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ABSTRACT

TheRiver Gangaand itstributaries are the main water resourcein Northern
India. The increasing pollution level of this river is of great concern in
current days. To investigate how particulate materials and the toxicity of a
polluted river can affect the human lives, In this present study, river water
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samplesfrom Naihati and Batanagar-the two most highly polluted riverside
regions of the River Ganga were collected upstream, downstream and dis-
charge site and analysed for physical, chemical and radiological endpoints.
The study revealshigh chemical aswell asradiological contamination level
at discharge site that is of great concern for public health. The macrobenthic
fauna structure has aso been studied at both the stations.
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INTRODUCTION

M odernization and progress has had its share of
disadvantages and one of the main aspectsof concern
isthepollutionitiscausingto theearth-beitland, air,
and water. Withincreasein thegloba population and
therising demand for food and other essentials, there
hasbeen ariseintheamount of waste being generated
daily by household and number of indudtries. Thiswaste
isdirectly thrown or discharged to water bodies. Either
duetoresource crunch or inefficient infrastructure, not
all of thiswaste gets collected and disposed. In this

way most of theriver systemsgets contaminated and
causes seriousimpacts on health and problemsto the
surrounding environmen.

InIndia, the Gangaformsthe most important river
systemin northern part. It isused aspotential sourceof
Inland captured fisheriesand for drinking, domestic,
agriculture, irrigation, industries, navigation, recreation
etc. Being passing through agreat industrialized and
urbanized city of Cacuttaand itsadjoining aress, river
Gangahasbeen continuoudy affected by anthropogenic
environmenta distortion and being the cheap source
for thedigposal of industria effluents, domestic wasted
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and sewage, affected its delicately balanced ecosys-
tem. Increasing pollution of GangaRiver hasbecomea
matter of great concern over aperiod of last few de-
cades. The co-disposal of industrial hazardouswaste
with municipal waste can expose peopleto chemical
and radioactive hazards,

Uncollected solid waste can obstruct storm water
runoff, resulting intheforming of stagnant water bodies
that become the breeding ground of disease. Waste
dumped near awater source a so causes contamina
tion of thewater body or the ground water source. Di-
rect dumping of untreated wastein river systemresults
intheaccumulation of toxic substancesinthefood chain
through the plants and animalsthat feed onit. Rich
variety of floraand faunahas now becomethreatened
through therecel ved polluted wastes. Effluentsfrom the
industries contain awide variety of inorganic and or-
ganic pollutantssuch asoils, plastics, metallic wastes,
toxinswhich cause very serious pollution and havedi-
sastrouseffect onaguaticlife.

Theradioactivemaeridsareasofoundinriver origi-
nating from 22U and Z°Th seriesthat are present ev-
erywherein earth crust. Because the earth’s bedrock
containsvarying amountsof radioactive el ements, the
amount of apharadiationinwater dsovaries. Asthe
radioactive e ements decay, d pharadiation continues
to bereleased into groundwater aswell assurfacewa-
ter. Theapharadiationinwater can beintheform of
dissolved minerals, or in the case of radon, asagas.
Various other sources such as nuclear power plants,
processing of oresor use of radioactive isotopesin
medical andindustrial research areasoresponsiblefor
theaarminglevel of radioactivity inriver water. There
arenoimmediate health risksor symptomsfrom drink-
ingwater that containsa pharadiation. However, it may
cause hedth problemsover time. Over along period of
time, and at el evated levels, radon in air and water has
been reported as one of the most significant sources of
cancer?, Onceingested, these particlesmay beretained
inthelungsdamaging lung tissueand potentialy result-
inginlung cancer™. Regular actionsliketaking show-
ers, doing laundry or running adishwasher over alife-
timeincreasesaperson‘s risk of getting lung cancer.

