecal poilution ., Latrine was lnstalled in a selected place of
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Lloreover, the sites selccted are situsted in such environ-

ments where pollution sources of faccel watters other than pit-
D

L

iatrincs exist promiacently with the good possibiity of contaming-

tion of rcund wster from such sources. So iu interpreting the

AR ]

ible nosuraily to locate the pgrticular poliu-

{

data 1t ié not pos:s
ting source, speclslly to make any vaolid rofcrevce to pit latrine
where the ssmnicg chowed posgitive indicetiouw of fzceal contaming-
tion. 45 in the cese of gite sclection the sempling points (hand
operated .hellor tube wells) were sclected not on the basis of any
properiy designel study plan as steted ahove. However, they were
selected on account of the ewistence of pit latrine near by (in
some caccg other type of latrines glsc). Bubt in the vicinity of
these sclected monitoring tube wells, slmost in sll cases other
types of potentisgl pollution uources sacn s other types of faecal
mgtter disposal systems, ditches, notcblic 2r-ins etc are located
and the over gll cnvironmentsl conditions sre deplorgble. This
makes compllcatioh in inveroreting the results particulsrly with

reference to pit latrines above.

L]

ALl the monitoring tube wells are running tube-wells and
they are used by the public. This incrcascd the possiblity of
externgl conterilnstion 4o a greet cxtcat. Morc over, 1t is also
reported thet polluted water cuve vecd Tor nrimine these tube wells
and in many cascs therc are fissured platforms and possibilitios
of leskage avround the pipe o7 the tube well rcre also noted. These
factors, would no doubt influcnce the results very much. Of course,
in the course of the study specially in the sccond and third phases,

attempts were msde to eliminate some of these factors by repairing

the plstforms, preventinz the possible leskage, etc.
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As déscribed above, 1n the second phase of the study, obserﬁation
tube “wells which vere. lept ot capped conditions =2nd the public were
not allowed to usc them vere instcllcd in the neichbourhood of the
running tubc ﬁeils to climinate the externsl coat:minating factors.
As they were installed very nesr to the running tube wells (for
parallel study), it was likely that they might also,ggt contaminatec
when thne ruanlny tube wells rerce countaminated, lAsl}he over all
results éhowed that though some cof the SFmples“taken from these

Ca

obscrvabion taobe wells were found Lo

(@]
=

ontsin no faecal indicator
organisms, ticy were found tc be eventigliy contaominagted by faecal
indiceteors. So the abeve menbtioued point (poliution of observation

tube well Trou

fut}

the ruwning tube woell) can uot be overlooked. So

such a svstem ghould not be cousidered iderl for such study.

It wmoy be mentioned thast the selaction of experimental sites

and seswpling points (i.c. the meonitoring tube wells) was not done

6.1.3 Lack of .ydrogeoiogicnl Dacag :

a

Thou-n it vwas repeatedly pointed out thet in this type of
stydy, hydrofeolosical findings are vitslly lmportsnt also, but
no such study has bezn douc. Bven tHthe directien of flow of the

ground weter could not

jan}

scertoined due to leck of mgnpower or some
othcr resson. But such det~ arc most importsut in interpretating
the daeta of microblologicsl ci:d ziszo chemicsl investigations., If
such investigstion would hove been done, whatever data we have in
hand, it could have becn asttempted to anslyse the data to locate
the source of pollution with social rcfercnce to pit latrine. It
may be mcntioned, here, that the Institute of Food Science & Tech-

nology,BCSIR, where the microbiological gnd chemical investigations
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were done, has no msnpower or experieace in hydrogeological studies.
This fect was teken into ccasideration when szrcement was achieved

between BCSik and DPnl regyerding this project.

However, this investiz S1lon hes revesled some important
informetiaps on the quality of tube-well watcr. The recults of this
investigationg, hus pointed out many vital aspects of such study and
provides gcod h_gls for further reglistic, meanineful and §élent1f1—
cally sound progromning for soeryin. the cctnel situation., It has
greatly heiped iun formulsting the suggestions and recommendations
necessarj fOr'dT?Wiﬂﬁ the futvre pl-n of studies which are consi-
dered to be &ery importent for rurqol watecr supply by hand operated
shalliow tube wells and iluzteiirtions of pit-latyine to smeliorate
the present conditions of diaspossl of fgeczl matters. Lewis et sl
(1980) in their gencrsi review on the risghk of ground water pollu-
tion from pit latrine and pour flaosh type latrine, put great
emphasls on the hydroccoloyicel cheracteristics resarding the trav-
el of pollution from such lntriﬁgé through unssturated and saturs-
ted zonec. In the unsaturated zone filtretion =nd adsorption play
a great rolec in oreventins bacterla sud viruscz to travel verti-
calliy or horizontnlly to contamiuecte the grcund weiter, The soil
characteristic: are mogt ‘mportent in these roernects, The adsorp-
tion of bacteris eond viruses in clay goii 13 sreeter. The pore )
sizes of the soil determine Tiitretion rate (see literature review)
the smaller are the porez, mere iz the filtration capacity of soil.
In the saturated zone, the fiow dirccticn virtualily determine the
travel of pollution , The dispersion effect of pollutaant from the
“source is not much, they trsvel generelly according to the direc-

tion of the ground water flow. The rate of fiow of ground water



also influence the rete of trevel "end econcentretion of the pollu-
tants. Thesc facts clesriy snov the importance of determination of

the regiired hydsrozeol

(&)

vic- 1 nercmetcrs to reaca conciusions about
the polluting capecity of pit itctrincs in rospect of ground water
and this wilil certsinly vary according to the Jdiffcrences in soil
profiles and =zauvifcr cheractoristics of diffoeront zones., As these
studics nave not been 10w, it ia imprceticol to correlate the
bacterioloricel and chemicel findin~. of the cnelyces of the sampl-

eg teken fron ¢ galte lorze namber of sonitoring tube wells with

the pit l-tviuc ~1t- tol -0 v, Thig keceomes more complicated
becsusc of the precszoace of other gorees ol noilvution existing in

the vicinity »0 the meriftoria: well. 19 zteted shbove,

6.2 Lvelc_oticn of 3¢ Fladin s of the Tavestigstions Carried Out:

6,21 <Thyz.cs=l 2arcichb.or

Some gomples were Tound turbid ~nd coloured, The former
charscteristics ig atiripbutel to the feoolt in the strainer or some
other leskape, idowever, thi. 1+ undcsirohlce for sach study sas the
many suthors (see literature revier) heve found thet turbid samples
masked thc colony form tion o the menbrane in the MIPP technique
which wo~ fellowed in this .t -4y, Tursid weoter io zloo gesthetica-—
lly undcoirsbre., The mersurement of the degree of the turbidity
shoull be lucinded i1ua tne Taturc work, Jdogt of the tubid sasmples
containcd very fine cl-y rictoon Lo which even the high quality
filter paper could rot "2ld, So the filtermcuorenc vsed in MF
techniquc was oed 1ln fnce megsurement of gsuspended selid content in
the lcst phose of the study and the previous results were discarded.

