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Abstraict 
itllitc. sccllc cc )Iipiolltioni ail'.Scepa. :gLccthctlitll5 tiii11 iiitict. addccl ' 

pnt xiliity of' theilcl. m I Icc the ettctfc ct tu typc. icinclier anid th Cknown tolcc 
i_'C ill lcpo ll01tion1 

ccii hhc~inlc \ ccte"sccll-'e is iiiceItie, llt. IkI clh l i lihe Ic iticc01 hc diiigs
 
isc no rceducing
 

\islihIC StIL IC'C ',cc1 'Ci,!01 ccchiiticcci chICeC\ h.lLi/IAlld h.! 

;1. I0I Ol cr Ic', ctcctilll r, i/cl hcclcice ttcc k t14ihi 

pollution Ic\ ek. 

Introduclion 

I lrizllal : of' pcllchtits tic)ll stirl:CC at/cd s1ikullacC sources 01'aid laiteral scepagc 
1975). ('onse­pollution arc kno\n Io occlr (Rencau and let.tr' 1975" Shcrril 

locust1lelitlY, mln prccrnliil-ic tocceviltiate oI protcc kjOtnldwateCr cit.ility must 

t ources
tclilitiall\' on licaiCa i li t, of pccilic dtacids celatiln sto aid causes otf 

of pdiollutit topolluticon iTodid ci al. I)70). \'c fcvlrcpicrt, Ilatinig the sccllCc' 


tile extenlt of its ili'uc'icci cci the ctjIditi\ of! Urcctlid\''atcl ar;.e \ailihlc ill India.
 

a thu h pIIesle of d and sewage
c ,t'ncc rc2isc tluulips11h0ti1h it IS IhcC n 

i laand SaXCl
stabiii,.,itic/ pcillo, i, rc',liOiiblc IMl elOllld\\ atel- pollttion (( )hl 

1977: ()hniv, ctal. 197.S).
 
In this sIudV tie cxltCit Of the IeIcC three Itccctsl, na .cl,tile type ol sources
 

tll.0111CC> 
eN tellt and dce clC p0ctluillO of 11t gtctlllcwateItrS WdiS 

ol po)llutioi, tihe nc/tiCr t)l Oft pcciiict.o and the proximity (d"tile polluting 

-tlfICcs -- oil tic 


invcstii1tcd ill Nildilai. S111th Inldia,. I lCrC tlce Most PrtobablC Number (MPN) of
 

colilmis w'as taken ais ac indce\ ct the extent oif pcllttiol. Wells that have ccclil'orni
 

COtlnts excceein itch' W stactdIRc b0
\VI () (1971) wCIC CoIlSiddl'C 11C pc)OlIItCd. 

Study area and the lecd I'or research 

aid ilicist denseiyCI p/puitec)i city' ci! SoUth India.Madhcr:i citV isle ec.lcld iklret., 

Public watcr ,ulppl is, ahslrCatCd I'ln|i tile RiVier \aigic thOtiLih ti/c supply is higlily
 

iitalied tcchcghot the city w thile
inadcqtcUme. [herc arc Ihus ,71 borc-\\cwlls 

(')ci)l tioll 01cfNiaclirai I colipecllsallC 1cr ti/ ilealeLtIcticl c ft the tr'eladtl watelr
 

i wells that ale bcing
Supply. \part Ir'iomi thce. thce arce Illl llt plivate o-pell 


uSCl. lhe bcc'-weils arc in eccc/itlucccs c)plecIctit ac/l cc/i/tni1uct sigrtificaitly I11thC
 