In context of the above scenario, itisessential to
monitor and eva uatethewater quaity anditssuitability
of river Ganga. It isimpossibleto assessthe quality of
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water of whole Gangafor itsvastness. So we have se-
lected two stations, one is situated at Naihati, 24
Parganas (North), West Bengal, another islocated on
the east sdeof Gangariver under Batanagar, Kolkata.
Thisportion of the GangaRiver isfurther downstream
than the Naihati area, We have chosen thesetwo sta-
tionsfor havinglots of industries situated here. Near
Nai hati, river bank ischaracterized by ano. of jutemills
where as shoe industries are situated at Batanagar.
Untreated effluentsof theseindustriesaredirectly dis-
chargedinto theriver. At each station, dataand samples
are collected from three different location based on
accessibility; oneisvery near totheindustries at the
effluent discharge zone and another two are half kilo-
meter away from theindustrial zone (one upstream of
industrid zone, another downstream of industria zone).
Thispaper amsat investigating theimpact of pollution
on theradiologic, hydrochemistry and macrobenthic
community of river Gangaa Naihati and Batanagar area
and made acomparative study among theselocations.
M acrobenthic animalsare known to play animportant
roleinindicatingthequaity of watert® duetother longer
life cycle stages, sedentary habit and comparatively
stablemodeof life. InIndia, severa workershaveaso
used benthosin the assessment of water quality!*l.
Sikander* had studied ecology of river Gangawith
specid referenceto pollution. Misraand Tripathi® have
studied physio-chemical propertiesof city sewagedis-
chargedintoriver Gangaat Varanas. Paul and Nandit™!
have done the work on health of Hooghly river by
benthos. The present project was carried out to assess
the aguatic ecosystem hedlth of river Gangaand to de-
terminetheimpact of pollution based on the physio-
chemica propertiesof water and quantitativeanaysis
of macrobenthic organism.

MATERIALSAND METHODS
Radiological contaminant

Estimation of dphaactivity hasbeen performed us-
ing CR-39- Solid State Nuclear Track Detector
(SSNTD), obtained from Page M oul dings (pershore)
Ltd, England. The SSNTD plateswereattached witha
glassrod stand which wasdipped into thewater sample
takenin abesaker for both sideexposuresof the SSNTD
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plates. Theexposure continued for 45 hoursin undis-
turbed condition. The exposed plateswereetched in
6N NaOH solution at 70°C for 6 hoursin aconstant
temperaturebath. Temperature of the solutionwasnever
allowed to vary morethan 0.1°C. Etched plateswere
washed thoroughly in running water. Thetrackswere
scanned under aLeitz Metalloplan Microscopeand a
Carl Zeiss Janaval Microscope provided withimage
anaysissystem. The number of etched pitsformed by
thea phaparticlesin the plateswere counted using op-
tics10X objectivein conjunctionwith 10X ocular lens.
Thenumber density of alphatrack (track/sg cm) was
converted to activity in Bg/l following the method sug-
gested by Henahaw!. In each case background count
was subtracted from themeasured value. Radioactiv-
ity in al the samples was found to be above the
detector’s limit (1.99 Bg/l).

Chemical contaminants
Dissolved oxygen (DO)

Oneml. of MnSO, and | ml. of alkaline potassium
iodide solution are added to water samplecollectedin
aBOD bottle. It isthoroughly mixed to dissolvethe
precipitate by adding 1 ml. of conc. H,SO,. 50 ml. of
the above solution istitrated with 0.025 N Na,S,0,
using 2-3 dropsof 1% starch indicator until the blue
colour disappears.

DO inthesample (mg/litre) isobtained from the
quantity of Na,S,0, usedintitration.