In the mecasurement, of the dizsolved zoild, to get quicker results

in the first two phiscs of this invest 1a;*10ns which was regsarded
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as preliminary ones the gravimetric method was followed (More atten-
tion was focussed on the determinstion of the foecel indicators),
The results showed congiderable veristions when compared to standard
method of drying the mecasured cisntitics of filtered samples. This
method was adopted in the third phase of the investigations and the
solid contents, gpecially the dissolved solid contents which is
directly related to the conductivity (and the higher conductivity is
sometimes may be indicative of fzccal poliution) vere not found
unusual gnd could not be eveluated Tor indication of pollution. In
case of pH, the same gencral counclusiou msy be reached. 1In genersl
the tempersturegs of the samples vere above 20°C. These temperatures
may not bc regarded as favoursble for the survivel cof faecal indica-
tors 1f the regrowth of fzecesl coliforms has not t<ken place., It
hes been found by some authors (see the litersture review), That
lower temperatures specially necry to 4°¢ favoured the survival of |

faecgl indicators for loruger periods.

In conciusion, it may be stated that the physical parameters
of the samples which h-ve been gtudicd heove not been found meaning-

ful regarding the indications of pollution Trom pit latrine.

6.2.2 Chemicsl Characteristics :

The exceszssive nitretc content in drinking water is highly
undesirable because it cesuscs s discasc named Metheemoglobinamia and
nitrate poliution of ground mater from septic type latrine (inclu-
ding pit latrine) is quitc possible (Lewis ct al, 1980). But the
results showed no unusual concentration of nitrate in the samples
studied. The chloride content of human Taecal matters is quite high.
So it is expected that ground water contaminated by pit latrine

should content higher concentration of chlorides. 4As in the case
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u
of nitrate no such urnsual concentrstion of chloride in the sample

has been found, But both the nitrate and chloride concentrations

in the samples are subjected to msny feclors' including soll cherac-
teristics, dilution rstes (directly related to the flow rate of

the ground weter which has not been determined), etc. So in this
cases-also mo conciusion could be reached regarding the pollution

of ground water frcm the pit letrine in these investigation. It

imay be noted thst in some samples the iron content hes been found

higher thaa degirshle. This is regsrded os regional characteris-
:tics of the =zoil. However, these ceoncentrstionz are not expected
to csousge =ny scriocug troubles in comperizon with the pollutions

caused by pethogens, ’

6.2.3 Bgetericioglicsl Fiadinen

Actuelly in this study, comperatively more =ttention has
been given on the hccteriolcgical findings which consisted of
determinations of conventionsl fsecel lndicstors i.e faecal coli-

forms and foecsl streptoecocei by thé stgnderd methods of MF

technique,

When st the first phase of the investigstions, most of the
samples showed the presence of fgecal indicators, incriminating
all the monitoring tube wells as polluted, nsturalliy, attention
was focussed on the possiblity of external pollution as discussed
above, But 1in the second phase of the étudy (which was done afte?
taking possible precautions to exclude the externrl pollution‘aﬁd
instsllations of observation tube wells) the picture was not alter-—
ed to auny significant level, though more samples shoned the absence

of fgecnl indicstors, (msstly iun respect of foecal coliforms),



gpeciaglly in the samples teckeu from observation welis (but not

much significentliy). So it was tried to improve the sampling tech-
nique Which mignt be the cause of such widespreszd contamination.

On this cousideration, more gophisticated end well guarded tube
technique of sampling method was introduced in the third or last
phase of the work. However, in this csse also, though a good number
of samples taken from the running as well a= observation tube wells
ghowed the absence of the faecal coliforms but all the tube wells
were found to be contaminsted considering the overall results., It
wags noted that fagecal streptococci werce more prevolent. This is

not unexpected or unusual as some zuthors (sce the litersture
review) found thet faecel streptococci survived longer than faecal

coliforms in some gpecial eunviromnents snd conditions .

These bscteriological findings clearly showed that the tube
wells were not giving ssfe drinkin: watcr and contamingtion of
ground water or the aquifer can not be ruied out at all, But con-
crete and highly reliable conclugions ceh not be reached on these
deta regarding the contamination of the ground water by pit latrine
as the sole source of such contaminstion because of the reasons ’
stated above which include the lack of nccessary hydrogeological
studies. Even these findings could not be compered with those may
be found in the stenderd conditions (i.e. having the absence of pit
or other types of latrines, other poilutins sources etc.). This
indicates the insufficiency of the work-plan of the project as

discussed elsewhere in this report .
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However, one golid covciusic: dges caae ot from these
findings that tac shgllon/tabe-well w-oter sa-uld not be regarded
as safe or hycilenicslly pure ss drinking ' water under the prevailing
circumstances in which these investigetions were carried out. Asl

such, the cxpect-tion of »orovidin: good drinlting water to the

-
i
w2

people by ilusteliavicn holiow %

o

be veills sy found in these

investigeotions is in doubtful condition, Ib is slso required that

5

the inst:llotieon of pit lstrine shonld not be done in hsphazerd or
complaissurt wey. sll these require a well dezicned study to find
out the icdesl conditions for iustsliotions of zhallow tube wells
and the pit leotrines (ng thelr epoarent uscefulaess can not be
disregsrded). For such study nome goideolines/recommendation have

been inclnuded in thigc report .
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7. Summary

7.1 In the first phase of the investigrtion which included the

monitoring of the selected tube weils of five sites were studied

for fsecsi indicator orgsnisms and all the tube wells were found
to be contaminated with these orgesnisms.
7.2 It wag considered that such faecel poliution might be caused

by using poiluted priming wzter, unsanitory use of tube wellg,
legkage through platforms etc., So in the secord phase of the study
the measures were taketn to eliminete or improve these undersiragble

-

conditions and 1t wes decided to ilnetsli scepsrste monitoring tube

1

well with exXtrsgordinary care (observetioca tube welis), very near
to the exigting monitoring tube wells. Thesc new installed tube
wells were not allowed to be ugsed by the pecple snd kept capped,
They were pronerly chiorin=ted beforc sampling. However, though
gome of the samples taken from these obsecrvetion tube wells were
found to be free from faecnl indicator orgcnisms, but over all
results showed they were algo contaminated by fsecal organisms,
0ld monitoring tube well (running tnbe wells) showed the same
trends of the results as before regardinz faecal indicator organi-

Sms .

Shahidnagar which was flooded over, was kept out of further

investigctions.

Te3 Such g widesprecd cont-mingtion geve risc to the doubt
about the validity of counventionsl cempnling method, soffa rather
gophisticated tube sampling mehtod was sdopted for the observation

of
tube wells in the third phase/study. However, the trends of results
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regarding contamingtion by faecal indicator organisms were almost
as before, though quite a number of sesmples showed the absence of
these organismz. From the results it was not firmly established

that the tube ftechnigue of sampling was befter than the conventional

method of sampling.

