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Abe tract ____ . __ ,.... __ _ 

59 Samples h4"Ve been collected trom River Jamuna 
. ' 

arOUnd Delhi and analy~ed, whtch show the tme 1 apace and 

seasonal va1':i.atjon in 'th"' concentration of metals present, with 
. . 

th& possible sQarcee, responsible for. the water qmalit7 of 

river J~na.. 

P·articular'ly ln Delhi terrt.tort~ total vasto discharge 

t.rom seventeen different ·drains, is the ·ma3or pollutional load. 
• CU'\ 

'l'o makeAaccurate analysis,. dr.a:tn vater also was. analyzed for 

different drains and total •ate discharge of drains regarding 

metal. concentration have b~en calculated in ft/yr, libich is 

obT.i ously htgher than Z1 ver water. 

·lurther, this .data is compared 'h'i.th the natural sources, 

at upstream of Wa~tirabad lib ere river J amuna enteJOs Delhi region 

and. at Okhala to chec:k the pollutt.on load due to waete addition 

in between. 

With thi.s study :1 t is concluded that the metal concen -

tration observed at Okhal.a is higher than that ot Wazirabad in 

case ot h, Cu, ~n f1nd Pb, wbile er, Fe conoentration is same 

except lli. 

But t~om wet-all impact ot drain dischal"ges; on t'iver water 

quality, it is observed that metal ooncent:ratton at Okhala is not 

111\\Ch highe-r as compared to the total waste discharges. It simply 

retl.eots that motals are vel)' much deposi t:tng in the bottom sediments 

of river J'.allllna, theugh cr, Fe, Ni and Pb are ezoeeding the standard 

limits. 
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!l'tace •~tala tn Mtural waters have beOOJne a 

aignlttcallt toptc of ,concern to~ sctenttsts and eagtnoe:ra in 

•all ous ftelds associated With wa-ter ·quality e.s well as 

eonoel"ll of the gene~al· pv:bUc. Dir-eot tc:Jzioit;r ot man· and 

aquattc lite .tf;l\d indirect toxicity througb accUJ;DUlatione of 

metal$ t# the· aquatic B7$tem are the ·tocU$ of tbie c()ncern. 

au:wt'ace we:h,rs are usually ver.v dilute solutions 

contaitdJlB cati oils, an.tons and neut~al- species. Aquatic metal 

chemt-etrr is important because watet' as a. source ~s neces•ar.r 
. ' 

tor men alld a substance is abundant. We al'e concerned with 

quality ot wa~er. 

A complex h'Wlan health haeard that Qan \)e l'lllate4 to the 

organic and tnorganio 4Ubstanoes dumped into the 1fate-r Ut mammoth 

quatltities· b7 our te.st Chattgi.~ clvi.ll~ation. some ot theae 
\ 

.~bstancea, among them a var.tetr ot ehem1ca1s ana meta1r5, poae a 

direct tb:reat to human health ot uncertain dimen.slons. 

Se1'e..-al :ino1'8aniC COillponents of waste wa:ttrs and natural 

to"aters an· ill: establishing and cont~ol.l:l.rsg the vat·fJr _qu.au. ty. 

!he co.noent.ratton o't tnorsaaic substances tn vat- a~ tncreaaed 



and 'b7 the waste water, partially treated or untreated; 

that are diaeh$l'Be4 to t •• 

2 

Compounds of the metals are wlde aptoead in tho eavtrt>n­

ment as mtnera1s, maw- o£ them 1n soils, lakes., ri1'era, streams, 

estuat"les ·and oceana etc. fheru~ ·Compounds occar ae a result of 

ma:i:t 's acttvt1'r or tta:turat proc&sllee. 

'the act:t.v!tf' i:>t metals tn aqueous s.retel!l Yart· depe!ldiftl 

upoa tht# metal Qpeclea whtoh are foJ!nled. Metals in low ootlcen­

tratione ia natural waten. are essential irsgre4ieD.t$ tor l:i.v:ll!g 
~· ,, . .. 

o~ganisma. but ~ei:t.t soiuble detoivatt••• can~ ·toztc to high 

. levels. Ton~ metals in the envil"Onmeat is a •cite tns-.dioua 

p~oolel!l th$!1 a:ny otb.s1!' poll'Q.tton. ~ecause ot thett tnow toXi­
bee-'1'\ 

City -inteP&ti4>n~l stan~t4S h8.11e"set to~ metals ~ound in public 

· wate-r SU:ppltes. The standards set up by WHO, UsPHS and ttldta 

$1!e gi. vea tn the APPend!• - Table ~~. 

A grOttp or metall.to apectes vhlch i!lCludes ca++ and X,++ 

caute wa.t!r to be hard, Iron and Manganese t•fld to oaus·e high 

turbidt ty irt watet' and cause a~alns. 'The oati orua ot mat ala such 

aa cu, lit, za, Pb, Cr are highly pots011ous to hul!laliS and animals 

alilte. 

Taking .into conside:tatton t~t the importance of the .Dteta1 

t-Oncity :in tbe Jiatllral aqu.-eoae system, th$ atu-dF en t)le role 

·Of mot ala in the rttel!" vate~ ta essei'itl: al. 
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orient~. Dl.te t() Jut p~~ iJJ.d~strtes and dense populat:I.Otl, 
~ -:'!. • 

river pollut-.on in, India t., .in<t~aa1Jl6• (c .A.. se.,try et. al. 

( 19?2) .as a result ot ~.,proper ciiiiPQsal of '\Uitreat•d as ••11 

u ~JUllsge vaate water. lt has lt~ag been kllown th~t polltl.ted 

1tat~s:o t-eaoareea voi'e among the most ~ange~s ot dteeaae· 

oar.rtera. 

Moat ,of. t.he ,ej. ttea of' metrop~J.i t~ gr-ps. a~t-e looated 
. . 

upon .d'Vf~S' >Or lake$ that Jne¥ be uttU.aed .as a sot.trce ot d~eatic 
. -

and t~uet:dal water. fheae ottles draw thetr water ~ppl;v trc;;m 
.. '. . ~ 

rl1rer and ~tut"n the 11Jtw-ag• Jartta117 t1"eate4 or Qtreat•d. .into 

the river. 

loeated on th~ .t"iver 'be®t ot .tarauna, o»,e .of the t~ctrtant tr.t--..... .... 

buta:r.r ot rtv~r Gang$ i,n J:ott)left tndt:a· Within the tinton 'l'el'r:l­

tor.y .flf Delhi, the spread of the rtyer J$11u,D.a 1$ 46 km.a. !he:. 
. . . ~ . 

water tn1Ptlt Of the o~t-t -~ mual.T d.tan trom _ tbta r:t .,..r at 

Waz1raba4 tu1d Okhala• flle total ••te •ter tn Delht is 9.6o,ooo 
XL» (CWPoj li&J()"; 1.919) • out of which only 46.4~ is tr~ated ~cl • 

tb. e rest unttteated 51,00Q KLI> :waate water ft~tts its vat itit o 

the r.a:ver Jamu,Jla dil'e6tly throug}l aeventeen d.r~J:UJ• '!'he l'iYer . 

J4121Ul'la suppltea 'f!f ,ooo n.:o (ClfllCJ ltepo:E-t. 1919) of drlnktllf 



water 4atlr at itlast to ;,oo,ooo peOJle. 

. 
can g:reatl7 affect thEJ beno£it>1al. uses made of the waters, it 

is ••11 to examine the ()onc;n~ntratit>n ot metals p~!csularlJ 

those e.44ed to suM'.aQe waters via waste ciiache.rge. 

4 

and the. inte~le.tt'·oa betl'een the eds~&nce ot ~netel$ which are 

J;~•sponsibl.e tor the watet! qUe.llt7 .in Delhi ·l"eei<ltl• 'the at.sort­

p~ctes ta th~se vel~'ec ·~ usefti r .• ~· ~rther illVe$tigation Of 

the a.r~a . wb.tob. are ~ot •ell :q~derstood. 

. ' 



. Foll·ow.tng the diliast-et in ~m~ta Bq, 3aptif1 

(Imkatma et• a1., f961), the etforta leading to the .un4•~ 
. ' . 

ttaruU~ ot the ,oyc1Uig ot oertatn oontatnlnattq mitals tn 

.• qlt&OU.s .a bt·010gioa1 system. such stu.dies .hav'f! tended to' 

centr:a on the metals whtch ere ktiQ• for their ~o~teity. 

5 

The $t~y by Da.rum et. at. ( 19Sg') · pr~idcee semi& o'bsez.-.. . 

vat~t. one OtJ. the tmplioatlons or tbe mtnor (llemen._ 'fi!<m.tent ot a01ne 

m.e.3:0r srtreams qz· the world· Ot 1i or ~ore Jld.nor tlel!lenta ot the 
.. . 

world'a pi'intipal rlvel' waihtrs range much o.t;r '00 ppb le?ele. 
. ' . ~ 

Fo.l' ·exaQ1e .• Atl~mttCJ· o.oa.st.al. river -watea- .in the age;Jlegate uoe . ' ;. . .... ~ . . . .' . . ' 

all~tly more en~eihed ln ·llQ~oentration ot Sil.!$1'-, . Chl:OIIi'W!l, 

Me»Banese, Mol;ybdel.iWil, Nteket, Stt-anttum 8l'ld. titantu. . Median 
-· &)... 

?a.iuea t~f :rati~) le/Sr, lt/er and lU./Cu are ~asonably consistent 
_. . ' 

in p•nctpal drul)age tJ"om forth .Afnertca~ lfut . th._, rttto tends to 
~ ' 

Ia tel~tj.ve stuq of' physi:o·o-.chemieal- _ch&ra.Qters in river 

.-ate~ system til .vna:r:oa ~tve1" has bee &~ttd!eci br !atb'bs ( 1967, 

19'70) aud he ~latllle4 that $$cOlegte:ai ~•:raoe.ta, tr~getatton, tempe­

rature, ·oU•te, a4dttton. ot txtbutartes u• pztm~l'~ taotora 

1th11.e ei t; :wa•••• i#4'1Ult~l$l wafrte, and othel" Jli&n'""t#ade aottvl ties 

•• s.oon~ fa(!10n at't«<~#B t'be chmn.li9a1 ,_tuJ>,e ot rtv.er wate~. 
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Turekian et. al. ( 1~1) has studied the cOtloentration 

ot cr, Ag, Mo, co ud Mn tn .~uapended matei'lal ill streams. 

ft.e sediments ot the Mt sstastppl aad the ri v~rs wel!ii: ot drain-. . 

i.ng into th~rGulf· ot Mextoo as well alii the Rhone aver resemble 

.Verage ,shale tn oompos:i.ttoa, while the r:tvers ot the tUlited 

states east ·Of the Mt.saisstPPl are oons:f.derab17 highel!' 111 

ooncentrati·cm· this Q~tf'erenee :te n~t due 'to dttterenots in 

c;ation exchange capaottY but rather pe:d1aps to a g:reater amO\mt 
. -

fill a trace element rich e011 c.o,tponent and #,nd.ust.%'1&1 co21tamtnat.tott 

~n the eaai:em rtvers. !he autqu•lia:nna rtver alone ts aupp111tJ.g 

abwt 45 to• ot Ag a tear as posatbl;y reo(19"erable detrital 

material.. Loring ( 1'68) has noticed. that FJ om aedfaellta are 

enrtched 121 zn u4 Ph wbea cGilpared to sedtment.s from st. Lawrence 

eatu.ry ·and the O,en gulf· ot st. Lawrence (Bevem et. al., 1974). 

Spencer et.d. (1968) published the factors attecttng elem•nt 
. . . 

fhe work reported. by Fon.-elium ( 1970) tor the Medtt•Jl'anea.n, 

the Red sea Ud the Arabian Sea ts etmilar t·o work done by »urum 

et. al,. ( t96~). 

»relilld.D.a17 l'e.sult~ trom .a stuq ot t)le chemical oom.pOSi'tton 

ot southern lake Rlohtga:n ••di•enta pu.b11,she4 ~F Shtmp ( 191'0) 
•• h. - -· 

tndtoate that Pb• z~, Ri; anct __ er 'ac~umli~at; u t1te uppel!' tew 'Qentt .... 

meters. Ot these lake d•:posi te, at this tnterval$ conoenttatlO!J. 



7 

ot these elements appear to be :toel$-ted to the total orgam,o 

carbon la.'the'ued.tau.~uta. MaJor ,conetttuents deteJMined were . . 

aa, Xg, K, Ba, '.rt, .MD and lhoap!).orotls found tn smalle~ amount. 

Trace elements deteftllned were zn, ·Nit cu., ao, ca., er anct Ph • 

. 
on the basis ot anal7t:lo~ re$Ults of seasonal cycle 

:ellJlPling, the water .ob.emiatry dat,a ot the Amaaon rtvel" are 

pl'ese)tt.;td ~ Gtbba .( 1911) • . Based on these type 4t a:aal7eis, h7d1"o­

geochemt stq ot eurfa.fie waters ot ·tbe Mao~ate ri vei" dra111age 
.. ~ 

baatn, Canada, n~& investigated by Reeder et. ,al. ( 1972) and 
+ 

the factors cont~olling !norganit) compostt.to were .studied and 

tt haS been observed that Mackentd.e rtver is ttrtua11J" unpoUuted. 
~ \i .. ' ·' . ... ' : :.. • . 

htmt1 two trl1J10r al).d major ~~organ,:tc cheJiiical c0111ponents are . . . 
# 

reported together tr.lth tb.e pqs~ca,l properties and documented 
• •• ,1 ; :. 

details "t the area :and pr.op·Ori!~n ot ,.ock twes tn the J~Uh-

l>as:f.~UJ· 

coll!.nson '( 19121 modif'td the work with ShimP .( t 910} ill 

. 'bottom sediments t:rom Peoria iake1 middle tlltnois ti:vt.'r• De .. . 

results shQwed that uppe!!' Peoria l.ske bottom sediments oonta:ln 
. . . t . ' ' ~ . . 

~noi'e Lead, ztno, and Ohromu than prev-.ous1y studied 1atce 

Micbigm1- In this studs~ turbidity appea~ to have a• tnver~Ht 

Skei et • al. ( i972). obse·wed that the dtstM.htton Of heavy 

aettU;s .in Qeatmei1ts ot .s-oH:,Sord NO'.f!Wq. Whel"tafl Olive~ ( 191S} has 
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show tb.e heavy metal levels tn Ottawa and Rideau · rtver . .. . 

aedlmeats whi•~ wre analyettd tor Bg .•. Pb, ca, zn, trt,. co. Fe. 

Mil and Or :USitlg AtOiltlc AbS01';PtlOtt Speotroph4tot48tettf• ie :foond 

tl).at som• anoma1~•17 btBh heavr m~al omoenbattona 111 the. · 

s(ltillle-.ts tfl 0$1'taln 1ocattont3 appeared to b$ .related to pOlllltlon. 

of tb.e dvt~ by lU1lilloJ.p$l and f.ndustl'ial. waart;f 1rat.e.r diacharg•a 

attd ftS't~l Msposal praott·ce•• 

Dt$trtbuts;on ot t'r'aoe metaii3 !n the po:e wat•n ot . 

shallow mari•e sedtJients :by. J)U.t=ba;ri et. a1.· ·( 1~3h · ·Ia thte 

study 1 t has bed po:tnt«i 0111: that the di ril"ibttttoa t>t d.ts•C)lved 

- •lch J.e re~la&- ctow'I'U'd 4ecreae• ill .al1·citres. Cu, ll'i, zn, 
;w 4. 

Co atld n .alao Show varta'b1• ~tllcentratt ~ lll~Oftlea •t~Ji «•peAd 

ta dtt:te~ent phJBi'<!O<-ohemtcal envt~~eats ~ne:ta.ted ·by vatiable . .. . . 
•Otmtts ot ocmtatned qt'ga.Dto mato~ai and 4!ttereat a'CeUJii\llation 

·. . ..... 

rates~ ll'htle .t.ott• ·( 191') p~s$llted the f!tO.,h01og· and sed.!ment.e 

ot the ·gU!~ ot st. La~e1i'O.e ~ver. 

The vati.att_•ns of dtsa~tilv~ c.cmst1wets wit~ dis~hi!¢se . 
111 soma lortQlk rtv~ have been ·noted d01ttl by ~d9at4s ( t91,)-, u 

. w~ . 
the UYeH we" .supeftaturatedr\ Ca:1-ctum.· carbone.t~ when ampated 

'lritb the sol~b11ttt JrOduci ot .cal.clte a.nd showed no stgns Of 

•qu.tl.tbra.tt~, m4. th$ work put tOftard by Gtbbs (i9?') OJt ilecba-
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transported ~7 th., . .AI,ne.sson ,and Yukan l'iver were and.y.t~ca1ly 

partitioned among the tratUJp:Ort phases ~a solutions, 1on1~ 

,e~chartge• <>1'«an1C mat;Z'!a.le, ••tallic .~oatl:ngs and er,~Jta111ne 
solid$. 

FUrther the study ot st. ~awrenoe ftve-r o~ed -OU:t 

b7 SUb~ani4il ( 1914) aho•d that the reeul ted data on rtv•r 

water ehemtatey bas be•n ct~mp~ .with other majo:;, riv:eJiS o'f the 
. . 

1rorld. Besides, lt hae 'been cl$t~O. that the total ·di:deo1Te4 
. . 

1oa4 od'rled by t.tl~ river into At18llt1C mq .be ll~gutttoant tiuusa 
'" ' ~· ' . . : 

transfer and bU-dget studtee •. Tb~ m$3_o·r tonto, 40Jnpost tiOtl ·is same 
. . . . . . . 

th:ro~hout the fresh vatf)t' Hgion. :l.C)t~nttel •!'1Ul$foauttions 

. ot Cbrom:ul!t .1.%1 natV:rai va'tere have been reported b7 na:ttd ,&t. 

el. ( t974) ~d it has ~e«l tound that the. Cl" III and Or VI .ue 

readily tntel'Conv•rtttb.1e UiJ,der ~a~ral. coml.ttions and the 
. ' 

results ot t.h.it:J sf:ud,f indleate that Cl: VI ·ls r~\lOed b7 Fe XI, 
I 

~seol'ved sulplttd~e .'•d te!"1=t4n o~gatatc c-pO\md.$ Wlth ~fhrd.l'P 

group Wbf.l~ .cr n:t -a:s o~iltz*!"l ~,. ·Hn02 and at a slow tate b.f o2 

undet' co:nd.:l tiOl'l.B .approxbtat$ng ~}:uta~ tn natural 1raters. 

Lort,ng ~t. a):. ( 191') presented Mereuq cOilCentratto:n tn the 

·gulf ·Of· St. La'WhllOft wh$2'.48 a$PeOts of tra.Oe metal 4Qnt8mination 

i4 the coastal ~,.•.-s ot Jarael wer. studied by Kronfeid et. a1. · .. ' ~ 

(~91l). N:t.n• •lelleJ).._s of biological Goncen, Or, co, ·Ou, Cd, 

Wit l?b.; Rg, zn and AI! wete invest~gated in the ~dtm•nts ot the 

mo~t tmportant coastal Gt:resms 1n l$rael. AU ot these are 
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nb~ected to degr-. ot domestic and or tndustnai sewage 

input wtth. the oo~UJequent l:teibili'tf ot contamination b7 trac• 

. 
!h& .AWalOli, G$4\lr$.; Q\li$hOli e.Dd locallf the llrut•ta rtvel'S 

contain .. I'S$dime~to eXhtbitt- eevare pollution ettocts. flie?e 

.is a danger ·Ot infiltratio• thrOUgh t~e sot1s into· ~be pound 

~a:ters .as :well as e~o.s!:~ lied shote fauna t,o •ett*'ments o021ta­

mibated bt ;possibly tGxi,'¢ t~aoe metals. The :othe~ Hven. bear 

aa11a:P le't'C)1e. of' tt"Ao-e ·i:!eta:J.s, l.\QWeye~J 6i'l tne#$36" ot the :Pb 

anti zn 1evt¥ls ®Otl.~ ».e~t· ·major htgh..,qs .. · 

' ' 

metsle •in st!dtmeni;$ ve~e '$bserved bt G•()ot ( t915) • · U.t-er temperate 

·ou.matid condt ttons the eeduents on their war :to the 89& 08%1 

'tmdei~gO changes in thet;, metal ~OinpOsi iti.On b¥ mO\t·l!at!on Ot 

the:;u; •lem.enta as ~olubloe m:~tJll .... oxrgaflio oQnpleJC~•· tc $ddltton, 

dep•nd~t o• t~e V$1~!tJ t:~t the i'i'VeXt evt"e!lte, 4ttf'erent types 

ot Ji!U.81Htnd.ed m.attar .a~r$ t~~:o~;d -~ titedlm.eaitu tratU~porie4 

»r sa·e large rl. •~a oa'"" la~ .amQUts Qt thea• eleme'nta rewlt• 

tug r~em pollutt••· 

L•c (197S) :;~tudie,d th$ role ot hydrous metal onaes tn. 

the t~arusport ot heavy metalf!l tn th~ envtrODilent f!114 1 t hes been 

found ~tb.at ~ptakf) ami rel.ea.ae h•aVJ •ta.J:II S.alnf1~eao•d 'br the 
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' 
pli of the eolutton and b7 the presence of organic and intrgan:ic 

complexes. Funit, it t• noted __ that -one a~tiald not .}tuJge the 

potenti-al role or Jle«q metals ~~ $Dtl\lenotng tJJ.e . aqueous etw$-
,.,. 

roqental chemtstrv ot cu, ~. Hll Cd •to. based o21 the ooaoo-

tiratlon ot te and MJa.·ill: .. e<)~ttoa. tn the atud7 ot l!letab01ic 

cycles tor tone el.e~ents tn. the ell.S.l'orllllent, wood. ( tm) :atttd1ed 

t~e ktnettce and tneo~antam.s ot v·a~ oas ~ements a11t ·shown th~t 

«Jm..:t1 pefi;u.i'*oatiens ot these C701~s Catt chSAge th. ($qut.l1br.la. 

titv·OlYtul.' to ohazi,ge the .. ooncent~ttona ot tozto Ut&l:'m&dJ.atea. 