public \1clCr supply. The yield crn tell bOrC-wis \was i',lild to he 4-5 Mit"]I 


dav ( ,Slhivaktnlwr and R1acmuancocrtihv 1977).
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(il iil alt'l" in NI;ttlal i disllict is assessel to ()curial shallow deplth rangingrln 2 t0 12 i1 IlhOW [lh ini 1,tid, .l: c.iS lV\aii \alc' l v il tile allu\ial u.lilcr oI thl RiverIhe \;aler thIC occurlsllucar-rL!r'tld~ to 11.hI'\'c: SaInth:ikmimri sutrlicc level (i.c. 2-4 inlPw)). belowThis lm isioll of a u I,\,+l l",'l +_'lll all(tl li,, 'l, lac~iliiu,, ct-( linue,..s to rem alinl aljrutgi rii t" Iu" Pl it l c_'ic (( JI./I197Ncity i"x 7()). ( )ill\ afonund * ()p.r Celli ()It(lieiic, ,\,solid \vaslc, occurs ,i 
a Icsiit iridiscrrini|, dc.lcatii)n of,d l \It.;,lt . +\u. Isl OtiWast.' \aici atll".' tColll olo 

ols ;nid o cIit iiui1"CttsCa'iilgtel- hd for \\ash.,
I)Optilli dipo't l. liccatiisc tflth iLttn dCIilv. \%,t-, .." ,,ftpot l ligh
consideratleh cit CHiLIpolluitiotn l.icti.s aic cXcrcd ott tnw 

S t o0l \VIat SOillCCsl, itllb[lir\\,llsarc vital 1)or lie \s tlhese horl-wcllstitjittl)tlh milyk of \atc totreated, it h ptlic. 'ridis ilipcialivc to th waltr is riotstludy th ccffects o I diff'rcil surlacc soturcespollutin flt the qutalit 
( tc 

(4f
of thl ftuacr ohl :aincd.
 

Melhud(s
 

()WhIl N7(t l-tnid-oprat.,eI borc-\vlls ii Nladurai, I84 borc-\\clls and\vere selected at randotii 
13 opcn wellsfor this sturd\,'The presce Or absenc ol' a pav'ed platf'ril arotuirloioh 50l-m radius arouid tile wvll 

lie well 'as noted. Alt arealvas slnrvcvtj firlas opncr drai iag. solid 
possibic sources of ptllutioni suchWaste tuilpinL, grounds,nearb. septicdlccation tanks. Y"aglraltand animal "sIC potlsulnllpin,. 'hC dislartcC olpOlhling sotrcc tie \\'ell Iilom thlwatils Ihci iasur,..d and tiic tattc oI'f thc possihlc p)llutanti t n t ifl i . was

l'he butC-\V'ts wvrc tedc~ttch for lri]to CristC that 1iltC 
ninutlcs bctSorc clhCllecting file samples so as- llitihcs rc sctct Cll .tcti tlsdliplhcl l\M iCC, ilial i rountdw at. u. I'ach well\'lhR sccOtn s;1utp,C l .astkint iMadlilrais itl a 

all'tr ;I peritd Ol'six 1t10ltls. I.ccarusCtropical irgjoui. Ile.'hnltC.r aLurVCluctuale \\idulcl. and Cliimatic coidtirioris t1h'Ile samv not0ac sItanl\sC( Witlhin iur hiOrS of' cOllcctiOr.' lCS lltrCU l~i)lS tuSrclion. Tlh lil lllt )r i llir lls a 'i i n oCif'...cohiilt• 11t) )I' hacCri ic o scItgc. C rni.a
iiuri.,sprltL'.4iri1jm",, rods 

ihic rs tll organisms thIt arc gr innegative.wvliCl [Cii tc+ a.tn Oarillliruoj intcstiil of \\,1itrii-hlhuttd ortanismtis (late 
l halC ntmubers in the 

IProatblc and Trtissl 1977).Ntmbc, (NII'N) of, colilorltls TI'he Most was llicrcl'ire compultedsamples by [lic inirittltiplc ltt thc fernicutlatiot 
the collcctcd 

tlhniquc (API IA 1965). 