7.4. The chloride snd nitrste contents of the saemples tsken from
all monitoring locations were more or less within the limits i.e.
they were not in high concentration. So such findings could not be

congidered as indicator of fasecsl polluticn in either way.

7.5. 4 Tew samples in the initisl phesc were snalysed for iron

content., In sone cases, this wags found to be hizgh .

7.6. In the vicinity c¢f the most of the monitoring wells, there
existed not ocaly the 21t latrine (which weg required for the study)
but other undegir-ble gources of poliuticn, such o3 open latrine

b RN ’

ditches, drainw ectc.

Te7. The hydrogcological studics including such vital parameters

ag determination of flov directions and rstes @ere not done,

7.8, Congidering the above two points 7.6 & 7.7 it was, apparently
not possible to locate conclusively the source of contamination
i.e, whether the faecsl indicators were introduced from the pit
latrine. So it could not he estsblished whether the ground water
was contaminated by pit-lstrines or not. However, it was clearly
indicsted by the findings that, the tube wells of the experimental
areas were not supplying the desired pure drinking water to the

consumers .,



7.9. All theserfacts point out thet this study v aSs ingpqclusive.
. T ] o ';'),ﬂ ‘, '
go further studiegypmuch more carefully desizned, are needed to be

carried out . Some guldelines/recommendstions for future' investi-

gations on this subject are incorporated in this report .

-1
.



8. Conclusion

8.1, The results obtained in these investigstions clearly indi--

cate that the hend opercted shallow +tube wells cof the experimental

sites did not produce good drinking wster 1l.e. the water of these
tube wells were found to be contamingted by faecel pollutants.
8.2, Though, tinis faecsl sciiuvtion of shgllicw tube well water
(i.e. the under ~round wotcr) crn not be correlsted with pit-latr-
ines Dbacguse of insufficieuncy and or of abscnce cf some vital date

(eg. hydirc.eolc.icael, etec.) to s consider~ble dezree of certainty;
the posgiblity of poliuticn from pit-lstrinez is strong enough
considerin: thsv the ma;-r sources 2f fsccal rdbllution were the

pit latrines situated in the vicinity

8.3. Further study in this field 18 certsinly necessary.

8.4. Por such a study, the investigation procedures should be

well-plsnnel and based on the avalleble infermations,



9, Recommendations and Guidelines for Purther Studies :

9.1, Introduction :

The rether unsucesszful completion of the investigation
described in this requiTes,_jgturally,‘a farther broad based gtudy
to achieve useful informations., It shouid be recognized that in
this study, not only the poiiution of ground vwater is investigated,
the particulsr source of poliution i.e. pit-latrine must be taken
into account. In foct,. this source of pollution i3, in this study,
recognized as virtuslly the most important factor of ground water
polldtion. Sc this adds e nevw dimension of importsnce to thisg gtudy

making it a veny ecisl one,

2
K&

Considering these, the pl:-u/programme of the study should

be prepared very carefully, Informations gethered from literature
descri-

/-bing such or =llied studies (including those which are important

for methodology =nd date interpretatica) mey be much helpful in

.

these fegards. Spécial attentions may be given to the experimentsl
designg followed by Dyer snd Bahsgskaran (1943,/}822%) and recommene
dations of Ward and Foster cited by Ward and Schertenteib (1982),
Of course, the experience achieved 1n the investigations described
in this report will glso be very much educetive and eventually
considerably useful. But cctuel plen should not be prepared only
on the above facts. Preliminery studies (aiso cercefuliy carried
out gccording to the requircuments)must be donc to chalk out g
worthy and worksble plan. The Following recemnendstions/guidelinesg
are prepared for giving the primary direction of such planning,
They are in no case, a complete plan, or unaltersble programmes.
Suitable modifications, additions, deletions, should be made by a

group of people who have at least some first hend knowledge in such
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type of study together with the rcsponsible peopic who would do

or direct the futurc work,.

However the reccommerdcticns/euidelines ccncerns the following area:

o

.

®
.
(2]

uggestions for peciimiucry study which actually is the

seilection end prepercstion of cxperimentsl location.

b. The surzestion for covrying cut the nain study i.e. the
- pollutio>< of grcound water from pit-latrine,
C. Suvg ¢, tlonz nand dligcussione -u the Methcdology and '

Requircmenty 3 Bvalustlon end interpretstion of findings and
their spplicstion 5ol 2lso the 1olisw-up study (including

perzodical nonitoring).

nel required for ceroyinz out the necesssry investi-

e, Addrtionz1l Remerks : ’
FLodins ig ~unoth v vitsl cspect which hes not been discussed

<4

2 much, It mey oniy be said thet without proper funding, such

o take the shepe of ¢ miniature or truncated

.

gtudy 19¢ bound %
onc vhich 1s herlily exnocted to produce the standard

informgtiony .
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Selection end Preliminsr-y Studies of the Experimental Sites:

These should fulfil the fTollowing criteris and findings.

Hydrogecological :

There should be no gource of pollution within st least 60 m

diszm. of the field sclcected for the study;

1.

ield stould pe Tl-% 11 there 1s eny topographicsl

=Y

The

toricined:

9

inclination, thst should he d

Q

The contorrs of the ficid sre to be determined;

The cheracteristics of the sguifer level including 1ts
ses

s0nal flactustion are to be determined;
Determinetion of the siope cof the cquifer;
Determinstion of flow direction of wster in aquifer; -
Determinetion of low rate (velocity) of water in aquifer;y

Determination of vertical penctrstion of water through soll

sbove the gquifer;

Psrameter d - h shculd be ctndied for such a period so that

the censsonsl chsnges con be evolugted. .

©]

Chemicglg -~1d Physicsgl Studicg :

Determination of chemical gnd physical charscteristics of
soll with specisl reference to the study for pollution; eg.
chloride, nitrate, nitrite, ammonis, organic compounds, iron,

calcium,conductivity, pH, porosity, capillary characteristic,
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grain cize aend uniformity coefficient, clay snd sond contents ete.

(seasonel veristions vhere relevent should be eveluated). Soils

.

~ taken from vsrious depths should be enclysed,

b. Deterninstion of physical 2rd chemical cherscteristics of ground

water, cg. chiorides, nitrstes, solids (dissolved c-nd suspended)
ammotti-, nitrite, ircu, colciu -ad other reclevant chemicals, pH,
temper-thrs, conductivity, orgsnic moitter, cte. (Seasonal varia-

tion should be evsluctoed).

