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59 Samp;les hgve been collected from River Jamna
around Delhi and analyzed, which show t’he time, .BPS.GQ end
seasonal vaﬁat@.dn in the cdncentration of ‘ﬁeta'l-s _pre,senti, with
the' possible sources, reap'onsiblév foixt the water q;zality of
river Jamuna. | )

P»articﬁiarily in :ﬂéih:t_ territory, total weste discharge
from seventesn different drains, §s the majer pollutional load.
To malieigccnra%a analysis, drein water also was analysed for
different drains and total waste disecbarge of drains regarding
metal,écneentmtien havse been calenlated in H;I'/yr, vhich is

obviously higher than river water.

- Further, this data is compared with the natural sources,
et upstrean of Wazirabad where river Jamuna enters Delhi region
and at Okhals Qo check the pollution load due f:o vaste addition
in betwesn.

With this study it is concluded that the metal concen -
tration observed at Okhala is higher then that of Wazirsbad in
case of Mr, Cuw, Zn and Pb, while Cr, Fe concentration is same
except M. | _ | _

But from overall impect of drain discharges, on river water
quality, 1t is observed that metal concentration st Okhsla is not
moch higher as .pmpar_e& t0 the total yaate discharges. It simply
reflects that ;nétaie are very gmch aepoeiti,ng. in the bottom sediments
of river Jammna, though Cr, Fe, Ni and Pb are exceeding the standard

limi ¢t
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CHAPTER - I

Introduction

Trace metals in patural waters have become 2
significant topic of concern for scientists and enginesrs in
v vambﬁa fields associated v;th water 'q'aa,.li‘t_y ag weoll as
ameez’h ¢f the gez.ieféal@ut’ﬁlie. mredfb toxicity of man and
~aquatic 1ife and indirect toxiecity through accumulations of

metals ia the gquati-ﬁ systen are the ;focns» of this concern.

: Surfaeé. %raters are usually vez:y dilute solutione .
. ¢ontatining cati ons, anions aﬁd neutrsl species. Aquatic metal
 chemietry is important -bc_acaaae water as a source is ﬁecessm
for men and a substance i# ‘sbundant. ’;re are -'cléné_efmd with
quaiity of water. '

A complex humen health hagard that can be yelated to the
organie and inorganic substances dumped im:o the jwater in mammoth
’ quantiﬁe‘s-x by our fast'éhaﬁging civiligdation. Some bi-’ these
substances, among then & variety of cheuzica‘is and metals, pose a
divect threat to huﬁan health of uncertatn dimensions.’

Several inorganice Qomp‘onentis of waste waters and natural
vaters ave it establishing and contrelling the water guality.
The concentration of inorganic substances in water are increased

both by geologic formation with which the water comes in contaoct



and by the waste water, partially treated or untreated,
that are discharged to it.

Compounds of the metals are wide eptéa& in the environ-
ment as minersls, many of ithem in soils, lgkes, rivers, stroams,
estuaries and oceans etc. #hese compounds oseur as s result of

. pan's activity or nstural processesm.

\!fhé a;:tivi‘ty of metals in aguéous gystem vary depending

" upon the metsl species whith are formed. Metals in low céeen-—-
trations in natural waters are essential :l'ngfredieiz‘eg for living
or‘ganiefns.' imt their soluble "aei-f;vativas oan be toxic to high
lgvels. T‘oxie metals in the environment is & more insidious
problen then any other pollution. Bscause of thety known toxi-
¢ity international sterdards ha\le::;& tor netels found in public
" water _sii}::piieé; ’I'he"stan:da.rdéﬁ set up by WHO, USPHS egnd fn&ia
afe given in the app'en&i'i - Tgble 22. |

A group of metallic species which includes Ca'' and Mg''
causes ‘water to be havd, Iren and Manganese tend to cause high
turbidity in ﬁéﬁer’: and ceuse stains. The cations of'gotéh such
as Cu, Ni, Zn, Pb, ¢r are highly poisonous t6 humans end animalg
alike.

Taking into consideration 6f the importence of the metal
toxicity in the natural aqueous system, the study on the role

of metals in the river water is ssmential.
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. In Indie, nost of te industries are inorganic )
oriented. Due to flast grtm.iag industrias and dense paﬁnlatim, |
river pollution in india is increasing. (C.a. Saetry et. al.
(1972) a8 a resalt of a,mgroper di‘spasal of untreated zn well
&as mllage ms%e water. It has ling heon known that polluted
water Tesources were among the most dangems of disesse

carrierse

:,Ha‘s't of the tvities of metr@pﬁii_taﬁ groups. are 10#&‘56_&;
upon ziwr“s:_o:- lakes tiiat ﬁay f}ée _utiiizad 88 B source of domestic
and industrisl wa%e‘r. &‘hese m'ties a?é.w their mter sﬁpﬁiy from
river and return the Béwage partially treated. or nntreated into
the river.

Cities like Caleutta, Dolhi, Allshabad ete., rely on
river water for theif noeds. Delhi, ?*Ehe Capital of India, .:Lé;
loegted on the riverv bank of Jamuna, one of the important tri-
butary of river Genga in Northern ;;nqi.a. within the Union Terri-
tory of Delhi, the spi_*a-ad waf the river Jamuna 13_4,3 ¥mS . rm,
nafer supply of the city 13 naialy drawnm fzvom t’hu rivsr at
Wazirabad snd Okhala. Tha total wasf;e water in Delhs is 9,60,000
KLD (CWPCB Report, 1979), out of which only 46.4% s trested and °
the zeat. untreated 31',-0 Kian weste water finds its way iut °
the river Jamuna direstly through seventeen di‘aj,ns. Thiamri’-v‘er :
Jamna, supplies 27,000 XLD {CWPCB Report, 1979) of drinking



water daily at least to 5,00 000 pevple.

Sinee Mneentratian of varim inergame caﬁstituénts
can greatly affect the beneficisl uses made o,f the vaters . it

is well to examine the éoﬁeéﬁtw&iﬁn of metals particnlarly

- those added ta su:cfaea waters via waste disehafge-

| The work on %he metal ponntinn in Jamuria ri?ai' ai'aund

. Delhi erdes the periodic vazﬁ.ats.on in oo&eentration of netals
| and the intemlation betwesn %he existence of meteia which are
| responsgible for the water gualmy in Belhi regitm. '.l‘he ddsori-
. penci.es in these ve,lues are uaaﬁ\l fer fnrther im'es%igation of

the areaa ﬁﬁ,ch are not well understood.



|  Following the dd saster in Mininmata Bay, Japan

(1rakayma ot. aln 1961), the efforts leading to the under~
standing of the ,,e;y'cling of vertain Wntaminatmg nétals in
aqueous and biologiocal -gystem. Such studies have féhaea to

3 contrs on the motale which sre koown for their tﬁﬁ-eity.

e étﬁdg by Dirum et. al. (1963) provides some obser-

. wations on ﬁé :tmpiié\ats.‘m of' the minor aléméz& \é‘éﬁi’éﬂﬁ of some
ma.aar a’kreams oi‘ the worlé. Of 1% or more mi.msr elamenta of the
waﬂd'a principal z‘ivez! waters range much over 400 ppb levele.
For g:’:am‘pié,. Aﬁ&g;}tﬁca nges‘hai river xgater in the sggregate are
‘8lightly more enriched in consentration of Silver, Chromium,
Manganese, Molybdemn, Nickel, Stramtium end Titanium. MNedian
milu‘eg' of xfatiia“a _43@/32?., %/ar and x_vi/c_u are maépnabi& consistent
in pﬁncigaf}; dr‘aiﬁage from Forth &f;erie_a». ‘Baiv the iﬁfiﬁ tends ?bo
be slightiy g:‘eatai‘ in global northern latitudes ‘than in sauthem.

In relstive study of yhy&ie buehemieal aharac%era in river
water systen in gmazon river has been studied by 'cdbbe (1967.
1970) and he claimeé thet geological terrain, vegetation, tempe-
mtura, Slimate, a&diﬁcn of tributaries ara primary faetora |
while city waste, inﬂaatrial waste and other man-made acigivities

are secondary factors affecting the cheumical usture of river waten
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Turekian et. al. (1967) has studied the concentration
of Cry, Ag, Mo, CO and Mn in guspaﬁéed material in streams.
The sediments of the Missiseippi and the rivers ieg% of drain-
ing into the Gulf: of Mexico as well as the Rhone river resemble
average shale in composition, while the rivers of the United
~Stat98«éast @f-thé Miss1as1pp1 are ocnsiaerably_highar in
ooncentration. This giffeféncé is not due to differences in
cation exchange capacity bgt rather pé!hapﬁbﬁova ggeater‘ama?nt
-éf-a-traée élemagﬁ‘ricﬁ‘estl éenponént and indusfxidl eontemi#atieh
in the eastern rivers. The !nﬁquébaﬁnarivér a1one is supplying
abaui 45 tons of Ag a year as possibly recoverable detritsl
meterials Loring (1968) has moticed that Fjoxd sediments are
enriched 4in Zn\aéd Pb ﬁheﬂ canpared to sedimerts from St. Lawrence
estuary and the bpen gulf of St. Lawrence { Bowers et. al., 1974) .
Spencer eﬁ.élr.figéﬁ) pﬁblishéa the faetaré affecting elenmeént
distribution in sediments of Sorfjord, Norway.

The work reported by Fonselium (1970) for the Mediteranean,
%hé Red Sea and the Aradian Sea is aimilgr‘fo work dome by Durim
ote al, (1963)q

Preliminary results frqm,a study of the chemical composition
of sou%kern lake Miehigan sediments published by sh1mp'(197o)
indiocate that Pb; 2n, Ni and Cr acoumulate in the upper fow centi-

meters. Of theae*lake\déposiﬁa. at fhiﬁ intervals concentration
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of these elements dppedr to be related to the total organic
carbon in’the’ mediments. Major constituents determined were
Ca, Mg, K, Na, Ti, Mn and P&éspharaug found in smailer amount.
Trace elements determined were zn, Ni, Cu, Co6, Cd, Cr and Pb,

On the ‘basié of a.nalytical results of seasonal oycle
sampling, the water chemistry data of the Amamon river are
presented by Gibbs (1971). Based on these type of analysis, hydro-
geocherd stry of surtg@é watm of the Mackenzie river drainage
basin, Canada, were investigated by Reeder et. al. (1972) and
the fzctors eontraiiix;g &no'rganiéucomgoat;m Were studied and
it he;‘s ?;b,?en_ observed that Mackenzie river is virtually unpolluted,
Twenty '1‘:';6 minor and major inorganic chemical components are
jrapo_rted together with the physical preperties and &ocnﬁénted
details gf the area and ;r‘oparﬁ:fm of rock types in %he ;ub-
bastns. S s . o -

Collinson (1972) modified the work with Shimp (1970) in
botton sediments from Peoris lske, middle Illinois #iver. The
ﬁe_suli's showed that upper Peoria 1ake bottom sediments contain
‘ mqé"a !-éad, Zi:ié:f ami Ghromium than previously stna&ed lske
Michigan. In this study, turbidity gppeaz_-s t¢ have an inverse
relation to trace élement concen‘bratién. -

Skei o« al. (1972) observed that the distribution of hesvy
metals in sediments bf sortjord Nosway, vhereas Oliver (197%) has



ghown the heavy metal levels in Ottawa and Ridean river

sediments which were snslysed for Hg, Pb, Cw, Zn, Ni, Co, Fe,

Mu and Or using Atomie Absorption Spevtrophotometer. He found
that some anomslously high heavy metal concentrations in the
sediments in certain _1@%&&::5 appeared to be related to poliution
of the ,ﬁrﬁﬁa by munieipal end industrial waste water discharges

and ira&te diapoaal 1:raétiaea.