' ' 

Fu-rther tnt'esttgattoll$ of hee."'V)' metals and other pe:rsi$tent 

611.,Uoal•• · •est~~ pa~ bq .&ustr~ta w~re oe.n-ied ~ut ~1 Sllapiro 

( t9?S) ta lib.ioh -he. conol'Q.d.ed that ill oe'l't$ln ,a!tuartes :1ft Australia, 
' . ' ' ' ~ . ' 

such ~. Denent iUld Wa~mr til t'aeme,nta, ~ldenete of abno~dl.g 
tsish co-nQentratum ot zn; cu a~ Cd were· t®nd tn OJ'I!~e:r.s pold,JJg 

' ' 0 W L ' 0 0 

in these bodt~s. ot water• !h~ va~att.ons ia t~ace elomental 

•onoentratton along . tht lemtth ot Otta•a d:ver .have beell verttled ,. . . . . • . . . . . . - - . ' \ ' . . . . ~. t - ' . 

by :Meft'i t ( 191S) itt Wh1Qho .abnormal tl"aettion ot mo$,t e19ments 
" ' 

bet.-n 1ratt.t" and .euspen~4 material ·wae· o)served. tn a seotion 

ot the .Vel' \fhere·-.1~e q_ua»,t1t~.es ot tre.s~ wood. :ttbtes -.r• 

bei.ng pa:oOdttoed t>:v flurniiJB operatlc%1$ •. 

While th<t anal,Ytical techUques tor heavv lll.Stala (Her~ert, 
. . 

t975~ ltel'U'lkiJcm, 1977) .• phfeict£1 ch;.-teal methods _of .·heavt mete.l 

i'e~cwal (fattel.'$on. 197') and etteeta atid retitovat ~ h-ea't7 metals 
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in bi<tl.ogical treatment (.t.,d;~ et. al•; 1915) laY~ been S.-Ollped 

in the &tuq ot hea'f metals tn the aquatic envlromaent bf 

Krenkel ( 1915) • 

tn ( 1976), Lo~ 'repOfte4 the distri~tio~ elid part1 tiOl'l 

ot co, It; cr and v ill sed.imeate of sertjoM Sagu.e~. In this 

stuctt, he showell that tne diaoharge of indnatrt~J.l input has not 
. ·- . 

'resu.l ted tu an tno·itefP,se in the conceatrat:to.n :ot metals above 

tlietil' natural. levels in the 11ediments. 

LO:J:'lng { 19'76) a,a!n examined the d1$tribUt,t.c.ui del 

part-.~.1~ of zn, cu., and P'b tn .the sediments ot sortjord Slgu.&D.q 

·and it was obsei'V'ed that the conoenttatton ot the e1eme1it increases . . . ' .. . -

~elP.T¥. metals tn the deltaic se·cUme~ts of' the r-.er riVIl'» 

Brl U eh colabta have b:ee1l teporte<l b-7 C:d·e'Ve. {1976). Detailed . I . . .·,. - ' .- .: . -· - . 
. ' 

studies .pt the atstrU~uti,oil of labile ahd non•lab:L~e traoe metals 

i~dice.te th('\t the tnctt:eased conceni!r~tion ot tra~e metals ts 

a$Soclated witt~ both the idetrit&l mtneJral.~ a1i1l )).ydroas Fe...Jftl 
I ''• I 00• • • • ' • ',' •- • -~ • 

oJd,de$. Fia~ly high ioecentntton lfJ o\)aewed on th• ttda1 

flats inftueneed l.lt·d#.&Ohu."a'& of metal rtoh ,a&V88E;• 

· 'lbe snaly~li:$ hav~ beon p$rf'omad on the Ul.B:~O~ ~tvera 

AU!.aBOn, Congo, Gaqes, Onnoco and PareJla .~ J!ariin Q'• ale ( 1976) • .. ' 

These uelysie .!n~1~de. some of' the ~e.,or.tnetel. O.Ol'lcentl!'attons 

and elemental rates ot dissolved a.Dd suspend~d ~ra•spoi't by 
I 
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.· 

Ieate e~_- d. ( 19'16) put torwa_.d the stttdy on trace metals 

ln wat•rs ot the saguellaJ Fjord. · The stgllif~~an.t enrlchll!ent of 

Fth zn, f:\\, Bi ,. O·o; .Cd and zn ta the aurfaO$ wateto 8lattve t() . 
. . 

the lfttetuedtate d.epth wa-r~ 'lietleo•s rut.t .... ott tnputs.' Wh11e 

SubramtU'lian ( 1;91~) haa ala() show. that pH ta also a !lajor ·faott>r 

fo"' the contl'ol ()f ~hemtoal CGJilpcoat tton ot rtve:t water. 

The actlial. :study on· enrtl"orunental pollution by heavy 

metals cai!Med. out b;y cook ( 1977) glves the 'l.£o'ftati011 aboat 
., 

l'lon•radloaettve· metal.a and their etteot on the env-ironment td:th .... . . 

. ' . 
tl'l water has been .ldentlfi$4 by Q.l.ass ( 1971) • A1 thoush the t11etal 

aqu"() to~ .il.s tbQU.ght t,o b~ the ~actf;ft tohl tor biologic tntar- , 

actions., tlu; tracUop ot· t!he tot$1 metal present in 'thte torm 

me,v be small ~ higblt v~abl• .depel'lai~ ·oa the $Val1e.ble 

c.omplestng agent~ a.- lt$e.ftds and the mas-'tlla$ ·ot t~e Utten.cttonih 

.. 
the dtatrtbutt·on ot metals ·and. ligands th vatet to be c0ll\p1ez and .. 
tndtcate that anal:rttc measuttQment rl111st be .senetttte :tn the range 

10-s to to .. '2 M to;r;o most m9t&ls ~4 the· asaalusls ot dMDklng · 

water trO#l ~uth .on. a, ~Qntt~0\1.4 . .l»at4d: and· ~t «:t.tterent lo¢att ons· · 

show• lal'se tlu.ctuati.*l'l$ ,aaueed 1>~ Vafietv ot ·ta.otol'&• 
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A woently proposed trace metal apeeia.tton scheme 

was •PP11e4. to the determi:a.ati0%1 ot 4b.emical i'o1'JY ot cu, Od, 

Pb and Zn in tour .natural fresh li'aters and a tap water. wt th 

this Florence ( 1977) f1d«ed some- t'eltabil#.;t;v ot. the technique 

and the efteot ot v,artoaa methocbr ot stoi'46e on the .speciation 

- resu,lts. 8111111~ s~d.7 by Bruegmann ( 1917) co~trtbutes a scheme 

o:r the .JD.&.D.1' to~ ot the ocourrenc-e ot tra¢e metals in the waters. 

1lh ose cone an tratton _$110\llJt$ to less than 0 .1 pPm. Fnl"':her 

$ample prepa.rati OJi .a,lld 4eteotton techniques are 4escr.t bed • 

.t.nal.Ysi:s ot. the con.centrat1on ·ot heavy ¥~tetals it); the 

Derwent esttw.7 Wail done by Bloom ( 1 977) in. til tered wate%'8, 

suspended particulates, ~;JeQ.tm,ents, shellfish~ fish, $irbore 

particulates and ~:~ew~e have ccnttl'Jiled ~ro$. <Jt other tnveatigators 

$hotd.ng that Derwent et;~tuaq 1-s highly polluted part:t.c'darly vith 

Hg, Cd, Pb u.a a aitd b.ave added t'llri:b~r tntormatton regarding 

the diatrtbuti.o• •~ each mf)tal. 

BJ.utJ~tetn et. al· ( 1978) ~pports tht\ WQrlt regarding 

distribution of $pt~Ct.S ot Cl:l, Ph. zn and Cd in Yerra :i'iie:tt 

estul.ll"J'• 

. ModQa ot m.etale t&'AUSPOt't a))ove anO. btlov wane diachat"ge 

on .law Jl'iver wae observ.ed b7 Shtinl:an '"'~ al. { 1J'7$). Modes ot ax-, 
.$b, re end CQ tr$1'ls;port we• eqll:d.:n.e4 for «ttterence bet1reen 

.oontrol $Dd polluted. etattQns wit_hi~ the sel.eottd e.,.:tl drainage 
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are-. ot the Haw rtve:t; N-0,rt:h CaHl:tna. Differeu.ce appeared 

amoDB a fl'&ater mlmber Qf tr~port: •odes tor .cr .an4 Sb elements 
,. . •. ~ 

suspected of, being added to the river as tndustrtal wastes . 

t!)all tor Fe ~d ~co with no knoc :lndustl'ial l'nput. 

R$8.17 metds !n the ))ottOIIl 11nl4 a1 the ·m-tlt ;ot 91 :r:tYers 

in Japali were all.al:Vsed and tluJ data were p@lf.shed by Tod.o et. 

al• .( 1'78) • SllttlPles -' the Jllttd were collected from the upper 

:1\itream oear the •ountain, not polluted Wital 'waste water. It waa 

oo.ncluded trOlD. tliea.• data that t_he CC)ttOQ%1trat:1on of tb• ill6AV7 

metals 'among 193 anud. $amples up the' 1'1~·- dispersed ill a ~01f 

llmit.ed range. o<>mpared nth that ot the rtv~r J'IU)'Ilth. 

As part of r8gicma1 s_..,.eys ,of lakes 1n Noftal'• the 

<iOl'l~e~~ratton of Zil; Pb. en and ~4 vet-e m.ea~ed in ·surface and 

bott<Jm water samples coll~ted from repttesentatlve, small prtstille 

.lakes til Octob~r t:974 to ··1917 by KetttUmon et. al. ( 1978) and it 

is tolm.d. that ~n.creased heaVY' meta1 ooneeatratioii Ui. acta lake 

l!rat al$0 be ctu; t1> 1nol'eas$d tno\Jtlizatton of met'als due to acidi-, . . . ' . 

·tre.ce taorgallica u rural ptab1e watef ani thetr oorrelattoJJ; 
; ' f r 

to possible scu:.;o• bave bo.,n p~t$d. out br Sandhu ot. Al· ( 1~-S). 

N'inet7 etsht water eamplea c0111pr1slll8- about 10% ot the total .sonroea 

a•d.lable to ~al homes u Be.mpt·OiJ county; son.th Carolina were 

f'andomlg collected and anaJ.:ysed. to-zf :tnorg~~ constituents. F.rom 
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this study 1 t haa been concluded that chemical contamination 

is Widespread in this area. A llWilber of wate~ SQlllplea showed · 

unacceptable levela ot As; Fe, Mn, Bg and colloidal materials 

weH chtef'ly respOnsible tor turbidity Ut 19% ot the water 

sources •. ACceptable levels of Cd, eu, Cl, Pb, uo,, Po4, Na, X, 

total. solids and zn w:re determined tn moat ot the samples. 

Fe,· Pb, and Mn appear to have come tr011 oorros.t on of antiquated. 

· plumbtr.g tno1'der homes. Gt"ebenovsk,y et. al. (1918) elaborated 

methods ot eti'ipping voltamf!lt,ey tot: the deterndnat10Ji ot Cu, 
. . 

Pb; ·Cd and zn on Bg ttlbn electrode and determtnat:ton ot All on 

the elec._rocie ftom glassy carbon in dl'inkt!lg water. ·Cu, Cd, Pb 

ana Ai are dete:rmtne4 in th$ medium ot d11· HC1 and. zn 111 the 

medium ·Ot p!VJ'id1ni\1m Ohl·orid.e •. !his paper p~ese:nts a ootnpariean 

with common procedures ot at~o e.bsorpt,on and Ph~tometry. 

,. Nitrates mel phosph!ltee in the drinking water in the 
., 

district Michalovce estimated b7 Birova .et. al. ( 19'18) deaia 
' 

With the observatibl'i of the ettect of a1.'tittoill1 fertilizer on 

the qual.l ty ot dtilikiDg -.1ie~· fhe concentratlon "t zn, Pb, cu, 

Al and. Mn ve:re detRI!dlled tn aedtment corea trOll windermere b,­

Tqlor ( 19'79) .1.w. ~land. zn, Pb and ·Clt a:re greatly. enr.icP,«td 

in sedlmente depOsited· during the last "Ca. 1'0 rears. Maximum 

concentrations are 11SO ppm ot zn, 589 ppm ot Pb and 140· PP* 

ot cu compared to baseline concentrations ot 160, ·56· and 24. PP• 

r.$spectively. Known sedimentation rates have been used' together · 

·. 
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With the m•aaured. oo~centra.t:Lon to calculate tluxes Of 

the three metals tnto the lake sediments. Metal sources aQd 

tra:n:aport mechanisms have been disO\lssed Where'ter possible.· 

FrOm this studr 1 t appears that atmospheric supply ,of the 

11tetala and uptake ~~ diatema maa be important faoto:ra in 

cont~o111ng aedtment concentration •. While I ennett ~. al. · ( 1979) 

sul)prte4 the shum.an•a ( 1"8) wol'k. the f.nvest:Lgatton ·on 

metal tre.napox-t. from mtntng, smelting ~ milling watel' Shades 

shows that run ·Ott transport is a meJo:t tactor tn movug metals 

from one eeosrstem to, &r~othet •. 

' 
Simtlarly C\l ... compleZing oap$01 ty ot natural l"itret' 

water, we11 water and art1ff.ete11t reoonatl tttted vater ·have 

bfen noted dovn by Cardy et. al· (1919). 

'!n Indtan conte~t, the work by sr.tva~tav et. al. (1964) 

put toward the c.oncept ot eelf-puriticatton of rt-ver water at 

Okhal.a water works and the obsewatton b7 Kauahtk et. al. ( 1964). 

gives the tntomatton about ooltt~ftl pertedbU:tr ot :rtver 

J'a:rmma .at w,Sirabad. 

The stud)'" l'JY Bal~:l et. al. ( 1965) Pl"·OVide$ some 

obsewattou on the pollutiOl'l ot river Jamuna at Okhala Water 

Works.· By this study it has been sugsested that ·the water s~pplies 

be regularly aont tot"ed for content ot fl"ee ammonia which mq be 
~ ~ ~ ~ 

useful in ftnag the oZ'iteria. of pollution of drinld.»g wa:t:er eupplJ'• 
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Tbe eurrey ot lfa~afgUh cltatzt canted oat bf Bal~eu 

et. al •. ( 1966) shows that the la$2la rive~ li&le!' po1l~t1on is 

mainly due to disposal of' l,ndut;t~!'lal wast·•· wa.ttr ftom swat-.tra 

iharat Mill_,, DCJI Che~Ucals;· lindU8tan Insecttcta•s •tc#; 

GeOOheJllls.try ot the GaAga nve!' water (Handa; 19?2) show$ tht1t 

tt• •ter.!$ ot the alkaline earth l?ioarbonate type· a~J4 tb~. 

total ·dissol•ed mt~eh.l oQntent is g:radua117 :tnortasel!l with . . . ·. ; . 

distance t~om sOill"CEh Du.riae MoneQOU$ the mt.zuttal conteat ala.o 

Taii.ee but the bf.Oal'bOllate ions ai'e also moB. predotainant.· 

Ganga tJ:ver o~rr.tea ar~d. ~ i!JillJ.;on tou of various ions to 
. . 

the sea ot whtoh ~ee.t"lY 79 ·tnlllion tcms al'& the alkaline :eal'i:h 

bicarbonates. 

Reports .frOm CSMR~ (1~7S) .. provtde~ some ohemical:J.nvoesti­

gations of rtver •t~l'IJ tn In4ta which suppone the same work 

dOJte by GWPB ( 1912-76) ·for the 11'$-Vers lamuna-. Chmnbal, ·letawa, 

Ken and Gaa;a whi'oh elunra the ~radual J.no.rease ot potluttoll :in 
' . 

.ABnval ( 1971)_ predicted metal OGiltelltB· 111 the drinld.~g 

watel' ot CB1i11Je.y,. ln this study analysiS has been done tor alkali 

metals as ve11 as trace metals ta 1dlioh t t I.e calculated tha't 
' .. 

the .fb and Cd c<mcent•at10Jl ia eight and tour t.imea g:reate:r thail . . 
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The relatt•e atua,- ot the ••• vater quS.:U.ty a't 

Watirabad and Okhala haiJ been s tudi eel by Xudra ·et. el• ( 1 977) • 

&rom the seasonal VariatiOn in phyS!COOhemical aD&t bacteri.OlOgi.C.al 

qualitv ot vateso; tt was obse~ed that tbe pollutt·oa ta· the 

n.ver ts increase$ ·prOgresai vely betveen Wasiraba4 Atl4 Okhala 

due to d:lschd'ge of tnd.ustd;al as well as domestic waste at 

Recentl:t the ·work .d-.e bl ~alvl (.1918) adda, the knovl•cl&'e 

ab6ut ·the th&l'ili067nati;c a})P~9Mh .to the. water at~e»al equiltbri~~o 
... -

in the Ja111ttna rtver, baaiJl• which t.avour«~ the .'poibt that physl oal 

weatherf.ns is greatel:' ~than· ohemtc;al w(!lathel"lng tot mountaneoae 

·Cw.PCB ( 1919) RepOl"t$ high:).tght. some envtJ'onmental probl.­

ot Delhi trhtoh ·are lll&Ully respOUi ble t'ot the tncnaae lfl 

polluttoa of .Tatllia rt¥er wateJ> in Deihl ftgton. 

Bt.yau ,( 1979) etuUe4 geOchem\st~-7 0'1 grQU!d water tn and 

arO!Uid Delhi for mineral nter equ1.1i~~ta and ·o01ltl'ol ot lithology 

on e011eentrat1oa ot dltterent tone. :tt has been 9bseft'ed that 

c:o:noentrati on $-e l.asa ln ~ttonsoon sam.pl~s and M.gh 111 aumme~. 

Whtle Subramantm .( t979) 4.etet"m1ned. so.me obeervati,OM t~ Delht 

gt'Oll'nd wate2r which include eome metal concentl'atton Hi, Cu; .. Za; 

ett, Hn etc. trom 'tar.tous regions ot Delhi, and teoentla' chetiea1 

,and WSPelld.ed 8ediment C'h&ftct•rts.ttQIJ Of· l't'V'eh ot J:nd.f.a have 
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.bee.n .p'flbltslled llY SU-bramanian ( t979). Baaed ou these 

tnveat1g&tions,. the .Indi:an rivera are alkaline ~n natue and. 

25% mol!'Ef ooncent:ratea.· t11 41esolved salta thaa the world •a 

average. :J)lsehst'ge .ana d011Z'lstrream .variations aft also bt'J.ef'lf 
' explalne4 elid chelflical, sed~ent aDd ·total load have be• 

~ ~ ~ . 

oalc.l1ate4 for t#dien ~tv••• ad eroston :rates- are oOJril)ared 

to data -f.o,; 80Jie major, WO!'~d Jl'l;VG!'Se 

!n ta-ct the metal· ptllutton as such has not bceea 

atQ.Ued. with ~apeot ·to .Indian rtvel:' .system thongh lt has been 

studied on global soaleEJ. ~te ta the tint tnvestigat1Qn worked 

out ·aa .Ta11!Una is an important river ae well as maJor :tl"i~taq 

ot rtvel"' Ganga. 



Geolos;y: & •. N a.tu:re of . Ri.ver Jaa!,!'!a @cund _ Delld 

R1vQr J'atrlUna l'lstng at Je.mnotn. glao:ler ot Ht.malata 

in Terri Garwal district tn u .P. • .at an e1$•atton of '';o m. 

Jatll\Ula bet:oaes a rtni- atter addition of the Riahl GaJtga, the 

tJma, the H~man Gaasa aud otbe~ email etNainS• After t1o14ng 

275 Jlma. downwat.tds it passes just tou.ching Delhi (Rao, 1975). 

River .r~~a is .an equallr tmportant rs.ver u it 1$ a 

major ttilnltart or r.:tver Ganga. Jamuna ~lver water la a 
. . . 