9,2.3 Bocteriol-ogice

f-s

. Teecsl inliseter s (fncc-l ccliforus and fnec 1 sgtreptococci) shoul

be detcrmined ~ith refercace to gsecesonel effecte for the soils

=

ecat 3-5m depths from and above the

aquifer). :dditional faecol indicators such 2z Pseudomongs aero-

ginosa, Clostridium perfringens, Bestexroides; Biridoboeterium etc.

may be studiled.

b, Determiu-~tion of totsl -ount~ of bhscteria,

Ca If possible, determination of typesg of bacteria.

d. Experimenrts s-c¢ erc to be corricd out for the zround water after

instsllaticu of tube weliz,
€. Segsonal cffects ~re to be determined.

9.2.4 Determination of trevel cf pollution

8. Experimental pit latrime chould properly be installied (the depth
should be shove the aquifer) in the middle of the experimental

sites and the rings’ of tube wells st various distances (eg. 2m,

' telzen from various depth (at



4m, 6m, 10m, 15m, 20m, etc.) should be ingstsiled for monito-
ring the ground water. In the rings, distances between the
tube wells should be geaerally ebout 1m or as required. The
depths of the tube wells should be as folliows : (i) touching

the level of the aquifer, (ii) going well in to the aquifer

and (iii) going deep into the aquifer. 1In the iatrine, some

indicateor chemicsls (eg. common salt (1'zCL) or a flourescent

dye, such ags suramin B) should be put snd semples should be

analysed periodically (1-7 days) to determine the flow pattern

of polliution., Seasonel studies should also be carried out.

9.2.5 Sampliingz :

The correct samniing 1s criticslly important. For chemical
and physical parameters of scils cud watcrs, extrsodinasry precau-
tions to prevent contamingtion or mixing msy not be tsken, but for
bacterioiogiczl gstudies, contominaticon problem should be seriously
congidered, It is rathcr dir fTicult to collect samples of soils at
different depths without contemineting them, howcver some gstandard
techniqucs as nsed by Dyer =nd Bhaskaran (1945b) may be adopted.
For becterioiogical gsnalycis of water,the samplinz procedures has‘

been discribed b

(@]
[
(@]

w, The sampling points hsve also been described
above, This srrangement msy be modified z3 found suitable in the
prelimingry studies. Another vital aspect of sampling, is the
number of semples to be studied., Thesec concerns also the number

of points of gampling g= well as intcrvals of sampling. However,.
sampling must be statistically sound. It is proposed that for

analyses to find out physicsl end chemicel as well as bacterioiogi-

cal characteristics of soils, 4 seasonal periods magy be sufficient
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and 5-10 points in cech zounec mayv be zelected for sampling. But f«
weter, the frequency of sampling should be increased much more,at
least once in ¢ weeck gnd if posgible dailly for the tube well in the
ring ncar =ne latriae :(nd nurber of points should increase 2-3 fo.
Actunlly, this may be detecrmined after 2 few round of preliminafy
sampling.

9.3. The Zxperimental TLocetion in Operation for Studying
Poliution of Ground Woter from Pit-lagtrine

9.3.1 Bstablishment of @vpcrimentsl Pit-laotrine

The vered nole which is centrally pleced in the experimenta!l
field i3 to bhe converted into ¢ pit latrine and sufficient number
of people nrc to be found to vse it for proper charging it with
faecal matter. Dyer ct el (19455) converted the experimental borec
hole into a latrinc charging it with night zoil hringing from
somewere but such rechecr-ging is considered to be difficult in thi:
case., dosever, 1T this 1g to be adopted, then the bored hole shou:
be converted iuto g leatrine which in every vital respect would be

similar to ¢ pit letriue vhich ~re in use in this country.

9.3.2 Control Tubec Wells

fs 1% is clmost certaelnly cstsblished that the pollutions
travel with the ground woter flow direction, some diffusion may
occur. The drgwdown effect caused by the tube wells from which
sufficient azuount of water +o be pumped out dasily (to simulate the
tube wells actually in usc), may make the pollution travel to some
extent agsinst the flow direction., But thig distence ig expected

be very limited, cg. 1-2m. Under these conditions, the wells just
opposite to the flow direction, installed at various distancesg fror
the latrine (in a ring) may be used as control.
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9.3.3 Parameters to be studied

a. Chemical gnd physical - os described above.

b. Bacteriologicsl - as described sbove.

9.3.4 Period of study

It would be ideal 1if the study is contiaued to three years,
then not only the seasonal varigtionsg could be checked, the yesrly
variations mey slso pbe ev: luated. Conzidering the time reduired for
pre~-study (sclection end preperation ol the experimental 1Dcation)
and the period suigestcn for sctusl pollutiocs study plus the nece-
ssafy follow up study and zv.:iuation of results snd report writing
which will need at lesst 6 months to o yecar; the whole period of
study comes dovn to 5 yesrs. It may scem g long time for a study.
But for succeuctiul ctapleticu of szucn scudy chould as expected,
produce very recliesble resuits. In the meantime, the intermediate
results may he very uscful ond 1f the significent results are found,

the’ study period may be cut short.

9.3.5 Sampling :

In both pre-poliuticn and after-pollution studies, the
samplihg of water has got three aspects
(a) The nomber of samples studied : These should be statistically
reliable. These may be determined after preiiminary studies.
However, 1t 1s proposed that experimentsl tube wells situated near
the latrince (2-4m) should be s+tudied =t least once in a week and
the tube wells which situated far (6-10m or more) once in g month.

The control tubc wclls should also he similsrly studied. In this
case the number of tube wells may bhe rcduced to half (comparing with

_the experimental tube wells in cach case of distance).

PR - .
L -



(b) Procecdurce of samplinc : This is vitelliy important specially
for bacteriologicsl exeminstions. The conventionsl method (described

in the report ) hss not besen proved un-useful if it is done care-

=

fully. The adventage of this type of gsmpling is that 1t is very
simple rad lerge number oI ganples may be t-ken in & single day.
However, the tube technique of samplin: (described in the report)
in no doubt scicatircnli morce perfcect, but necesssry modifica-
tiong such #s mechanicel operation system instesd of manusl’opera-
tion moy heve fo be ilacorporctzd. It would bo good if the two
procedures rre¢ comprred in idcntic-l condifions, since smgll error
in the ccose of former m=zy he disregerded if the faecal indicators

gre studied further to ascertein their zource (cee below ).

(c) Volume oI "eter to be nxemined : For physicegl examination,
this 1s not o problem zsnd for chemicagl snslyses, the volumes may

be determined <s per stondsrd procedures. But for bacteriological
anslyses speciclly for faecsl indicators SPFV (Standesrd Filtration

Volume ) should be determine? «ccording to the stsndsrd procedures.

9.4. Yethodolegy (cpsrt froa the sinking of tube wells, installa-
tion of -pit-letrine, etc., i.e. the engineering aspect, the study

may be divided into three brocd srea :

a. Hydrogeclogical investigations,
b. Physiccl and chemical anslyscs,
C. Bacteriologicsl examinastions,



~ 100 -

Ofrcourse, the methods for esbove studies obviously will
remain limited to the monitoring =snd evelustion of pollution from
pit-latrine to thé grouna wobter, obut such limitntions should not
be considered obl}gatory, these should lLsve much mrvrgin of flexib-
lity as occesions may arise involving meny factors which do not

directly involve the project but necessarily are related to it .