Diatribution of trace metals in the pore wa%ars of .
| shanaw maﬁne sediméﬁts by Duchart e'la. ate (19‘73) In tMs
Btudy it has been pointed mzt that the distribution of dissolved
Hn waich is feguiér downward decreage im all dores. Cu, Wi, Zn,
Co and Pb adso show varisble ecncentration profiler shich depend -
on different physico-chemical environments generated by variable
amounts of ¢ontained organic matorfal and different accumulation
rates, while Loring (1973) presonted the morphélogy and sediments
of the gulf of 3t. &arﬁeﬁﬁe BEvers |

The vaﬂ.ati ons of éisabiv*ed éonatitnenta with dieéharge
in some Norfolk rivers have bem néee& down by Edwards (1973).
the rivers were .@péma‘turatéd,« caicium' carbonste when eompared .
with the selubility product of caleite and showed no sfgns of
equilibrating, gni,i the work put \f’éz?ara by @ibﬁa (4973) on medha~

nisms of trace'metgi Yraneport in sivers shows that the trace metals
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transported by the Amagon and Yukan river were efnalyt-i':ea;ly
partitioned among the #ransport 'phaéee in solutions, ionic
exchange, organic materials, metallic x;v.:éat;xaes and ci&st'ailgae
solids. ’ |
| Farther f&he study ‘bf"fst‘. Lawrente ﬁver aagi-ea mt

by Subramanian (1974) showed that the resulted data on river
 ‘water chemistry hes besn compared with otber major rivers of the
world. Besides, it has been clainmed that the total dissolved
load carried by the river into Atlentic may be significant mase
transfer and b!adget studies. . ?}E‘h\e‘méjai" iﬁ‘z;ick cémpééi tion ‘ié Bame
throughout the fresh water region. Potentiol t:msfamatioﬁa
of Chromiun i,.‘zi natural gatlers hgve been vz"-apez't'ed‘ bgr pavid ot.
1. (1974) end 1% has been found thet the Cr III and Cr VI are
readily iﬁteﬁc&eﬁi‘bie under patural conditions and the |
results of this sbudy iﬁdiéa%e that Cr VI 4s reduced by Fe II,
digsolved suiphides @nd Qaﬁain‘érganie compounds with st:ti!‘hydr:l
group vhile Cr III is oxidized by MnO, and at & slow rate by 0,

under conditions apprcximating these in "uaiai?'ai waters. '
41.01'1113 et, al. (5‘9"-775) pregented Mefeﬁ;ﬁy e'ﬁn{sentﬁ'&tion in the
-ga’ifl of - St J'_.awfgxzﬁé whéreas asp.eeté of trase ;mei’:ai éonfcamination
in the cosstal rivers of Iarasl were stuiied by Kronfeld et. al.
(}975). f Nene. elements c_sf ﬁiaiagigal ¢oncern, ¢z, Lo, @eu.' cd,
Ni, Pb, Hg, Zn and Ag were investigated in the »qeéimen’ca. of the

most important coastal siveams in Israel. All of these are
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subaeetea to degree or domeatic and or 1ndustr§.al novage
umt wi-th the eonsequent liability of ¢ontamiaauen by trace

_mﬁt&lﬁq :

e Ayyalon, Gadure, Quishon ami locally the Hadera rivers
ee:&tain Be.cmnen#a gxhibztzag severe ’pamnt;m si?féé»zs. There
is a danger of infiltration through the soilo into the ground
watefs as well as oxposing noar shore feuna to sediments conta-
mizated by possibly toxic ¥rsoe netalse ' The oﬁhéaﬁ»-ﬁwm bear
smalley levels of trave peotals, howevers an incresse of the Pb
and 21 levels oucHuys meat mrior Mg’hwasrs. -

| Vhoroas field wbservations o '%heﬁ transport of heavy
metals in sediments were ‘@“ﬁggwé& by ércgi (4915}, Tader tempsrate
‘elimstié condytions the sediments on their way to the ssa can
‘undergo changes in thei® metal ¢émpost tion by mobiligation of
these elements as woluble ae%aiaézgme ctmplexes. 1o sddition,
depondent on _t}ze Yyolosity yi"" the »iver currents, different types
of guspended nattor are tx@zmﬁemea and sedinents {ransported
by some large rivers oatry invge emounts of -thaas«; olements remult-
ing -fvm' pollution.
Las a(-‘ﬁQ‘fﬁ) studied the role of hydrous meta;i oxides 4n

‘the transpoxt of hee.vsr metals in the emironmeni and it hes baa:;

found that uptake and relesse heavy metals ism ;nﬁneneed by the
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pH of the selution and by the 9resence of organic and inorganic
comploxes. Farther it £& noted that bne ahoald not é’adge tha
9btentifé§. role of he,em' metals in ;,nﬁa_,iencang the .aqnam;e em-
ronnental chemistry of Cu, zn, Ni, Cd etc. based on the éonoen—
tration of Pe .a‘,‘nd“‘ Mn in aaéij;uticn._ "m ‘hlie study .o:" maéaboiié
oyei-ea for toxie e%ie*mexifs in the mvirenment. vood (1975) studied
the kinetics and machanz,ama of various alements ami shown that
smail nﬁmfpa‘htms of %heae eycles can chmge tha aqniiibria

imal?aa to changa the ecnceutratione of toxie intemadiates.

Fuﬂher imeatigations ot‘ heavy metels aﬁd Gther persistent
éﬁemieala, westgm patt hay Auatraua uere ea!.‘riea out by shapiro
(19?5) in uhich e, consluded that :Ln neﬂain eetuarﬂ.es in Australis,
su&h as Derwent and Tamar in Tasmanie, ﬁvidence oﬁ‘ abnormaily
mgh contentration cf Zn; Cu and ea were found in oysters grawlng
3.n these bo&iee ef wai:er. The vamatims in traee eleonmental
ementration along tha hngth of ettawa z*iver have been verified
by Merrit (1975) in shioh abnoma:f} fraatgen of moat ei_-oilnenta»
B&tmn iatie;' a:gz& -mépenaed mate;ial was observed in a sedtion
of the river whax*e‘l;iaﬁge quantities of jﬁ-‘a.sh wood :_'i’:;i!‘sfrea were
being produced by ﬂuming operations. . - |

While the analytical tadkniques i’or heavy metals {Herbert,
*!975! Kenriksm. 1977), physieai chemieai nethods nf :neavy metal
removal (Patterson, 1975) and effects and renoval of haavy metals
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in biological treatment (Adams ete al., 1975) have been grouped
in the study of heavy metals in the aquatic environment by
Krenkel (1975). |

In (1976), Loring reported the dlstribution and partition
of Co, Nt, Cr end V 4n :aédime:a-ts of Sorfjord saguenary. In this
~ study, he_shoﬁd that the dischatge of indnétﬁai ;nput has not
resulted $n an imx&éagé in the ééﬁeexﬁtmtﬂn 0f metals above
‘Bhair na%nra levels in the aediﬁ-ents.

Lmng (w?s) again amma the distribution and
B paﬁition of Zn, cu, and Pb s.n the sediments of Sorfjord Sanenay
and it wes éhaerved that tha aaneenti‘ati on of the elamah% increases

with deeraasing gz‘a&n sizm

Beavy metais ﬁ.n tke &e"lﬁaic sedmants of the Fraser river,
Britich cﬂmbia have been reported by Grieve (1976). Detailed
studies of the &iatrﬁmﬁm of labile an& non-lgbile trace metals

indjcate that the inéifeae'ed concentration of féaéa notals is

a.sgwiate;"‘wﬁh bagh ‘«thav idqtzfita; mix}qxals» anﬁ ‘h;ydvrq;n‘s Fo-Mn
Qma@. | Eina{liy high ;@ﬁéénﬁ’ﬁﬁim is '_aﬁ_eéwsa‘ oai the tidsl
flate :"mﬂﬁem’ea by »dfiseha;-ge of metal iﬁi@h BO¥agGe. : |

-The snslyais have been pérformed on *E'h,é ma;jbﬁ' nii‘era
anazon, Congo, Ganges, Orinoco and Parens by Martin et. al. (1‘9‘76).
These aﬁa;ysih_.inqlgae'..sme of the major tetal :e,oncsgtratf.-ons

snd elemental rates of dissolved and suspended transport by

/

Al
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rivers. It also shows the redationship ﬁet-weea dissolved
and solid trensport of Ca, Mg, and K. -

Teats ot. als {1978) put fearward 'the ‘study on trace metals
in waters of the sgguenay Fjord. The significant enrichment of
Fe, Zn, Cu, Fi, Co; €4 and Zn in the surfate water r‘élgﬁ?ﬁ to .
the inta-:?inedia?ce depth water, reflects wﬁeﬁff i'npute;" While
Subramanien (1976) has slso shown that pH 18 clso a major factor
for the eantro.i bi' chemival composl tion of river water.

The actual study on environmental pollution by heavy
metals carried out by Cook {1977) gives the information about
n@ﬂ*ra&i-oﬁﬂ%it& me:t'éia and thetr effect on the gnvironmeﬂié with
the health hazards involved. pistritution of inopgenié components
in wetor has bééi i—é‘e_nfiﬂ‘.ad by Glass (1977). Although the metal
aquo ion is thmght to be the resctive form for biologic inters ,
actions, the t‘raéi:s.cn of the total metal present in ‘this form
mey be small and highly veriabdle .ﬂéx’e‘nding o the available
complexing agents or ligends and the magnitude of the interactions.

Caléulations of the inorgani¢ components 4in jake show
the &i.!;t‘ribﬁtinn of getala and 1igands tﬁ, water to be complex and
indi¢ate that analyts.ﬁ measurement mist be Béﬂsiﬂ"éé in the range
1078 to 10712 1 for most metals and the emalyeis of drinking -
water from Duluth on a contimuous haﬁl& and at different locations
ghows lapge fluctuations caused by veriety oi‘ fastors. .
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A recently proposed trace metal specistion scheme
was applied %o the détemﬁatien of chemical forms of Cu, Cd,
Pb and Zn in four natural fresh mﬁrs end a tap water. With
this Florence (1977) added some relisbility of the technique
| and the effect of "ﬁéi‘ious methods of storage on the speciation
-results. Similar study by Bruegmann (1977) contrilhutes a soheme
of the many forms of the ocourrence of ‘tﬁ-a'ée metals in the waters,
shose .eonc@triati@n amounts to less ‘-“khan‘ O.1 pom. F‘nrth'ez‘-.
sample pﬁparaiiﬁn and détad%ioﬁ techniques are déscﬁbe&;
Analysis of the concentration of heavy metals in the
Derwent estuary wag done by Bloom (1977) in filteved waters,
suspended particulates, sediments, shelifish, fish, airbors
particulates and sewage heve confirmed work of other investigators
showing that Derwent és%ﬁary is highly pelluted particularly with
Hg, Cd, Pb and Zn end heve added further information regerding
the ﬁistrﬁbu%i-én@f each metal. |
Blutstein et. al. (1978) supports the work regarding
distribution of species of Gn«,‘ Pb, Zn and €4 in Yerra river
estuary.
.Modes of ﬁxatais transport ébava and below waste discharge
on Haw river was observed by Shuman eti al. (1978). Modes of Cr,
Sb, Pe and Co transport wers sxamined for difference between '

control and polluted stations within the selected smgli drainage



15

area of the Haw river, North Carolina. Difference sppeared |
among a greater minber of transport modes for Cr and Sb elements
suspected of, being added to t!;_e river as ingiustz"iai wastes .
than for Fe and Co with néd known industrial imput. |

Heavy mg'ﬁa-l';s in the bottom zm& at the moith of 9% rivers
ind apaﬁ' were analysed and the data were puhlished by Todo et.
ale (1978)« Samples of the mud wers .éal.-leééea' from the upper
strean x;eér the mountsain, not polluted with wasté water. It was
' nﬁnélﬁd’e& from these dﬁta that the concentration of the Rheavy
metals among 193 tmd semples up the river diaperaed in a narrow

11mitec1 mnge, eampared. vith thet of the river mouth.

As part of. ragional swaveys of lakes in Noyway, the
soncentration nf Zﬁ, ?b, Ca and €4 were snaamea in surface and
beﬂ:m watax- aampias ealleateﬁ from a'apremntafive, MI pmstine
lakes in Octobér 1974 to 19‘77 by Henrikson st. al. (1978) end it
418 found that increased heaw met‘ai ﬂénﬁeﬁtﬁa‘méﬁ in stid lake
may also be dué to increased mobilization of metals due to scidi-
fication of soil and surface waters. |

Traee 1norgam.cs in rural pababie water ana their aorrelation |
to pesaible emmeﬁ have been pointed out by Sandhu et. al. (1978).
Finety eight water samples comprising about 10% of the totsl sources
available to rural homes in Hampton County, South Ca¥olina were |

randomly ¢ollected and anslysed for inorgani¢ cvnstituents. From
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this study 1¢ has been canélude‘d th_at‘éhemieal contamination

'is widespread in this area. A mumber of water samples showed
unacceptable levels of As, Fe, Mn, Hg and colloidal materials
were chiefly respénsihle for turbidity in 197!; of the water
sources. .acceptable levels of Cd, Cu, Cl, Pb, Nog, Poé, Na, K,
total solids and Zn were determined in most of the samples.

Fey Pb and Mn appear to have come from corrosion of antiquated
plumbing inorder homes. Grebenovsky et. al. (.w‘rs) slaborated
methods of stripping ?oltamet\ry for the détemiziajt:i'@ﬁ of Cu,

' Pb, Cd and 2n on Hg film electrode and &eterxﬁinati'on of Ag on
the é_ieietrcde' from glassy caz*—bcn-(in driniking water. Cu, Cd, Pb
and Ag sre determined in the medium of dil. HC1 and 2Zn in the
mediﬁm of pyridiniam chiloride. _ This paper presents a comparisdn
ws,th common prseedms of atomic absarption and phctemetry.