1111xer ot ditter&nt geolog added by tt~;~ trtlri.tta1"1es. '111e maJor 

portion ot the rtver Jatmma ia occnpied bt ~cent -.llu.vtu 

(Fig. 1). Th~ ;eologLcal distribUtion of vari-.s roc!aJ tne 
. . 

around Delhi ifl tecent alluVium• At its -oltgtn the' t:tver tlowe 

thrOt1fJh the temtory gl"anites ot the #mla Btmalqa and lower 

S1Valik. Middle pa~ is cenatitu.tect of 1he lower Cl;lddaph IJptem. 

contauuns Delhi sene$ (Wadia; 1970). 

Follow!»« CWPOB Report, nelht, the 11tretch ot the river 

Je.tttlma wttbin tb,e Union 'l'en:t.toey of Delhi ta 48 k:ms. The vater 

supplJ> of Delht ct. t; is •atnlr drawn trOJil th#.s river at Waur,abad 

aud Okha1a. The totel waa-te water sener~ted in llelhi ts abo•lt 

9,60,000 KLI>. Only 46.4% ot this total was1at wate':t ~e treated 

at Okhala coronation pillar end lCeehopur 1raete nter P1$llts. 



'lhe rea.t ot th$ untreated waste water ttnds its 11'#11 tnto 

the ·seventeen open drainlil (!able 2') ot the Qiq. Among$t 
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have been abowa by aster! ck mark. ·!hose draill$ are poar1Jig 

the daU.y tlow o.t ut:roa'ted waste water l,lbOQ;t s. 15,000 KLD ' 

(QWiOB Report; 191:9).. 

!he oontrtbutton ~t these drain& both :ht volume $ltd in 
q~ant:lties ot pt;llutanta are _signJ,~i~antl)" high_. At Okhala 

. ' ·' ' . . -· .. ,' . -
' . 

Bead Works, a canal parallel t~ r!Yer Jamuna tlo:.S.ng towards 
... . . ~ ,· ' \ . . . . ;. . . .... . - . . . , 

AgrS.t ~Qton as Agra O&.n$1 has taken ott tor i:rrlgatton and 
; , , . : •. , ·' • ~ : · ·• ~. ' . ' 1 v : ' : ~ 1 i, . :~ • 

other put'poaea. fhe Kalkajt and Taghlakabad d~na· die.charge 
. . . . : ' . . . . . ' . . ' .· . ' : . . . . . - . . ' ' ' ' ~ . . 

direotlr :1nt~ Agra Canal.. . . ' . . ' 

DescriR~ton t>cf ·$~!j· Sf.te: 

k!Ptiu stattonl1·-- · sampl:t- atatlons ·were tited 
. . . - . .. . . 

·according t'o the i different: minDa- potlits ot . th. dit'terent draine. 

co:rmeoted ·to rt.verlamu•. !he .. pattem ~of ·th •. collection ot 

the water slimp1es · bia · 
l; 

.. ! 

' ' ~ . \ 

t) 'etore mixing the dra1a t·ato rivel'·ao as ~to .know 

the iold.o c·Oitct$tl"ll\tt~ ot tol-o:ei! · itselt; 
·~ . ? . . 

:·u) ta the tiatn, to check th~ adUtta 'Of the -waste 

by d:tain betoa · mlti.ng; . . . 
· · tti) · at ·the ld.'xing point .ot the U.tu, to e ee the 

'. 
dtlution ett'eot on the conc.entrat1en of the ionet 



· ::t~l atte.r 1!11-Xlbg ~of th~ dral~·· to .observe th.e 

.total co:a(jentl'at~()U due to tJJ.e· speotflc dr-n 
' .. ' ··,, :: . 

23 

·The last· sampliu& in Agra ·.eaaaJ. n:•ntr 1Ji\darpu.r gtve$.'the 

etteot ot miXing of t.O more drains, Kalka3i ani· ~ehlakabad 
,, _j . . ' ' ·, . • . • 

w~ch are 'directly· c·onnt~cted to Af52'a Canal. Detail$ of the 
' 

' . 
. Ct>11ectton Of· water .samplea in riV·e·r J~a and its 

·~ 

&ajOr drains ~onneote4 ft"oa Wallirabad t(). Alta Cand.' near. lladai'put-
. . 

was done t• tb,.e Jntntb. of 'February, March, April and Mq, 1919. 

The e&lleotioa ~~· vt1ilei' £Jamp1ee is montl'11V at1d Just below th• 
. . .... ' . '· . ' '' . 

au:rtaoe ot -.ter l,n older to mall:e an acou.ra1a~ ud e.;vetematio 
. . ' ' ' . . . ~ 

asaesam•nt of ~e quality of ri'fei" vat•r, .l t • :fl iJd,neral content 
• • 'I' ~ • ' 

and peruxt.lc· variation also. . {' . ' . .,. . ' . . 

Water $-.ple$~have ·bee.a collect-ed lit. the b'atn, at the 

mitiJ&S' point ot dl"a.in, betoa midXll,f ··an4 ~er· JD!UM. the 4raln 
·~ ' ' 

l'•specttvely :!Ln pol7ath•t•• b:Ottl~$ at v~rtous. ,sta,tona ~ocatea.. 

Tb.O\tgh the seventeen a.~• ~ o-o11ttected (~alile 23) to l"i't'et-. . ~: ' 

tn the ttel.d .itself~ pi: of· the water .Waff .tnea.suted wi~h 

a port.a.b1e ( TQsb:D.iwsl) pB meter. !otal elkali»tt7 was. a:lao : 



meaB\lhd to set the accuracy by t1trat1~n 1d.th standard 

BCl (G.ouf) along with the temperatp.re ot the respective 

samples in the field. 
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· . .&f'ter IIU9a~ri.Dc COMUCt1TitJ with.( Syst!'OJilCalt) diHCt 

readllig :eonduottvttr 111-eter, all th& water .aamplee ~oUecte(were 
' ' ' . . ~ . . 

the lOss ot metal· con~•ntre.tion · pr,tor ~.o anal7sta (Benrtltaon 
1 •• ' 

•*•· al.~ 1917}~: and these· sa.tnttles put to see the 111etal !·on .~·.c:m.­

:c.,tt-aticm itt. Pllla 1evo1s 1d.th (carl zetssR) Atomic Ahs~rpt~on · 
· Spec:ti-op.hoifom~•er~ ·R~st: o~ the ,_.aejdi~ied part ·•a4 kept tor 

- . ". ~ [· ,' . .... 

' ' 

·Ail! en. $ila1tste wher•aa the suspended ll!atter ·wa~ ~alctl.tat•d ea 

. TSM ttl ppm • 

I ~ ~ ~ 

· wt.th stan4arct !lOl uetM metb$1 oraMe as an :tndtoa.tor. 

ti)Chlortd••~ volumetri~lly esti~a~~ dtlf .stan'da!'d ( 0.,021) A&'No3 
· eolutton U$iD8 : K.2c:r&4 as an :indicat<>r 

· .iii)sul.phatee, Silicates and phosphates were estimatect epttetro­

met.ricallT. ri.th (PJi~ 1.! C~l .z-ettut), sp~jrol!hotQmete* wttb. 
' - . ,. , . ' 

tV)Aotdit:led $aJilplea W88 used f~ t:t. aDB.lysts of Jietal. lt>l1 ~Co1D.Oe~· 
~ ' . ,_ 
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Chromium, Jlart.ganeae, !t"c:m., CoppeJ", 1'1ckel, Zinc aJUl Lead by 

abaorptitn). ld.th (Carl zetss:a) Atomic A.bsorpt1.on spectrophoto­

lteter; uaUg ditfetoent standard ~¥~l11t1ons ot •etalli.C tona in 

ppm tor the e$liberS:tton curve. 

9.'tl011Bh SOD ana. eon a~ .important para,meters, · t t could 

1\0t be doJJ.e 'because of the f&41ue of eleotnctt7 t~ tboae ~· 

E&all!ibation ot these, pa1"Slleters aav shade ad.d:it·iollal lUht on 
- -

the b~ha~Qlr or t.he- data. 1'bie p-resentation is $ade .l11 t!le 

toa o1 $ gftph wbl4)h al.1owe to pe~e the data, -tor pu.~oae. ot 

uterpatat:t()Jt. 

' 'lh• graphical. pteaerttati~ll ·POlfll in altf'ereut tip~ea 
- -· 

( .2 to 20) high-lights some ot :the Tet7 l\se1\11 thUlga• 

Whu$ it $}101i$-1""" ' 

t) :t;he actuU variable oon•ent~atlon in the drain, at 

mixing pOffl.t aDd tn the river t~ each month; 
' - -

'f's.r!at:t.onn in va-riable con~ntt-atton• - . .. 

aea-son$1 Yal'iat1on ill rtv'·" D'8111UJlat 

apace and ttme vartattOllJ 

amoaat ot waste discharge ~;~:t the lftl~ point troa 

the partl<Jula» dftd,n; anti 

6) variable eoneent"l'at:ton ts plotted oa Y pta with the 
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Rtver Jomuno Around Delhi 

I 
. ./ ,.. 
) 

L. 
l 

/ 
{ 

,) . 

Civil Mill Drain 
Power House Drain 

t 
Fig.N>.1 

O . Recent Alluvium 



Stations 

Wazi:tabad 

Civil Mill 

Oid Power 
House 

Barapullah 

Okhala 

T'able - A-1 

Sampling 
Spot 

Na;jafgarh 

Drain miXing 

Wazirabai 
Ba:rrage 

Sample 
llum'be:r 

1 

2 

' Near Yamuna Bridge 4 
CiVil Mill drain 
near Sbantivan 
Bahghat 
Old Power 11 ouse 
drain 

Drain mixing 

Near I .P. 
Bridge 

Near Bum~n•s 
'l' omb Bridge ~ 

Barapullah drain 

Drain Mixing 

Friends Colon;r 

Okhala 

' 
7 

8 

10 

11 

12 

1' 
14 

.Agra Canal. near 15. 
·- )adorpnr . 

Date of 
collection 

24 Feb. 78 

24 Mq 78 

( This data' :is from CWPCB Report, 1979 ) 

Nature of 
the sample 

Drain 

Mi:d.ng 

. '·) 

Description Discharge tram. the 
of the sa!lq)les drainp Industrial, 

domestic & other 
in KL/p 

Drain water 18,100 270,00 

River water 

Drain Drain water 5000 

Drain 

Drain. 

Mixing 

Dra:la wate» 

River watol" 

River water 

B.t ver water 

Drain water 
River water 

River water 
M.ver water 

Canal water Ri.ver water 

AeM•t After Minngt 
B.M.a· Before Jri:d.ng. 

5000 

125,000 

• 
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Ch1orlde Concentration In ppm 
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Sulphate Concent.r otion 1n ppm 
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Phosphate Concentrotton in ppm 
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Potontum Concentration In ppm 
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Chromium Concentration irfppm 

1='£ BRUA.RY MARCH 

. o.s n 
I >,. 

fl 
I I 

II 03 I 

1/ 
I' 

1 ~ 
I 

.I .. 
.• ,·· I·· .. 

I 
.. 

' .. : .. I -~ I .,. 
;·f. I 

0 w c p B 0 I w c p B 0 
I 
I 
I 

APRIL MAY 

0·1~ 
I 

ll 0.5 
I' 
I r; I .. 

0·3 I r: 
I 

::1-n .. .. 
~= .. .. . . . . .. :.· :• ':! ·' .. 

~ 
.. .. :: .. 

I> .. ... .·. 
~· 0-11 ' .. :·: .. ~· 

~ . : 
'· 

.. .•. 
' 

.. 
': ;. ~~ . 

0 w c p B 0 w c p B 0 

Fig· No·1l. 



42 

,.,1\Acngone:se Concentroteon en ppm 
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Lead Concentration in ppm 
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The variable concentrations iil river Jamuna around 

Delhi, at Vartous stations are pres,nted 'in Tables · .1 i;o 20·. 

and Figures 2 to 2o. 

Oonductivitz;' and. gHa 'l'he l'iigher 40nductlvitY of the··4ratn 
'. 
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water 'ind.ioates the more iollic concentration than that 'Ul river 
' 

water {Fig. 3)~ 

Our observations clearly.i!ldicate· that Jamuila r.tve'r water 
.• ' 

is alkaline in nature (Fig. 4) • These findings are consistent 

With the previous studies on other Indian rtvers (subraman:t.an, 

1979} and the worltl's average river water (Livingstone, 1963) nih 

the oonected :values ·Of Gibbs ( 1970). 

H2o - co2 system in the nature, silicate-mineral equillibria, 

waste addi tton £rom various drains and interactions between t.raoe 

metals aDd both orgat'lic and inorganic oltelating agents in water, 

alter the pB ot water (o• Shea et. a). •. , 1978). B·owever, ·observed 

increase in pH in the month of 4pr11 and ~q probably due to re• 

movai of carbon dtonde (co
2

) in photosynthesis at increasing 

temperature (Klein, 1977) by algae and. heavy plantation on both 

the sides ot river Jamu,na. 

Total AlglinJ.p;a All natural waters exposed to air, are dilute 

solutions ot carbonic acid due to dissolved ao2 
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Reactions of carbonic acid. ~th l~me ~;~tone, certain minerals 

like albite {Garrels and Christ, 1965), from partial or complete 

decompos:l tion of organic waste (Berner, 1971) am waste trom 

petrochemtcal·and coal industry under anaerobic oondi tiona . 
( &J.bramaniall, . 1976). release nco,- ions in waters. . Ileal. des 

industrial waste is also one of .the maaor s0l1rce. 

However, J'igj f dhows,. 100 - ;oo ppm ot total alkalinity 

in r:tver Jamuna tihich i:s much h:.l.ghe1• than world's average river 

water ($8.4) (!4vtn.gstone. :1963). In ita uppel" reaches JUlllna 

flows over the Krol lim est one and Kanker c,arbonate tena:tn hence 

total alkalinity appears to be higher du(t to W$athertng 

( SU.br--nian, 1979). 

is also a 1'ery important factor which causes the increase in 

total alkaltnt ty of river 1rater. · In dens.elt populated Union 

Terri toq of De~ • 3329 ~ndustri es are located wllich add the 

total waste disChQl"ge 22800 KL/day (CWPCB, f9'79). u auflU:y, 

alkalies are present in Iet r liquor, waste water tram cotton 

wools, paper workt.h chemical industries, tertili mrs, pesticidee, 

electroplating~ soap and- foOd products etc. 

1!he total e.lkaltDi ty obset'Ved i,n aU. the four drain 

waters is ver.v high (H90 ppm). It is tn agreement "'-th the 

findings ot Eckenfe1der ( 1950); who s12ggested that alkaliat ty 

should_ be i.n the range of 1000 - 20,00 ppm as Caco3• 
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Th~ highest v~lues recQrded 1n Bat'$.pullah drain 

water are in the month of February and May as compared 'hJ 

other drains. ·It 1i1aY' be becaU&e ot feldspar, calcite and clq 

1l!inera1a of· &l.luvtum soil which Yteld bicarbonates on weathering, 

heavr agri:c~tural fields ·in the -~ounatng area .and waste 

from appl:~e~ ferttli zers. At low· temperature co2 di~solvea 

Jllore which breaks down the limestones a.·nd increases the alkalinity 

of water; and releases ;oo2.wtth tncr.,asing temperature. Alkali­

nity ia more in the month of Februaey 'and it ill likely that the 
.• 

low temperature tn tbat mbl:lth may Ulc.reaee bicarbonate tons. 

Overall bicarbonate concentration decreases from 

Pebruar,y to May. It. mar be because of increasing removal of 
. ,_. . ' ~ , - - .... 

eo 2 W1 th t~orea,slpg temperawre, cozrv:ersi on ·of Hco, to co, 

by algae and green plants, oxidation of w, in domestic waste, 

coJWerston ot .alkali rdtrates to carbonates (l{lein, 19$7) • 

' 
Chlorij!@! Fig~ 6 •shove that chlortde contents vary trom 15 -

60 ppm. in Jamuna rtver 'Water. ~ese values are ·very high than 

world's average river water ( 7.8 ppa) (Livingst<me, 196,) ~ 

Chlorides are round tn the sand dunes ( t07' - ·2$62 ppm), 

alluVium ('1-282 ppm) 8.lld quartm.te (61•1S6 ppm). Sand, composed 

ot teldspar~ qUartz, gnsum, hornblende., ·caloi te and salt 

particles on :tnteractton. wi tD the ratn water dtssob·e the same 

pl'oductng cblorlde tons. (Wadi a, 1978) ., J'amuna basin is rich in 

allttVi~lD; therefore chlorld·e contents should also b·e very high. 
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Waste from drainage, sewage farm, industries, acid 

piole liquors are also the •aaor sources of chloridet:h_ 85 -

25t PPm ot. chloride i e C)bser,ved in. all the drain mi:z:tngs ipto 

rtver Jamu!la. :Na;ja.tgarh dratn shows no significant variation 

in chloride contents which indicate th-e alkaline waste addition 

trom the industries loCal-ad in that area, and tram dOmestic 

waste. However:, quite higher amount of chlorides .is observed in 

Barapullah regt;on. Barapullah ts a domestic dl'ain. Therefore 

i. ts sewage :rnq be ri-ch in chlox-ldes b eeau.se chlort des present as 

BaCl in the urine to the .extent ot one per cent. The Bal"apullah 

drain covers 136 sq. km. area ot South Delhi; which is .supplied 

with most of the tube well waters, t.e ., grou.nd water which 

contf!:l.ns high amount of chlorides. llhe waste dL scba:rgtt from tbi s 

region f.s about 125000 KL/de;y (CWPCB, 197!1) suggests the presence 

of high chloride contents. In addition, chlorides maa be derived 

from agricultural waste tn that region (Biyani, 1979). !he 

81110Ullt present· ·depend'S on the chloride content of the water 

supply. waste 'b'om tood products. flow of the water dieChal'ge etc. 

'lhe flow diach arg·e of ·drains (Table 2') va.H ee at 

different nd.xing·potnts of river hence the changes occur iD the 

river basin. Ohlortde content increases stgnifxcantlJ -fr·om 

Wazirabad: ·to Okhala may be •due to the addi tton ot these dif'fennt 

drains. since river Je.rnuna passelS throagh densely populated ~ea 
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and iacaei• or decrease of salt conc::-entrat:l.ons in the dom 
-· 

stream d.inction Simply ref:leots man's activity (Subramanian; 1979). ) 

§ulpl!ttes! !he sulphate concentration in_ th$ river water ts 

ehna in Fig. T· It aTei"~Ages 200 - 2000 ppm. whereas the w6rld. 

riYer water average is 11.~ ppm. Generally su1phates presel'di 

naturally tn all waters as a result of soivent action· on QPsum; 
.. 

pyrite, Galena, •haleopyrtte, aphelertte, ~dd.te and it also 
. . ' 

. ' 

alld tbiosul.phate~;~ ·{:Balusu et. al., 1964). H2so4 tn atmosphere 
. . . . 

is derived from dust particles of sulphur, oud~tton ot ~02 and 

x2s gas, btirntng of a co~l and otl. ~ves- water and dra.:tn water 

contain 11.2 ppm and 2 PPin of -sulphate· (Wedepohl, 1910) and it is 

variable 1n qu~el t'e- (7,•·it-50 ppm), a11ttV1UJn _(200-631 ppm) e.nd 

sand dunes (665-25J1 ppm). 

Concentration of $Ul.phate ln the rtver· also -va~es 

acco .. ding te the wast~ dt.S:charge and at.ldi t.ton ot the sulphate ions 

along with the ()Olitribntton !from .alluvium region. '.lUbe well 

water contains hi~'AIIItlphe.tes and the;- coald. alsO .be the possible 

sOllrce. 

The htgh sulphate eoneentratton Obsel"ted in ~;r.ll the tc.tr 

drains Yaries from 400 • 1840 ppm mar be because ot waste from 

sulphate pulps.;: ptekle liquors. e1eotroplatlng, tannary effluent 

an4. chemical tndutJLi'!ee from .NaJafg$.rh and other 1ndustr.t.a1 areas. 
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' 
The higher concentration ts observed in power house 

drain compared to other drains indicat~s. fairly large ya.u1t' 
; 

of sulphates .in the waste from power house station. The coal 

ash contains upto 2~ Pll'ite, wh1ch on dissolution gt:r·es sulphate 

s.·n water (Br.own et~ ·al., 1976h sulphate concentration in the river 

water increase$ downstream aa dratn water itself shows htgher 

concentration of suiphatee and hence at the Jllixing pOinte of 

d·rains in the river Jamuna.· 

Phosphat&§l The data obtained tor the phosphate concen1:ration 

in the r:I.Yer Jamuna is graphica1.ly presented in Fig. 8• It ranges . . . - . 

from 0.015 - 2•68 ppm and increases trOm. February toA,prtl. 

'.fhe .i)hosphate is a major plant nutrient and major soU.l'Ces 
. . 

ot it are phosphatic minerals ot rocks, sedimentary phosphai;e 
... ' 

beds, d6cay of the Organic materials like coal, petroleum, plants, 

bones, fertilizers and ·Waste water from detergents; sewase~' 

plating industries., anodizing, phosphod:i.Bing, washing, human and 

aniaa.l excreta~ 

'.fhe increase .tn pho$phate concentrations also possibly due , 

to the addition of waste discharge from domestic drains which 

also contain waste water trom tube wells (4 - 17 ppm phosphate in 

grCil:n4 water) (:Biyanl; 19?9). 