9.4.1 Hydrogeolcgicsl Investigetions

The parameters of such have been degcribed above in general,
Actually, the whole.aim of these investisctions iz to extabligh a
proper experimentsl set-up to ccllect reprecscentetive and necegsary
gamples and to interprete the findings of other investigations for
formulestion of suggestions/reccomriendation feor establishment of
pit-latrine snd sheliow hrnd opereted tubc systems in useful and

applicsble ways.

The proper methoﬁs for <tudying the requaired psrameters
as suggested will not be elaborgted here. e hope thst conventional
methods may be gufficiently useful in these regards. A senior
hydrogeoliogist specislly heving experience con the 1snd chsrscteris-~
tics of Bangladesh with speci-l refercnce to underground water
system should bc consulted to chalk out the metheds for the deter-

minations of the above meutioned persmeters.

9:4.2 Physical gnd Chemicel Anaiyses of Soii sud Water Sampleg :
t

The paraemeters cited above regarding such analyses gre "
availgble in standerd books. A soil chemist may be consulted for

analyses of soill samples as required and the methods given in
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Standard Methods for Ezaminations of Veter -nd Waste Water (1980)
may be considered sufficiently useful in thege regards.

Though chemical and physical eﬁelyses of victer sampleé will
mainiy remain cénfined to the monit&fing ot pbilution coming from
the létrine, (i.e. humen faecol matters); it is 2 good idea to stud;
gome parasmcters mﬁgoh concern gcesthetics as well as other chemical

aspects of potable water criteria, such ns contents of salts of

various maetels, toxic substences etc., 1f pogsible,

9.4.3 acteriologcicgl Investisntions

) It 1s accepted tn<t the chaenges oi physiccl ond chemical
characteristicy of ground water sempled through the monitoring tube
well may give g£cod indicatrong of polliutiong cauged by faecal matte:
deposits i1.e., latrines end it is 2lso an established fact that
chemicgl polluteuts may travel further then the bacteria (see the
literature review), Still, evidences may be confusing, vague and
infiuenced by so many known and unknown fsctors. Moreover, the
dilutiong of poiiutants méy hecome such that analytical procédures
adopted may not be gble to evalugte or detect them. Therefore, muc
more attention hag been given to bscteria, natural haebitats of whic
are human gnt snd they rre crereted in the feeces in such a number
that dilution effect influénco the monitoring with much less

significance.

.Faeccl coliforms (mosvly Escherichis coli) are recognized fo

a8 long time to evoluntc tue hygienic quality of water. Faecal

streptococel ore also given much importsnce. Clostridium wellchi

(cl. perfringens) and recently Pgeudomongg geruginosg and bifid-

bacteriag (Bifidobscterium) are also taken into considerations.



Natural'habitats of all thcsc orgenisms are werm blooded animals
(with some exceptions) and so they are ceiled "“faccal indicators®.
Established methods for detecting snd enumeratiung faccal coliforms

" and faccal streptococci heve been established loag before. But
controversy over the most effective or sultable methods has not been
over, specially, recently much studies hsve been done on the ‘improve-
ment of the routine methods #a it haos becn iound that a large number
of factors which hsve not been given importence before, can affect
the routine procedures, sometimcs rather drasticelly, specially where
the poliution is not recent or the orgzenisms are under stress., The
latter cause has been given much attention =nd suitable methods have
been attempted to develop for betfer detection :nd or enumeration
(see the litersture review). So, comparetively more elagborate

gttention should be given in this arce of investigastions.

for routine investizations, it is nodt possible to monitor all
the faecel indicators mentioned sbove. 4s 1t has beca done in the
investigstions described in this report, detection and enumeration
of faecal coliforms and faecsl strcptococci may be considered as
sufficient. Othcr faeccsl indicstors may be determined periodically.
Total bacterial count or stsndard plate count and determinationg of
total coliforms are helpful to detcrmine the extent of pollution.
The characterization of the organisms isolated from this count plate
would give & good picture of bacteriasl pollution of under ground
water, gpecially when compared with tne specure of‘prganisms,of the
goils and latrine contents, a good number of pollution. characteris-

tics 1s expected to come out. , -

Il
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To"be nore specific, the follonin? recommcndations are described
below

8. Determinstion sud fnumcration of Tacccl Coliformg :
As it hes already Been mentionéd above that the microofga—
nisms when preseat inm the uander rovad arc under stress. So, specigl
recovery method for the recovery of injdred célisqmay be neceésary.
In this case moditTied membrane fil%er rebhod (scé the literature
review) may b. gdopted. In the prcliminovy invoétiéntions, this
should be checked, Turbidity m~nsks the colony formntion by faecal
coliforus (sce the litersture revicow), S0 cither prefiltration
method ghould be adopted for thene samnlca or MTN (most propable
number/tube dilution technigque) mey be foilowed, It is recognized
that all the faec-1 e@oliforns cre not Uscicrichin coli, so differen-
tigtion of Terocal coii?orms isolrted poriodiceliy (say, once in g
month) will sive more speciffc pictre coucernias the source of

v

poliutiou ¢ 2. pit letrinc.

b, Determivngtion of totsl coliformy : ' : ’
S R = e —

Though wrecently she dotermingtion of total coliforms as

indicative oF water quelity hag becor disputed by meny authors (see

the literature review), sach study would zuow gernerally the extent

.- .

of poliution gnd when compnrcd with fhe fSGCTl'COlifOTmS, the source
of cohtamination ma} be petter expleined. Ususl membragne filter
tedhnique may have to be modificd es per preiimincry investigaetions
as in the cagse of faecal coliforms to recover the possible injured
cells. ’For turbid semples, prefiltration or MPN technique may have
to be used as also in cagse of frnecal coiilforms and faecal

streptococci.
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c. " Detection and ‘enumerstion of fgecal streptococci

Faecal streptococci survive apparently longer in &étef and
hardly proliferete outside the gut. So their detection and enume-
ration has got some added advantage. It is alsc recognized that
feecal coliforms snd faccal streptococcl ratioc give a good indice-
tion of the source of poliution gpecially in recent contaminetion
(éee the literature review), The standard method oﬁ’membfane filter
technique using XF streptococcus agar may usually be followed,
‘subject to modification in case of turbid senples, However, 1t
would be advantageous if the faecal streptococcl are differentiated
fﬁrther some of the streptococci recognised =g faecel streptococci
in routine procedures, may not be of faec:l origin (soil or plant
types). Human types, aaturaily, would be more suitable indicator
to locate source of pollution, in this case, the pit-latrine. This
differentiation of feecsal streptoéocci may =1iso be done as recommen-

ded in the cese of faecal streptococci.

d.  Standard Plate Count

This may be done as routine procedure. The implication of

total count hss elresdy been discussed.

e. Detection snd BEnumerstion of Other Faecal Indicstors :

The detection and enumerstion of Pseudomonus geroginogs,

Clogstridium perfringens bacteriods Bifidobscterium etc. may be

done periodicaliy (once in 2 month). But this viil depend on the

loads of works snd should not be considered ags obligatory.