Hi trates and phogphates in the ﬁrmking water in the
distriet Michalovce estimated by Birova et. al.. (1978) deals |
with the observation of the effect of artificial fertilizer on -
the quality of drinking water. The concentration of 2n, Pb, Cu,
Al and Ma were determined in sediment cores from windéfrmére by
xaylor {1979) N.H._ England. 2n, Pb and Cu are greatly. enriéhgd
in sedimen%ai deposited during the last Ca. 130 year’s; Maximum
concentrations are 1180 ppm of Zn, 589 ppm of Pb and 140 ppm
of Cu compared to 'ba_aelige concentrations of ‘1"60, 56 and 24 ppm

‘respectively. Known sedimentation rates have been used together
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3

with the measured concentration to caleulate fluxes of
~ the three metals into the lake sediments. Hé’c’al sources and
trensport mechanisms _ha‘ée been discussed wherever possible.-
From t'his's.tudy it appears that atmospheric aupply; of the |
metals and uptake by diatoms nay be mpmm faetors in
cnntfolliﬁg sediment concentration. While Jennett et. al. (1979)
.sufﬁpr%ed the shuman's (1978) work. The u?'etig‘atiton on
metal tranéport ﬂmﬁmining.' smelting and milling water shades
shows thét run off transport is a major factor in moving metals
from one etosystem to antthoere

Sinmd 1ariy euacompigxing papsatity of natural' ri;mf
water, waibl watet and a%ﬁinﬁaﬂjr reconstituted water have
been noted down by Cardy et. al. {1979).

‘In Indian contest, the work by Srivastav et. Ial. (1964)
put fmwd the concept of self—-pnﬁficaﬂon o:t; rﬁer water at
Okhala water works snd the obsetvation by Keushik et. al. (1964).
gives the information about coliform periodieity of river ‘
Jamana at Wasirabade ‘ |

The study by Balani et. al. (1965) provides some
observations on the poilution of river Jémma af Okhala Water
Works. By this study it has been suggested that f%he water supplies
be regai_azfly monitored for content of free ammonia iyhib‘h may be
useful in fixing the criteria of pollution of ﬂﬁnking watei supply.
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The survey of Najafgarh drain carried out bzv Bﬁusu
. ot. als (1966) shows that the Jamna :éite:}* water pé}.‘hxtion is _\
nainly due to disposal of industrial waste water from Svatsatra
Bharat Mills, DCM Chemicals, Hindustan Insecticides eto.
Geochemistry of the Ganga river water (Hands, 1972) shows that
its water is of the alkaline earth bicarbonete type and the .
L total dissolved mineral éo:z_te:;f is gradually increases with
ﬂisiﬁn&e from sbg‘rc'es During Hons@bﬁé’ the minéz‘ai ﬂ@nﬁeﬂt aleo
varies bat the mgrbom@ fons are also more. predominent.
Ganga river bg:ﬁea around 80 millgon tens of various ions to
the sea é_f which pearly 79 million tone are the alksline earth
biearbomates,

| Reports from C'SHRS (‘19,‘1’3)_,131'9?1&03 éonie @@icai investi~
. gations of river waters in Indie whieh‘suppeﬂa the same work
done by GWPB (1972-76) for the rivers Jamms, Chembal, Betawa,
Ken and Genga which shows the gradusl increase of pollution in

river Jamulite

Agrawal (1977;’).. predicted metal émté—nta in the drinking
water of Cambay. In this -stn&y»aaaiyaia hae been done for alkald
nmetals as well as %racg, m;}etai‘s ﬁn ihieh 1t 18 caloulated that
the Pb and €& clcncantgatibn is e&ght and four times gr"e*atei than
maximm alloweble limits respectively.
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The relative study of the maw water quéiiﬁy at
Wazirabad and ﬂkﬁala'haa Yeon studied by Kudra et. el (1977).
Erom the seasonal #ariatiéniin physicothemical anﬂfha&fériolagical
quality of water, it was observed that the pollution in the
river is increases progressively between wazirabad and Okhala
due tn_diacharge-af industrial as well as domestic waste at
several points, | |

- Resently the work dene by Dalvi (1978) edds the knowledge

: gbout the therﬁcﬂynatic;apﬁrﬁgﬁh‘to the water mineral eqﬁiliiria
in the Jamuna river basin, which favours the point that physiocal
'-wéathexingﬂis greatértthaﬁ'ﬁhemical weathering for mountaneous
rivers. |

>0§PGB (19?9) Reports highldegnt some enviﬁnnmén&alvprablemi
of Delhi which are mainly rosponsible for tha ineteaae in
'pollutian of Sanﬁna rlvar water in Delhi ragion.x

ss,yaa: (1979) studted geochemistzy of ground water in and
around Deihi for'minaral vater equilibria and nontroi of lithology
on bonaen£ratign of dlfferent ions. It has been 6bservea that
concentration ia less in monsoon samplés and high in sumes,
¥hile Subramanign'(19ﬂ9) deternined some observations in Deihi
ground water which ineiudﬁ séme~me£ai_eoneent?a§;cn"Ni. Cu, Zn,
Bb, Mn etc. frem various regions of Delh, and recently chent ¢al

and suspended aédiment'chafactaristicg-ar’rivers of India have
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been published iay Subramanian (1979). 'Baaegi on these
1n§é§iigat&aﬁa,. the Izndian rivers are alka’liﬁe in aa.%'@ra' and
25% more concentrated in dissolved salts than the world's
averagé. mwk&gg and downstreanm variations a:re?' alse 1;‘:1911-37
explained and acheﬁi;ea;l',__ _-éed_j;.ment anﬁ t otal load have been
calculated for Indten rivers and erosion Tates are compared
%o data for some major world tg‘vera. |

| In fact \.he metal pﬁzlution as .«meh has not beem
| atﬁd&ea with respect to Indian river system théngh it has beeén
‘wtudied on gl@j_:al scgiea,, This %8 the first 1nvea‘tigat§qn worked
ot as Jemng is an ‘impﬁx‘}‘:al’it river as vell as ‘izaanr’ tributary

of river Genga.
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CHAPTER - II

Geology & Nature of fRi;vr_er Jamuna Aroun

River Jmna ﬁsix‘zfg at Jamnotri glaeﬁ.e:r“cf Himalaya @ -
in Terri Garwal district inU.P., at an elevation of 6330 m.
Jamuna becomes a river sfter addition of the Rishi Ganga, the
Unme, the Hamuman Ganga and other small streams: After flowing
215 Mus. downwards it passes just 'iauehiné Delhi {Rao, 1975).

River Jamune is an equelly important viver as it 1s a
major tributary of river Ganga. Jamuna river water is a
mxer of d&ffé#éﬂ_t geology added by its tributaries. The major
portion of the river Jamna is occupied by recent alluvium
(rig. 1). q?h,é ggéiegﬁ:eal distribution of various rocks type
around Delhi is revent alluvium. At its origin the’river fiows
through the territory granites of the Simla Himalaya and lower
Sivalik. Middle part is constituted of the lower Cuddeph system
containing Delhi series (Wadia, 1970). |

Following CWPCB Report, Delhi, the streteh of the river
Jemuna within the Union Territory of Delhi is 48 kms. The water
supply of Delhi city is mainly ddawn from this river at Wagirebad
and Okhsla. The totel waste water generated in Delhi is about
9,60,000 KLD. Only 46.4% of this totel waste water is treated

at Okhals coronation pillar and Keshopur waste water plants.
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The rest of the untreated waste water finds i,‘FB way into

the seventeen open a:am {Table 23) ofdt‘h‘e city. Amongst
these seventeen drains, ésevén naj ordrainu ‘are there which
have been shown by asterick mark. Thosge drains are pouring
the daily flow of untreated waste water abont 5,15,000 KLD

| (cWeCB Report, 1979). -

Eehe eantmbution of these drains both in volume and in
'_q“uant’i‘kies aof pallutants are signiﬁcautly higlh At Okhala
Bead works. a caaal parallel to river anuna flevﬁ.ng towards
| Agra, knmm ae Agz‘a cana_l hae %akea off for 1rngation gnd
hbther purpcsea. The Kalka:ji and hghlakabad dmns diacharge
d:i.rectly 1nto Agra canal

>

| _ne‘s,c'zigj;;nn; of ‘Study E;fé7»

Sampl:lng statiéns were fizxed
acoording t6 the diffebant nixing points of the different drains,
~ conneoted to r_iv*ér_f.mna. The .-patte;-n ':of'th'e, collection of
the water samples iss _ ‘ o o

" 4) befére mixing the drain into river so as 40 lnow

" the ionié condentration of i‘iﬁa%i“ﬁﬁe’if@

 '3t) in the &rain, to eheek %hé addition 'of the waste

| ' by drain hqton nixing; ' ‘

1ii) &t the mixing point of the dfain, to see the

dilution effect on ths concentration of the icnse;
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'~ '4¥) after mixing of the draim, to observe the
‘total concentration due to the specific drain
.~ 4n:the river. . |
“Tne last sampling in Agfa canal mear Badarpur gives.the
effect of mizing of two more drains, Kalkeji ani -‘ﬁghlakabaa
wfxich aﬁe&iréﬁtly -eé:macte& to Agra Canal. bg’ﬁa@lﬂ of the
study site have been shown in Fig. 1 and djearc'ﬁ;ztt_iqn_;s given
:‘i-n Tabié-&ui '

, gl:lng Proc géﬂres

eeﬁee%ien 0‘&’ wa%er samplea in ﬁve? Janzuna ami its
maj&t arains eannacied i‘rm Wazirabad to Agra canal. neat Badarpur
was done in the ménth ei' Eebi-uary, Haroch, April and May, 1979,
The enileotim ei«'v ﬁ&*&‘e? ﬁmplaa is monthly and just below the
| aurtaoe of rater iu axﬁer to make an accnraté and ayetama“kic
asgesament of the qaanty of river uater, :it's mineral content

and periodic variation alse.

Water damples:have been collected in %‘i‘xé drein, at the
mixing point of drain, defore mixing and a:?termixing the drain
respectively in polyethelsne botiles at various stations located. |
fhough the seventeen drains are coanected (Tatle 23) to river
Jamuna, samplinge have bsen done only for four drains (Fig. 1).

In the field itself, pH of the water ¥as measured with
a portable (Toshniwal) Pl meter. Total slkslimity was also .
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measured to get the sccuracy by titration with standard
HC1 (-G.’Om) slong with the temperature of the respective
samples in the field. '

Laboratory Works

- Afte‘r”meaaﬁring conductivity with. ( Syéttonieﬁn) -&iréét
»reading conductivity me%er. all the m‘ter samples celiee’ced ‘Were
ﬁl‘teﬁeu threagh 0e45 um pore Mzed filter paper and part of the
feach water aampla was aeidiﬁed wi’eh 2 zal of 0, 1K He‘l to prevent
f the lsae of ﬁetal cenéentratim pﬁ,or to anaiysia (Henﬁkaaﬁ
ote. a}.., 19’77), and these gamples put to zee the metal fon can-
fcentratioa in ppm 1eve1a with {card zeia R) A%m:lc Abporpt‘ion

’ ~3péetraphotcmeier. Rest of 'Ehe t.naeidifs.ed yart wa.. kept for
Anien analysis whereas the suspended wotter waa ealcnlatod &8

‘Tsn it ppme.

a)wata;_ kel T4 wes esthmated volumetricelly by fhitration

with standard Hcl nging methy}. ora.age as an indiaat‘bz‘.

ii)c}:}.oridess Voiumetrically estimatea vith atandard (o.ezn) Aglo,

so&ntﬁ;@n naing K c‘r@4 a8 an 1ndieat©r
ﬁi)svlphe.tea, silicates and phosphates were estimatea apwtro—-
ma‘;ﬂcally, with (PMg 1% Carl Zeisg) aSPtfact'g'ophotdme%ﬁ? with
conatant wavelengths. o
1v)Acidified samples were used for the analysis of metal ion cancen=

tration, as potassium sodfum using emission and Calofum, Magnesium
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Chromium, Nanganese, Iren, Copper, Nickel, zinc and Lead by
absoxption with {Carl zet s5%) Atomic Absorption Spectrophoto-
meter, uning different standard golutions of netsllic ions in
ppm for the calibération curve.

Though BOD and COD are important Pammei}eré,‘ it eould
not be done because of the failure of Glec%ri‘tgi#? in those days.
E_x,mgi‘aatiéﬁ of these pmeﬁéﬁ- :nay shade gd&it.ionai lg;ght on
the behaviour Of the deta. This presentation i made in the
fomm of a graph which allews to persue the aata for purpose jaf
intetpxetatioa. |

v

The graphieal presen%ati@n ghown in dﬁ.i’ferent fignrea
{2 to 20) high-lights some of the very useful thingss
Thus it showss-

1) the actual vanable coneantratiﬂn it the drain, at
mixipg point and 10 the wiver for gach months

2) variations in variable voncentration;

3) seasonal variation in river Jamunaj

4) space and time variatinng '

5) amount of waste aischarge at the minng paint from
tha particular draing ami

6) Vasria‘ble éoncentration is plotted on Y axi.s with the

: stati:ons on X.axis. A1 the graphs presented, follow the
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patterns Esch oxplains

. Drain

Mixing

=

o W w

=

River. .