Phosphate concentration ~observed in all ·the drains is ta 

between 0.01 • 4•85 ppm lfh:tch is higher than that !f.n. river watera 
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It mq be beCause in sewage hydrolysis of' phosphorou.s 

is more rapid (D&Vey, 1975} and (Levin, 191') also observed 

the higher ccmcentrat:lon ot phosphates in s~wage (6 - 8.9 ppm). . . 

Tbe higher concentrati Ol'lfi ot phosphates may also be due 

to the :l.on-patt> t.ormatton 14th metal iOns ot phosphorous species 

which in s01r1e instances be sut:ticiently stable to increase the 
. - ·' • • . J ' . '• 

phosphate. solUbility (Jenldns. 191'1). !he highest values .observed 

:f.n the clVll mill and power hOuse .re~d.OD.i prOb~bly, may be 

bec.ause ot domestio/tndus1rrl$l waste. 'later ·and coal ash dumped 

from power \plant lhich. contains 0.001 ... 0.1 ppm phosphorous 

respecttvel7 (Fr4D.Cia, 1960). ~ 

Silj.cate8J F!.gt. 9 shows th~ Silicate concentration in riv-er 

lanuna (3-tS ppm) and .in the drain 'tfater (S...21)ppll)• There is 

not much variation in siltce.t$ concen.tJr.ation in .river and drain 

water beCause, the whole Jatmna :river .basin is occupied With 

recent anuvium a~d chemical equ.illtbria ot this system are 

controlled by the a.ct1Vi. ties of d.iseolved silica lil the form ot 

H4S1o4 (Dalavi~ 1978). 

All natural waters and waste vate~s ~ont~ many ty.pes ot 

ton etc. In addition to this most natural 1tat~r contains silicates 

relattTelJ' low ·concentration, tree or combined nth other 
. . 

substances and at sligh.tl;r higher pH, bases do tend to dissolve 

sand to seme 1t:itent. 
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... 

Besidea these, minel'als like torateri te hydrolyze.s 

giving H4Sto4 in •ater 

' ',' 

x: ... Felds,ar, Ja• Jreld~a~, Kaolttd.t~" montmo~tl·onit$, 'illite are 

·also the_.m~or sources o:~ stlt~a:tes. 

the ttme vUJ.ati on oba~nea. 't:n ·the silteate · concenti-atlon 

maT be due to changea6of Kc.olUrl.te tC. Ne,..o.F~ld&par iongttudfJlal13' 

due to increase i:n Na-f: OottC'e!l.tration WhiCh ha$ be~nl l'epcrted 

rec•n:t ly b.7 nala:v-1 ( 1976). 

AnOther p•set ble reason is that as montmoiincth te i$ not 

a stable pllaae., it changes tQ illites and tul"tllel' R:aoUnt:te 

resulting in the variation ·of s.tlioa.te concentration· in tlie ·live-r 

bastn. 
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mh · t · tl * ll'r + K+ llf ... +t' ' · C ++ ;,;. e eon<:=en ra ·• ons O;a; a a· • , ">e and a Ul 

J8lllUtla river at different locations ts shoe ln Figs •. 10-13· 

The riYer water averagea 15 - 77 ppm Ia +, _2;.24 ppm K+, 
++ . . . .... .... 

1-5 ppm Hg and 28-57 ppm Ca whereas drain water averages 

40. - 255 ppm Ua + t 4 ... 40 ppm g+,, 1 • S ppm wg++ and 32 - 63 ppm 

ca++; whicb t'a ·~:u~ adds With the t~tal waste t~to d.vel." Jamuna, 

and ·theJ:"etore tncrease 1he total concentration ot mete.l i·OQ 

in the rtver ·water.· 

Obsened concentration ot Na and Ca is very high as 

c~pa~ed world's average z:tver 1Water (6.3 ppm fo~ lia+ ad ·15.1.ppm 
~· . . . 

tor c.a). !he na~ral soui,'Ces tor major cations are as f'.ollows 

·which detel'Jiiine mainly their concentration .in the river water. 

· Ha+ .... Weathering of plagioclase, P7Z'OJ:ene., hornblende, eva-
. . . 

' . ' . 

pori te minerals and rain water ( 2 ppm) (Davis et. al. 1961). 

+· K - wea.the1'ing ot ot"thoc1aee, microclt.ne, l:Jioti te, K-teldspo.r, 

leueite End .other .t .... beartng minerals alld xocks like 

granites, syenite, arkose,. mica achist etc. and rain 

water (0.1 ppm) (DaVis et. a1., 1967). 

0 .. ++ "'nd Mg++ - """e· se ... .... .,.u ~att,ons are tound in abundance .in the 

earth•s crust. The vari~s mlneral:s o£ these tons are 

calcite,. magnesite, dolomite, anhydrite, grpsum, feldspar, . . . ' - . 

'·.. . . . . . . ++ 
pyrosenes, amphiboles etc~ and rain ater ( 10 ppm oa and 

0.·1 PPm lfs++) (lfedepohl, 1970). 
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fhe observed .cati one 'in rl,ver mq also be because 

ot the additi.on of domestic waste, sewage, chemical. industl'1es, 

vtacoeetayon manufacturing, chrome tann!agt lime, KeJae 1tquor, 

eto. 

River :tamnna ts occupied 1dth recent alluVium sOil 

wht'ch cont8ine clay and te~dspar. Among ·the feldspars,, plagio­

clas~ we~t-era faster thanK~teldspar and calcic plagioola~e 

wea'th ere taster thai socii:c•teldepar. flleref~e, concentration ot 
. ' .· . ++··· ... + 

Na and Oa ls higher than Mg and X in ·rtver water. 

, '.. . . 
. The ·var.tatton obse...,ed in the major Catton •oncentratlons 

i~ rtver, ·at miXing points of dra.tn as well as in draills, may be 
. . 

because of e.hange in flow rate ot the dZ'ain and volume ot teiver 

wate• which differ at difte .. ent sam~ling stations. t,rota1 increase 

in c'oncentra'tion ot these cations is more in the month ot Mq· 

possiblr because ot high temperature, lower volume ot water arid. 

. tert1lizel's t.rom agricultural waste. 

-- sodium concentration is higher vherea.s x:+ <toncentratton 

is less a.e compared to ·Ca.'to+ and Jrg++. Domest:to and tndustrtal 

dre:tns carry higher .amOttn.t ot eodiWil wld.cb on adctitie)n tnc"ase 

the sodi\tm cone•trattcn iD nv.,r wa't-et>. ·The 1C+ tons mq be 

absorbed by alluVium which is domitl@tl;v made t\f ot ola7, thus 

reducing the Jt+ content ot the river watst" (GriJ!l, 1947) • 
: "" '. . . ' 

!he big~er e oncentt-ation ot the ma.1 or cations 1 s £011114 

·tn the l"&gionoof Power ROWJe e.nd-.Barapullab. -ste:tion. These higher 
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values may be due to d1 sposal ot pulvsri sed .fuel ash 1n 

water from power house station. Barapu1lah te one ot the 

biggest drain and two power ~tations are hou;sed up.st~am ot 

tbta Bara.pullah region. Generally e.ah contains all the •Jor 

catiOJt.s, along ld.th other heav-y metals and rare earths f'rom 

· various ;Coal stllrces (Brown et. a1., t915). 

There is a gt."eat deal ot tntereat ln the preaenoe ot 

trace elements in the emtrCI1ment and the quanttttes to which 

man is ezposed. frace elements are nothing but -wblch those· 

occurring at concentration tn. natual tresh taters below 1 mg/11. ter. 

·several trace inorsanics of' waste waters -and natural 

waters are important in establishing the water· quality. The 

concentration ot inorganic subetancea are tncreaaed both by 

geologic fotmatton with whi.c·h the water comes in (:Ontaot; and 

bf the waste water thated or untreat&d. Natural water dissol-ves 

eotne ot the rocks and minerals t-ea,mlt_tng an increase in 

concentrations. 

Trace quantities of -m.a117 instals -mJ.ch as er, M.n, Fe, eu, 
zn, Ni, Pb 1 Od and. Rg are important constt.tuente ot most ,waters. 

Some ot these metals are necessary .tor growth of ·bt:ologiOal lite 

and absence oou.ld limit the growth. While the presence ot .e.D3' 
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. . 

ot theee metals tn quantt·tJ.es Wi.U 1ntertere with ma.t17 

beneric:l.al uses ot the water b~ause ot their toxtcit7•­

Therefore, it is t~quently deetrs.ble to measute 'he qoncen­

tration ot these metals .• 

Although many st.trYeys ot total heavy metals. have been 

concluded (Durum, 19T4j Kubota' and. Othera, 1974). tew haYe been 
. ' 

. r- . . 
concerned with metal speOi fi cat ton. 'fbe phySical and chemt. Cal 

•' ~ 

state of t:race mstals must be considered when the a'failabilt ty 

and toxiCity Of metals to aquatic organiems are Concerned. 

(Me Kee ad. Wo1t, -1963; Ha~lu!2g, 1913J .Bro• and Othel"$1 1974; 

Cl.ubb, 1974).·· ·. 

laturally oocu:t!ng :~_:..,_organic ligands such as hu!fti\t a.S.4 

and tulvto aotd can form complexes ad chelates with l!etals and 

thereby affect tJ'anspo:rt, avat1abili ty am ton city ot·. tre.c:~ 

metals («anntne; aild Ramemoonhy, 19'7'' Beck -and Others; 1974; 

Webber et. al.., 1974; Ji:lde:r, 1975,; Gtesy et. el., 1917). 

Naturally the source c~ trace elt:men.ta is tro:m 'V'nrtoue 

m:lneral.s p:resent in the environment (Krauska~t. 1961). 

FJ.gurea f4 - 20 show tho t!'aco metals, cr(0.14 - 0.51 ppm), 

Mn.(o.oo ... 0.17), Fe(0.12 .... 0.52 PPm). N1.(0.4 • '1.15 ppm),. 

eu(o.oo - 0.175 pPta), zn(0.07 .. 0.44 ppm) a1'ld Pb(0.1 .. o.S2 PPl'!l)~ 

concentrattoue in the 1"iTer Jsmuna at various l.ooattona. Whereas 

the overall concentration in all·the drain ttaters observed tor 
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all the traCf,J ~etals, Ot{0.1-5 •_0•75), pe(.0.2- 1.2; ppm), 
' 

Bi(0.4 - 1 .1, ppm), cu\O.()O .- 0.25 ppm), zn(0.-01 - o.s ~p:pm) 
and Pb(o.t ""' 0.56 ppm) is higher than that tn rtver lamtuta. ·· 

- " . 

However, detectable oonc'entratton ot Mn(0.015 - 0.17 pPJn) is 

found. at very tew locattona. 

I ' 

MO$t of the ·industztee in India at'e tn<n:gan.to oftented, 

theretore the tuustl"lal .effluent ~~ one ot the major ·aourc~~ . 

ot the toxic aete.le. All types ot indu&tries ltke t-extiles, 

qeinth finishing., electropl-ating dry oleantngs, .clemiealil 
. ' 

~ndust17,_ tez1d;.Uzera, .pesttcid~s, pn:nt1ng, .aeap, .food ;products, 

rubber aad p~aatic et6. are looated tn Naa at'guh, tratl:fJ-1 aunma 

JtCD an~ Kaikalt areas• It cleal'ly Utd:lcates that the waste 

water from these industr.tes cames substantial am011nt of tr-ace 

metals 11htch in tUb adds into the river Jatinma• Apart trom these 

trace metals ·ue aatnly derived from variOus mil'letoals· present .in 

the en'fi ronment by fiatheli.ng (Kra.uskopt, 1967}., . , 
Different concentrations of trace met~l.s are obsel'V'e<i 

at different sampling etati ons tn riV'e~ and in dltf~rent dratne.­

Theae variations depend on time of collection •. tne of waste 

addition into the river, volume and temperat'lire ·ot 'uate~,:disehartge 

of d.;atas, veatbei'J.ng .etc. 
... t ,it' • " 

' .· ++ ·++ ++ ++ ++ The concentration of lin • Fe , Bi · ·, Cu , Zn and . 
Pb++ is more in the rJ.ver at power house _and .Barapu11ah !'eglon. 

due to disposal of pulvar1sed fuel ash in Ja.muna river trom 



61 

po.er hoUse station &lld uh conte:tns s:11 the ii~aVI metals· ' 

iii gOOd--prop-ortions (Brown et. ale, 1975) 1r~ereas Barapullah 

is the bl.ggeat .. tt.retn which 18 supplied With mo$t' ot th-e tttb'e 

well waters,·.·e.e., grcm:nd water wbtch eontains ·high 6$011nt ·.ot 

trace metals ( T'UJ>ekian et. al•, 1971) also studied the metal 

concentration f.n Nev,ae rtYer tn North· Caro11na teasonabl,- tne:. 
' . . . ' . 

from.muntcipal and. ind11Str:tal pQ~ut.lon and he tG!ln~ that tm· 

ohangea in 4ali~e.nt:ration 1ll!lte due to crou.nd wate;r. 
~·· ..::r . 

It is .interesting to note that- ehromu.m concentl'atlon 

increases, nth few -e~eptiens, from J'ebruaq to ltv; probably· 
.ft ~-:-

- ~-~\ 

due· to tnc:rease tn temperature an-4 ((ii;ease in t:he volume ot' ' 
'-·;.-

vatel' in ri.Yer JQli1Ul'1a .. snd Observed .lower values likely because 

ot reduott on ot chromium VI to -chromium III, thereby at.fectinC 

its transport in water (Gloypa et. al~-. 1971) .• _ 

Lover concentrationa obtserVed to-r the trace me'hals in 

the month ot IIBJ"Ch .and May ae ccmp.al'ed to PebtuiJ17 alld Ma7 be 

because of more bacterial gro-wth at increased temperatu-re. · 

Silver ( 1967) al$0 .observed that greater the biological ,aotlvttr, 

lower the· trace·-Jnetal ceoentratton. 

In addt tton to this Fe and :Rn torrn hydrOXide~ tn aerobic 

conditions and thus lowei''-tbe ooucentratton tn water. 

. . . . . . . .,.... +t 
The lowQr (;oncentrati on observ-ed in case ot Ni · and Ca 

favours the point that ·there cG11d be decrease ta trace ·element 
-. 
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conoentra.tton in the n.~.., of rt ver water ~Durum et. a1. 1 .196'). 

Format! on ot CC)mple:ratton of lii ++ · and eu:+ 1fi th naturally 

acour:rtng tulvio or humt·c acids wht.oh also plays a poten:t;ially 

important tn their effect on tbe movement throu.gh natural vater 

il'ltluencing their .solubilt ty ( Wai'is, 1 95'• Jenne,. 1968; Duce 

et. al. , 1972J Z1 tko, , 1 91,J. Jo1annt ng ana ltamamoorthr, 197:5) 

:·Beck et .• a1.,· 1914; webber et. al., 1914; Elder, 1975; 
·,. 

· · Wbittle14,et~ a1 •• 19761 Gios; et. a1., 1977) • 
.1' • • li -. • L. ' 

There is not muoh vari.ationa tn cu* conc~tltation in 

· .l'f.ver.·J'amu.na and in.some .traine.(sy1va,(·1976) showed that tht 

·Ohemi oal 0 ondi tiona of 'most :1q\iat1e systems are euah that oven 

if' relattve17 large levels of Cu ++ a8 present, the Pl·OCeBS ot 

hyd.rolf~Jts. precipt tation cotr.plexation and ·adSorption 1r111 very 

otten be r~~e;d the tree Cu-c·'i> to ton c.oncentratS:on to ve'ey 10. 

values. 

C-pl.emtion ot tneti!!J.S will increase Vith inCreaSing pJl 

in a 'ca.rbo-te m~ium wlth hydroxo or Oal'bonato ligands (O'Shea 

et. a1., t978). The observed ·alkaline pB of the river lam~;na 

shows the etghtftcant presence ot bicarbonate tons which 1411 

eDhance the COlDPle•:attoa phenomenon in case ot ~race aetab 

eapecta11y eu Vb.tch is gene~ally associated with organto matter 

tn the river water ( Florenoe, 1917). 
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· The lolf&, Values Obtaine~ from Fe'bl"tl~ to tfBl' • r which 

are deoreasitli tn ease ot zn atut Pb probabl7 due to tncrease in 

the pH level of water in the n ve~. o •comer et. al; ( t964) shoved 

that Zn t:)OJ10elltrattOl'l decreases With increasiDg pH.· 

!he CO®entrattoil ot metals o'bse:rved, at upstream ot rtver 
I 

J8JI!WlaiiS lese ·than that 111 ftver lemuna at ·Wadrabad. · However, 

the upwtream =region is tree trom !ndust:rtal and. ·d.omeetio input. 

Stlldtes ot Dalavt ,( t9?S) at Ka1enou.r, •a place •near the ortgin ot 

J'amuna river, show that presence of lll&tals .in rtver water is due 

· to the plq$1081 weatherirt.S• 

.. 
downstream from Wazirabad etch ~~n entedng potnt ot ·nver within the 

lJnton Tel'rtto17 of ·!Jelht. Ou» study reveals that dratn ·wa:tera Cart'B' 

f'atrly le:tge amount of' metals as COmpu.ed to rtver water whtch tnwrt) 

add the same in river J amuna. lt clearly indicates that Yar.le.tton 

at dovnstream of the rtver is dne to addition ot tndustl'!al, domestic 

and othe:r waste water throagh seventeen draiu (!able 2') cO!Ulected 

to rt•e~. Jamttna: from Wadl'aba4 to Okhala. Slm .. la!' ftsUlta are also 

reported fof' JlUIII.Mr of' other ••era (Gibbs., ·t9611 Grove, 1912. 

SUbramanian, 1974. 1979). 

Since ll'iver l~a around Delhi pa-.usea thrOQgh densely 

po.pulated aJ1d 1nduetr1alited areas, the u~crease or dect-eaae of :salt 

content :f.n the downstream rd.mply ntleots man• s tnterterence with 

the na~ral geochemical 0701e. 
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It is surprising to note that chemical compost tiODa 
' 

of the rtv~r Jamuna is. eomparattvel,- bigher than that ot world's 

average ~iYer water ( Li vingatone ~ 196'). 



CHAPTER - IV 

tmpaot of Dratn Dtsoha3ee .on. Water Qual.11:Y 

ot . R1 •~r J ammo. 

Study. on metal pollution Uil car.-ted out tor the 

first time ~'ft JQJ~Una ti:ver. Within the Ut11on Temtory of 

Delhi, water· SlPP17 is mainly troll! WaBirab.ad and Okhala. 
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The water t.s aleo supplied b;y the tube wells and re.nny wells 

to ,some pan ot Dtl~hi. 

OUt of e:/J. total estimated of 12,000~000 KLD {CWPCB, 1979) 

water consumed~ the total -waste discharge generated in De.l.hi 

is about 9,60,000 KLD (CWPCB, 1919). Only 46.4~ ot thi·s 'b>tal . 

waste water 1 s treated and rest Of the untreated waste water 

finds its way tnto river J amuna through seventeen drains around 

Delhi (Table 2$), ou-t of 11hioh seven major drains alone carq 

5,10,000 KLD and hence contribute 94.9% of the total unlU:lated 

wastes from t.ndustrl es, domestic and other s0t1rces. 

Though there are ~or seven drains, study had been 
' 

done only for f'our drains (Fig. 1). The total waste discharge 

and average concentration of metal ions are given tn Table A• 

From these observation$; it is ,Obl!fervea. that Najafgarh and P,ower 

H ou.a& cltraina contribute measurable q'Ua.nt1 ty of or+6 • Bi ++, au++, 

++ ++ ++ ++ zn • and .Pb • however, ctvil lidll drain ad4s Fe and Ctt in 

good proportioli• 
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' . 

whtch pr04u4e '<U.tt•wnt ·tne o_r·wa.atea trOll ·-vartaas industttea 

lo~ated and alone contribute·''·'% ot th~> total waste water, 

which st~eams ~:rtto flVet. d'amtma• . Exoes~ quantity .of coal aah 

adti. tt..on to. It ver Jamua:a. i • ~ovn,. howevet", our analvsts proved. 
• < • •• • ' ~ t ,, . ' ' •. , ,.. 1 .. '· ~ " • ' ' . • ' .. . • ' 

that. ~owe-.. h~~·-· 4ra1a adta large amount of tr~ce tnetala into 
_,,- · . 

• J '-

_'feey his~ ¢once_tri:rat1ol\ ot a tale have been obeened tn 

41'ata waters eompared to fiVe!'.. '14•1 are present Ui tollowtng 
. . . 

' ,. ':· r • 

The total waste d1schai'£e from Najatgarh ts 2Seo0 KLJ). 

the o'bse~ea lower Q·onoe~tr~tlOA ot metals at downstr~a.m ma.lr be 
. ~ . . . 

. . - ·:. '"' . ' . . . ' : . ·. . . . . ·. . 
beca1lse of dilutt on effect, after mid.ng into river we.tel'• 

r ~ ' . • " . 