. Indentificebticn of Bacteri- ITsoleted from +he Count Plate :

Thig wor: mey also be donc periodicsily (ohlce in s month )
foliowing the stendard mcthod £&nd criteris deoscribed in Bergey's

Mannual of Determinetive DFacteriolopy (the lstest edition) at

o

least bpto the genus level., The ~pplication of this study has been

discugsed above.

9.5. Bvslustion of Pindings

9.5.1 Hydrogzeoiozicgl Jtvdice

The followin: factr Tfrom the {indinss should be established

gsoundly
Qe nhe relstionship betweca the inclication of weter table
(i.cocguilf v lcvel) end thelr pogaible effects on the flow of

uandergrcund water cnl the pollution.

b Reloticuciiz of the soil characteristics, porosity,capillary
action, pH, typification (on the basis of scud clay ete. contents)
and their chsrecteristics eg. grein size, uniformity etc, general
chemical =nd otucr shysical charocteristics with the horizontal
and verticcl ficw of poilntion end the capccity to make barrier

to the trsvel of poliuvtion,

C. Estaplishment of direction and ratc of ficw and their
relationships with the trevel of pollution, both chemica; (which
is supposed to flow farther then the bacterial pollution ) and
bacteri-l poliution. as it 1s appareantly aon cstablished fact that
the pollution does not travel against the flow direction to any

considerable cxtent, the experimentnl wells installed to the
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opposite direction of the ground'water flow ore to be used as

)
o

6}

controls, This fact should be firmly cstehlished. The rate of flow

igs glso importent as it may heve direct relestionship with the extent

of travel of pollution. In both cases, the seascnsl effects are to
be determined with reference to the trovel of pollution, Moreover,
the effccts of various depths on the pollution charescteristics are

also be considered .

d. Relstionship between height of water trble (seasonal effect

~

on the aguifcx level) and the travel of poilvticn .

e. Evaluction of the changses of hydrozeologic-l features with
reference to migretion of pollution with progress of time (as the
study should continue for st lesst 3 resrs, this point should be

congidcred gs particulsrly iwmportant ).

T. Possible effect of rezinfall (the dats on the rainfsll should
regularly be rccorded or mrde to be gvailesble from the materiologi-

cal depsrtment concerning the experimentsl zone) .

g From the findingcs, attempts should be made to determine the

width, and contovres, if -~ny, <f the pollution strcam,

9.5.2 Physical 2znd chemiczl studics

In the sbove discussion, the implicetion of the findings of
physicsl snd chewicecl stadics heg elrecdy been considered.However,
the following points shouid be considered snd cvaluated with refer-

ence to polluticn travel and cffocts .

-+
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a. The cffect of tewmpecrature on thé survivel of bscteriel
poiluticn flow .
b. The esiumilsr effec’t o7 »H, (the ch nge in the pH of the wate

samples comrered with contr2l mey be considercd o5 an extra indi-

cation of poliution .

C. Relgtionshic between chloride and nitrete contents with
bacterial pollution indicators (facccl indicotcores) : These com-
pounds themsclves msy be considered -5 indicators of pollution
when consideruble veristions (incresscs ) cre found comparing with

the controls .

d. Bfreet 21 turvidivs ou She eamersticn of faccal indicators

e. ITmplic-5i2n of The prescacc 2F orgenic mostters on the survi

val of foeccl 1andicetors snd effeot on vollution charscteristics,

f. itfects of physic-l -nd chemicel cher-cteoristics (conducti-

vity, suapended cand digsclved soild

{0
6]

, ccntents of inorzanic salts

etcy) on these survival end travel of feecol 1nd1 ators.

g. Overall quelity ecsscnoment on the bzsiz of physical and

chemicsl ch-vrcteristicy considering not only the hygienic aspects
but sestnctic, Trundry “ud-otber_usofui- 7 prrameter also. Compari
sion betroen the extent of travel of chemicel ~nd bacteriological

polluticns .
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9.5.3 Bagcteriolozical studies

In this case slsc, bocteriologicel fiandings heve been

involved in the sbove discugsion. However, the deliberation and

evaluation of the following points gre vitelly impeortant :

Checking the methodolecgy with the references to qualitative
and quantitetive zspects of the detcrmination of faecal
indicetors, recovery of injurcd cells wherc nccessary,
compsrison between MPII and MF methcods (where MPN method is’
required to opply ag in the turbid semple ) end other rele-

vant factors .

Determination of trevcel of fececal indicetors with and
against the flow directions (including letercl directions
also to e limited eztent). No doubt, this sspect of the
study is the most vitel one and the mogt determinating‘
factors for drewins the final conclusions cn the study.

In this cgse, the findings on the diffcrcntiation of faecal
indicators, both faecsl coliforms and faecsal streptococci
should be teken into account end thece would indicate more

definitely the scurce of poliution .

Evalusgtion of detcrwingtiong ~»f otner faccal organisms, such

as Pseudomonus acroginosa, Clostridium perfringens. bacter-

o=

oides, ctc. ag Taecel indicators (if such studies are done),

Relationship of standsrd plate counts with the occurrence
of faecgl indicators in the sesmpieg and consideration of
stenderd plate counts as, additionel criteris to determine

the bacterioiogicnl conteminatiou .,
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Eveluetion of t-xonomicel findings (typificetion) of ground
water bacterial flore (both qualitative and quantitative)

when compsred with controls end scil flora, as additional

indicators of poliution.

It may be mentioned here thst tnough human faeces contain

masny pathogens other thsn bscteris such ok protozoe, nhelminths end

viruses, only becteriological studies hnve been suggested in these

recommendations snd guidlines becsuse of the following reagsans :

(ii)

It is considered thst the filteretion cepecity of soil may
easily prevent penetreticon of protozss (eg.causing dysentery)
and heolminths (wor. ), wv.ccouse of their considerable -bigger
sizes, to the ground water if it is not gressly polluted
verticelly by some legkecge directly to the gquifer. It is
recormended that such chance should be climinsted during

the study,

Viruses casuse gulitc g number of disesscs incliding infectious
hepatitis, poliomyeletis, diarrhoeal disesses etc. and they
arc more resistant to antimicrobisl agents such as chlorine
ahd they can survive in goil for = ccngidersble period. But
it heg elso heen found that insctiveotion of viruses is much
more at the surfsce, Elaborste informaticon oa the survival‘

'
1

of viruses in ground wster are not avgileble gnd it is con-
sidered they do not most probsbly, survive much longer than
the bacterisl pathogens. However, the study on the occurence
and travel of viruges .n the ground would be, no doubt Valu—

able, but thi% will make the project much more expcnded,
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Moreover, few virologzist igs eveileble in this country. So
it 1s considered that concentrsting on only bacterial flors
in microbiologicel investigstion will be gufficient to

cchicve the mesningful and practicsl informatiohns:

However, it is guite welcome to carry out studies on prote-
zog, helminths and viruses, if the scopes and funds are

avagilable.