~ Along with this, it shows the different stations as

V@Qi?abgd;

Civil WYL

Power House
Ba;rapniléh

Okhela and agra Canel.
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River Jamuna Around Delhi o
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Table - A=1
sta'tions ' Smling ' Sampla ”D‘atev of Naturé of k Desérip-tion Diéchax?ge from the
' ' spot Fumber collection the sample of the samples draing Industrial,
domestic & other
Najafgarh 1 Drain Drain watexr 18,100 - 270,00
Wazirabad Drain mixing 2 24 Fob. 18 Mixing River water :
- Wazirabad B.M. P W
Barrage 3 Mo | River water
Near Yamuna Bridgs 4 A.Mo/B.H.  River water
civil Mill Civil Mill drain L e e SN
near Shentivan | 5 Drain Drain water 5000
Rahghat 6 28 Mar. 78 4A.M./B.M. River water
13 P } . o
gg&n""“ House 4 Drain Drain water 5000
g"s‘;:szower ' Drain mixing 8 Mixing - River wator
ear I.P. . A | .
g::ggﬁ 9 27 Apr. T8  AMe River water
Near Bumayun's - e i
Pomb Bridge . 10 B.M. River water
Barapullah Barapullah drain 11 Drain Drain water 125,000
Drain Mixing 12 Mizing River water
Friends Colony 13 24 May 78 AeMe River water
Okhala Okhala 14 A, River water
N Agra‘ ca?l'?e“ 1%  Canal water River water N
{ This data is from CWPCB Report, 1979 ) AeMes  Aftor Mixings N
i BeMes Before Mizing. o
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~ Sulphate Concentration in ppm-
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Siticate Concentration in ppm-
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Potassium Con‘com;oﬁon in ppm
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Magnesium Concentration in ppm
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Coppor Concentration in ppm
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Zinc Concentr ation in ppm
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CHAPTER & IIT

egults and] Disg‘nssizcn

The variable concéntrations ia river Jaminse around
Delhi, at various stations are presented in Tables 1 to 20

and Figures 2 to 20.

cpnducti‘vigy',and“gm The “;liigher eonductivity of the drain

water 'ind'ica'tog the more ionic concentration than that 'in river
water (Fig. 3)- | |

Our ohserv:ationé» glearly‘indieete' that Jamna river water
is alkaline in fature (Fig. 4). These findings are consistent
‘with the'p:.t'evi.éﬁs vatuds..ee on ofhér Indian 'ﬁ.vé.rs ( subramani an,
1979) and the world's aversge river water (Livingstone. 1963) with
the corrected values of Gibbe (1970).

BQ - 00_'_,‘, sjrstam in the nature, silicate-mineral equiliibrie,
waste addition from various drains and interac.ti\ons between trace
inefals and batii organic and inorganie ¢helating agents in water,
alter the pH of"wate'r‘ (0tshea ot. al., 1978). However, observed
increase in pH in‘the _mon;ch‘of April and May probably due to re-
moval of carbon dioxide (002) in photosynthesis at increasing
temperature (Klein, 1977) by algas and heavy plantation on both
the sides of river Jamuna.

Total Alkalinity ; 41l natural waters eipa&ée& to air, are dilute

soluti ong of e_arbonic acid due to dissolved 1002
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Reactions of carbonic acid with lime stone, certain minerals
like albite (Garrels and Christ, 1965), from partisl or complete
decomposition of organic waste (Berner, 1"97-1). and waste £ronm
petrochemical and ¢oal industry under anaerobic eonditidns}
(subramanian, _19?63‘9» release 3303. ions in waters. Besides

industrial waste i8 also one of the major source.

However, Fig¢ 4 dhows, 100 - 500 ppm of total alkalinity
in river J amu;xa which is much bigher than worldi's average river
water (‘58.4) .(i&v&agstene..»ﬁi%?)-. Iz its upper reaches Jamuna
fiows over the Krpi linest one and“ianker carbonate terrain hence
total alkalinity appears to be higher due to weathering |
( subrqmanian, 1979).

The city waste addition from various ‘cfh;ains {Table 23)
is also a very imﬁorfani factor which fcfanaes the fncrease in
total alkaiinitj of river water. In densely pb;mlated Union
Tercitory of Delhi, 3329 industries are located which add the
totél waste éi.sehe.‘fge 22800 KI./day-(cﬁ'?CB,. 1979) . . Usually,
alkaiies are prés’e'iat‘ in Keir liquor, waste water from cotton
wools, paper woz‘ka—; -ehainiéal industries, fertilizers, pesticides,
eleetropl_a,ting; sba‘p and food products ete,

The tet;;l a’lkalinity 'obﬁeﬁéd» in aii the four drain
waters is very high {1190 ppm). It is in agreémafl$ with the
findings of Eckenfelder (1950), who suggested that alkalinity

should be in the .raﬁge of 1000 « 200G ppe as caGO'.B». ‘



The highest 'i‘r,alues recorded in Barapnlla!; drain
water are in the month of ?e’bmary and May as compared to
other drains. It may be because of feldspar, caicife and clay
mnerals of alluvium soil which yield bicarbonates on weathering,
heavy ‘a,grié\_xltﬁ_:aljf_ieida -4n the surmounding area and waste
from appl;eg fertili zers. At low temperature _':002 digealves
more which breaks down the limestones and inééaasea the alkalinity
of water; and i-éleb,sés .-692 .with 1neveasing ‘l';eﬁi»ergtu‘ré. Alkali-
nity is more in the month of Ii‘ebr'uafy 'and it i likely that the

low te:npératu:a in that mbnth may increase bicarbonate ions.

Overall bicarbonate -e»encenfration decreases from
February to May. It méy be because of increasing removal of
co, with ineté‘é‘sipg temperatute, conversion of H_CG; to GQ._;"
by algae ahd green i:lants, oxidatio*n of ‘Ens in domestic waste,

conversion of alkali nitrates to carbonates (Klein, 1957).

Chloridess Fiéf_.’ 6 -éhewe that eh‘ieﬂ&e c-aﬂfenté very from 15 -
‘610 ppm in Jamﬁixa' 'nfvé-r water. E‘I;e;se velues are very high then
woi-ld's ave-rage ;-ivv'e': water (7+8 pp_m) (Livingstone, 1963).
Chlorides are found in the sand dunes (1075 ~ 2562 p‘pm);
é,lluvinm ( 31-232 ppm) and quartzite (61-156 i)pﬁ) + Sand, composed
>ot feldspar, qgartz, gypsum, hornblende, ‘éalciﬁe and salt
:partiaies o;x ih’teraétion vith the ra;;n water dissc‘ive the same
producing chloride ione (Wadia, 1978).. Jamuna basin is rich in

alluvium, therefore chloride contents ‘shouldvaléo be very high.
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Waste from drainage, sewage farm, industries, acid

picle liquors are also the major sources offchio:iaesﬂ 85 -

251 ppm of .chloride is observed in all the drain mixings inte
river Jamuna. Najafgarh drain shows no significant variation
in chloride contents which indicate the alkaline waste addition
from'the-induétries loeéjéd in that area, and from domestic
waste. Rawﬁvér,'quite higher‘agpunt of chloridsé‘isvébservéd in
Barapullsh region. 'Bérgpuliah is a domestic draag.‘ iperefunev
its sewage may'be rich in chlorides beesuse chlorides §resent_as
~ NaCl in the urine to the exfent of one per cent.. The Barspullah

; drain cdvers 138 8q. km. area of Sé@ﬁh Delhi; which is supflied
with most of the‘tube well waters, feee, ground water which
contains h&ghfamount of chlorides. The waste d schargd from this
region is about 125000 KL/day (CWPCB, 1979) suggests the presence
of high chlorsde contenté. In additien, thoiides‘may be.detEVea
from agricultural waste in that region (Biyani, 1979). The
anount presentﬁdependa\on the chloride content of the water
" supply, waste from food products, flow of the watei discharge etc.

The flow disdhargé'offérains (Teble 23) varies at

differentimixinglpﬁ@nts of river hence ﬁheAehaﬁges:oécurvin the
river basin. Ohloride content increases significantly from |
Wazirabad fo Okhala may be'due %o fhe.addition-of these different

areins. Since river Jemuna passes through densely populated grea
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and inetusi or 6e¢rease 01? salt concentrations in the down

atrean dimtian simply refl eete mm's activity (Subramsnian, 1979).

Sulphatess Tile s“nlyhate concentration in the river water is
.ma in Fig‘g ?- It ave;rﬁagl'es 209 - 2000 ppm whereas the vérld '
river water a‘.vérage 'i-s. 1.2 ppm. Generally salphates present |
Aaatarany in an waters as a result of seivent action on gypsunm,
pyz’ite. Ga_lefia? ahalegpy:;te, ;sphelexj& te, mydrite and it also
' ’prp_seﬁt as 'avfiﬁai @xidﬁtien yraﬁ"nets' of dﬁau’lghiées. sﬁlﬁhi%es
and .thiasuiphaféis ’(Baiﬁsu et alo, 1’954) 2 04 in atmosphere
| is darived from duat partieles of sulphur, axidation of 802 and
25 8as, hurning of a eeaz a.nd eﬂ. Rfiver water and drain water
contain 11.2 ppm and 2 pym of sulphate (Wedegwhi, 1970) and 1t is
varisble in quar‘tzite (?5—-?59 ppm), alluvium (200-831 ppm) and
" pand dunes (665—2531 ppm). |

v cgneentrauon of sulphate in the Triver alse varies
aceording to the weste discharge and addition of the sulphate ioms
. along *wi.'th the gpﬂtﬁbﬂtiﬁaﬁ from alluvium region. Tube well
ﬁater eon’cainé’ 'higi;fmiphates and they could also be the possible
seugee. ’ |

| ’Eile higii saulphate ﬁotaéeﬁtratian *bbaeﬁed in all the four
- drajins varies 'fran_x. 400 - 1840 _ppm_'may be beecause of waste from
sulphate pulps, pickle liquors, electroplating, tennary gfflﬁenﬁ

and chemical industries from Najafgarh and other industrisl arcas.



The higher eoﬁcéntrgticn ié obgerved in power house’
drain compared to other drains 1ndicatea fairly large ggount:
of sulphates ;m the waste t‘ram power honae station. The cosgl
ash contains upto 20% pxrite. mcn on dissalntion gives sulphate
in Wate:‘r (Bm‘wn’ et. ;al.r, 19‘76)' Sulphate eoncentration in the river
water i.ncreases downstream as drain water itsgelf shows higher
concentration of suiphates and hende at the mixing points of

draina in the river Jamuna.

'W ‘The dafa_ vobta(inéd for the phosphate concentration
in the zﬁvwl nguna is ‘grap’pieally p_resented in Fize 8. It ranges
from 0,015 - é.ﬁa Pp'm anﬁ increasses from February to April.

The "ﬁhgsyhaf_e is a'major plaﬁ nutrient and major sairgeé
of it are pnésp&fi,c minerals of rocks, sedimentary phosphate
bé&a. décay éf '-‘ghe'c'irganié naterials likasco;aj.:,» petroleun, plants,
bones, fertiliéers and -waste water f rom detergents, sewage,
plating indnstries,v'anodizing, phosphodi zing, waah}ng, ‘humen and
animal excreta. . |

The ineivea-s,e-;n phosphate -concentr’aﬁoﬁs alao éosaibly due .
tS the adaitioﬁ of waste distharge from dcmésfic drains which
glso contain waste wat;et from tube wells (4 - 17 ppn phosphate in
ground water) (Biyani, 1979).

Phosphate véoncentratipn ‘observed in all the drains is in

between 0.01 ~ 4,85 ppm which is higher ‘than that in river waterb' ’



It may be because in sewsge hydrolysis of phosphorous
is more rapid (Devey, 1973) and (Lewin, 1973) also observed
the higher concentration of phosphates in sewage §6 - 8.9 ppm).
The higher eoneen'ci'aﬁ ons of phosphates may élao be due
to the 1on-paif fﬁi'ﬁati‘on with metal ions of phosphorous species
wvhich in seme 1natances be sufficiently stable to increase the
’phosphaxe soiubility {Jenkins, 1971). The highest'?alues observed
in the eivil ms,l& and pewer house region, probably, may be
because of domestie/industriai wasts water and coal ash dumped
from power plant which contains 0.001 ~ Q.1 ppm phesphorous
respectively (Franeia. 1960).,

| ﬁ}_igzm Fig; 9 shows the eilicate c‘oneehtraﬁazx in river
Jamuna (3-18 ppm) and in the draein rater..(aazi)vppm). There is
not much vardation in stlicete concentration in river and drain
vater because, the whole Jamuna river basin is occupied with
recont aliuvium ané_chémical equillibria of this system are

~ controlled by the activities of dissolved silica in the form of
H,510, (Dalavi, 1978).