However, higher concentration of !let&ls a.re found at Power RO\lse 

region due to J'isposa.l· 'of coal ash. and waste water1 ··~rcm trans­

Yamuna MC ». wbi•h · fs elao a otg industrial drain• 

Metal . c•oentration increases l()Dgitud1haliy from Power 

Rouse to Okhai! 'region due to waste, addition from Bara.pull~ 
region which coters the waote water trom i~duatfl.ea. loca.,ed in 

Greater Kailash, domestic aewage; grau.nd 'water waete etc.·: 

Okhala regt on also receives waste water from tube 119lls, 

sewage pla11t, tnd11str.tea while aetal coacent~ation Yai1.-'to-. 
t 



found in Agra Oane.l :ls the ettect ot addtt:ton ot wa~Jte 

trom Xalkaji 'drain whiCh is .mzed into the Agra Ce.nal and 
. ·,;, 

waates from t.nd.ustries on Bad.ari>Ur aoad.. The ionic 
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conoentratton ot me.als vary according to the seaa0%1, aloug 

with the other environm.ental factors. Metal concentrations tn 

the month of' Fe'bruary· was lese because Jamuna was tlooded due 

to heavy rains !n the early SetJUary. It seems that h!gh 

veloct ty and large voluae o£ water diluted the metal concentration 

in the rtvezo. However, in the.month of March, flood waa z.oeduced 

tilel"etore. volume ot vater was less which resulted tnto increase 

Ut m.eta.l concentration Ul that month. 

Metal ooncentration observed in the utonth of' April aJld 

Jtq is little higher• 

The tQt:al vaaat:lon obsel"'fed in the metal concentration 

in the rivet' aa well as dratil. waters may be be;eause ot tormatt.on 

of hg"drod.deas. · complexe~ ·or sulphate, carbonate precipitation 

which results S.n detcrease ot r:netal concentrations at 'Yar.tou..a 

places. 

Without arw fear ot contradict.ion it m&.V be stated that 

the ilature, cause and mode of metal pollution that is observed 

in the metropolitan centre ot Delht ad 1 ts threat to rtver J amu.na 

is a sed.OUs'health hazards with respect to vartous metals 

observed 1n the river 'l'aie,.. 
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The total waete di. scharge of various drains. in MT/yr 

is given in Table B,. which reveals that drain ·waters contribute 

maximum quantity ot trace metals into river water around Delhi. 

On oompar:tson~ it is toand that, the metal conQentration is 

higher than due ~o the na:tuml a011rc•s· Upstream ot Wazlrabad 

shows the metal concentrations only because ot natural. sources 

as this part is tree from waste add~:U.on because it is not much 

populated. 

Okhala station ts considered· as the last sampling 

station because river J'amuna leaves Delhi after Okl\ala to see 

the metal pollution due to waste addition trom the -cJ. t;v • . , . . 

Table c "veale that the Mn, zn, cu and Pb concentration 

tncreasea fl'O!l W,ad.rabad to Okhala, the stretch ot river Jatnuna 

asoound .Delhi, however, Nl concentration decreases but Cr ·and Fe 
. . 

Metal ccmtributton trom various ·dralns ts much higher· as 

predicted trom..,ifable c, 'bU.t overall it ts tQmd that the metal 
coaoentratton is not much higher compared to total. waste dt.cc.harge 

at Okhala. 

. +6 ++ ·fhie observation proved that the metalioD.s ·er , Fe 

and Ni ++ might 'have dep.Ooltea ln the bottom sediments· ot Z'iYer 

lafllllna, hence 'liietal concentration obse~ed is 101r81' at Okhala. 



++ ...... ++ ++' HoweTer., Mn , Cu , zn and Pb concentration iS higher 

than .the expeoted o,onoentratton ot metals at Okhala. i'b.is 

finding indicates that drains are polluting 1h·e Jl'iver. 
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Whena.e metal concentrations .found- at O.khala ·e~ceed the 

standard 11111 ts f. or public watel' s uppltes (lft ++, cr +6 and Pb *>. 
' 

HoweTer·. th011gh a, re, ·Mn and Cu concentl"atlons are within 

the permisSible llmi ts, deposition ·of these metals tnto bottom 

sediments· Confil'm13 ·t)J.~ pollution iii. sediments which. mq be 

·harmtul to aqua:tlc plant "l.t ~~. fishes~ green algae etc. 

From the whole impact ot drain waters on ri'V'er Ja$111a, 
' tt ts concluded that_, ·metals are depostting.in the bottOm. sedi-

ments, and are present in good proportion at Okhala. ·Hi .. 
~ . 

concentration is Parttct,tlarly hasal.'dous because 1 t induces 

· pulmonaey cd,cer. (Sl~ tit, 1912l and other .rd.eJ.tel compoands aay 

also be careinogen:t.c. l:t t.s normally tone to plant life 
.. i·6 . . . .. . •. \.C)\, i <. t, 

also (Pattereott, 1971) • Cr ... chromium .is hexaval.ant form t e 
. "' 

· mtich more tono tha11 cr+'. Smt th ( '1·9'7"2) discusses the respiratory . 
damage and chl'~ate dermatitis whereas Pb ++ toxicity .atfecte the 

three systems,· n•ral:; hematopoietic a!'ld renal,Qoyer et. al., 

1972) and lead may &ntertel'e specially With nerve ... to-mascle 

transmission causing damage to the brain which •aT be suttiotent 

tQ cause edeaat011s swelling. Lead also induces anemia, impairs 
' ~ 

kidney tubular transport which ultimately causes irreversible 



renal tnsuftictency. Metal. .retal'datli.on can be expected from 

such ezposure, ·while zn, Cu, Fe can cause toxiCitt. ~ 

Taking into .consideration all these factors, ·the metal 

concentration obsorved ln rtver- J'amuna can cause the serious 
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health haaards as the water supply it~ mainly from _this stretch 

to »elhi people. 

t.fhe e*'en.t ot pollution toad to the natval water systeJD. 

due to dtsposal o~ sewage d01heettc. industri a1 and other waste, 

whleh ts gotng on wCllld, one daf, force the C:OUn1117 to ·c ont:ront 

a si tuatioa, tlhen the nation 'WCnlld 4isc<rre:r that most of the · 

naturai water courses either have reached a stage that they are 

bqolid repair which w011ld always remain beyond the nation·• s reach. 

' In such a si tuati•• the Untreated. sewage trom upstream 

city is bound~to affect the health ot the people of the -downstream 

city because the smne rtverV1iOt.u invariably serv-e ·as the source 

ot water supply. 1'o minti!lise this health risk endangering the 

analysis ot waste water to be added into rive:r Jamuna by vartoue 

dratna in Delhi shotald be donG before mixing to r1 ver. 



'l'able At .Average concentration ot met·als in drain 
( :lD ppm ) 

s.No·· . +6 Ma++ . ++ . Ni+t ·.' ++ za++ Pb:++ Name'ot the dratn· Cr. Fe cu 

1 Najafgam 0.48 0.017 0.29 0•.$9 o.o,a 0.24 Oe46 
., 

2 Ci vtl· Mi 11 0.40 0~011' 0.54 0.58 o.o56 0.22 o.,, 

' Power Bouse . 0.41 . 0·~()11' 0.,9 o.6s 0.100 o.m 0~,,. 

4 Barapullah o.a6 0.061 o,n 0.49 0.062 0.22 0.25 

Total 0.112: 0.256 o.ss 

.lYe rage ooncentrati on . 0.064 0.35 



?!able· .Ba Total n.ate diaoharge ot drains (:in 'f!R/yr) 

s.No. Nama ot th• drain Drain di sohal'ge Cr-+9 Mn++- ++ Nl++ ++ ..:+- - ++ 
Fe Cu Zn Pb 

(i.n i:kD) 

1 Na.iatgam 288100 50.48 ':1.84 ,-o.'tii 61.7$- '·94. 25-•2,75 48.63 ' 
,_ 

. ' . 
2 CiVil Mill ;ooo 0•7'5 .:0.0'2 o-.99 t.04t o.toa o.o:J9-: -- ' 0.66 

' Pom~tt House 50Q() o.14 .o.o'a 0.702' 1.231 0.182 o.,, o.$9 
, 

4 Barapullah 125000 11:.6,· :a.79" 12.43 22.-24 28.S2 10.038 . 1t.41 . . 
. . 

,2.14 'lotal f2J1QO ~3~5S 4.694 44:.88 
,. a,., 35.67 61.29 . 



Table Ct A,YGZ'&gG metal concentration in River J amuna 
( in ppm ) 

s.No. c:;a ++ ++ Bi++ Cu++ ++ Pb++ r Hn re zn 

1 Upstl'eam of 
Najatgam drai:a 
ld:d.ng at 
Vaztzrabad 0.40 00 O.t'36 1.05 &.o,a 0.16 o.25 

2 Average oonoea-
tratton of' metals '. in drdna 0.39 0.028 o.YT o.;g 0.064 0.22 ·o.,s 
Weighted dtsobars-e 
Of ayerage dratna o.oo2S o.ooo2 o.ooaa 0~0042 o;ooos 0·.0016 0.0025 

4 Expected ooncen-
tration of metals 
1'1' drains ue 
poll~ti.ng at 
Ok:bala 0.4028 o.oooa 0'.3626 1.0542 0.0385 0.1616 0.2525 

5 Obsewed con -
centration ot 
metals at 
Okbala 0·.40 0.017 0.36 o.ae o.o,6 0.11 o.,, 
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· CHAPTER - V 

_Contlusion 
' . 

the Ri.Yer J'amuna flows mainly- t.hrtllgh re·cent alluvt1111'1 
' . 

and some l;.e,rd. focks. !t also reOei'YeS several d!"ains, ai'OllDd. 

Delhi• the effect of whtch, along with the other environmental 

factors~ is, to chango the chemical properties ot ft 1rer 'fiater. 
' 

Th~ present wottk putfo~ward the f,ollowing conclusions regarding 

the mettll conceJ:J;trs.U.on :ln th,e rtver a1"attnd Della • 

.,.. ; ' . . .. , 
The stu4j has shown the highest values of chemical .:.c·on$-fi·tuel\ts. 

compared to world's average r:lver water ,(Livingstone, 1963). . ~ • 
The primary result obtained from the observe.tt ens is, 

high levels o£ tl"a:ce metals, including heavy taetals can and do 

e:list in certain sewage :trom,do~est..tc and municipal sewage •d 
'I) 

Metal concentrations in drain waters obsel'9'ed are higher' 

than that tn rtnr water •. tt :ls;observed that the metal concen-

tration 1 s lower at Okhala though the waste addi t1011 1 s large in 

quantit7. It indiCates that cr+6 .. Fe++ and Nt ++ might have 
... 

depost ted in the bot tom sediments ot n ver Ja-.na. 
++ ..... ..... ++ .. 

Kn • Cu , •Pb and Zn pollution 1 s observed due to 

mtting of drain waters tn the riVer because expected conoentrat:ton 

ot metals at '0khala is lower than these metal concentrat:lo.n'. 
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. +6 ++. . 
Cr , Fe concentration is .same at Wa.zi:rabad as 

well as at Okhala though the drains are. polluting the river. 

Therefore, it seems that natural removal phenomenon is ext sting 

in the river water snd fUrther study on the natura:J. removal 

phenomenon 1 a needed. 

++ +6 . ++ . . . . 
Ni , Cr and Pb c ~centra.ttona in the rtV'er at Okhala 

e%C'ee4 the. standard 1imi ts g±Vell. tor public water su.pplt es, 

h. · ·· ,_++ ·,.++ •-++ -.11 n ++ t t t. ~ owever, uu. , . ~• , """ aw ..,u c~cen ra ions are wi "IOLn 

the Umi t ot t'~andard values (·Table 22). 

- -- . + :+ Hco3 , so4 and Ia concentrations at Wattirab.ad. and K 

.. 
~ 

concentration at BarapU.ll.ah regions, ez:ceed the I .s •. I. effluent 

standard 1'alues~ Hel'I.Ce accurate analysis ot those drains are 
. ·: } 

needed. 

YJ.&t or c ansti tuent o Ba + aDI K+ are h1gher at the m1 :d.Dg 

pOints ot draiJ:ls into the river, than .WHO stand.ard. values, hoW&ver, 
++ . ++ 

Ca and Mg eaacentJ!'at:lons are wttbtn the 1111\its mq be due to 

dtttet;en~ na.tu~ o£· thettt geological -t~~n. 

To :m1nim1.se this health riSk, not only are the atudies 

necessary to determine, what is the toxtc leYel of each of these 

metals to approx1111a.te pul:>l:tc wateP supplies bUt aaal:ysf.s ot each 

waste water to be, added is required both tn the ri.v~r water as 

well as at the miXing. points, because rive~ water chemistry is 

changing day by day due to $ddition ot large quantity ot wa"te 



. 
'ate pr(lsent investigation :ts also nsetd f,or 

' 
prediction ot ditterent dtoain water addition to vartOtts systema 

in different natural waters. This study is one ot the useful 

tools for Ci'Vil atJ well as chemical engineering. It also 

helps to tmpJ!'ore the knowledge ot water qualit;r data to:r 
' irrigation, ·.lnduetl'les and dOmestic purposes. 



77 

REFERD'CBS 

Adams, c.E ., w. wesley Eckrlefelder and B.L. Goodman .( 1973) a 

The effects and removal of hea.vr metals ill b:i.ol.ogical 

treatment. tnt Heavt metals in the aquatic emtroa­
ment. (Krenkel, P.A.. ed.)., ,ergamon Press Ltd. 

Agrawal, D"K., Gaur, s. D., Tiwatl., I .c., larayanaawaml., N. 

and ~ •. s.M. ( 1976)a Phystco-chem:t.oal charact•rtsttcs 

,of Ganges a:t:er at Varanasi. Indtan Jqui!Zia.l Envi~nmenibt 

Health. Vol. 18, pp 201-206. 
I 

.A«rava,l, t.K., K.P.s. Raj and M.R.· Patel ( 197S)s Metal contents 

tn the dtiDkf.ng water ot Oatnb83'• Water At.r $oil Pollution. 

Vol. 9. pp 429-431-. 

Balani, M.c. fAd a.r... S~kar ( 1965h some observations on the 

poll.ution of river Jamuna at Okhe.la. water workS. Indian 

.Jour.nal EnVi :ronmental leal th. Vol. 1, pp 84-86. 

Jalusu, IC.R. and A.K. S.Ji ( 1964)• Rapid deteMnatton of 

sulphate tn water. Enttrouentat Health. Vol. 6, pp 1-6. 

Balusa, K.R. and v.t. Sharma ( 1966) a surver of N~.atgarh 

dr.ain downstream of tndust1:1.al area. Irtdlan l ournal 

EnVironmental Health. Vol. 8, pp 10,...111. 

Beak, tt.C. J'.H. Reuter and E.M. Perdue (1974h Organic aJld 

tnorgam.o seoehe1Di stry of some 9oastal.plaia rivers of 

the southeastern Umted States. Geochtm., Cosmochim.. 
Acta., Vol. ,a, pp 341-364. 

Berner, R.A.. (1971)• Chemical Sedttnentolog. McGl'aw Hill Pu.bl:t­

cati one. New York. pp 240. 

~ewers, J .M., Ian D• MacCa11lq and B. sundb7 (1974) 1 ~race 

M:etals in the waters ot Gulf ot st. Lawrence. Canadian 
I. liiarth sotencea. Vol. 11, pp 9'9·950. , 



78 

Bi7ani, A.K. (1979h Geochemistry- ot grou.~d water in 

ar&d arOt.UJ.d Delhi • M .Phi 1. dies ertat:ton eubmi t ted to 

.r •lT.u .,, Bew D.elhi. 

Bloom, B. and A.M. A71ins ( 1977) s Ieavy metals in the 

»enent Eetilal'J'. EnVi :rozuaental Geology-. Vol. 2; pp 3-22. ... . . . .... . ~ : 

Blut•te~tt_, l· •d DaVid $1liith ( 19'78). Distribution ot 
specie~J ot CU'i })b• an ~d Cd ia a water prOfile ot 
:terJ!'a river estuai'7·• Wa"r. Reaearoh• VOl .• 12, p.p 101•11.2. 

Brown, V.M., ~ •. L. Shaw ana »•f• ~-- ( 1974h Aep$cts ot 
. wat•r qtiaU,ty ~ct t·onott,- ot ooppe&- ·to ratn'bov trout. . . 

Water Resea1'¢h· Vol. 8, pp 791-80,. 
'• . I . ; ,_ ~· 

Br01r11, .J'. ,. ll.J:. a.,- and k. Ball .( 1976)<t The disposal ot 
pulvaMae4 tu~l ash tn 11ater supply catchmelt.t areas. · 

water Retsearch •. Vel. 10, pp H15-H21. 

Bra~, _L. ( 1917),. Ooc\ll"r&nce and azaalyeis methods, ot trace 

m-e~al t~Jifl•.t~ water. f{ydrochlm •. , hydrobiol. Vol• 5, 
PP 421-429• .. 

~rell, D.c.~(197:S)·• AtQDio Spectrometric ~lY~J:f.s ot heavy 

.metal pollutants in wa:t:el'·• 4Jm Al'b~rr AJUl U"'bOr SCience, 

Mio~gan~ 

Cha_.lea, C· aJt.d. Jleil, P.s. ( 197~).. Trace elements in· bottom 
• • > 

.eediments tz-om upper Peoria lake, mt.d.d.l• IllinOis rtver -

A P1not proJect. ~virO!Uilenta~ G~Qlogy ~otes. lfo. 5~, 
pp 1-~1. 

Ciaccio, L .J,. ( 1972h Water aD.d· water· pollu~lon If and. Book. 
Vol. 3, l'!&roell ~r. tnc. N9v York.. 

... ~ 0- • 

C1~bb, R.w., -A·R~ Gauttn and ( .L. t.o!'ta ( 19?5)-a Acute cadmiwn 
. ~ ... ~ . 

*onottv stud1es u,pon· td.ne speotes of .aquatic tns,cts. - ~ -
BaViroueutal Re~tea:reh. vel. 9• pp. 332-341· ·- , 



cook, 1. {19J7h EnVi i'ODllleatal poUut:Lon b7 heavy metals. 

International J. EnviroDme!ltal Studies. Vol. _9, 

pp 2.5.~266, 

CSMRS (t~?;}J C_bemi~al compor.;:ttion of rtver .vaf;ers ot Indta. 

Cent~ Soil K«&.ter. R•IJ• Stn., New Delh1. 

CwPCB (1979) 1 .. control ot urban pollution series. Cups/1/ • 
Vld.$D.· TertttQry ot. Delhi. cent .. later Poll11tton Control 

Boara~,· letr Delhi. 

Dal~t,Vi,, ~·4• ( 1~$)i ·~el"liloqnamlo .approach to the water­
mineral equtUbria tn the J a11n1na i'i vex- basin' M.Phil• . . 
dissertatton .submltted to J'ltJ • Hew Velht. 

.. .... l 

Davis and De Weist ( 1961h. Hydrogeology. Jolm Wille,- Intel"-
-.. . . • t 

nationals. pp 46J~ 

Davis, J .~.,. and :r.o. Leekte( 1978)., Effect of adsorbed comple:id.ng 

l~gaads on trace metal uptake by ·hydrous ~des. Envi­

ronmental sc. Techno. Vol. 1,2, pp 1~9-1315. 

Devey, n.a.. (1913h The s:Lgniticanoe of man-made sou,rce of 

phosph:oroas, deterg.ents and .aewage. Water Research. 
VOl. 7, pp '5~44. . . 

. Daoe R.A••· J.Q •. Qui1ln., c .E. Onley, s.a. PiotroWic~, B.J. R83' . 

,and.. r.r.J,. Wade ( 191_2h Enrichment ot hea"Yy metals anct 

orgat~tc cOm.pOlU'lds in t·he alU'face microlqer ot lfarrasauaelt 
~ . • " l . ~ 

a81' • RhOde 'Isl_and. SCience. Vol. 17f), pp 161·· 

Duchart, P., S.E. Calvert. and lf.B. Price ( 191,)1 J)istributton 
of trace metals t• the pore waters of shallow water 

~ • f' • • 

11ar.t.ne '.sedim•ats. Limnology and Oceanogra;pbJ'• Vol.. 18; . ~ ~ .. 

pp Gos-610. 

»utum, w.JI. (1914h .· Oc~rrenoe of some trace ,metal& .in SUl'f'aoe 
and grcmnct •ate. Utliv. Illinois• 'Urbana Champatgn •. II! 

, ' • 1' • • 

Water Qll.al.it1 Conference Proc. Voi~ 16. pp 17-25. 



80 

lhtl'it., w ~lt. 'aztd •a:rtt7, .; • (1 96')t riapl:toatt. •• ot the 
r ~ • 

mtnol" •leme11t .oolltent· ·ot aome ma;Sor· stteuie ot the 

1tVZW1a. G~OOaj;m,. ,· eoamoch:tm • .ACta. 2'h 1. . 
at~:;· Wf!l., J •• ;o. ·X•lh and s.G. ieidel (1911h. Reconttaieaanoe 

.IJl· ·sel.ected mi%!0'!1." .element$ !11 *'•ft'aee Wti'tOt'S of t~e. · 

• ·.Vntttni, S~at~U:h . Qt•\11~ ·64,. { W$thlllo10Ji :»•C ·~ ·V .a. 
· teol .•. ~~)..· 

Bokt:ale14~r ana. 104A .. (195oh A c:trtttoal eval~att~O!l ot routtne 
· · aeWa.(le· anatv•·s• wattJ!" ud. i•wa.g•·· Wotolar .. Vol• 9?• .· · . 