Results and liscussiorn
 
It can he sccn frtin lithl. I that if 
 per cent of' the wells hadpollit no visilfle sources ofwit hiri t radius of 3( il.tlrt oic polntlutin Some wells, ht\cvl'-rStll'-c'. rI llla.\iIIltrrll \were l'otud to have moreiulnliher lIsCh'ved heinl!cent three.of1the vells hadtire 15.7 per.ourrccs o1 Iollu ioni (Table 2). 

Ivpc o '.oill(,,, o/f) /llioll
(houidrxtt r p)ol-lution and bacterial corntamiirnatioi are knownwith miany diffretl sources: septic tank 

to he associated
ffurTuins (Jordan 1976), disposal of' wastcwaler (.Shcrril 1975: Jolhnsotn aind Uric 1970) and landfilland Novellh 1975). leaks 'rorn 

I.achates ((iohtzheckerscwers and sewage treiltrlerttrban rurtoT (NlMclersot plants (Schmidt 1975),1973). nll-inluced Irc.al Coitarmination (1)toehrirng and 
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Table I. Saniitary survey showing the distribution ol the 
proximity of polluting sources 

Proximity (distance No. of Perccntage 
in Ill flln tilte nearest wells of 
p)Ollitilig Stccrcc) (Total 197) wells 

<1 71 30-0 
1-5 4 21013 
5-1(0 

1(-20 
40 
13 

2(3 
6-6 

21-31 13 6.6 
>31 20 10.2 

Table 2. Sanitary survey showing the distribution of the 
number of ipolluting sources 

Number of visible No. of Percentage 
sources of pollution wells of 
(within 30-m radius) (Total 197) wells 

Nil 20 10.2 
1 84 42.6 
2 62 31-5 
3 31 15.7 

BLuItler 1974), cesspool discharge (Sniith and Nvott 1975), rcfusel dumlps (Ohnjiyn 
and Saxena 1977) and sewage farnis (()laniva ct al. 1978). No information is 
available, however, on the differential effects of pollution by tht different types of 
sources of polhlt1iOll. 

In IIIis study' is was louIId that tle differenlit types of SOlUICes t' polhltion seem to 
affect the extent and the degree of pollution in the neighbouring Water sources (Fig. 
I ). For utniforilitv the wells with one polluting source within a distance of 1( Il 
were considered for this artllysis. The highest percentage of wells (i.e. 76-8 per 
cent) wOr polLIted \when an1open drain was nearby, while only 62.4 per cent of 
wells \\'ere polluted when lcatCd near a,pool of stagiiait waste water and just 32.3 
pe)r ccII when a ga rbage h1nip was ncarby. The highest average coliform count of 
WOO(1(1 1was Sie in the wells adjaccnt to all openi draiii, while thecolifornis 1001 1il 
lowest average count of ).4 coliloris 10(1111 l occurred ill the case of wells with a 
tIlealv garba cc dmp1111p (Fig. I ). This can he duC to two reasotis. Firstly, ai1i o)pen 
drain Inay ie the most potcent polluting source hecause it carries all the domestic 
waste water, including raw sewage. Secondly'. the atotllll of ii openowaste water il 
drain is subIjcCt to less fhltuation than garaige anid stagna l water which are liable 
to be rmClloved bv tile city' corporatioll and evaporation respectively. 

Numbc'r ofst.orccs of"polution 

As the nuniber Of pohlhtiicig sources iieai each well increases the percentage of' 
p)lltCd Wells, ;IS well as the MPN of coliforns, tends to increase. For example,
when the wells had ro polluting source within a 30-tn radius, only 42 per cent of 
wells were polIuted while all tile wHelIs which Were affectCd by three pollIu ting 
sources \'ereliollItCd ( Fig. 2). With aii increased numher of pollutinig Soturces, tile 
pollution load teiids to illCreise, ias reflected ill the higher level of" pollution in the 

.12 
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I Open Drainage. 