All natutal waters and waste waters tontabn many types of
buffers f.0., tg%hbnptesy silicates, hydroxides, anmon;a, ammonium
ion etc. 1In addition to this most natural ﬁater c¢ontains silicates
relatively iouAeoncentrﬁtién, free or combine& with other
subatances and at slightly higher pH. baees do tend to dissolve

veand to some extent.
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| Besiées these, minez‘als like famterite hydralyzea
gs.ving H 3204 in watez- o - |

Hggﬁf% }4 gz_a o _vat‘w +4 00 +H80, and
MgsiO, +4 H ce3 —> 2:Mg" + 4 HCO, ,.H4ae4

K- Ealdséa#,~ Ra~ Peldspar, Kaolimite, montmorilonite, illite ave
‘also the major saurees of dlicates.

. The time variation observed in the silicate concentration
may be due to changessof Kaolinite 6 Na=Feldspar longitudinally
due to increase in Raf'e-oﬁaéaﬁratien which has been reported
recently by Delavi (1‘9‘78)'. .

inother pessible reason is that as méhtmorinclite is not
s stable phase, it changes 6 illites and further Kaolinite ‘
resulting in the variation of silicate consentration in the river

basin.



_The concénti‘atiéns of ﬁa"} K‘b., 'Hg" and Eaﬂ' 1"!:.
Jamuna river at different 10¢9.fions is showm 1n‘f.‘:l‘gs.\ 10-15.
T_hé river water averages 15 - 77 ppm Ha+y_M2‘*24. Pﬁ! K*av | .
1-5 Ppn Mg” aﬁd 28-“3‘7 ppm C‘aﬂ vhereas drain ﬁater» av.eiages
0~2$pmﬁa,4—%pmx,1#8mmmﬁam32~%pm
; which in tum ad&s with the total waste mta river Jamuna,

and therefore increase the total cencentration ‘of metal jons

" 4n the river Water. '

Obsewea coneentratian of Na and Ca is very high as
¢ampared world's average river ‘water (6.3 pon for Na' and 15.1. ppm
for ca) « ‘The natnral sources for major cations are as fo*news

 which determine. mainiy their c’aneentz"ati on in the river water.

'Na* - wgatheﬁ.ng of piagioelase, pyroxene, homblen&e, ova-
perite minerals ami rain water (2 ppm) (Davis et. al. 1967).

) SE- Weathering of ortheeiase. microcl:lne, biotite, K-feldspar,
leucite and other K:-.bearing minerals and roc¢ks like
graxiitea‘, syend te, arkoée, mica sehist etc. and rain

water (0.1 ppm) (Davis et. ale, 1967).

Ca  and l!g - These catims are fmmd in abundance in ‘the
earth's ezust. | The various minerals of these ions are
calcite, magnesi‘t:e. dolomite, anhydrite, gypsum, f;eldspar,
pyrosenes, amphiboles oftc.s and rain water {10 ppm ca’ and
0.1 prn Mg"™) (Wedepohl, 1970).



The observed .cations ‘in river 'may also be. becauss
of the addits.on of domeatic waste, sewage, chemical industriea,

viseoserayon mamzt‘acturing, throme tanning, iima. Keir 1 quor,
etc. '

River Jamina is occupied with recent alluvium soil
wixi.'ch c-oni‘."ainé elay and feidsﬁar. ; Among"the feldsja.rs, plagio-

f ::iasé weétkérﬁ_ fﬁstér than K-‘-f"e‘léspa'z‘ and :c'alcie plggidoiaée
weath ers fa;ster than ‘éédic'—faidispd?. 'Tﬁeiefote, concentration of
Na and Ca is hii_'gizér then Mg"™ and K* in river water.

' Tﬁe 'vaifiatihn abééwe& in t‘h‘e najor "cat‘ioﬁ oenee‘nfrations
in river, at mizing points of drain as well as in drains, nay be
because of chenge in flow rate of the drain snd volume of river
water which differ at different saﬁ:ﬁhng_ stations. ‘io-tai increase
in efanéentra‘tilﬁi of these cations is moi'e in the nonth of Hai‘f
possibly beeauée of high temperature, lower volume of water an_‘d

) lff.e'rﬁ_h zers from agrﬂ.eaiturai waste. |

Sodium ¢orcentration is higher wvhereas x* coneentration
is less as compared to ca"-'-" and Mg‘ t. Domea-tia and '1ndustﬂal

-dreing carry higher eamount of sodiuvnm w!acich on addition 1ncrease
the sodium concentratﬁ.on in river waté@. Ihe K ions may be
absorbed by alluvium which is dominantly maae uﬁ of clay, thus

.- reducing the K content of the river water (Gria. 1947).

- The higher ¢oncentration of thée major aation,e is‘ found

in the regionuof Power House end Barapullah stetion. These higher

¥



values may be due to di sposal of vpuh\m‘r‘ised fuel ash in

water from power house station. Barapullah is one of the
biggest drain and two power stations are housed upstream of
this Bargpullah vegion. Generally ash contains all the m jor
cations, along with other heavy metals and rere earths from

. various coal sources (Brown et. al., 1975).

ZIrace elemonts

There 15 a great deal of interest in the presence of
trace elements 4n the enviroament and the quantities ¢¢ which
men is exposed. Trace eloments are nothing but which those

ocourring at concentration in natural fresh waters below 1 mg/liter.

‘Several itraee inorganics of waste waters and natural
waters ﬁre impqrtant in esteblishing the water qual-ity.’ The
concenttation'af inorgani¢ substances are iﬁefeaae;l both dy
geologic formation with which the m‘téi" comes in contact; and
by thé waste water treated or untreated. Natﬁi'a‘i water dissolves
some of the rocks and minersls resulting an inerease in

concentrations .

Trace quantitios of many metals -sueh as €r, Mn, Fe, Cu,
Zn, N¢, Pb, Cd and Ng are iﬂpoﬁ‘:aﬁt congtituents af-most- wators.
Some of these metals are necessary for g‘rowthv of biological life

and absence eould limit the growth. While the presence of any



of these metals in qnahtiﬁes will interfere with many
beneficial uses of the weter betmise of their toxicity.
Thereford, it is frequently desivable to measure the coné’an-—

tration of those metals.

Althaugh many surveys of tatal heavy metals have been
concluded (Dnrmn, 19743 Kubéta and Others, 1974), few have been
concerned with metal speo:;,‘* ataon. The phyai-eal and chemical
state of trm:e ‘metals musi: be eensidered vhen the availability
- and tasicity af metals to aquatie 9rganisma are concerrned.

" (Me Koe emdl Waif, 1963; Harlung, 1973: Brom and Others, 19743
| Clubb, 1974)6 : o | |

| _i?aturaily oevculﬁln'g :’_:~,ozfganiév ligands éuﬁh ‘as humi® aeid
and fulvic acid cati form complexes aud chelates vi'ch metals and
thereby aﬂ"egt‘ transport, aﬁaﬂab&iity amd toxicity of- trace
netals (Ha»nn&n‘g éh'd Ramamoorthy, 1973; Beck and Otbers, 1974;
Werber ote ala, 1974’»; Elder, 19755 Giesy ete ale, 1977).
Naturaliy the source of trace eleuents is from varioue

minerals present in the envirmmezrb (Krauskopf, 1967T).

| Vmgures 14 -« 20 show tho tvace metals, ¢r{0.14 - 0.57 pom),
#n(0s00 = 0417), Fe(0e12 = €u52 ppm), ¥e(0.4 = 1.15 ppn), .

Gu{0.00 = 0.175 prn), 'zn('a.é? - 0.44 ppu) and Pu(0.1 « 0.82 ppm),
concentrations in the ri#gx-‘ J amura at varicus locations. ‘Vhereas

the overall concentration in all the drain waters ‘obaserved for
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all the trace metals, Cx{015 = 0.75), Fe(0.2 - 1.25 ppnm),
§1(0.4 « 1,15 pon), Cu{0.00 = 0425 ppm), 2Zn{0.07 ~ 0.5 pm)
and Pb(0.1 = 0.56 ppm) & higher than thet in river Jamuna.
However, detectable concentration of Mn(0.075 - 0.17 ppm) s

found at Veri fow locations.

'Hos‘t‘ of thé 'indn's%ﬁea in India aze in@féaniﬁ oriented,
therefore the 1nd'astria3. of fluent is one of the maj or saurcea _
of the tme netals._ all tspes of industries like textﬂea.
dyeing, finishing. eleetrepiating dry cleani.ngs, elemieais
indus'&ry, fertihzers, pesticides. yrinting. soap. food graduets,
rubber and pi;aatic eteé. are located in Najargarh, trans«J emunga
¥CD and Kalkajt. areas‘ It eleaﬂy indicates 'Ehat the wasto
water from these induatﬁ es cafries sabs‘tantiai ammnt of trace
metals which in turn adds into the river Jamnn_a.v Apart from these
trace metals are mainly derived trom ‘vaﬂ(msvmi.ne?ale- pregent in

¥

| the envi x"onment by weathenng (Erauskop#, 1957).

PR 4 4 B . 5 »

' Different concentrations of trace metals are observed
at different sampling stations in river and in diffgmntu drains,
These variations depend on time of collection, type of waste

addition into the river, volume and temperatire of water,. discharge
of di;e,ins', I;aat;h ering ‘ete. o ’
The concentration of Ma ', Fe'', ﬁ:t . G_u s Zn and

Pb*" 15 more in the river at power house and Barapunah rogion,

due to disposal of pulvarized fuel ash in Jamuna river from
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power house station and ash contains all the heavy mat:;is‘ ’

in geod- proportions (Brown et. al., 1975) whereas Barspullsh
is the -higges{e..araiiz which is supplied with most of the tube
well waters, B.e., ground water which contains high amount of
trace metals (Turekian et. als, 1977) also studied the metal
coneentratign in Neuse ﬁ.v‘eis in North ca'roiiaéj maﬁonab'iy froe.
f@f’a:—‘mﬂi@i?aji “afd inéﬁ,stnai poﬁu-f'ien and he found that the
changes in concentration whre due tﬁ-gmm water,

It is intereasting to note that chram;mn e‘éneentraﬁibn
ineraases. with fow exceptietns, fronm Febrt:ary to Hay, probably
dus to increase in temperature and @emase in the volume of
water in rivor Jamuna.and observed lower values 1ikely because
of ’reduets. on .df ehromium VI tera_eh‘romit;m 111, thereby sffecting
ite transport.i;i watgr (lem et. 5_1‘.'. ‘119?1)_4.'. . ‘

 Lover c-oiwent‘zﬁé.ti ons 6539‘1“#6& for the trace m‘é%éis‘ 'in
the month of March and May as Gﬁﬂp-ﬁll?ed tco“ Febmazw and May be
becanse of more bacterial growth at increased temperature.
Silvey (1967) 2lso observed that greadwr the biological activity,
lower the trace: metai concentration.

In a‘.d&i'tién'to? this Fe snd Mn form &yéréxidéé in aerocbic
eonditioﬁé'é,ad '_ thus lower the concentration in water.

The lower =¢o‘x‘iéah"l:i!ati on observed in case of'_ m* and eut’

fevours the point that there conld be decrease im trace element
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concentration in the ﬁp@_‘af river water (I)tirum ot. ale; 1963%) .
Tornation of tomplezation of m* ana 6u nith natnraily
acourring fulvie or humi¢ acide wnich also plays a potenti ally
important in thetr effect on the movement through natural water
influencing their solubility (Waris, 1953; AT-enné,t' 1968; Duce
et. al., 19725 Ztko, 1973 Menntng and Ramemoorthy, 1975
*'}"Back et. ale, 19‘74. Webber ot ale, 19743 El&er. 19‘753
;"whitfieza.et. ai., 19763 Gieay ete aley 1977).

Thexe in not wuch Va:ﬂ.a‘kiona in Cuﬁ concentration in
' :rﬁvet Jamna am in sonme dras.na.(sﬁva,(‘!s%) showed that the
chemi cal oonditione of most aquatﬁ.e svstema are euch that even
i reiatively 1arge J.Qvels of cu't are presen‘t, ﬁhe pz‘oeens of
hydroiysis, precipxtatien enﬁplexation and aﬁsorp%mn will very
often be reduce;_;i the free Cu' = to ion ébndantration to very low
“_vaiui-e's.' - ' | B

C'm.lﬁiexaﬁpﬁ of metels will ‘inoresse with increasing pH
in a'zéar‘bonéfe_ médinm wi.‘bh hydroxo 61" eaxboziafa 1igonds (G'shes
etmwmﬂ%MWMMMMWMHmemM'
showa the aigzafiean‘c présence of bicarbonate ions whs.eh will
enhance the cmplexaﬁon phenomenon in case of trace metals
| eapea.tally Cu m:l,ch 1s generally associsted with organic metter

in the »iver water {rlorente, 1977).
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- The lowsr values obtained from February to MNay,, which
ere decroasing in cage of Zn and Pb‘prohably.:’dné to inerease in
the pH level of water in the river. 0'Comner et. als (1964) showed
that Zn concentration decreases with increasing pH.