9.6. Perconnel :

The report itself and the recommendstions/guidelines clearly
points out that g teem of gecientists from different disciplines
(eg. Microbiclogy, Hydrcgeology, Chemistry, Enginscring, etc., )
should carry out the study . Their assistants should be given at
least some preliminary treining on such study and it is expected
that they would be gufficiently trained after the completion of the

preliminary phsse of the rstudy.

For the proper installetions of monitorins tube wells and
pit latrines and clso for their ticintensnce, the services of sani-
tory enginecrs ahd mcchenics are also hecesssry. So they should

also be included intc the investizeting toeaa.

The number of personncel should be determined according to
the loads of werk. It is suggested that chemists should be given
adequate training to carry out routine microbiological tests and
microbiologists should aslso bc given training to carry out the rou-
tine chemical tests, because in case of cmergency or if the loads

of works become unusually high, the progrcss of work does not face

difficulties.
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It is aiso suggested theot s overell supervisor of the calibre
of a scnior scientist and well coaversant with the whole studies

should be appcinted. He may act =130 ns project coordinator if the

different sgencies are involved.

If the gstudy 1is beiné done hy on estsblished Institution
where both microbiologicel snd chemical inveaotigations are to be
_done (guch nn Institution iz suggested), many of thec personnel
describcd asbove msy not have to be recruited, but they must be depu-
ted by the concerncd suthority, on fulltime or part-time basis as

required, for the ~rojaect,.
q ’ J

9.7. Concluaion

£

. The vecowrmend-=ticns and ~cuidelinee T'cv further study apparent-
ly include scme ezperimentel iteme of scesnclsry importance or impor-

tant only ia special coses. Theszce &

-

zzestions dirscted to a broed
based study vhich 1s necessavy considering the ilmportance of the

problem. Howcver, the study-plen may be shortcned to some extent

gccording to the ovsileblity of funds, Tecilities and manpower, but

the followings cessenticl features chcovld not be avoidzd

(a) Creation of stenderd cmocriment-l conditicons including proper

scicection of sites, ingt-lligtion of mconitoring tube wells and

the pit-latrine as recommended chove.

(b) Deteraingtion of ©92il chrracteristics -nd thne derectioh and

rate of the flow =nd the lecvel of +the sround water.
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(c) Determinaticn of the most importent feecal indicator organisms
(i.e. faecal colifcrms snd faecal streptococci) in the expe-

rimentsl water samples.

() Determination of onrimary physicsl characteristics of the

water ssmples such g5 pH, tempersasturce, turbidity, conductivi-

ty, solid conteuts etc.

(e) Determination of nitrste and chloride concentrations in the

weter s=z=mplesgs.

(f) Sampiing should be mrdc in such & wey =o thst they are

~

e considered to be the true represcntatives of the ground water,

(g) The study period should cover such 2 length of time so that
the data obtalned may clesrly indicate whether pit latrine
conteminate the ground water snd the menner of such contemi-
nation when found; it would also give encugh scope to deter-

mine the seasonel varigiions of experimental paremeters,

(h) The study-plan should hrve the fiexiblity to include any

experimental item, when found nccesssry.
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NOTE FOR THE RECORD
Groundwater Pollution from Pit Latrines
Introduction

UNICEF and WHO have assisted a study on 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 Committee. The report of this study makes statements
which, if taken out of context and reported without any balancing statements,
could be used to cast doubt on the suitability of handpump tubewells 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

suggestion.

The report states that, because the majority of samples tested
indicated some measure of faecal pollution, "shallow tubewell 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 inconclusive as to whether pit latrines are

the source of the pollution and recommends 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 sampling points and the
failure to obtain hydrogeological data. However, the report ignores or
plays down the problems deriving from the unreliability/many of the earlier /of
sampling and testing techniques used in the study, as evidenced by
the inconsistency of many results and the significant improvement achieved

when improved techniques were introduced.

The presentation of the report itself is rather confusing to the
reader : the tubewells are numbered inconsistently, the tables are poorly
laid out, the data are not rigorously analysed, leading to what I feel

are erroneous findings and the omission of some important conclusions.
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The Studz

The study was intended to measure the quality of groundwater. In the
first phase of the study, samples were taken from 45 handpumps used by the
public and the results indicated a significant degree of contamination. Out
of 45 handpumps tested for faecal coliforms per 100ml, 3 indicated TNTC
(too numerous to count), 1 indicated 80, and the other 41 indicated 50 or less,

with 13 registering 10 or less. (see Table 28).

It was thought that these results may be due to external contamination
rather than contamination existing within the groundwater itself so, in the
second phase, observation wells were installed near some of the existing wells.
The observation wells were not used by the public and extra precautiops were
taken during sampling, including washing the handpump with hot chlorinated
water, and priming the handpump with chlorinated water. The sampling procedure
was repeated three times for 4 running wells and their 4 observation wells.

The results { Table 3B) in 2 of the 4 sites suggest serious sampling contamination
or testing errors, because of the close proximity of TNTC results alongside

very low figures. Apart from these apparently freak results, the samples from
observation wells were 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 seriocusly discussed in the report.- From
UNICEF's point of view this is an extremely important factor. Furthermore, if

the apparently freak TNTC result on the observation well of Baliapur No.l is
discounted, the average of the observations of the 3 least contaminated
observation wells is less than 5 FC per 100ml, while only one observaticn 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 tubewells with chlorinated water,

and capping for 72 hours followed by purging.
indicate

The results given in Table 4B
very little improvement in the quality of samples from the observation

wells, but a significant improvement in the quality of samples from running wells.
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In general the quality from the observation wells is similar to or, surprisingly,
worse than from the running wells. This suggests that while overall sampling

and testing techniques have improved, they are still not completely reliable. It ’

is significant to note that the average of all rcadings on the running tubewells

is 5.6 faecal coliforms per 100ml, which is not a serious level of pollution in Banglac
If contamination was due to pollution of the groundwater one might expect greater
contamination in this phase which was conducted in the wet seascn, than in the

previous phase conducted in the dry season,

In the last phase of sampling, a visiting consultant from the Inter-
national Reference Centre 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)
tubewell. Unfortunately, this technique was used on only one of the tubewell
sites reported in Tables 3B and 4B, so it is not possible to measure directly
the improvement brought about by this technique.The method was used on 7 running
wells and their 7 observation wells., The result are given in Table S5B. It is
not clear exactly which wells in Table 2-B correlate with those in Table 5B,
because of inconsistencies in tubewell numbering. 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:zervation well against zero for the other 5 samples from the
same well, suggesting the TNTC are spurious results due to external conta-
mination. One site (KB new) recorded TNTC in the running well against zero
for the observation well, again suggesting a spurious result due to external
contamination. Considering the six observation wells, and discounting the two
spurious results, 27 results were zero, and only three results positive (being
1, 2 and 12 FC per 100ml, suggesting that these six observation wells were

basically unpolluted. Considering the six running wells, and discounting the

one spurious result, 19 results were zero and 12 results 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).
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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 latrinec
and the observation well is within 4.5 metres of 3 latrines. If the pollution is
caused by the proximity of these latrines, the combination of a shallow depth with suct
a large number of latrines within such a short distance is extremely rare (probably onl
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 1s clear 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 results should be

compared wiih Table 3-B (Feb-March) rath:r than Table 4-B (April-July),.