_ Vy* N* E*1000mg/litre
- Va(V2 - V3)

Vo
Where, V, =Vol. of titrant; N=0.025, E=8; V, = Vol. of water
samplein stopper bottle; V= Vol. of Alk. loditeand MnSO,; V,
=Vol. of Water Sample used for titration

DO

Carbon-di-oxide

For estimation of carbondioxide, 25 ml. of water
sampleistakeninaconica flask and 1 drop of phenol-
phthaleinindicator added toit. Colourlesssampleindi-
cates presence of free carbondioxide. Thesolutionis
titrated against N/44 Sodium Hydroxide solution. Ap-
pearance of faint pink colour indicatestheend point of
titration.

ml.of NaOH * N of NaOH * 1000* 44
ml. of samplefor titration

Carbondioxide=
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Alkalinity

For estimation of akainity onedrop of methyl
orangeisadded to 25 ml. of water sample. The
yellow coloured solutionistitrated against 0.02 N
sulphuricAcid solution. A pink to orangish pink
colour indicatestheend point of titration.

Total hardness

For estimation of total hardness 2 drops of
ammoniabuffer solution and few dropsof Erichrome
black T indicator are added to 10 ml. of water
sampleandistitrated against standard 0.01 M EDTA
solutionttill thecol our changesfromwinered to blue.

Total Hardness(mg/litreor ppm of CaCO3) =
ml.of EDTA soln.used* 1000
ml.of water sampletaken

Calcium hardness

For estimation of Calcium hardness, few amount of
muroxideand 0.2ml of 1IN NaOH solutionisadded to
10 ml of water sampletakeninaconical flask. The
solutionistitrated against EDTA solutiontill apink colour
develops. Thispink colour changesto purplewhichin-
dicatestheend point of titration.

Vol.of titrant* 400.08 mg/lit
sampletakenfor titration

Total Hardness=

Magnessium har dness

(y - X)* 400.08

Vol.of sample* 1.645

Where, y= Vol of EDTA solution required for estimation of
total hardness; x= Vol of EDTA solution required for estima-
tion of Calcium hardness; Vol of sampletaken=10ml

M agnessium har dness =

3. Macrobenthicfauna

Exmann Dredge method was used for the coll ec-
tion of Macro-zoo-benthos. The collected specimens
were preserved in 70% alcohol. Total 16 quadrates
sampling weretaken from each sations. Macrobenthic
faunawere collected only from the site 2 of each sta-
tion.

Analysisof benthicfauna
a. Per centagefrequency of benthos

Density representsthe number of individual / unit
area. Inthissudy thefaunaobtainedinthesample (16cm
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* 16 cm) were expressed as a no. of organism/ m?
usingthefollowingformulae:

(hn=(o/a*s)* 100

where n = no. of organism/ m?;0 = no. of organism counted; a
= area of the sample; s=no. of replicates taken.

No. of Quadratein which
speciesoccurred

- *

" Total No.of Quadrate
b. Calculation of biological indices

(i i) Per centage Frequency

1. Shannon weiver index

Themost widdly usedindex for estimating the spe-
ciesdiversty isthe Shannon Weiver Index given by the
formulae:

H=-(n/N)log(n./N)
Where H = Shannon Weiver Index; n, = Importance value of
each species; N = Total of importance Value

2. Evennessindex (J)

Evennessindex wascd culated by Pidou* isgiven
beow:

Dipak Ghosh et al.

—== Qurrent Research Peper

307

J=H/logS
Where S = No. of species
3. Index of dominance

Index of dominance (C) wasreached by Simpson
(1949) asbelow:

C=(n/N)?
RESULTSAND DISCUSSION

Thedetailsof radiol ogical and chemical contami-
nation leve at both Naihati and Batanagar sitehasbeen
giveninTABLES 1 and 2 respectively.