,pp ·1~14:1·. 

' Eokerdelte:r end ll(>od ( tt;G)·~ ·~kali~tty s!~t~oance Ul se1f'age • 

. V•t•J!" and Sewage wo~lt~s. Vol. '?•: pp _-t89•195· ' 

Eckenfeltter and · iloocl ( t9'50): AlkaU.~ tf. · • troge». t'ela'tio•sb.tp 
~ " II; • 

·•ta f!Je'Rge tr~aim-.t.· water and ···•·· works:• vol. 9?', 
pp ;G?-510 •. 

•• ~ t- .t 

... t •. " '. ' '!-

Bd~t ' &.K~e. ( t9?Jh · fhe vaaatt.on of dt$eiolved cOI1$tl <tuenta 
wtt:h ·4f.·ae~ tl\ so~e Norfolk. rlri,_. J. of Byuology. 

vo~ •. 1a, Pl''~tt-24a.. · • · · 

114•J!, .l'.i'~ (1ft5):: .. COQlQ&ti~ a!4ot-eaotla.ttat.avolvtag · 
· ·tJo-ae .. ··_.otu~ a.a ~a'kral1fater attrtema• Limilol. oce-.ogr.o 

Vol: •. z. pp 9'•182• . ·. 

FJ.oreuee. 'T.R. ·(iffllt . ll*a.c• .metal apeotes l'l1 f~ah wat•:ra. · 
water Re$ea,rch, vo~. 'H, ' ' _,11-681. · 

Ponttlt1ls Sttg; l. ( 1910) J S()me t~t.aee metal aM1¥Sie .in the 
•eatte1~&netl.i1• •·th• a~d. sea, aa« .A.J~a-'bien sea. ~);1.~ t~s~t1:. . . 
Oceaiiop •. Mo».aco. voi. 69. pJI 1.-'"15. 

F~anets. X. V • -~ atcJ~• a. ( t9'14h Bl'rtftl"Onment altd P·oti•tions. 
Cha»lee c.· ~Omaa: ~·bll~h$:r• Sprl~ti•1cl, lllt»,Oi~,. USA. 



G~el~, ~·~· and. c.x... Ch:rtet ( 1915)• so~utl:"Jla• ·mtl'lerals 
altd eqt&tlibria•. lar,per arui· Row, New tort. 

81 

Ghoao, Melt. (1f18)t Chemical an&lys:l.s ot .traoe metals -.~Raw-
... . .. # 

s•vage ana tl"eated -eftluellta. Itldtan J. ED..Yii*Uilental .. . .. .. '"' .. . " . 

Health. Vol. 20, pp ,54-358• 

·Gibbs, B. • .J'. (1967)• GeooheJ!llstrJ> ot .. ,oa r!:ter. Bull. 
. ' - . c .. , • 

Ceo. ·SOO. AliU!JKca. Vol. ·18, pp ·120-,..1212;. 

Gibbs; a.:r. ( 1910h Meehanie1ns coa'trelltng wol'ld 1rate:l" 

ch.mtsttr.• ·SC1enoe. Vol• 110, pp 1089·1~90· 

Gibbs, a.a< (.1912), Yate,_. chEiltirtrt ot A.laason ri1'e~. Geo. 

Chll.i· co-s. Acta•• :vo). •. "' n 78~189 •. 
Gibbs, a.J. ( 1913) 1 Mechdie ot metai t:tailsport in rivers. 

so'ien:ee. Vol. teG.,;'PP .,, ... .,.,. 

Gid.di~t C • .T • aDd Monroe '(197a)t ·au·~ ~hemtoal envi,i'OUU~~t. 
San F:ranciaco, CanfitlO. Press.· 

. ~:l.e87, J.p·., ,· t.·•A· Brietie and Go'rdw 'J • LeYersee ( 1978). Me.tal 
' ' . . ' . 

b1nd1ag o:apaoitJ of' se1eotea marin• 8\lrfaoe watel"fl•· 

EJ11d;f!onlrumta1 Geo1C1Q. V.1. a.· pp '257-268. 
. . ·-

... ~ ' ' ' . ' ' 

Qloas·. (r.E·. (1M7) a 'IcientitioattOJt and dltJtlolbution ot· Utorgentc 
' ' , • .', • I • ' 

capQents ·in Wa.ters What to meastlre? ·Ann N .:t. Acade, ., 

sc.· Vol. 298, PP _,1•3$. 

Glorana; s.-J._ •• ·Y·A· tuaut and tt:.J. Padd.ett ( 1911)• Jh>n ·equilibrium 
. : ', 

siat.me tn naturat·water Cll$1il stry. lnt A.dvahCes 1 .. 

cl\eidstq 'se~J.es. ·.vo1. 1()6. (Wa$htllaton n.c., Amenoan 

ChemiCal $oC.i.etJ>): • . 

Golteftlalh H • .L~ ( 1911 h Methocta toj chemcal analysts ot fresh 
· watelt• . ;);.lHP • ·Hand ».0olt• No~.- e. 



82 

· G07er, R.A. and J.J. Chislom ( 19?2) a Ltad tn. metallic 

contaminants a!Jd human health •. (D.H.l. J,ee, .a.). 
Aca. Press. New York. pp 69. 

Grieve, O.A~ ( 1916)1 Bean metals in detatc seclimente~ ·of the 
Fraaer Rtve;r; Briti.sh ColumMa. Can. J., Ea;'th sc. Vo1.13, 

pp 1683-169,. 

Grieve, »·.and ·~· Fle~Cher (1977h Inte:raotions. bnw.en zn and 
depended sediments 111 the Fraser i"lver eetuary. British 
CelumbtS:. Eetuartn~ and Co~tal MU'tDe sctenoe. Vol. 5, 
pp 4i5-419. 

Groof', D.E:A..J. (.1.9?5);1. ~·eld observatiQlls o». the •ranapot't of 
beavi meta~ ta .~ sedtrnenta. Ina Hea'f1 aetala in the 

,quatic eli~ ronmet* : (Krenke1, ~ •A• ed.) , Per«amon Preas 
llid.. • . 

Grewe, A.T. ( 1972) a The tU.asolved aU:a solid load carried by 
·.: ., ~ 

aO!Ile African ri'U"era. J. llydrologr. VQl. 16, pp 217•_300. 

GWPB (J91-1•1fih• Chefld~a.l, .c:;omposttion -o~ ~:t:¥er J.aaJla, "Chambal 

aild Ganga. G&llga Wate'l' Project Basin, le• Delhi. 

Bauds. B.rc. ( 191·2h (h~oc·~4hlit'Str:y Qf th~ G- river water. 
' 

l#dt~ Ge0htdro1og. V~1· 1 ,, pp .?1.•78. .. . 

llartung, R. ( t~') t Bt,~lQgical efteQt.s of heavy metal pollutants 

ill 1tat6&-• A.dvan. Bxp. Med. Biol., .Vol. 4Cl. pp 161 .... 172. 

llenftktJOJ,l, .l•. and ialme~. X. ( 1977_).. Sampling, Pl"Et881"9'.atton 

cd (!Jt.ornsge ot wai;(tl' smaples tor analysts of heavY m"ala. 
Smti~tal H~aith. Vol. 2, pp 33-38. -

1- • " • • 

Henrtks.on, 4• alld R .• Ji\ WMght ( 1918h Conoen\ratt-on ot hea17 

metals t.n small NOJ!Wegian J.akes. water Reaea.i'ch. Vol.12,. 
. . " . . 

PP 10·1 ... 112. 



Herbert; .A~L. (·1975~t .ualrttcal techft$.ques torhheavy 

-Jhetals other than blei'C'ttl7. · tna !Ieavy eetal :tn •he ., . . . .... . ... ~ 

aqU~ttc env:t romnent ~ . (Kre~l, -, •A• t~d•).. Pergamon 
Pnss Ltd.. 

83 

Huggett, R.J • ( 1973) a Utilizing metal concen'trati- relation-
~ ~ ~ 

sbip tn. the eastern oyster to detect hea•,. metal. 

polluti orte . We.t,e~ .Rta,ee.rcb.. Vol. 7; pp 4S1-4;6. 

I .s.:r. (,t979h foleranoe ltmits tor inland. eurtace water, 
public wateJ." supplies .ana .ettluettts $lbjeot to pollution. 

Indian Statldard. Institution, lfev Delhi• 
.., 

Jenkins, ~. J .r. I'Urguson and A.. B. Men$!' ( 1971) s Chemtcal 
proaesqes tor phosphates removal. . . 
.Vol. 5, pp l69-JS9· 

lerme, il-A• (1968h C·ontrol.s on Mn, Fe, co, Nt, cu af.ld zn 
·~ ~· 

-ocmcentrat10il8 tn :soils and watert . fhe ai,gtdttoaut role - . . 
ot hydrous Mil and Fe .oz.tdee • Ad'f'd.. Chem • S&r • Vol. 75, 

PP m-JSS. 
. . 

Jennett, I.e. and J .Ito Jotl ( 1919h ft'~&oe metal traupOi't 
. trom dnt.tte; m111ille and e~aeltittg va'teto sh•da. water. 

Po1lutt0li control Fede~tion. Vol. ;1, -pp $78-404• ·-· 

Kaushik. N.g:,; and D~ P.-at~ad ( 1964)t .. colttoa pert0dtc:tt7 lli. 
wateJ" ot rt.•er l~a at Waura.1b,ad, Delhi. BilV:tro!lUletal 

Health • VOl.• '6, pp 118-1a4. 



Khan,' M·A· Q• ail4 Bederka, J -'• ( t974h ~z.vi:val in toxic 

env:t.rozunenta. ..&cad. Press~ Inc.~ Jew tol"lt • 

84 

. K.liea, L. ( 19S7)t Aspects ot river ·Pollution·• · htterwarths. 
Lon40t.h 

Kliea, L. ltmh ·uver Poll,J.tton. Chemtoal ·ettect11 and 
ooatrol. · Batterwarths. LonctoJh 

Kreusltopt, .~.B. ( 1956h :ractol'S oontrollittg the otm.oelltratton 

of thil'teen ~de metala :t.a $ea wa'tet<s. G•ochtm •. cosm.o­
chlth Acta. Vol. 9a1 • 

Xrau.akopf (. f961) 1 ·xntro<lucti.e>n to Geoohem.t. st:t:7. McGraw Hill 

col, Kogatm,.Sho TokJ'O, J.ap$11~ 

JCreDkel, P ·A· :( 1975h Heavy metallt in the aqUatic envtronment. 
An l~temati.Onal cHmtereno•a A supplemant tO progress 111 

water technology .• Pergaon Press Ltd. 

Krontel·d, J ~ and J. Bavrot .( 1915)• Aspects of trace metal 

contamiD.at!·on 111 the'·coastal rivers of tarae1. water., 
Air and Soli Polluttcm. ·vel. 4; pp 121•134· 

Kubota, J ., E.L. Mills and R. f· Oglesby ( 1974h Pb, ca.; zn, 
Ca 'and Co to streams and lake watera ot ca,qa Lake basin, 

lfev 'fork. EnVi'f;Cl'l• sc. 1!eohnology. Vol·. 8, pp 24,_248. 

Kundl'a, R., J • .L. 'llagpal, s.l. Verma $lld s,tc. Shtivaeta'fa :( 19'17) I 

Raw qter qu.aH. tt at Wad. rabad and ."Oltb.ala reaerYo1l'B tn 

Delhi~ Indian I· ,Btlvt~ental Health. Vol. 19 •. pp '29-3~. 

Lee, G .F. ( 191Sh Role ot bvdrous metal ·Oddea ta the tranSROrl 
of hea?y metals !a the environment. ~~~ Hea'7 aetals 

tn ~· aq'flatic eJWt:r-.m6nt {K.zret.lkel, P.A.. eA.), Pergamon 
. . . . 

lieWilit V .H. (19?3la· · Phosphate ·:lJ1 S.wage a~d aewag• t:r6ataent. 
water Research. Vol. 1, pp 55...fiT. 



85 

Ltving$tOJ).e; I>· ( 196'): ·CJiemtcai ccap•stttons· ot.rtvera · 

atld 1ak~a of ·the world. l1•$• Geol• Slirvey~ Prot. Pap., 
. ~ ' - ·, . .. 

. 440G.; PP ~· 

Lorug. J).Jl. ~·1975)t Jig .111 the s$dtmenta ot Cult ot St. Lawrenee. 
, CQ.ll.~dianJ.·Earth SQ. Vql. 12• pP 1219•t2,. 

Loring, D.B. ( 19?6)1 Dtat.rtbtttton and pattitl·Oh ·ot Zll. cu aJ1d 

Pbj.n.the sed1m$!1ts at the Sagual1e7 Fjord. can.~ 1. 

Barth so., VG~ 13, · pp 9$)~.1. • 

l.tor.ing,: J)~Ji.; (t916)s . '])lstMbUtlon' aJUl pa1!tltloD ot·:co, li, Cr 

. al14 V in sediments of th• so;ot3pr4 Stiguat\87•. can. J. 

· liafth so., vo;.. 15t pp 1TCHS~'17.18~ 

· Loring~·: D.u·. aed D.J .F. f!ota ( 196&}t o·eC\l~aate'e and s1P1ttoan9e 

Ot' re,· band ft ta glaCial ~ne 's.dtments 'trom the 

estuar.v ot S~• l;&lireaof• I. Ftsh:. Research Board, Carle 

· Vol~ 2S., pp 2l27•2"'7 •. 

t.ortJig, n.a. $nd ».J .a. lfota (t973)·• Morpbotc,gt ana .•eum~s 
· or th& Gult ot st. Ji~n•renoe, Fish· :Refh B9ard. can .. BuU. 

182; PP 141• .... 

Maney,:·Mc~l~ll~d>and Pob'land Ct974h. ·APPlie~-c~emts~~ ot 

wa&te water ~l"eatm•t• . Programmed .lea.wiJl$. u nt t VIII:, 

APP11-oatton~a pll and alkalinitY'• a ubo~ science P1lbl1-
~ ... ~ .. 

· shers Jut. Yd.Ohtg~• 

Mazt.07, KCClellat.d and Fohland (1974h APPlied Che~$tl7 of 

waste water treatment'• P~agl'ammed .1ea.rn,:tng. Unit VII, 

4PP11oatiotJ;st ;Jno:tganic Pollutants. ·ArJ .Arbo2"· Science, 

Publ.ish•rs t~. l6,chigan. · . . 
1-ianniDB, P •G. and $. RetnB.moorthy ( 191:5}·• Bq;uil'tb:riulli stacU.ea ot · 

metal ~on oomple~s ot,i..te~est to natlU'al waters •. 'VIii 

JQ.xed ligand comp.lexes ot Ca II, involY:tng Sll.Yio aaid ae 

a pam~ ligand. t: Inorg. hcl~axo Ohem. vol.,5. PP 1517.;. 
. . . ; . ·. 

1581. 



86 

~ . . . 
Jltc Cal'dT, J .K • and G ·A· Chaplll&il ( 1919) 1 Determiktlon Of 

i ? • • 

• I 

Cu. COJQlesing capaei ty ot natural. rt-q:er Wa.ter, well 

'wat.er and .artittotally toecon:stl tute_d wa~r. Wate:o Research. 
Vol. 1'J, pp 14:j-150. 

Me Kee, J .E·. ·~a B:. w. Volt ( t9~5h wa'ter qUalit7 cgienai 
Calttoz!d.'a state ·Res •. Ceat. Board., ~Pub~ Ntt• ,_A_, pp '548. 

MetT!t, w.F ... (1975h ~art~tiou ill t~41oe el~ment concel'ltrattona 
aloi.e the letagth ot Ottawa rl'ter·. can. J. iarth sci~. · 
Vol.. '12-; :pp 850-Ss?. '*' 

Metcalf and E4d.T ('1919): · W~te water ·etJgtneeaDS treatmertt. 

tat'a McGraw Kt'tl Publishing c~1 Ltd., New Delhi. 

o•corner, J .T. anct c .E. ReD.D .( 1964h . soluble-adsorbed d.no 
• • • • - .. • • 1 . • ~- • 

equilibl'!um ta Jl4tural. waters. · J. Amet"·• Waterworks Assoo. 
Vol. -56, pp 1055 • 

. O'CQrner. l.f., Q.E. lte~ ·end ,l:. W)tnter (1964).1 zn ~on.centrat:t~n 
tn n•~ts. ot the kgCh:eeapeake Bay Region.. J.. Amer• Water 
worts Asaoc. voi .. 56. p-p 2eo. 

Olanta, l_l!.s.~ lt~£· Saxena. and n.c. Ska~a ( 2g76)t Pollutlon . " . . . " 
· tmtdletJ ot Chambal 1'.t ver and t ts tributaries at Kota. - -. - . . - . . . 

tJJ.dim ~~·:Environmental leatth. V()l:~ 18,. pp219•a26• 

Oliver, B~-G· ( 1~'h. CHeav, metal l~veis iil ottawa and Rt·tteau 
river sedim.e#ts. Envt. so. Techrl.Ol:08J• Vol. 7. pp 1~1)7. 

0' Sheaw 'l·A· and K .1. M~y :( 1978}1 The ·-etfceot or pB and 

hardness metal tou oa .~th• cqapetitiv.e :fJiteracttons bebee11 
•. 

t,race •etaJ tons aftd in.omai11Q ~d ol'ganic cQD.pleJ:ing agents 
t~nd it) tlatuf!a). waters. Watei' Res~_. Vol. t2, pp 10l-T11. 



Paltwal, K.v. and B.a. Yadav (1976): Irttgatton water 

.quality and crop management tn the UJiion ferrttor7 

of »elh.l. Water ~eohnology Celltre. I ·A·R·I., New n.lbi· 

Patterson, 1 .B.E. (19T1)a 'Metal todc:l:t1es ar.t~ £'rom 

tllduet.ry. l.nt !r~ce elemem.ts :tn sOils and crops. Tech­
DJ.eal Bu11.- 24~'• Mlnistry- ot ASri.oultwe, Fishel'iea ad 

Food. Lond~, pp 193. 

Patterson; 1. w. ( t 975) 1 Pb.Fst oal-chemi cal methods 'Ot heavy 

111etala ~.emoYal. Iru Heavy metals tn the aquatic enTiron­
m-.t (Krenk•1, P •A• ett.) Pergamon Pnus Ltd • 

.Paui, R. New Bene ( 1976) 1 !race aubstances and Health. A 
Had Boot •. Part t, lllucel J>ekker ttlo. Bew tork. 

. ' ~. 

Pttvell, L.R. ( 1914)a Metals coordinated by ltga.ns 11ormaU:r 

tound tt;. natt.ral' watera~ . l. Hydl'o-legr~ Vol. 21, pp 301-404. · 
' . " 

Ramamoo~hr, s •. and D •. 3. Kushner ( 19T5h Heavt metal bilidiM 
· site• Ut' river vate1.". Bature. · Vol.: 256, pp '99-401. 

. . , 

Ramalloortlaf, s. and J).J'. Kushner f1975)a Heavy :metal bind.:l.ng 
• • ' ' " ' ,. :00. .. 

component$ .at rt:ver .water. · .1· Fi$h. Rea. Board, Canada. 
tol. ,2, pp 1155~11'66. · 

~ .. ... ' . 

Rao, x.t... ( 1g115h tndiahJ. W11ter wealth. O:ztord Untvers1t7 Press, 
' . . ·. 

New DelhJ.. 

Reed.e~ .• s.w. • .Br~a •. ll anct A·A· Levinson ( 197'2)a Hyclregeochemist:ry 

ot s"Q.rf'ace waters ot the Mackeaste river <lratnage basin. 
. ~ . - ~, • + ~ ~> ·- . • • , r •• • • ..,. 

ca:aada. Ia Factors oontro111ng taorg.antc com.positio~h 

ce.Oohtm.· c,osmochlm. Acta. -voi. "' pp 825-86'5. 

bld.n, .t..S. (ea..} (1974h . .t.qlleOU.s environmental chemtstr, ot 
metals. .Aii A.roar a'cience Pttb1J..cat10n· An arbour. Micbigan. . ,. , .. 
pp '17-112. 



88 

saadhu, s.s., Wanea al'ld 1felson (1918) 1 frace tnorg~i.cs 
- ~- ~ .. 

:l.n .*-1 »9tabl.e water af14. th~ir, o~rt.-•l.•~ioa to. possililt 
t " ' ~ • • ~ .... • .. 

eeurc~~· Water Resear~. :Vol. 12. PP. ,257-~"261., . 
'. • ...• • •· .. •' ' . . • . ~- ' ' ;. "" . ' ~- r .. . ·- I. 