@hev concentration of mei:e.’ls obse/z‘-vé&g at upstream of river
Jamna‘is less than t}ia‘h in river Jamuna at Wazirabad. However,
the upﬁtreamsrags‘;on iz free from iméustﬁe.l and ‘domestic input.
Studiés of Dalavi (1978) at Kalanour, 'a pla@é‘near the origin of
Jamung river, show that presence of metals in river water is due

‘to the physicsal we,athering._ ~

The meta*i- ¢oneentration in the river Jamna iﬁefi:eases“
downstrean from Wazirsbad ﬁxiéhfan entering point of river within the
Union Terri-tazfy_ of Dolhi. Ouy study foveals that drain waters earry
"fairly iarge amouﬁt of metals as compared to river water which imfdrn
add the same in river Jamuna. It clearly indicates that variation
at dowmstreanm §f the river is due to addition of industrial, domestic
and other waste mtezv through seventeen drains (Table 23) connected
to river Jamune from Wazirabed to Okhela. Similar vesults are also
reported for number arfvﬂether Myvers (Gibbs\_., 4967, Grove; 1972,
Subremanian, 19?4, 1979).

Since river Jamna around Delhi passes through densely
populated and industrialived areas, the increase or decrease of salt
content in the downstream simply refleots man's interference with

the natural geochemical oyele. '
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| I% is surprising to note that ehemi.cé.l compost t1ons
af the river Jamuna is, emparatively higher than that of world'

average rifer tater (Livingstone. 1963)
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CHAPTER - IV

Inpact of Drain '.M‘s&hazge_s on Vater Quality

of River Jomuna

’

stﬁdy. on metal poiluticm ié carried out fpr the
f’i.rsf time é,n Jamune river. Within the ‘ﬁnian,'rérritéry of
Delhi, wnter amly is mainly from Wazirsbad aiul Okhalae
The water is al_sﬁ aﬁ;ﬁplﬁe& by the tube wells and renny wells
to some part of Delhi.
Out of of total estimated of 12,000,000 KLD (cwees, 1979)
wéter consumed, the total waste discharge generated in Delht
is about 9,60,000 KLD (CWPCB, 1979). Only 46.47, of this total
waste water is 'Ez‘e‘ate& and rest of the untreated waste water -
finds its way intc river Jamune through seventeen drains aroumi
Delhi (Teble 23), out of which seven major dreins aloné carry
5,110,000 KLD aﬂd“hence oiontribute 94 .9% of the total unheated
wastes from industries, domestie and other sources. |
Though fheré aré major seven drains, study had been
done only for four drains (Fige 1). The total waste disehéxge
and average concentration of metal ions ‘are given in Table A.
- From fh-eaa obpervations, it is observed that Najaféarh and Power
House drains egntribnte" neasurable quaniity of cz?ﬁ, mﬂ. Cﬁ“,
2n*" ana Pb*™, nowever, civil mill drain adds Fe** and cu™’ in

goéd prop arﬁimu :
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ﬂadafgarh arain area ewex-s ab out 20@0 industri @s,
which proéﬁéé “a’ifferént type of wastes fmm vaﬁma industries
located and alone c»entrs.bu%e 55.-6% of the total waste water,
which streams iiz;t_o river Jamuna. Excesg lqiz’antity of coal ééh
ad&ita.e’n %6‘ ~u 'vér- Jamua-a ie u“nkno‘vn, hewaver.-‘, oui anélyéis proved
that zwwézv hanse &rain aédg iarge amcunt of téaee metals into

river watar apar% fz'am ph@aphate, sn!phate, ahlori&eag e‘bc.

,_Vary.m;g}; g@nﬁgﬁtntiw of me tals have been observed in
‘drain waters ﬁbmpaféd to river. They are present in following ‘
orters -

R _.7:,5?.1-! >' Fe > Pb. > zn > Cu > M.

ﬂfhe total waste &isehazge from Eajaf‘garh is 28800 KLD.
The obse:‘ved lower eeneentration ai’ matals at dawnstream may be
becavse of dilu‘ticm effect, af%er mixing into river water.
Haaner, higher eancsentration af metals are faund at Power House
regi on due to disp@sa.l of coal ash and waate water “from trans-

Yamuna MCD, whiah is also a ‘bﬁ.g inaustriaﬂ. Adtain.

Metal cmcentration increases 1ongitudinally frem Power
House to ekhala regian due ta waste, additmn from Barapnnah
region whi ch é;we'rs the waste water frm in&uatri es located in
greater Kailash, domestic sewage, ground water waste etc.’ '
Okhala region also receives waste water from tube wells,

sewage plant, industries while metal concentration varigkion
nausteL
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found in Agra Canel is the effect of addition of waste
fron Kaikaji ‘drain which is gphxed into the agra Canal and
 wastes £rom industries on Badarpur Road. The ionie
éonoentration §£ metals vary acdording to the season, along
with the other environmental factors. Metal concentrations in
the month of Fabrna_rgfﬁaa less because Jamuna vas fiooded due
to heavy reins in the early Jemiary. It seems that high
velocity and 1;:39 volume of water diluted the metai-eaﬁeentratian
in the river. However, in the .month of March, flood was reduced
therefoée, valéme of water was less which resulted into increase
in metal concentration 4n that month. |
Metal eve;;t;éntratioﬁ obzserved in the month of April ahﬁ
' May ie 1ittle highers | | '
The total variation observed in the metal ¢oncentration
in the river as well as drain waters may be betause of formation
of hydroxides, 'cen!Piexfeé " or sulphsate, carbonate precipitation
which results in decrease of mefal concentrations at various

plaﬁes.

Water: Quality of River Jamuna

Without any foar of contradiction it may be stated that
the nature, cause and mode of metal pollution that is observed
in the metropolitan sentre of Delnt end its threat to river Jamuna.
is 2 seriaus’heé.lth hagzards with respect to 'vaﬁeas me’cais

observed in the river water.
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The total waste ai scharge of various draine in MT/y2
is given in Table B.fahich reveals thét drain-uatgrs contribute
meximum quantity of trace metals into river water around Delhi.
On comparison; it is found that, the'ﬁetai concentration is
higher than aug to the natural sources. Upstream of Wazirabad
shows the me%ai éoncenfratiuns-oniy'baéause af‘naﬁuid; sources
as thip part ié'ftée from waste addition because it is not much
populated, |

Okhala S_batiun is considered as the last sampling
‘station because river Jamuna leaves Delhi after dkhaia to see
vthe metal poilntian due to.waéte'additian rrpﬁ the i ty.

Table C reveals that the Mn, zZn, Cu ahd Pb concentration
increages from Waziraiad to Okhala, the strotech of river Jamuna
around Delhi, however, Ni concentration docrenses but Cr and Pe
éoncent:ation foﬁn&Jis'samé.

netal‘cqntfibntion4fr¢m5varieus'drains 8 mach higher as
predicted from Table C, but overall it £s faund that the metal
comcentration is not mueh higher compered to total waste discharge
at Okhala. | |

‘This observation proved that the metel 1023'6236, '
and Ri+* mighx;ha#e'depﬁsite& in the‘bdttom'seﬁimenta'of‘:tve:

Jamna, hente ﬁétal concontration observed is lowver at Okhala.
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However, nn*"', cuﬁ

» zn# and PB"H“ consentration ii-_a higher
than the expecicd concentration of metals at Okhala.  This -

finding indicates that drains ai'e pelluting the river..

Whereas metal concentrations found at Okhala exceed the
etandard 1imi ts for public water supplies (N¢**, ¢r'® end Bb").
However, though 2, Fe, Mn and Cu canqentratiana are within
the permissible limits, deposition of these metals into bottom
sediments éénﬁmé}fh,é pellution in sediments which may be
harmful to aquatic plant 14 fey fishes, green algae etc.

| Fié@ the whole impact of ax-m; vaters on river Jammna,
4t is concluded that, metals are depbsitiz;g*iﬁ the bottom sedi-
ments, and ai'e_P%eBeﬁf in good ﬁroport.ion at 0khala Ni -
‘eoncentration "':fl}.a’pai‘tieui#rly ha-zér_rloﬁé because 1% induces
pulmonafy cancer '(sim,it*'h{ 1'9?2)'4 and other nic¢kel compounds may
algo be -earcinégenie—. it i5 normally toxie to plant life -

o . 46 , _uohich
- alse (Patterson, 1971). ¢r - chromium is hexavalant fermAi.s

‘mich more toxié than Cr'>. Smith (1972) aiscusses the respiratory
damage and ehéﬁaﬁe_dermatiﬁs whereas Pb i:omuy- affects the
~three systans;ﬂneui‘gl, hematopoietic and renal(Goyer et. al.,
1972) and lead may fnterfere specially with neave-to-miscle
transmission ¢ausing damage to the brain ﬁxﬁch may be suffiofent
to causé edematous swelling. Lead also induees-van”amia, impaire

kidney tubulay transport which ultimately ¢auges irreversible



renal insufficiency. HMetal retardation can be expected from
such exposure, while zn, Cu, Fe can cause toxicity. -

Taking into consideration all these factors, -the metal
concentration obgserved in river Jamuna can cause the serious
health hasards as the vater supply is mainly from this stretch
to Delhi pecple. '

The extent of pollution load to the matural water system
due to disposal of sewage domeéfie,» ‘i‘naﬁst(ﬁai and other waste,
whieh is going on would, one day, forece the country to confront
a #ituation, ﬁen fhe nation would discover that moat of the -
netaral _wafer courses either have reathed a stege that they aré

beyond repaiy which would plways remein beyond the nation's reach.

« In such a, s&tuatii‘it the untreated sewage from upstream
eity is boundkto a'ffect the health of the people of the downstream
¢ity because¢ the same ﬁve‘ri@ébﬁl& invariably serve as the source
of water supply. To minimiae this health risk endangering the
analysisg of v#ste 'waﬁ:ér to be added inte riée'f Japune by j_‘waricue

dreins in Delhi should be done before mixing to rivers



Table At Aversge éoneentrdtion of metals in drain
| ( in ppm ) -

3.0, Name of the drain

Rl

~5

Fe

T
M

Cu

o

_PY

1 Bajafgarh
2 cavil ml
3 Power House

4 . Barapullah

0.017
0.017°
0,017

0.29

ouss

0.39

0.21

0,59
. 0.5'8
0,68

0.49

0,038

04056
0,100

0,062

0.24
0.22
0.20

0,22

0.46
0,36 .
0335

0.25

Total

0.112

1.49

2.3

0,256

C.88

1.40

Average concentration

0.028

0.37

0,59

0.064

0,22

0.35

T4



Table Bi Total waste discharge of drains (in M/yr)

" SeRo. Ramo of the drain

(o 2]

- Drain d4 scharge %4-6 ‘

M’n”i Fa-'H' ) -‘lvi“'_  Cu Zn

1. Najafgarh
2 Civil Mill
% Povayr House

. &  Barapullsh

288100
S 5000
5000

125000

. 50448

0.73

0u74

111463

1488 30,767 61478 3.94 . 25.2575

04032 0,702 1.231 0.182 0.3 . -

2079 1243 22.24 28,52 10,038

04032 099 1,083 0,102 0,033 . 0.66

0. 59

D 1141

. 48,63 . '

Potal

$23100

, 63458

61,29

ol



Table Cs Average metal concentration in River Jamna

( in ppm )

| cr@ﬁ

Hn

e’ mY e

_
Zn

Pb

" Upstream of

Najafgarh drain

mixing at

Vazwa_bad
Average concen-
tration of metals
in draine

0440

0.39

Veighted dischargse

of average drains

BExpected concen -
tration of motals
i1f drains are
polluting at
Okhala

Obgerved leon -
centration of
metals at

Okhgla

044028

0.40

0.,0002

0.017

0:36  1.05 0,038

0.37 . 0459  0.064

0,0026 0.0042 0:0005

0.3626 1.0542 0.0385

0.36 086 0,056

0622

" 040016

0.1616

OCet7

10,35

0.0025

0.252%

0e33

eL
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-CHAPTER -~ V

Con¢lusion

?ha Rivar Jamnna flews mainly through reeent anuvinm
and some herd rocks. zt alsd receives several drains. around
Delhi, the effect of whs;ch-, along with the other suvironmental
‘faeﬁo.rs." is, to‘ch‘ange‘ the chemical pii‘oyefﬁies of Tiver water.
Thgt present work putfa’i‘wa?a' the .f‘oncwing eonclusions regarding
the métal concéntrati_on 11# the river aronm-i Delhi.
' The shxdy has fsiiown tize -highest ;alues of ’c;hemieal 'ac-oﬁsﬁ{uéMs

compma to wrld’s average river water (I:ivingstone, 1963) «

- 3

The pﬁmary result obtained from the observations ie,
high levels of trace metals, meluding ‘heavy metala ¢can and do
exist in eertaiza sewage from- don;eetic and mnicipal gewage snd

, industrlal effluent.