I. Stagnating Run-off Water,
177")1 4000 .
 

III, Garbage D mp E1003 
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TYPE OF SOURCES OF POLLUTION 

Figure I. F1fecct of, the type of source of pollution on the extelt and degree of 
polliitioii of' thr wells. 

wvells Fi.2). Nevertheless. wells with two sources of polttiol showed 11osignificant increase either in percentage of' wells iolluted or in averange MPN ofcolil'ou is whet; COmllpared to the wells with one polluting source. This discrepancy
could he attrib ted to the tact that open drains were showin to he the most potentsource of' pollution. A higher percentage (i.e. 67 per cent) of the wells with onep)olluting sourcC had ope12n drainls as their source o pollution, while only 40 per centof the wClk with two polluting sources had open drains as o:ne of the polluting 
souirces. 

10 000 

S80 O ":­

60 
j z 

0 1 2 3 

Number Of Sources Of Pollution 
Figtre 2. -ffcct of' the nunher of sources of1pollution oin the extenit and 
degree of' pollution of the wells. 



I lowever, a:; ;ilready mentioned, 42 p42r cent oI the wells, which have no visible 
SOircO Of ollution withii :I 3-it radius ,were ailso fud to be pOIitit'd. This cai Ibe 
attribute'd to suIlbIurfaicC s t.'cs of4 pollution such as sewer leakages (SChmidt 
1975). IPollutiot itas' lsto I caused V the tIeCdlicv iOfsonIic inhabitants to prime 
wells with \wt,,sc \\;I(Lcr, ;iiii Iv cottamiliation fronli the hands of, wclI users (Snow
1855). 

P oi mi YII '('.y J/lltilH.'I ol/.V'+H11' +Jl']p 


As fhie proximity of the source of pollution iincrca: Cs, the pcrcetage of polluted 
wells ilcreascs siWlificaiitlv (Fi,. 3). ()f the wells which had a polluting source at ;I 
distancc of 1)5 i. S-1.2 \yCre foutnd to be polluted. The NIPN of colil'onis Also 
decreased significantly with the increase of the distance from the polluting source 
(Fig. 4). For uniforniitv, t le wells with ail open drain as he onIly polluting source 
within a distUIC of 5) 111werc conside'ed for this anllal'sis. 'hese wells were Chosen 
because, as mutioned carlier, tile open drain l'o!nus Jhe most potent and collliion 
ailloil thc ditlcn! sources of pollutioi duie to tle poor sewerage'facilities 
available in ladurai. Statisticall. a negativ' product moimit correlation coelfi­
cient (r) of' -0-().930) was obtlild htween the lO+irilhin of the distance of opent 
drain 'roml the well and the logarhliiii of NIN of co(lilorms, signitiant at the 99 per 

u.,:lt (degrcs f freedom -1 7). A regression eitaqutiot of the formcon fideiIlCC ICVul o 
1 = 3t2957 -- I.3744X was ailsoI dCrived, where X is the l,. of the dislnce of the 
w,,'ll from the source of, pollution and V is the log. of NIP N of coliforls. 
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0 t+" Figure 3. hlt'cct of' the proximity of" the 
0__- .- 0 30 sotlice of pollution onl tile extent off polltl­
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,stance (im) for the sourcp of Polutuon tifll.
 

The frequency distribution of wells with difleretnt NIPIN of colifrl'ns varies as the 
proxitmity of the pollthing source vaieis (Fig. 5). A lihCer percentage of .'ellstends 
to have low MPN of coifornis ais the poltilii source recedes fl'onli the vicinity of 
the well. This reflects the tendency of, iactcrial indicators to decrease significantly 
withi horizontal distance ( RencanU aid Plettrv 1975). 

Natural purificatioin of grouiidwaters is also evidcnt from these observations. 