SChroeder, . D.C.. ( t·974) 1 J;;;t•ttal tranatoi'matioil· ot oh.romlum· 
i + . ~ .. -~ ' 

in natu.ra). waters. Wa1J.,r,A;lr and Pol~t$.on~ . Vol~.'' 
' A '\ 

pp ,,._"'· -. ' - ~ 

Shapiro, · M•A• ( 1915lt ._ I1Westtgatt:ons ut: hea'¥7- metals and othe:t 

persistent ~helltlca~. Westenport Bey, Australia. Ina 

Heavy metala .J!l ~he_ aqua:~:tc ·~?!'~eJl't .<~~~el~ f~~·ed.,) 
. 1 • ' ' -' ' 

Percamoa P21ess ittcJ. . ' :- .. ~- : ' . . . ... "; 

~p, N.F •• lie..,.. v .. ~ Leland., lh:A• Whlte ( t97Glt mstr.tbu.U.on . . ' 

of major• unor ud trace constituents ln .. \U'1Const>lidate4 
-l ._ • ~-- \•. -~-~ -- •. ' :~· _.-_ ',;,'' - •• '','.,;, -~-~ - -

aed.tm.nta from. SQ!iijhern ~••• M:l.-el\tgaa •. EavJ.;~nraen11al . -· ' . .. 
Geolog Notes. No~ ,a. pp -·t~tt. 

: . . . - ' " ~ : . . -. . . ' . . . . ' ~ .. ·.. : . : , . . . . ... 

Slu:tvas•ave.. s.Jt~ aud. N.x. Xauehlk (-1~66)t eertatn aapepte ot 
' ·. . . . . ' ' . ' ' ~ . ; ' . . . 

pollution and puri,ioatto:u lD. .Mra ~anal. El)vlronmental 
. ..., ' ' 

Jle:alth. Vol. a, ·pp 12,,_1,3~ · ~ , 

Shumatt, M.s-., c •. L. ftani·e,· c .L. ana· 'smock, L._A. (1978h MOde-a 

·()f metal transpoJ:'t above ~ci' .b.1oli waat«' diiU~Jl&Tge ott the 
H:aw· rtveto. Envfro.ental sc• ·Techno. Vol. 12; 'pp ·1066-1069. 

Silvey;' ~~·]). f1967h Oocu:rl'&nqe of selected Jllinor e1emen:t.s in 

· ••· 1ta~$h :ot Ca1ttol'Dia· Water Supply Paper. :15,S.t. · 

(·Wa8hi~eit D~C •• U • S. ;GeolOgical SUIVey). 

Sinser;. P .c • ' ( 191'h !'J"aoe me~ ale .and metal organic iateracttons 
i~ •tval waters • All arbor ac. Publtsh.I'S , Inc. An arbor. 
MiehJgab. 

akei. J ••• ~ a.:B~ ill'iee .and s.E~ ea1~ert- ( t972ls m.st.rtbuttoa 

of heavt metals in the sediments Sortjord Norway. Wa,er, Ail' 

an~~S11utton. Vol. 1, pp 452-461· 



Smith, ·a.G'~ '(t972h ·Five of potential ·etgxittlcanoe. 
tna Metallic contaminants atl4 hUman health. 

89 

,, 

(v.a:.x .• Lee, ed•) Aca. Pi'esiJ, Nfv tork. pp 1''9-149· 

Spencer, J).W. and E·'l• 'Degeas (196Sh ;acto~'$ atfectilig 

element distributiona 111 sediments. l'nt Origin and 

diettl'bution 9t the elements •. (L.a. Arhens, ed.) tnt. 
senes MotlO/SX"aphs, in Eal'th Sciences• Pergamon Press 
Lt4. PI 901-998. 

Stitt., M.l. C"11t1) a . the C!lemi.0$1 .s1:at'lltJ ot ·cq.P&r :U1 poll<Ut•cl· 

t"sh 11$ter an4 a scheme ot analysts to dittel*&ntiate 

. ~-h••· Wat~r.~~searoh. Vol •.. 5,. ~P. 585-?;99• 

stum, w. and J •. Morgan ( 1914h ACI'lAtio Chetaistrt• if.4e17• 

ln'tei'Belenc,s., le• tork. 

SU'bramalltan; V. ('Hri4)J . Watel" Cllemi sts-y ot st • LaWl"enCe,., 

Matt-t. -sedimeJlt. vot. 10,; pp 91-105. , 

. . . 
,oceana. Pr.o<J. Indian A<>ad. so.- y:o1. 8!f, pp 77-88. 

Slibramati~n; v. (1919lt Chedoal and .inaspended ~dtm&Ut cha­

taoter.tstt•s of tt('Vers of Indta. I• Hrdrolog; Vol. 44, 
. 1\P 1f~S •. 

Subramal'4ai1. V • 'alid de Wlej atl ( 1976) 1 Water Chemt atry ot St. . . 
Lawrence Eat1idt• J. llydl'Olo-gy. Vol. 29, pp 341-,54. . . 

Subhmardan, v. e1)ll others ( 19'76h .Factota attecttns.the 
Con~entzoattons ot Fe, MD., Bt 111 natural vatel'$ • lfatf.Otial 

Sjmposi'tml oa By4rolo,ioa1 Problss a&l-.ted to· the Deve­

lopment ot Power and. lndtairtties, ;tiT Kanpur. 
< ' 

s;vlva, Ii.H~ ( 1976)a The Environmental Qiumri.Gtl'y of cia II.. Water 

Research. Vol. 1(), pp ·vss-?92. 



/ 

90 

fqlor, I.a.:. (19'tt)s .'Ene.tchmetlt ot··zn, fb and.' ea·tn receld: 
sed:tm:e~ts at· wt·~d.eJ.Iirll-ere, Engla~. EnYtron.·· sc. Teohao. 
V-ol. ·1,,:, pp 693-691. · · . · · . '· · ', 

'f:Ocbtt .r~ ~~ Oda,t H.· TochtkaWe. ant $·.; Su:euki (19'fSh·. ·matrt­
bution ot hea'flt ·metals b. tile 'bottOlfi mu4: ot upp*r rf.vet­
i#f J'~pa11. J .• H7g~ · Ch91l• ·(!olq'o) • Vol. 24.,· pp 65i-?O.· · ~ 

.!arekian, -~·~tc·~. R~~.· ·aafti.e. ~d U·G·· o~on~ <1967h· .. Th~ 
vil,aattoni1 or· si~ c1. lfa, ca, sr, Ia, co aad As in th• 

... ltillee. r:tvilr•. lfol'th'Oas.-0:1$aa. :. Llr$ol. Od4tau.: •ol~ 12,' · ... 
· pp.;?oa. ··· .. · . 

. ;· 

/ . '.' 
'• .. 

Vogel, A~t .• -( 1•915') t A.·:text boo~· of tiu.u:ganf·c ·aneJ.ysia' ·m.:Bs 
and I.or.pa:ah ~ ·an4 iry40D.e ('.Pio:lilters} Lta., !betf'Ol'd, 

Bortolk. .. -, . . ..... 

Vadla, :o.n. (1918)1 · · tleology ·ot .tntia~ · tata MGt-4w· -·n lub. co;· 

we.r.ts .• a. (t·9S'h · !he ·atsnittcanee ~to~ algae· ot ch~iatlng .. 
subet·aces ·in the rmtrtent · soluttons.· Phyi;to1.; ·Plalt.t' 

Vol·• 6, .pp· 558-54'• 

Wedep.Ohlil ~:.a. -(197<>h Hand lroolt ot Ge'ooheilli.atr.v• 'fol• ·14~ . 
Spl!lt~ · -.a· Verlec. , »er1u. ' · 

Webber, w.J •. and tt.s.·'Posalet ·(1'91'4h :iqtd.ltbrlum models. and 
prectpi tatlon reaotto:rJS fo:t Cet rt. I~t (Ro.bin; A.~l. ect.) 
AqueCJ~Js envtro••u!tal ehemiati-T ot metals. ..n··arb·or so~ 
An arbor. MI. chlsan. 



91 

Wh:litiel:d:~ P.JI• e.l)d . .a.G.- 'Le'Wis -( 1916)c Control ot 
· • ; • 'I r • • ' ..,. • ~ ' • "· l 

biolOd~a.l .aval~$bl.ltt:r ot trace mEtteJ.s· to a c olalt.otd 
' . ' , --· • ·. ' - I. '. 

cqp~t)d tn a. coaot~ :t~or.t. · Eatuattil.& Coastal Barine 
sc. Vol. 4, pp 25$-266. . . 

WoOd, I•M· .(1973h Mnab~li~ cy~les .ror t9:d.~. elel!e)it'~ :ti ~he. 
< I• • I I • ' . I ~ o ~ 1 

~nvucrmnent • tau lleavy metale · tn the s.qttt\ttc ell'lirtm-
- • ' . , • . • f , • 1 , <• , '}. , • , ' 1 ' . ' :. •'. •. I ! ~ 

me.nt. . (K~•iikelt· P ~•· -och) ·Pergamon freso Ltd. 
. •' . ' . . : . ' . . -

teats, P ~•· atid . .r .M • .Bewew ( 1~1~h __ . Tr~e tnet~;ts f.&. the,,,&~~r;a 
Ot· the 3t.Vtuenq.F:3otd• Ci!d; J •. Bdth SO• V~l·•·. 15:; #P 1319-

1)~.· 
.. 

- zttko_, '·• w.v. c.racm. .and w.G. Car!J<Wii (t91J)a P~ediotlon ot 
:f.actptent l&thal- 1.8Vels ot- Qoppe' t.o jd.veM.le .tt1anttc 
Salmon tn the p.r&senoe ot hllmi,c a·ctd bf C111Pt'io eleotrodt~e 

BJ1'9'· cont. ?-'0~· Bull.. V~1- 10~ P» 26,.,.2"11·. . . 



APPENDIX 



' Table 1 t TSH in ppm 

stations ~ample Sample [}24th February 29th :Ra:rch 27th ,lpr!l 24th Mq 
Natul'e Bumbe·r' 1979 1979 1979 1919 

.. .. ·-· ... 

Wat:l1"abad D 1 17.21. 153.8!> 780.82. 12.55 
R 2 1,25'.76 50.62 466.61 6.94 
R ' 5765.62' 126.5'1 25.51 2,.oa 

CiVil Mill. R 4 ... 69.71 24.,9 a.?o 
l1 

,, 6:54.15 147.24 38,.72 '304•7"5 

Power House R 6- 172,~68 144.14 741.57 942.20 
D 1 2558.15 119.56 652.1'7 - 12.58 
R 8 688.52' 2000 289.16 628.8' 
R 9 4595.75 861.11 56.81 48.82 

.Ja:rapu.llah R 10 2698.41 136~98 5"6~58 111 .1a 
]) 11 .··22.4? 13-19.45 24.69 106.07 
R 12 31,1..58 1455.88 40.82. 34-.45 
R .. 1'3 3051.28 1723.68 129•50 571.03 

Okhala R 14 25?3•52 1024.,9 100.25 18.;4 
R 15 695.12 824.58 55.56 22 •. 42 

.. . . 

J) = lrain water- (.0 

R RiTer nter 
l\:) 

= 



Table 2 

Temperature in •e 
.. .. 

stati.on Sample sample· 24th Februa17 29th March 21th APril 24th Mq 
Batura Number 1979 1979 1979 1979 

., . 

War&rabad D 1 22 ~· 32 28 

R 2 2() :50 '2 2Et 
R ' 19 ;o.5 ~ 28.5· 

CiVil lUll R 4 - 30•5· 3()· 29 
D 5 22 29·5 32 29 

Powr· liOUIJe R 6 20 29.5 32 '2 
D T 21. 29 31 ~· 

R 8 22 31 31 '1 
R 9 18 29 32 3()· 

Ba~Pilllah It 1.0 19· 29 32.5 32 
p 11 21 31·5· 34 '' R 12 Z1 ,, 32 31.5 
R ,, 2'1 32 32 ,, 

Okhala R 14 20: '' 
,, ;o.s 

R 15 22 30 29 SO· 



Table 3. 

Conduc;tiv:tt;r in milli .. mhos/em 
~ . ' 

station S81'11ple Sample· ~24th Febmart 29"th March a7th April 24th Me$ 
llatllft Bum bel"· 3 ·1919 

' 
19'1St 19'79' t97t 

Wadra:bad D 1 t.2 0.6'7 1.60 1.45 
R 2 1.15 0.41 0.49 0.64 

CiVil Mill R ' o.,s 0.6t 0.'38 o •. 40· 

R 4 - 0.53 Oe52 0.55 
])I s t.J<) ,.,, t•15 Oe96 

Power Bouse R. 6 0.40 o.ss 0.47 o •. S? 
l) 1 1.15. 1.20 1.15' 0 •. 66 

R 8 0.74 0.71 0•61 0.93 I . l 
a· 9 e., o •. 54 0.48 0.57 

BaraPttlla:h R 10 0.38 o.;] 0.$1 0.56 
J) 11 1.90 2.10· 2e05 1.80· 

,. 
R 12 1.55 0.69 o.;o 0.68 
R 13 0.45 0•75 0.47 0.6'2 

.. 
Okbala a 14 0.46 0.58 o.65 0.56 

ll 12 0.62 0.65 . 0.58 .0.61 
. ' 

co 
~"' 



StatiOD Sample Sampl.e• 
Nature I umbel' 

Wazirabad ]) 1 
R .2 

R ' C:lvtl Mill R •• 
]). 5 

Pour House R 6 

D 7 
li a 
R 9 

llarapu:llah R 10 
J) 1f 
R 12 

R 1' 
Okhala R 14 

:a 1S· 

-··· 

Table i 
pH 

24th Febma17 
1979 

a,ss 
7.20 

·~1010 

~ !: ' 

7.50 

7.90 
7'.50 

7.65· 
8~00 

a.,5 
7.90 
8.10 

8.20 

• 8.10 

1•Ml 

--
I 

29th March 27th A;pril 24th Mq '\" 
' 1979 1979 1979 

7.70 7.10 6.81 

8.30 1.~1o 7.·t9 
7.75 8~00 ·a.ot 

a.1o 7.i() 7-.18· 

7'.45 7.00 6.77 

7.:55: v·•to '7~2, 

7.65· 7•40 •:7.26· 
. 7.30 7.00 '6.81 ., . .,., , .• ,, ''7.15 

7.65 ?'50 . ': '7.35 
7.70 a~to '7.30 
·a.oo 7'~45 .,.,6 
7.90 7;40 ,,.7.4() 

. v.ts 7·7(l ·7·74 

. ?.SO 7.80 ·1•40, 



Tabl.e S. 
· Total Alkali!li t7 in ppm. 

'" 

Station Sample ·sSJJ~pl:e 24th Febru:azy 29th MarQ'h 
Batue _ lf12m'ber 1979 1979 

Wa~irabad l) t 690.48, 174.08 
R a 507'.073· t,~.S21 

R ' 291'.297 141'.398 

Civil Mill •• 4 ..,, 1,0.,21·; 

D 5 873.892· 228.'412 
., ,, 

fiower House B. 4 496.284 119.644 

D 1 7S'7.SS2 2'50.166, 
,, 

R 8 463.918 163.152' 

:R 9 291.29'7 13().521 

Ba:raPQ11ah a 10. 280.508 1:50•52:1' 
D tt 1197'.,56 41:;.:;18 

R 12 1()f4·f47 1S2.1tf5. 
R 1':3 34!).241 1§2.2'7J. 

O]tbla R 14 334--·-4'2 1;o·.sat 
B 15 442·341 152.275-

27th APril 
1979 

7~.272 

27~ •. 3$2 

229.·46 

229.46 

l67.'1;:56 

150.352 

21S•35'a' 
229•'462 
229•·462 

215·~·,$2 

642;4$8 

183~·568 

229.46 

41·3.08 

229··46 

24th MtQ" 
1979 

~ 

.. 
400.752 
222.64: 

1:78.!t12 

178 .. t12 

:nt.584· 
,, 

,,,~~524 

222.64 .,,,.524 
267•168. 

2'67. -16tl' 

1113•20 

222•«>4 

t'78e1f~; 

ns;'ua 
156·-,la 

co 
OJ 



Table 6. 

Cblortde Concentrati<m it! ppm. 

Station Sample sample 2"4th February 29th PfarcJt 27th APril 24th !fay 
Nature Mum~ 1979 1979· 1979 1979 ., --

Wa.mirabad D ·1' ·160.50 ·1·59.77; 159!-:50- ·159.3() 

R 2' 141.60 ·59'·90·' 4S.o~ .. ;6.64 
. • 

R 
_,. 

20.~, '18·91- 1J.2; ~.,.,. 

Civil Mill R 4 ... ~.94· 24~?8 5<).6, 
.. 

J) ' 108.53 97.91 84~51 . 81.29 

Power Bouse: .R 6 2·t.4S' :J9.29· 24.76- .. S5•4' 
D 7 .. '9?•9t ·a2.SS 86.09 60.18 

., 

R s ,,.to 51.~9 :;&.94 . 92.04 . 
ll 9. 23.57' 46.02 24.18 51.8.1 

Barapullah -R 10. 1_8.8:; 43'.61 .28'.:;2 
. 

50.69 
' ,. 

J) 11 102.66 255~:97 221~81 251.349 

R 12. 11'·'' 55.4' 27.11 . 70'.40 

B 13 27.Ui 60'~18 2.7~-n 
. 56.64 

Okhala: I. 14, ~1.36 :;r ao 3S~4Q· ·• 50·48 . .·. . 
a 1; . '54.32: 41~18.- 28.:;2 . 4J.61 



Table 7 
suJphate Concentration in PPlli• 

Station Satple · sample .. 24th Febl'llal7 . 29th Mal.'C})l 
Nature Huraber .' · 1979 · 1979' 

Wadrabad D 

R 

R 

Civ.il. Mill. . . . & 

J) 

POif$1" House R 

J) 

R 

l 

Barapullah R 

Oldlla. 

]) 

R 
I 

a 
B . 

1 

2. 

' 4 ., 
(). 

? 
8 

9 

10 

u 
12 ,, 
14 
f5 

360 
1'360 

1240 

... 
t200 

1,20 
1840 
1'540 

1660 

t,.;o 
1100 

1:160 

1160 

1240 

.H20 

100 
1280 

1.40 

1240 

400 

1160 

S60 

~40· 

360· 

980 . 
1t60 
86(). 

,,60 
1'4SO 
14o0 

21th April 24th Mq· 
1919 .. 1979 - ' ~- .. 

. 1060 tt.60 
. 

1400 1160 

1UO 1060 

.. 1120 1~· . 

140 " 1080 

§20 1160 

.f200 140.0 

2SO 180 
1080 1320 

780 1160' 

940 1520 

940 1400 
. 

1-240 1900 

140tl 200 
12SO 156,0 



Table 8 

Phosphate Conoen tratton t-n ppm. 

station Sample S&'lllP'le 24th Fe'b1"Ua1"7 .29th Mal'Oh : 21th APri.l 24th Mar 
lfature lfultber-' 1979 19?9 1:979 1979 

.. 

Wa.tdorabad D 1· 0.01 0.60 o.ts 0.10 .. 
R 2 o.:;t 

.. 
0.70 .. 0.-05 0: •. 10 

R ,. o.ots 1.10" 0•·10 o.10: 
. 

o;1o CiYil Mill B 4 .. t.oo 0· .. -10 

D 5 0~,5 4.as· 0;10 1•6-~ 
... 

,. 
P01fer Hw&Je R 6 o.z; 0.4S o.ts o.oa 

D ., 4.85 ,.so· o;o7 O;Of 

lt 8 2.68. t.9(f 0'05 ... · .. oao 
R 9 o.5o o.go 0~10 O;OO 

Bara;ptllah R 10 0.40 0.'50 o.o; o .• os . 
D 1t 1.80 0.1'5:' 0~10 0'.10 

R 12 1.60 0.1'5' 0'.06 o·.o' 
It tJ; o.so 0.10 o·.to o.oo . ;, "' 

Olltbala :a 14 0.85 t-.15: o.to o.oas. 
R 15 t.6o~ o.ar· 6.10 0.-025· 



Table 9 . 

;lillcate Concentration. iD ppm. , .. 
. . 

station Sample sarapl& a.f.th:Feo~al7 29th Mai"eh 
Nature Numb ell' 1979 '•" 1979 

' ' ' 

W&zirabad J) 1 U· ~ 

R 2 '12 18 
R ' H 4 

CiVil Mlll R· 4 ... 6' 
•. 

10 5 1)" . . .. 14 
·~' 

.. _, ..•.. 

B 6 ,, 
~ ........ -~ 11 

» .1 .. ·17 8 
' 

i. 8 ··14 8 

R ' 1 '4 

l)arapullah R 1CJ 7 ' D 1t '2.1 1b. 
··26 

•. 
Jt 12: 4 

•. .. 
It 13 . ·10· .. ,: 

.. 
is R 14 9 Okb.ala •. ~., 

•~ ~-5· 9 .. 
. . 

27th A.Pril 
J?-79 

1' 
8 
' 12 

9 
13 

14 
·t'J 

.. 10 
10 

f' 
1'1 
·10 

\ 

10 
.... 
9.1 •. 
9· 

24th Mar 
19'79· 

·'13 ., 
·a 
' 9 
10 

'10 

11 .,., 
' 5 
• 6 

·to· 
' 6 
. 

5 . 
14 
..,. 