Metal coneentratioms in drain walers o'bsewed are higher
than that 4in river water. It is'observed that the metal concen~
tration is lower at Okhale though the waste addition is lar'ge in
quantity. it indicates that Cr*s, Feﬂ' and Es. might have’

deposited in the bottom sediments of river Jamuna.

nnﬂ. Cnﬂ *Pb and zn ycuuts.on is obgerved due to
mixing of drain waters in the river because expeeted concentration

of metals at Okhale is lower than these metal ooncentrationg .
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Cr*ﬁ, Feﬁ' concentration is same at Hazﬁabad as
woll as at Okhala though the drains are polluting the river.
Therefore, it seems thet natural removai phenomenon is existing
in the river water and fur’c‘hér study on the naf’ura;l. removal
phenomenon is neoded.

MH, cr“é and ?bﬂ' concentrations in the river at Okhala
exceed the standard limi ts given for public water supplies, -
hb’quar N Zn“} f‘"F‘eﬁ, ﬁnﬁ and :cuH e@‘ncentraticas are within
the limit of standard values (Table 22),

HCG..;., SO';" and Kfa* cencgnttati ong e;t Wazirabed and £ ¢
canoentra‘bioﬁ at Barapullah regions, exceed the IQS.I . of fluent
standard values. Hence accurate ;ana’lﬁsis of fheaa dreins are
needed.

Nagor smstituents Na' and K'are higher at the mxing
points of dreins into the river, than WHO standard values, however,
Ga‘,ﬂ .And Mg‘” concentrations are mtmh the limits may be due to
different mature of their geological terrain

To mniﬁise this health risk, not oni{_y are the studies
necessary to determine, what is the toxie level of each of these
metals to approximate public water supplies but amalysis of each
waste water to he:éddad is required both 4n the ﬁvgr water ss
well as at the mixing points, beéauae ri'vex" water chemistry is
¢henging day by day due t0 addition of large qﬁamtitfy of waste

water into river.
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The i:résent investigation is also néefﬁ_l for
predictian of different drain water addition to various systems
4n different naturel waters. This study is one of the useful
tools éar ¢ivil as well as chemical e'néﬁneevring.: It also
helps to imp'gcvé t_ﬁe‘knowledge of water >qua.1v‘-it‘y da;ta for

1rrigat'ion, Tin&neﬁiﬂea and domestic puiposmes.
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v Table 1t TSM in ppm

Stations ggampie § Sample g) 24th February 3 29th Haxeh g 2Tth april 8 24th May

Nature j Number 1979 1979 1979 1979

R 3 5765.62 126.51 25431 23,08
. Civilmwill R 4 - 69,77 2439 . . 8.0
o D 5 634.15 147.24 383.72 304473
Power Howse R 6 1123068 144274 781,517 942420
‘ D 7 2558.13 119,56 65217 . 12.58
R 8 688.52 2000 . 289.16 628,83
R 9 4593.75 861,11 36.81 . 48.82
Barapullsh R 10 - 2698.41 136,98 36,58 1718
D 1" 2247 1319.45 24469 106,07

R 12 __ 3131.58 . 1455.88 40,82 . 3445

R 13 3051,28 1723.68 129,50 571,03
Okhala R 14 257352 -~ 1024.39 100.25 18.54
R 15 . 695.12 824,58 55456 22442

D = DBrain water o)

R 0o

= River water



Table 2
Temperature in °C

: Station § Sample § Sample g 24th February g 29th Hareh § 2Ttk Apfil g 24th Hey

Nature | Number 1979 § o1 {919 1919

22 0 - %2 28
20 0. 52 28
19 %5 3% 285

Wazi rabad

Civil Mill - 30:5 30 29

2.5 32 2

20 29.5 32 32
21, 29 ;3 I 34
22 ;3 31 31
18 29 2 %

Power House

w o -3ojlusiuan -

Barapullah

e
[
-

29 3245 ' 32
315 34 ' . 33
31 32 ' 315
32 ‘ | 32 3t

NN R

33 M 30,5

>
B

‘ Qkha‘la!

Wl e R Y Wy Bie oo

-
v
E &S]
N



_ Table 3
Conductivity in milli. mhos/en

PTIRY

sStation Q Sample ¥
. g Hature 8 Humber ] A9y

Sample gaﬂ-ﬁl February Q 29th March 2Tth April ¢ 24th Moy
RN T S I

115 ot 049 0.6

Wazirabad D

0,35 0,69 | 0.38 0.40°
- 0.53 - 0452 - 0455
430 $.15 ‘ 115 | 0.96

Civil Mil1

o W ol

0.40 0,56 041 0T
1,15 1.20 1.15 0.66

Power House

lw @ <9 o}

o o L 08 oS

10 0.38 0.53 | 0s51 = 0.56
11 1,90 2,10 2,08 1.80
12 1455 0.69  0.50 0.68
13 0.5 0T 0.47 0.62

Bampullah

oWy o W)

14 0,46 . 0.58 0.65 0.56
15 0.2 | 0,65 058 0.61

w o}

| ™




Zable 4
pH

Station Sample 5 Sample § 24th February § 29th March § 27th April 24th May
j Nature | Number § 1979 L 1979 1919 3 1979

8,85 T 710 6.81

Te20 8430 7.70 7419
8,10 775 8.00 ‘8401

©

Kaszirabad

Civil Mill "L 80 ™ T8

7.50 145 Te00 6417

7.90 T35 7410 7023

7450 ' 7465 T.40 To 26
7.65 - * T30 700 6481
Y800 . IS T3B 15

Power House

oo afuafun -

-
L&

8435 165 . 750 1.5
" 8.10 8,00 ' 7445 .36

LY

8.0 , 7¢?9°,,,;,  740 Te0

Barapullah

-l - -
R

-t
e

Okhala . 8410 95 T TE T

" Te40 T80 T80 TedO

W wlw w o wme o wle i

-




\ Table &
- Total Alkalintty in ppm.

Station | Sample | Semple ; 24%h February | 29th March ~J2Tth April g 24th May
’ ~ Nature § Number g ' 19‘79 1979 3

913§ 1918

©

690,483 17408 T34.212 400,752

Wazirabad
o 507,073 130,524 | 275.352 222.64

291,297 141,398 . 229.46 1TB.M12

- ©430.521  229.%6 178,112
 873.892 22842 36T4136 311564

Civi} Mill

Bower Houge 496,284 119,644 150,352 133.524
787,582 250,166  275.352  222.64
463,918 163,452 229.462  133.524
291,297 ©130.520 229462 2674168

W o alusfivn

280,508  130.521 215352 2674168
1197.556 443,318 6424488 111320
1014.147 152. 215 183,568 22264

-

Barapullah

SR S Y

 345.281 152213 22946 . 118412

Okhla 334452 130.529  413.08 1780102

oWy w Yy e R
-l
>

-

44231 000 152215 0022946 W 156.312

o~



Table 6
Chloride Concentration in ppm.

Station | Sample | Sample § 24th Pebruery J 29th March 8 27th april | 24%h May
’ e § Nature § Fumber ; 1979 1979 - g 1919 3 1979

....... 1+ R 160—.50 - ' . 15‘.77 : : 159.% : : “590%
2 14160 59490 - 48,03 + 56,64

W&z:lrsbad

o

Civil M1l - -  "38.94 24.78 50,69

108,55  9net et etm

Pover House 21.45 | "39.29 24,78 8543

53410 51,89 3894 92,04
23.57 46,02 24.78 . 51.81

e wmly wlew

BRI NCN R

9Tt 8255 86,09 60418

10, 18.83 4361 2832 ' 50,69
1" 102,66 235,97 221,81 251,340
12 179.33 55.43 27,11 70440
13 27.16 - 60,18 2Tt ' 56464

Barapullah

Okhala 18 31.%6 31,86 35.40° ' 50.48

15 5432 a1.2¥ L2832 '43.61

(I wrlip w ow

A



Table 7

Saipl?@% Concentration in ppm.

Station § Semple ' Sample 24th February
§ Nature 8 Number 1979

' 29th March
1979

27th april
g 1919

§é4th May

- 1979

-

o

360

Wazirabad
. 1360

160

" 1280
1840

. 1060
. 1400
10

" 1160
- 4160
1060

1240

C4vil Ml .
| 1200

4240
400 ‘

1120

‘ow o .

1320
1840
1540
1660

Power Houso

w o< ajludrluarp -

160

860

440

T
. 520 ‘
1200
1080

1 160
1400

1320

. . 180

-
<

1360
" 1160
' $160

Barapullah

-wh wh ek

1160

980
1160
860

1360

78
" 940

940

- 1240

1160
1520
1400

1240
BRI

om' )

LA IR CEE IR FURE N P

by
L]

1480 |

1400
1280

220
. 1560




Table 8
_ L _____ Phosphate Concentration in ppm. _ N
Station Sample ‘Q Semple § 24%& February v 29th March A 27th April 3 24th May
Raturs | Wamber |~ 1979~ { " w9m | e | T
| 0,01 0.60 015 0.0
0,013 0 o0 00

Wazirabad ‘ D

e 1,00 0u10  0.10 |
0:35 485 010 1:65
0.25 . 0us 05 0.2
4.85 3.50° 0,07 0:08
2.68 190" 0.05 0410
0,56 090 010 000

Civil Mill

Power House

w o -3 alweslup -

0.40 0.50 0.07 0,05
 1.80 0418 | 0. 10 0,10
1.60 0,15 .06 0.03
050 0.10 0.0 0.00
0.85 1B 0.0 0.025
1,60 0.07 - 0,10 0,085

b
<

Bam’éﬂ lah

- e s
w N -

-h ':‘

Okhala

I = wlmwwo | we low|isw

| -
- \B

66



Table 9 .
Silicate Concentration in ppm....

Station § Sample § Sample § 24th February g 29th March § 2Tth April § 24%h May

 {maturo fmumber §g7a . § 1o79  § 918§ 1919
| Semrebed 3 1 " s 15 1
| ' 12 8 . .. 8. e

4

KL . .

Civil W11 . T E s g

w o lwon

Powsr House 3 o o1 10
14 . B - 1o 13
. 4 M . - 5

W D = oy

-
Q
A5

13 ‘6
T - e

Barapullah

-

Okhala

CREN |
o

18 - R 7

' wlw Py wle w e v wlim w

>
]
“
L
\n

.....

001



Table 10 ‘ _
. SOdimn coneeutra.tion :in ppm. .

D 8 — g Smpie i 24th Febmary g 29th Rarqh § 271:11 Aprilr § 24th May

LA

§ Nature { Fumber 1979 1979 R 1919 -}
| | 185 - 49.5 - 56 ‘ _ " 2115
"o 3.5 . 4 - 46

Wagzirabad

Civil W1 - s %08 .. 4

425 45 25,5 43
1% 63 59 | 48.5
8as5 46 . 338 .56
40 R R a2

- Power House

woaalweslun =}

B5 A s 40
255 ’ 142 138 | 189
47 &5

Barapul lah

e
N -

e
I8 s
®
i

o

 Okhala |

Impwlmwew|nwo w|low|s wol

101



Potasstum -ccncantraﬁm :m; pPPm.

Btation g

Sample j Sample

| Nature' § Number §

24th February |
| 1”9 ‘. . SN

20th Harch

 2Tth april

24th May
ol

Wazirabad

-

8
14.5
4

4

8

175
4

2

35'-‘5
Te5
2.5

Civil Mill

8

%

-
3

Power Houpe

7
35
16

to

A

S

Barapullah

ER

je @ oanfjuslun o

35

8

4

29

5

8

Okhala

jr o]l s o mimwoe wlowlow o

bred

|
-

E

hod

%

o o o 0 B <« ~e 53 Balb “‘

201



e _  Nagnesium Concentratiem imppm.- ~ = o
Station § Sample ] ‘sampie 24th Pebm 29¢h ¥March 0 FTth April ' 24%h May
o lmetwol Wember { " ugm | aors | wm | Twm
4.3 - 3t o tek ‘2.8
- s 1.2 2.0

Wazitabad D

Civil W11
23 34 . s 24
3¢3 ' AT 23 2465

29 4t 28

28 A8 m2 W5

BEX N 38 25 AT
22 3 kT T

Power House

fw o 3 o fw & fun o

Barapullah

W e 9

> 1

Okhala

jrmle woy wjw e ool w

| PN
R

¢ol



Calojum Concentration in pim.