AIiv one of the factois such as the prseiic oi a pa,',ve.d platfot .M, a paved otpCn 

/'§
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I0 1" Figure 4. Effect (41the proximlity of the3103 1°0Distance fron source of10)olltjorlir) I0" urce of pollitioll ol the degree ofPIOlltion (degrces of f'cedolnI = 93).
drainage, j, dry g;arbage pit or increased depth of tile well mayunpolluted nat1irC o1 tile rest ()I 

account l l thetile boe-wells. Sinc ;ll thethloLIgh vaste witer Illust passthe vertic;l illll horizontal lavelrs of Soil, prill'ificati,)filtration. ()CCIIs (lile toremoving ia signficni all""IMIt Of suspellded nlttller including bacteria
(Nichols 1955).A travel distance of 3(0 fi is f und to be sufficient to reduce the pollution by 5(0per cent. I lowever. ill ladraisites and these hile ain sources of, pollution arc waste disposalare dSlribuLtd more-or--less contillnotis.
occill's to any xl 

Natural purificat ion onlycIIt in unrsatturatel soils (VirIrailhavai and Wtrock 1976), so it 
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Figure 5. l)isirihutior of colifolIs in well 
 walers will the sources of
pollution at dil'errtlll tistinces. 
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Iniight he expcted~ thalt there is little iippotliiity lor.reieil' rtlierthIclevels (4 
poiillutionii. ii5is [cie4.iIc the cajlaililt\ ol soil tilt rationl to r-cliiii\e li"ctcria tenids to 
deCineI With iIICr'cAg;2t dura-;tionl (4 1lading1 Of po(llution (Sithl anld BaI'Cr l1909). 
Also tile colihirins InI the soflid '.\aSIC leaIcliates 11iad\ s(IIAVlye fro iMhous to mou)Ithls 
depeldine"uponl tenIIIiptni Id(IL-i'1;Cliat l;uliiv AliuioiPetersonlid 194 

N;(Itutcxe i lts! ttt tli /sie vlslcr llt~ ldiri ipuiil 

hV the stirtLicC \\iutCI nild \\aseA;tlci luiti tlie so)Il is iiistifficicuit Wtfilter oit 111e 
iacterlia iIIILtiher COtuutiuu~liliui s IPulirtu 1971: Reuueait iIu)LI PettuV 1975-, 

ttta )J\CLI pItI1011iuuu 
st:epace (4 wa;st itc ;IIILI 1,rluui H1110,1f thalt \%ttuultI ise ACthicr'A 'iOtiiid 

The (4'c~L t riuud t hue%\Chlls 01tcrs pitttctitu uigalist theC 
ieiitilate 

th1e \\ell. It\\;Is tttiiid that *all thle \\C11l, Withiuut it pIltoriuI were pi)lliited (i.e. 

p~)it\C lorl. ;ucc ilct iiis) wh~leras only (i-1per cenit of the wells w\'it a protectiVe 
1P1;itlttiiiii shOWv iiidiCitiolls Of ptOiluiout. 

.SuIliiiiit (IIt~d qu/i/tIii 

IuudiNi is A LIheVehttpiuui. e(tltut\ \\,'huere euIvirmiiitil ll\ivdeuu anud saiiitaiitiui arec 
poorii. Nh(st itt the pettlel LIhett~cat t(M the river ianks. f'ieldS Mind wa';ste 1-Tiuiiith. 
MI - rCIStt. :ui-uislid Lltrines CtiiiiCIeC. tu0 t01 111dinIs. aISwell atsseptic tanks 
amidLCCSSpif.~ allsti lrk2%iltCIIt III res Nt;udimu'i citV partially,.Ile IiI~iuIy IS ()Ill\ 
5e,\\CI'CtLI, iiitc thani 711 pet cciut ofI its area Licking sewecrage t'aciities. Sinihir low 
1CVC Ols C seenI III otherl pairts od aomitxIIIofgruud1,1rlu~liktv theL lso). Ielhil
 
(Kauusluik t ill. 190,1t: l'like -atof 90Q'it), Bhiopiul IAht ('IIll. 1968h: siustry ci a/.
 