(). Alpharadioactivity: Aninteresting resultisob-
sarvedincaseof vauesof dphaactivityindl thesamples
(TABLE1). Thevaueisnearlytwiceat dischargesite
than that at upstream and downstream. Therangeis
360-720 Bg/l for upstream and 630-700 Bg/l for
downstream water samplesat Naihati, wherethevaue
iIsashighas1000-1100 Bg/l indischargesite. Thesame
observation has been made at Batanagar, where up-

TABLE 1: Detailsof radiological contamination level at station | and |1
[Alpha Radioactivity (Bg/l)]

Radiological Sitel Site2 Site 3
contamination Up stream Effluent discharge site Down stream
Mar Apr May Jun Jul Mar Apr May Jun Jul Mar Apr May Jun Jul
Naihati 708 367 684 716 696 1086 1035 1106 1094 1047 657 677 700 669 637
Batanagar 577 617 597 621 565 1035 1015 1043 1027 1011 605 649 593 617 601
TABLE 2A: Detailsof chemical contamination level at station| and 11
. Sitel Site2
cor?tgfnr?rlw(:t‘:on Up stream Effluent discharge site
Mar Apr May Jun Jul Mar Apr May Jun Jul
Naihati
DO, (mg/l) 5.3 54 53 55 5.6 3.6 3.8 35 3.7 3.6
Free CO, (mg/l) 4.3 4.3 45 3.7 3.8 31 3.0 3.2 29 2.8
Total akalinity (ppm) 190 204 210 225 232 255 250 260 275 280
Ca* (ppm) 1271 1252 125 1152 1143 1054 1058 106.7 1043 1057
Mg® (ppm) 14.7 14.7 14.1 12.3 12.3 10.9 10.9 111 10.7 10.8
Total hardness (ppm) 378 370 367 342 338 313 318 320 305 312
pH 8.2-87 8590 8489 8287 8388 8590 8792 8893 8792 8792
Water temp.(°C) 30 29 31 29 30 30 30 30 28 29
Batanagar
DO, (mg/l) 5.2 5.6 6.0 5.1 53 4.1 39 39 4.0 3.8
Free CO, (mg/l) 3.6 3.6 35 3.9 3.8 31 29 32 35 3.6
Total akalinity (ppm) 205 212 204 220 210 240 250 245 255 260
Ca* (ppm) 1403 1384 1423 1352 136.1 120 1251 1282 1235 1227
Mg® (ppm) 16.9 15.8 17.2 16.4 16.8 13.2 13.8 14.1 13.9 13.3
pH 8.2-90 9.096 8590 8792 - 79-85 7987 8085 8386 -
Total hardness (ppm) 410 400 418 397 402 350 378 370 355 352
Water temp.(°C) 30 31 31 29 28 30 31 31 29 29
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TABLE 2B: Detailsof chemical contamination level at station
landll

Chemical Site 3
contamination Down stream

Mar Apr May Jun Jul
Naihati
DO, (mg/l) 55 52 53 56 55
Free CO, (mg/l) 45 47 48 39 38
Total alkalinity (ppm) 202 210 207 232 230
ca’* (ppm) 128.2 1282 127.9 120.3 120.3
Mg* (ppm) 148 153 151 137 136
Total hardness(ppm) 385 390 385 365 362
pH 8.3-8.88.5-9.08.5-9.0 8.2-8.7 8.3-8.€
Water temp.(°C) 30 30 31 29 30
Batanagar
DO, (mg/l) 50 50 52 53 54
Free CO, (mg/l) 39 37 37 41 309
Total dkalinity (ppm) 180 182 190 192 194
Ca’* (ppm) 1423 140.1 1432 1357 136.1
Mg® (ppm) 176 182 181 166 167
pH 8.3-9.08.7-9.28.6-9.1 8.8-9.3
Total hardness (ppm) 430 430 422 403 403
Water temp.(°C) 29 31 31 30 29

stream and downstream sampleshave alphaactivity of
the range of 560-630 B/l and 590-650 Bg/| respec-
tively; the value is more than 1000 Bgy/l for all the
samplesat dischargesite. Whilethereisno EPA Stan-
dard for Radonin water, now amaximum contaminant
level (MCL) of 11 Bg/l isbeing considered for public
water supplies. All the measured values of alphaactiv-
ity inour samplesaremuch higher thanthisMCL vaue
and also much higher than world averagevalue of 10
By/l [18.20]