~ 

0 
0 



. station 

Walirabact 

. Sample 
Ba~• 

» ·. 
a· 
It 

CiVil Mi 11 1l · 

.· Power llouae B 
J) 

R 
R 

Barapullah a 
» 
a 
a 

R. 

I 
< ••. 

' 

SSmt>le 
l'lumbe:j 

1· 

2 ,, 
4 , 
·6 

1 
s 
9 

10 
H 

12 ,, 
;14 

15 

Table 10 

Sodium Concentratton in PPtrl• 

24th Fel'tJ:'ilU7 29tb; Raroh 
1979 •' 1979 

185 49•5 
1·41 ''·' ,. 28 ., ... '· ' ,· . 

. . 

19+ .,,.s 
4a·.·s 45 

1~ '63 
sa.; 46 
4G 41 

3$~5 ~1 

255· 142 

3:>5 48 

47 4S 

&~ 40· 

17' 44 
: . 

27th AP:t"!l. 24th ·Ma,y 
1979 1979· 

56· ath'S 
24 46 

17 26-

10., • 
·~ 5.8 

\ 

25·5 4' 
'9 4~.5 

"·'· .·Sf)· 

27 4.2 

26 4~ 

138 189 

21 48.s 
28: 4+ 

Y1 , 42•;· ,,. .. 44 
' 



., ,Tabla· 1J, 
Potassi\lm Concentrattoa in~p:pm. · 

.. . . . .• .. 

atatton Sample sample: Z4th Fabl'UdY 29th March 27th ~ril 24th. ..,. 
Ia~' Number 197~ .• 19'19·· 1m· 1979· .. 

Wuirabacl ]) 1 a 9-· 11.5· ,,.5 
a 2 14.5 4 4 '·' it .,~- .... 

,.,~ 4 a 2 2•5 

Ctvtl Mill R 4 - 8 4 ., 
J) s 4 .•. ,. 

'' 
,, 2$· 

Ponzo Houae: R 6 5 7 ' 
,. 

» 7 40 35 ''·5· 22 ... 

R 8 22 16 10 :lT. 
lt 9 4 10 4 

,, 
:aarapu.:ilah. R. 10 4 7 : '4 1 

)) 11 26 }5' -a9 as 
•.. R 1..2~ 21 8 5· 9 

R 1~ '5 ·tO 8 8. 

Okllala R t4 6· 7 12 ·8. ' 

Jt, .,, .. 10 2C) 2~ 9 



station $ample Satnplle 
lfatu.re 1\l!!lbeJ!>. 

Vad1'aba4 1J 1 

lt 2 
R·. , .. 
a 4 
1) s 
R 6 
J) 1 
lt 8 

R t 

·Bara}JIIllah· ·a .10 
J) 1 t~ 

R 12. 

•• ,, 
:a 14· 

R fS 

bblt,12 --
.MagneSia concentl"ati.GD ill ppm. A 

'24th Febnai7 29th March 
1979 ·1979' 

5 .• 4 4.6 
4•3 '·' '·'' 4., 

.... 4 . 
·S'65'· . . . ' 4.9 

'' ... ' 
_, .•. 

,., 4.1 , . .,. '·'' 2.9 4 

2.61 '-·4· 
7.2 ;.s 

'·" '9 .. 
2.9 4•8 

. . ,.?J ,.s 
-2e.2 ' ·'--·· 

17th 4P.rtl 
1t19 

,.a~ 

1.4 
1.6 

1.2' 

2.2 

, 1.S 
2.} 

1.6 
1.1 

.z.es. 
s.4 
1.9 
2.! 

2•5 
1.1 

-- ·, 

~··' ' .!.a 
·.·a-.1 

2.0· 
2,.·, 

a.4 
2.6., 

. .2.8. 

2•8 :;., 1'., 
. 3:.4 

:S.t$ 

1.?: 
-1~7 



%able 1'' 
CalO:t\Uil concentration in. ppm. 

stat:l.oa Sample Sample· 24th February '29th: xarch 27'tb APril 24th Jfq 
Hatun· Bum: bar 1919 1979· 1979 1979 

. . . -· 

Wazirabad J) 1 '1 55 ,, 51 
- 52 47 :a 2 32 45 

lt ' 
,,. 58 43 41 

CiVil Mill lt 4 - so· 46- 45" 
s '9 62 ·55 

~ ,, D 

P:ower Bouse R -6 36 49 ·4S 45 
» 7 54 56· 59 

•. 
SO· 

R a 41 ss 48 52 
:a 9 44 !)2 49 45; 

lJarapullah ll fO 40 S1 4S 4'7 
D 11 59 ·45 42 42 . 
R 12 29 55 45•5 51: 

R 13 41 57 . 42· 50 

Okhala R. 14 38 
.. ''; 50 41 

R 15 4a -55 46 . '49 



.. 

stat:to11 SampJ.e Sample 24th Peb:nt&Q' 29:'11 March znh APril 24th Mq 
llatul"e hmber 1979 1979 1919 1979 

'-·· .. 

Waztra'bad ]) 1 o.,-o 0.3() 0.·57 0,15 
R 2 0~44 0.44, o.so o.,o. 
R ' 0.3() o.3Q 0.44 0•5;'1 

Ctv:l1 Mlll R 4 Oe44 0.14 o.lQ 
l) 5 0.44 0·.5.1 o.JO o., 

Power louse I 6 o.30 0.3() o.;o- o.14 
D 7 o.:» o.so 0.57 0.44 
R s 0.14 0.14 0.:30 O:a:44 
R 9 0.14 0.14 0.14 0.:5() 

lJ4fttJ\lllah lt 10 0.14 o.t4 0·.51 0.44 
]) 11 0.14 0.14 0.44 o.~ 

R 12 o.~ 0~ .. 0.'3() o.so 
R. ,, 0.14 0.57 o.~ 0.3() 

Okhala R 14 0.44 o.~· 0.51 o." 
R 15 o.S? 0· ,.,. • 0.14 •. , 



Table 15 

MaDganese Concentraticm itt ppm. 
·-- -

station Sample Sample 24th February 29th Mai'Ch 27th APril 24th Ra;r 
Nature Number- 1979 1979 1979 1979 

.. - . -

·Wald.:rabad. D 
.,. o-.oo 0.07 o.oo~ o.oo 

R 2' o.oo ·o.oo O·eOO, . o.oo 
R .. ··' o_.oo 

" 
o.oo . o.o~ o.oo 0 

CiVil 11111 R " ·4 o.oo --o.oo. o •. oo; ' o.oo· .. 
D ·• 

,,. 
o.o~ o.oo.· Oe07 0'.00 . . ' 

Pow&r B011se 6 0~00 ' o.oo .. .&.itt. R o·.oo .. 

D 7 0•09 · o.oo~ 0.01~ o.oo 
R -a o •. oo .. o.oo, 0.·17_ o.oo . 
R 9 o.o~ o.oo 0.1-7. o.o? . 

Barapullab. B 10 o.oo o.oo o.O?. o.oo .. 
D n Oit075 0.17. o.oo o.oo • 
R ta O•e.1? 0.07. o.oo~ o.oo • 
a. 

' 13' o.oo o.oo O.QO·. o.oo . ·' 

ormala R 1~ 0•01 ··o.oo e.oo 01!00 $ . .. 
R 1!.i' o~.-oo ·o.oo o.oo ' o.oo . • " -,. 

~"---., .. -



zaqb .. t§ 

Iron concentrattoa in ppm-. 
- ·-

statt.on sample .Sample 24th Fabruai7 29th Marek.' 21th APril 24th Ma:;r 
lature Numbel' 1979 "' 1979 1·919 ' . 1979 

.. .. 
Wazt ra'bad J) 1 ().25 o·~a;·, .o·.42 ·.0.25 

a 2 o.as . 0.12 .0.22 .0.25 
a ' 0.4T ,0.25 .. 0.25 ~0.41 

CiVil Hill R 4 - I 

.0.47 .0.41· .0.41 
l) ·; o•4a .0 .. 25 .1.2S .0.:25 

Power BC»JS• a 6 o.,. 0.47 .0.-4'1 .0.25 

D 7 0.47 .0.41 . qc•25 .0.35 
R 8 0.52 

' ' 
.0.42 .0.47 ··0·25 

R 9 0·.25 .0.25 .0.47 . o.12S 

JaraPtillab .R 10 o.t.a .().,,; . 0.47 ·0.2"5 
J) 11 0•42 . o.4a. .o.2s·, d)~25 

lt 12 0.25 + 0.25· . o.ai . 0.41 

B 13 0.25 .o.a5 .o.z;· . 0.25 

Okhala R ,, o.as· . 0.42'· . 0.42' . o.-,s 
lt 1'5 0.4? . G. a; • 0.2., . 0.41 



Ta,blt 17 . 

lficltel Concentration in ppm. 

station $ample .'samplGt· 24th Februa%7 29tb March a?th .APril 24th MQ' 
!fa tare .Numbe,- 19'79 '19'79 1919 •, t979', 

··. 

j) 1 . 0.40 l 0.40 ·1.15 0.40 ,, .. 
R " 2 . 0.7; \, _0.75 ;o.40 Oe75: 

R ., ' ' 1.t; .. ·1-.1·5 "0.75· . 
'1' ·'"' 

R ·4 ... 
" 

Oe75 0•75 o.40 
D 5: " 0.40 0.75 ·o.40 . . 0 .,, ... 
R ' '·'' 0·.75 ~·75 .. o.7:5 
D 1· Oe15 0.40 0.40 1e15 

,, 

8 ·.0.4Q 0.40· 0.75 1.1S ·a , . 
. . , 

ft. 9 .. 0.7'5 0.40 .0.75 0.40 

Barapullah. :a '10 ·o.1s 0.75 ·0.75 .. 0.75 

» ;·tt· 0.40- 0.40 .0.4Q .. 0.75 
R .1'2' .-0.·40 0.40 o...to . . 1.1'5 

R .t3 1.15' -0.75 .. 1.15 0.75'. 

Othala R 14 • o.?S· t.t; . t.15 . ·o.4o 
R .,., <J.:7s o.?s 1.15 . 0.40 



Table 18. 

Copper concentration U1 ppm. 

Station Sample SatBple 24th February 29th March 27th q:ril 24th Xa7 
Batura lfuraber 1979 1'979 1979 1979 

W4zirabact .D 1· Oe075 o.oo 0·.00 o.oTS 
R a 0•075 0.075 o.oo 0.10· 

R ' o.oo 0.075 o.oo 0.075· 

Civi1 Mi.ll R 4' ... o.oo o.oo o.oo-
D ; 0•075 o.o75 o.oo 0.075 

.. rowJ:. Bouse R ;6, o·.o15· ·o.oo 0.1'15 0.075 
D 1 0.250 0.075 o.oo .o.oT.5: 
R 8 0.10 o.o75 o.o? o.oo 
Il 9 0.075 0.175 o.oo o.oo· 

Barapullah R 10 0:.075 0.075 0.075 o•075 
D H o.oo 0.115 o.oo 0.0'15: 

R 12 o·.o?s Oo175 o.o7s. o.OO· 

R 11 o.oo ~5 0.075 o.oo 
' 

' Okhala· R 14 O'o075· o.o&; o.ovs. 0.075 

a 15 O•o75 0.075 o.oo 0.0'15 



!Able 19 
Z!ne eoncentrat:iOD: i.rt ppa; 

station Sample Sam:tl• 24tb Feht'Uar7 29th March 27th .&pril 24th lifa;r 
Nature liJUmber.· f979 1979 1919 1919 

Wadrabad D 1 ·o.oo ·0.52 ·0.3() 0.1'!. 

R 2: ·0.14 ·0.14 "0.20 Oo07· 

:a ,. "0.14 ··O.f4 "(>'.30 Oo07' . . 
ct.v:tl Hill R 4 - .. o.ao ·0.1'4 " o.o't 

OD 5 ·0.30 ·0.20 ·o.~· . o.~· . .. 
.POlfP Bouse R ' ·0.14 ·0.20 "0.14 .. Oo07 . 

l) 7' '0.,., ·Oet4 ·O.t4 0.14 

R 8 ·0.20 ·0.14 ·o.JQ o•oT .. 
R. g· ·0.30 ·o.ao ·o.o? ' Of.01 ... 

• 

lla:tapul,lah R 10 ··o.,.,· ·0.14 ·O.f4 o •. ·t4 . 
» 1.t ·&.n ··0.:5() r0.'14 ' o.o1 
R 12 ·0•20 "0.30 ·0.1'4 ,. 0.07 

• 
R H$ ·0.17 :0.37 ··0.14 0.01 . • .. 

Okbala R 14 ·o.n ··0.44 ·o.o? ' ()·07 . . 
R 15 ·o.n ·o.·so ·o.o1 . o.oo 

··-
.. ··--··"-. . 



!#AJ!lt iO 
Lead conc:entration tn ppm. 

"-" 

Station sample" sample "24th Febriaal7 2~~h Ma.-ch 27th APl'll 24th .... 
Nawre lumber 1979 1979 1919 1979' 

., 

Wazirabad ' D 1 o.;s 0.50. 0.55 0.25 

R ··2 "0.40 0.40. 0.45 o.,; 
R ' o.;lo o.as. 0.40 o.a5 

Civil llli.ll •' R .. ;4 -.. o.as; 0.40 o.e2 
]) 5 o.4o o.40. 0.25'· 0.40 

Power ~~~& R ' ,, o.40c o.to. 0.25 o.as 
,])- 7 0.40 0 •. 25, 0.10 

. o.;s 
R s 0.25 0.2, 0.2$. 0.40 

. ' a 9 0.,25 0.55 0.25· 0.25 

Barapul.lab .. R .10 Q·.55 o.;~ Oe25· 0.25 

D .ft o.as o.~ 0.25 .. 0.25 

R 1'2 o.ss . 
o.~o o •• 0.10 

a 1' G:. 5.5 o.s; ·O.t25 o·.sJ 
Okha1a R, 14. .e·.to ·o·''" ~o.25 &.40 

R 15 o.:nJ:. 0.40 0.40 0.25 . 



Table 211 Chemical COilpOSition Of river Jamuna (Dalav:t, 1978) 

·' 
( in ppm ) 

Jro. tear pi S102 Ca Mg Ba· K s~4 .Hco,. Ct 

1 Jan. 71 9.0 30 24·08 15.5 1.1 6~25 4.8, 129.00 27 
2 Feb• 71 9.0 ·29 ,g.;o 14•5 2.6 5e77 · 4.77' . '122.00 4:S 

' Jan.· 72 9.0' ,., 39.60 10.5 2.0 s.a ;.& 20Q;oo 65 
4 Feb. 72 9.0 so n.ao 10., 2., 7.25 4.44· 153··7 54 

s Jan. 73 a.o · 12. 3'().96 18.58 ., a.s '. 6.75 •· 1;.14 :'• 82.96 98 

' Peb. 7'5 9.0 16 4;.oo 21.86 2.3 5·15 12.51 103.10 104 

7 I an. 74 ·- 1S 49·9 18.6 a,., , . ..,, 1.2.96 145.2 .40. 
; "· ·' 

, .. 
8 Feb·. 74 21' 

• tl'. 

41-.' 2).48 16.oo·· 5.2S 1,6. ,, us;, 40 
9 Jan.·.75 .,., 40· 116.9 60.9' 45.00 t.oo ,.25 145.2 .SO 

·a.s· '. 

47.5 ,g.oo . ~· "· . ' 
10 Feb·· 75 '49 

.. 
91.2 1.00 1.40 ,,,.,, 48 '·' 

11 3aJt. ·76 8.4'. ~· 127., 116.& 48.00 1.20 1.60 158.6 50 
-

12 Feb .. 76 ;1.2. . 31 .. 
168.6 149·0 19.00 t.oo 25.60' 156.1 42 

*· ,, Kalanour ... a ,. 44•1.8 21.55 ,;.o() t .• 1o 41 .• 60 ,28,.00 .. ts •. s 77 
14 Waztrputr 54 31.29 12.79 12.00 2.20 47.20. "'·5' 49.6. 77 
15 Okbala ·- 22 }1.1, 23.60 6 •. oo o.t ., 4~.4 '"370 .• 80 .· . .4!;~.6 

77 
. ' ' . ' ~ 

*Chemical ooJiiposit:ton ot3~ before Wadrabad at lCalianou.r:. 



Table 221 I.ntel'Dati.onal standazrds tor Public water supplies. (in ppm) 

s.No. Conati tuent WHO 1971 ' UsPBS 1977 ISI 1976 

'1 

2 

·' 4 . , 
'6 

1 
I 

8 

9 
~0 1· 
~1 t 

12 

'' 14 
15 
t6 

1? 

' ' 

,, 
'· 
llSM 
pH 

!otai. Alkali.• BCO ... 
nit7 

" 3 
-ChlO:ride Cl 

Sulph.attt , 'so-... 
4-Phosphate . . ,Po4 t ' ~ 

Sil:tca:te .. :~~02 
Sodium + . :, Jla 

Potassium ,J: + 

Magnes:t:wn 
•. · ++ 

.,Xg 
' •. ++ 

c.alc:lum' .. Ca 

Chromium .~~+! 
Manganese 

' +f' 
.Mn 

I l"atl 
... F ++ ,e 

Nickel 'Jii++ 

Copper ,Cu ++ 

Zinc '++ ZD 

Lead ++ . <Pb· ·. 

. ' .. ~00 '' 
1•0 - 8.,, 

200 

200 
.. ·o. 03 - .. 0.4 

50 .• 
75 

b.os. 
.: 0.10 

0:.3 

-

•:' 

. ; .1.0 

"5.0 
o.to. , 

-
250 

250 
' 

,250 
-~ 

~ 

"!!' 

-•.'· 
~ . ·-

0~05 
0 •. 05 

o •. , 
.... 

1.0 

5.0 
-0.05~· 

,. 

6.0 - 9•0 

600 

-... 
" 

'· -
• 

. 

-•' 

o.os· 

-.. 

-
.. • -

0.10. 

wo-(t971)t· ·· En'rlr~me~·_ana'Polluttcmat · Leh a_nct-~ak-(1974~ 
UsPHS (-1977)t Natural. Wate~lCheldtJ.'t~ \·Vol. :tit). · 
ISI { 1.977) t . tncti'an standard bts'C!~td~tozt' ( l976). . · 
Effluent standards (t9-17h Indian Btandard Inat11ntion (1976). 

Ist Ef:tluent standa~s 
into public sawora .. 

TemP•.45•C 
5.9 ... g.o 

-
600 

1ooo ... 
.... 
-... 

60_.00 

-
~ 

' 2.00 

-
~ 

'2.oo 
,.oo 

15.00 
I 

·1·0 



Table 2'1 Pollution Load.. Domestic/:tndustJ'ial Waste Water (C\fPCB, 1979) 

s.No. Name ot. the drains 

2 

' 4 
5 
6 
7 
s 
g. 
10 
11 
12 

1' 
14 
15 
16. 
17 

Ma&asdne Road 
sweeper colotq· 
KbTber P·asa 
Metoal# Bot.~se· 
Kudst a BB(fh 
Koat 
tnma Iamuna !ICn* 
Jltoft; Gate 
ltvt.l ftll 
Pon~ liottae 
sen lfu•tns Home* 
No. 14 •. * Bua!lllllab 
Mabat"ani Bagh * 

* Xalka:Jt · 
~shlaqalta.cl 

r 

Area sq. km· Total Popu• 
lation at 
drain basin 

Flow K.LD BOD No• ot· Relevant 
Domestic Industnal Kg/day indus• IndustJ'le 

* 15J.6 u 
678.4 R 

o., 
o., 
0.4 
1.1 
2.6 
2.0 
9~7· 11 

'!:l a 
,.4 

'·' 1o.a 
2.4 
1,S 
8.4 
6.t 

,21.5' 

14~50,000 
t ' 

2300 
2fSOO 
:noo 

10i500 
' 

2'},~0· 
18:,.700 

104,500 

23,.;<)0 
30,400 
30,200 
92,500 

- . 28,500 
8,28,000 

1?,100 
.56,000 

1·.72,000 

'U • ll'.rbanJ B • ltural 

270,000 

400 
400 
560 

1200 
5000 
3000 

., -32,000 

4000 
5000 
5000 

14,000 
3000. 

125·,00() 
u,ooo 
·gooo 

. 26000 

( ta.Unio:n· ~rr.t,O!'J ot Delhi. ) 

18100 

i : r 
•' '-· 

tries ;- ra · ... ,..: 

18,000 ·1955 At tezt!.lea 
(DCD) · :tncludf.lll' 

115 

1"· 
48S 
515 

116, 
935 

673 
H65 
1520 
1510 
4625 
t0.25 

41400 
ms 
3200 

·8600 

896 
-(ABCD) 

ctjetng,. :firii­
shilig and. dr)' 
cleanil'llt8· 

Bt Chemical 
. t na~st:n eG 
tnci'Cldillg 
f'&rtllieen 
and· jeailicidea • 

e.~· Eqtneeftntr 
including 
pJiinttntt.. eleot:to­
platil!B •to. 

Dt: lU ao•llaneous 
industries tnclu• , 
ding soap, .fOOd 
produc-t•• :rubber 
and plaattos etc. 
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