- The above analysis does not take into account the results of testing for
faecal streptococci (FS). A brief review of FS results suggests similar or slightly
lower numbers of FS than FC 1in the first two phases of sampling (Tables 2-B and 3-B),
but slightly higher levels in the third and fourth phases (Tables 4-B and 5-B).
Generally, the FS results do not appear to change the picture suggested by the FC
results, though more detailed analyais ( not done in the report) might reveal

further insights.

Conclusions

The study has not been as inconclusive 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 densities,, even
with 100% coverage by latrines. (NB: current coverage level of

pit latrines is about 10%, including non-sanitary types.)

b. There is evidence to suggest that under extremely dense housing
conditions, pollution of the groundwater may reach a tubewell
within, say, 10 metres of three or four latrines, if the tubewell
is in an aquifer of 15m depth or less. ( The risk may be

considerably reduced by sinking the tubewell into deeper aquifer).

c. There is considerable evidence to suggest that pollution of tubewell
water by the users themselves is common and more significant

than the pollution of the aquifer by pit latrines.

(Users may pollute their water by intro2ucing contamination
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into the tubewell or handpump during priming, by touching the
spout with dirty hands and by using dirty water containers and
falling to protect water in the containers from further

pollution before consumption ).

while the study indicates no cause for alarm as far as
pollution of groundwater is concerned, further study is
desirable to try to quantify the relative risks more accurately.
However, such a study should not be undertaken unless the

sampling and testing techniques are guaranteed to be reliable,

Furthermore, it could be postulated that:

The possible pollution of groundwater and the more common pollution

of the tubewell water by the users is still significantly less than

the gross pollution levels commonly found in surface water sources,

which are the only alternative to tubewells in most of Bangladesh.

Epidemiologically, the proportion of pathogens transmitted
specifically by drinking polluted tubewell 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.

It is difficult to measure faecal contamination of tubewell 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 clearly the most accurate

C6lin E. R. Glennie
Coordinator, WES Section
UNICEF - Dhaka

10 November 1987

method for sampling.







_ @ Swiss Federal Institutes of Technology

W D International Reference Centre for Wastes Disposal
WHO Collaborating Centre associated with EAWAG*

Mr. Mohan Lal Gupta

Malling address: Chi&l‘. Promotion of Env. Health

IRCWD/EAWAG

Ueberlandstrasse 133 WHO'SEARO
Sentzenand.oneer World Health House
New Delhi .10.002 / INDIA
Telephone (O1) 82350 18/17 D
Telex 56 287 EAWA CH
Your ref. BAN CWS 00 l /D Our ref. RSCH/bh Duebendorf: l6‘lh December 1987
15-202
Subject: Report on Pollution of Groundwater from Pit Latrines in B d
Dear Mr. Gupta,
Thank you very much for sending us a copy of the report on the above subject.
Please excuse this tardy reply.
After going through the report, we would like to make the following comments:
- There is probably a tiping error in the second paragraph on Page 12: "Lower
temperature and higher moisture (not temperature) both increase their
survival periods.

- We are wondering if there is not a confusion between “"observation” and
‘running” in table 4B (p. 65 ff). It does not make any sense that the fecal
contamination in the running tube wells are suddenly very low whereas the

counts of fecal coliforms in the observation wells 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 results obtained. With the exception of tubewell No-2 in
Dattapora, 27 out of 32 samples from observation tubewells had 0 fecal
coliforms (FC) per 100 ml, one sample had 1 FC/100 ml, an other had 2
FC/100 ml and in one sample 12 FC were counted. In the remaining two of the
32 samples there were "too many fecal coliforms to be counted”, that means
more than about 100 FC/100 ml. These two samples must have been
contaminated during sampling or during the analysis. If the observation

“Swiss Federal Institute for Water Resources and Water Pollution Control
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tubewell 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 possible that the sudden high counts are due 1o contamination from the
top because of heavy rainfalls. Unfortunately we have no information if the
two samples were taken before or after the rainy season started.

As we mentioned already in our letter of 23 July 1986 to Dr Myat, the results
obtained from the observation tubewell 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/surface water which is literally flowing over the tubewells
does contaminate them from the top. This is also why Mr. Morand did not
select these observation tubewells for the tests as he expected contamination
from the top.

In summary, only one 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 m! were
counted, 4 other samples showed zero FC/100 ml. Therefore, with regard to
fecal coliforms, it can be definitely concluded that the water in all except one
No. in Dattapora) observation tubewells is not contaminated by fecal
material.

This conclusion is obviously contradicting to the interpretation of the results
by the authors of the report. In their opinion, the results obtained in the
investigations clearly indicate that the water of the tubewell 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 streptococci under
routine detection or counting procedures. Especially at densities below {00 FS
per 100 ml, the ubiquitous S, /zecalis var. liquelaciens has been reported as
the predominant biotype (s. enclosed literature). By far most of the FS counts
in the tubewells were even below 50 FS/100 ml. In fact, we observed in other
projects that the analysis of fecal streptococci in groundwater samples is not a
reliable indicator for fecal pollution. Even in cases where 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 recharge of fecal organisms into the ground it is very unlikely that
in case of fecal contamination practically all have died.






As a whole, we believe that the results obtained in these investigations
indicate quite clearly that the fecal contamination of the groundwater at the
experimental sites (except at tubewell No.2 in Dattapora) is minimal and
cannot be attributed to the pit latrines. The relatively low nitrate
concentrations in all samples are also indicating that there is no fecal
contaminatjon from the pit latrines.

Therefore, we are not at all convinced that there is any need for conducting
more elaborate studies as suggested in 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. [t would be very
important to know how much the groundwater level rises. The most critical
factor for pollution is the minimal distance belween the highest groundwater
level and the bottom of the pit. Therefore, we believe it would be worthwhile
to make another sampling campaign during the second half of the next rainy
season. The level of the groundwater should then 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 results obtained during the
rainy 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,

CZU(A/% é/;

R. Schertenleib
Director IRCWD
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