1909h), anu )launiva 1,t t1l. 1909)) ,\jAiicr liaga ci (f.I t)978 and Nawpui 
Ilande ti al. 19o79),*illof %\hei ire- eliMuutei~CH d by patalswraefcilitiesiand 
pior Sanitatiton. 'Illt,,s the prohkuu'l1 illw~e tjiluitv noted ill Nidura-il aMV likely to 
be typical ill coiiditiuiiis pm'ciailiiug ill Iiiii tidiert InIdianIto)\\vus.
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Santhiaktminari. ,\. (Pn8()) A sltudy of \\aitr re lleI'h '('c dilll,+v o/ the( '\lllpo~silllll oill ItIrr" s'otI 
pI,,_ntal 01 Nladiladii ,tlit. Inr(c l'.S o~+tllill .lellC.S. ,MAl~tt llli; M aill';ai 

Kamaraj t ni cisitv.Sastr, . A,\,tot. K. I. and Raol., M\.N. (ti) 1 lt)) IiteiMC, ofl colifitill, intld eiilOeCoCCi ininatnira w'att..i/ hionvirfntania Halh/I. 32.
Selnniidt. K. I). ( 1s17) Re''itoiial sewerliiig- i untl 
 Lroitlwtitiqn;ilitv in ith sOUtihirIn Sall
.IaOtuii vail,',,'.Shi_: id. M . (G. (I1975) GWa'tr Rsoti'cs ibut'uin /i, 51-I..l(k il,,.ler C:ontam+ination in 111C,Siluiant Dl ~litf, of Dotor 'otlintiv 
(\Wi"Consill . (rtoutii'll 'l/ 13. 2(0)9.

ShivakUlUda. M.aniid IRaiiiaioU nth, MI. V. (11)77) (.)uali of well ,.aters in ladurai. Itliali.h011,110 ol I..111-or ir m l / Iltl/l /Q. 19t1t. 
Smith. S. (). intd lilacri..I. II. (t6t)) Repoit(n initialc ptllution of' grund lwitte. Nassauciniirv. (o.ng Islaid. Ill Iilu/et'l of/ aiI chiurc.%. Mncitda. N.Y.: Nassau

Couiniti . t.pa,,ii ciiiit of I lealth.Sumith. S. (). and NdtIt, 1). II. ((1)75) I-frC,+t Of Ce l,tC, l i,,hargtit ti 010,1t1l watelr qualilVin I.t Iland. NA.V..oura/o,/t' ;loricati Ia'rvorks ... soiulion 07, 456.Snm. J . O it ' ,,;it' , Ullllominnttiatiof i/io/r,ol. Itndon: Jolin Churchill.'ate. . II. Land lru-sel. R. I. ((1)77) e)heloping. drinkin
A I II (T ic water stantlards. .hou/rni of i/it,+ll W a'I R r k A ls s . o ( it i t o l (0) , 4 80 . , 

lotdd. I). K.. Tinlii. R. M.,
qutlity monitoring illt cl l 

S'hinidt. K. I). and l.veitct, L. G. (19 70) . ,roiunlwateu-Iodo , v'. ,lolll l/ /w1'111 clric'all Wte+rwvor'ks ,'.Voci'ilH 1OS,' 

Virarathavan, I. nd Wirinock, ( i. (19)70) (irlnniidwat.r quality adjacent to it septic tanksysten..iom lut t/ 'I(' illcr illiIVwvl'r ilrks .. xv t O',i iit (11.W II) (I1971) I]nhiritit//iomlt/ .itlllitlos 11 + drintkin,, i ia/, 2nd d. ( c neVa: WorM I lealth 
)lrganisaitii . 

(R'ii.sediiiaum.-'rip r 'c'ii'ed 3/ October 19)8'.I 
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