Station

a

Sample
Nature

]

Sample
Number

"

24th Fobruary
1979

e

'29th March §

27th April §

1979

24%h May
19719

Wazirabad

31
32
»

[

55

e
45
3

51
AT
4t

Civil Mill

5 .

)

53

Power Houge

0 o= alw >iun -

45

59
o

52
45

Barapullah

WnN - O

il

o

42
45.5
42

47
42
51

Okhala

- =}
L\ P

[59]

50
48

47 |

L

LS LI EUIE E R RN N P

vol



Chromium Concentration in ppm.

Statton | Sample | Semple | 24th Pebrusry § 29th March | 27th April §  24%h May
 { v fmmer | s § s . | 1w 11

0.3 o3 0T 0.75
o®  om  ows  om

Vagirabad D

- o4 0.4 0.

civil Minl |
044 G057 %30 0D

Power House 0.3 00 0.3 04
O. . 0430 ‘ 05T O.44

oM oM om  um

wo=olewslumn -

P |
@

Barapulleh Cou4 . 0.4 05T - 0.4
O, 14 Oy 14 ' 0044 ‘ [+ 18 w
Qo% 00’30 . 0.%‘ - Go%

o4 o eesT 0 % 0 O0x

S A .
woN -

_oe5T oSt 014 @ %D

Rl ww wlwwe wle ww w

3 -
W

01

C



13

Hanganese Concentration in ppme

Station = ; Sample

 Nature

Sample §

1973

24th February 29th March
-‘ LA |

3 2Tth April
919

| 3 24th May

ik o

Wazirabad

o

|

Fumber §

0,00 -

0,00 -

000 -

0,00

0400
0.00

0,00
0.00 . .

Civil M1l

0:00
0,00 ‘

- - 0400

0400

0,07,

0.00 . v

Power House

CRE SRR RURE S RN

0.00
0,00
0:00
0,00

. 0400.
0’;00;
" 0000‘ I

000

0407,

0.07,
017,

Barapullsh

AU IR

0,00

0,075

017
0,00

10400,
Qs 17‘

0:00. -

©.07,
0,00
0400,
0400

' Okhala

e rlp wow|iwwo wlo w|le w

B ¢

0:07

C0s00

) G. QOQ ‘

. 0.00

QT



2gbke 16
I:ron coneentratim m ppm. |

Station gémpx-e ' Sample | 24th Fabmry | 29th Maveh | 27th april | 24tk May
A ~ § Bature § Number 1979 1919 . 4 19719 3 19’19}

025 a5 042 .0.25
o410 0 . 025 047

o}

Wazi rabad

- 0.7 _ 0.47 Y

civil M3l .
Oz - 0 95 025

0.3 ¢ 0.7 o | ,'@.-&vj - 025
Oud? . 04T 0025 035
052 . .0e42 ~ 0e47 0425

Pover House

w O e lun -

" 0et2 . -0e35 _ - 047 028
042 . 042 . 10,25 . 0.35
0,25 - - 0.5 | - 0,38 . 0441
925 - 0.25 1025 025

-
o

Bampulm. ‘ |

R O S

05 0.42- S o2 038

“‘,
3

Okhala

wwls By wle w e w|ew|nw

_.
{&

Ol



Table 1T . .
mekel Conc entration m ppm. B

Station ' Saﬁpie ' »“Sampl'e" 241&1: Febmary - 29th March | 2‘71;11 April 1 24m Hay
5 Nature i Fumber 1979 _ 8 1979 } "1279 g 1979‘

00 ' - 00 - 145 . 0.40
tets e tels 075 115

Vagzirabad

- \;  : "f~  075 0,15 . 0,40
0,40 - 075 . . 040 - .. 0.75

-

Civil M1

ER R ©L 0,75 .. 075
05 | 040 . 040 . 1.5
- T0.40 C 0.40 . 05 . 1.8
0TS 0440 . 05 - 0.40

Poyer. ‘Bounse

o= afuvelun

0,75 . 0.T5 0,75 .. 075
0440 . 0.40 0.40 .. 075
040 . 0.0 Oed0 1.5
1.15. . 075 15 0TS

=}
2

Baragpullsgh

-
e N

L5 . 1.5 145 0o

_Q_

Okhala

|
I

o oWl oy Wl ey wlo wle =
wz

075075 . t5 . 0.0

Q01



Table 18- .
Copper Concentration in ppm.

Station Sampla  Sample | 244n February | 29th March 3 27th Apﬂl y ‘241‘:11 May
1 Nature | Number | 1979 1979} 1979 1979

0,075 0.075 0.00 0,10
0:00 0075 0,00  0.075

Wazizrabad b

- 0,00  0.00 0,00

cavil Mi1l _

04075 0400 0. 175 0.075
0425 0.075. 0.00  0.0T5
0410 0.07T5 0,07 0400
0,075 0.175 0,00 0,00

-Power House

w o aluesian -

0.075 0,075 0.075 0,075
0,00 0.175 0,00 0.075
0.075 0. 175 0.075. 0400
0400 . Oy25 0,075 0,00

-
Q

' Barépnl lah

Nt D -

oo oom 0w oo

reg |

Okhala

:mm:.wmmm"wwum<ww;ww

-
L ; ]

60T



Xable 12 -,

. gine Concentration in ppm:

Station | Sample | Sample [24th February | 20th March | 27th april 8 24th May
Hsbure | Wumbor | 1975 L TG T

0,00 0452 0,30 Cut4:

0.4 ‘0e14 | 0420 © 0,07

Wastrabad b
R

Ot oM 0.0 0.7

L3

Civil Mill R - 0,20 04 - 0407

0.0 020 030 007

s DB . L . L L Je L
‘ ‘Oe 14 . 0.20 ) - “Co 14 . " Qo@?
0e20 0et4 '0.30 © 0407

+

030 - -‘0-_.2@_- 007 0,07 -

Power Houge

je o v afjuslun

-

Barapullsh 0% 014 0utd - Out4
‘@.37 . 3030 ) "0.14 . ’ 0.0'{
0420 0,30 .14 © 0,07

-y e
N

- f

R
b
R
R
R
b
2

; R

Okhala R

' R

_\n

L b

o3 0. 0.7 S0
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Lead Concentration in ppm.

Station - § Semple | Sample | 24th Febraary | 29th March } 27th Apri} | 24th May
' { Natare ; Wuuber 1979 AL DAL L

085 0,50 °  0.55 0425
0.40 0.40 045 0.35

o

Wazirabad

- - 6.25";-.‘ | 0,40 U 0.82

Civil M1l - ..
‘ 040 0u0 0.25° 040

Power House 0.40 0410 0.25 0425
0.40 028 0.10 0455
0.25 0,25 0.25 | 0.40

025 085 05 0.5

e A L S

0.55 0.55 025  0.25
04355 - ' 0.0 ' 0,10

(&3

" Barapullah -

- -
A N -

Okhala

00 055 0,25 0ut0
Ot0 O 000 %0 0B

[ ®lw wowlwwe i wiww

‘;\*
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Table 213 C(Cliemical co

mpogition of river Ja:\mna
{ in ppm )

( Dalavi, 1978)

Ro.

Tear

P

S‘!.Qz

) Ca'

Mg

Na:

T K

5%

_
(Heo,

—

W~ b U N -

N - Q

- s
& A¥

-

Jan. T4

Feb. Tt
Jan. 72
Feb. T2
Jan. T3
 Feb. 73
Jan. 74
Fob. T4
Jan. 75
Pedb. 75
Jan. 76
Feb. T6
Kalanour
T7
Wazirpur
e
Okhala
Vi

940
20
9.0
8.0 -

7.5 o
Kaaﬁt !
S.Q >

Tz

-

9.0

30

29
3
50
12

16
18 -

21

413
, . 49’ ’ . ..

-5

Z.e ,

54

22

24.08
33450
39.60
37.80
%096

43,00

4349

t1669

9.2

127.3
168.6

44418

3f¢29

3413

15.5

" 1445 ‘.

10.5
10.3
18.58
27.86
1846

23.48

6069
475
116.8
1249 .@

21.55
12.79

23,60

1.7

246

2.0
203

265
23

8,3

10400
45400
39.00.
48400

19§00
.3+00

12,00

6400

6,25
50T

8.8

125
. 6475 -

575
575
5¢25

$1.00

1,00

t.20

‘ 1f00
. 1e10

2420

- Oet

4.83

47

56

4044'»

15. 14

12.51 .

12.96

16,13

3.25
1.40
1.60

25.60°
41,60

.47b2°;

. 46.4

129,00

200,00
153.7
. 82,96

103.70
145,2
115.9
145.2
113.5
158.6
15641

283.00

363.56

"122600 N

27
43
65
95
104
%0
40
50
48
50
42

5.5
49.6.

456

#*Chemical composition of Jamuna before Wazi rabad at Kalanour.
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International standards for Public Water Supplies (in ppm)

USPRS €1977)¢

st (1977)s.

Table 223
3 . . » . - . - - F—— - " P . N _ w
S.No. Constituent WHO 1971 ' USPHS 1977 ISL 1976 ISt Effluent standards
S L R Ca -~ into public sewers -
. N N S N | Temp..459C
PE 70 - 805 - 600 - 9.& 509 900
2  Total Alkali-~ Hco; e 25 - -
3 Chloride N 200 250 600 600
4 Sulphate 80, L0 280 . & 000"
5 Pho‘apha?;ﬁ P04 . 0403 -w(,;O.é - : e - -
6 silicate 810, e - - -
T Sodium Na' - - - ;.‘
8 Potasstum . BV e - - 60400
9 ﬂagnésium mg™t . 50 N L SR - -
f’l‘@ c\alczl.?umé: 'j c‘a'“. ‘15 . ) ' - o ‘ - -
11 Chromium or*d 005 . 0,05 © 0405 2,00
12 Mangdnese m* 10,10 .- 005 .- = ~
3 Irem ~ re't 03 - 03 . - -
14  Nickel m* - - - 2.00
15 Copyer cu't 10 . . 10 .- 3400
16 zine w50 .. 50 . = 15.00
17 ‘Lead BT 00 ‘~o.esv o 0,10 = 10
w0 (1970)s. Bavironment and -Pollutions, Leh and Lak (1974) "

‘Natural VaterChemistry (Vol, rIr).
Indian Stahdard Institution (1976). -
Ett‘luent Standards (1977)s Indian Btandard Inaemtion (1976).
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Table 231 Pollution LOad. nomemc/mausmal Waste Water (CWPCB, 1979)

S.No. Name of the drains  Area 8q. km. Total Popu~ Flow  KLD ~ BOD o, of Ralevant
o lation of  Domestic Industri.al Kg/day indus~ Industries

, N — e S2E3. B basin , 22 XL TN
' Tedafgamh BT 450,000 | 270,00 18100 78,000 1956  4v Textiles

e 2o : | - {aBCD) -including
2 Hagaszine Road 03 2%0 400 $i7 115 : 233’;,?;,,?21;
3 Sweaper Colony 0.3 2600 . " 400 - 170 g claanings.
4  Ehyber Pass 0«4 . 3700 . 560 . 485 -
5  MNetealf House . tet 1 10,300 . 1200 . 518 *  Bs Chemieal
6  Kudsta Bagh o 2.6 . 23,%0 5000 - 1165 . ‘induetzies
7  Moat 7 20 . 18,700 3000 ‘- 935 ineluding
., N e e . L B  fertilizers
8  Trans Yamwna D 9T U 104,500 32,000 4300 67125 g 898  and paatiemea.
9. Wori Gate %8R 2330 4000 g5 (AED) ,
10 Givil Mill T 3.4 30,400 - 5000 | 1520 Cs Engineering
11 Power House . 3.6 . 30,200 5000 , 1510 including
12 Sen Fursing Home™  _  10.8 92,50 14,000 4625 P?gzins’?tgleaﬁron
13 No. 14 . ' 2.4 . 28,500 2000 . o 1025 . ~ plating etc. .
14 Barapullsh . 138 8, 28,000 125,000 41400 . Dy Mistellaneous
15 Haharani Bagh 8¢4 TI,T00 11,000 : . 3885 ~industries inclu~ .
16 Kalkejs®™ o Bet - 56,000 9000 420 3200 , 475) giggu;e‘:gp, rﬁgg:r :
»17 '.l‘ughlam;baﬂ o 215 572,000 | 2§§ L asco | AWA ~ and plastics ete.

| To'kal 0 o 10843 29.46.006 537360 - 154,700 3329 N
"Major drains; U = Urban; R = fuzed | -

) - { in Unien Tersibory of Delhi )}

1+
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