(ii). Dissolved oxygen: The DO content of water could
be used asanindicator to assessthewater qudity. Patil
et al.'% have attempted and correlated the oxygen
depletion with sswage and industrid effluentsin fresh
water bodies. But it becomeshighinother Ste. Sngh et
al .9 haved so madesimilar observationsintheindus-
trial combined effluent polluted Damodar River. At
Naihati, dissolved oxygen (DO,) a upstream and down-
sream sitesisintherangeof 5.2-5.6 mg/l wheressitis
only 3.5-3.7mg/l indischargesite. At Batanagar also
the same nature is observed-at upstream and down-
stream site DO, rangesfrom 5-6 mg/l, thesamevalue
liesintherangeof 3.8-4.1 mg/l at dischargesite. The
more oxygenisdissolvedinwater themoreit isdrink-
able.

(i1i). pH and alkalinity: Thechangesin pH concen-
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tration of water will bring about changesin thefunc-
tiona and structura variationsin any of the aquatic or-
ganism. The measurement of pH further gainsimpor-
tance, especialy intheareaswheretheriver receives
indugtrid effluents. It hasbeen obsarved from the present
study, the pH value ranges from 8.2-9.3 at Naihati,
wheress, a Batanagar itisdightly high (8.2- 9.6). These
high pH valuesof water of both stationindicatessome
kind of pollution stress. Such an alternation could be
caused by effluentsfrom industry or extensive use of
domestic sawage (effluentsfrom industry arehighly al-
kainein nature). Changesin pH of river water might be
attributed dueto theclimatol ogical andindustrid activi-
tiesreported by lyyappan et a.®. Alkalinity isdsoim-
portant for aquaticlife becauseit actsasbuffer to con-
trol pH fluctuation. At dischargesite, totd dkainityis
aso higher which dso hasthreatening effect on hedlthif
taken regularly. At Naihati, total alkalinity in water
samplesis 250-280 ppm and at Batanagar, itiswithin
240-260 ppm. At up and down stream it islessthan
that at discharge site: 190-232 ppm (upstream), 200-
230 ppm (downstream) at Naihati and 200-220 ppm
(upstream), 180-190 ppm (downstream) at Batanagar.

Itisclear fromthecomparison TABLE Station | is
moreaffected than Station I1. Thewater and ecol ogical
environment of Gangaof Station | areextensively used
by human and aquatic biota. It hasshown aso that Site
2 of Station | was polluted more than other sites be-
causeit wasvery near toindustrial zone. Theseindus-
trial effluentsand contamination had great impact on
aguatic environment of River Ganga.

(iv). Onthecontrary, some parametershavelower vdue
at dischargesitethan that at upstream or downstream
site. The level of total hardness, Ca?*and Mg?* are
amongthose. At Naihdti, total hardnessinwater sample
iswithin 330-380 ppm in upstream and 360-390 ppm
in downstream samples. Thevauelies between 300-
320 ppm at dischargesite. Similarly at Batanagar, up-
stream and downstream samples contain 390-430 ppm
of total hardness, but samples collected from discharge
sitecontain total hardness of 350-380 ppm.

Ca?* content is within 110-130 ppm in up-down
stream Site 3, but it iswithin 104-106 ppmin other site
at Naihati. At Batanagar, it liesbetween 130-150 ppm
a up-down stream site 3, whereasit iswithin 120-130
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TABLE 3: Macrobenthic community structure, species
diversity indexin station |
Se. Nameof the

Partial

X Ni Ni/N H J

no. Species H

1 Chironomid 7 001866 O

larvae

2 Tubifex 53 0.1413 -0.0663

3 Nereis 00 0 0

4 T.lineata 129 0.344 -0.3931

5 T.scrabra 77 0.2053 -0.1396 0.6644 0.2452
6 Marisa 9 0.024 -.0002

7 Belamia 21 0.056 -0.0104

8 Pleurocera 22 0.0586 -0.0111

9 Pouch Snail 23 0.0613 -0.012

10 Mysis 00 00 0

11 Crab 34 0.0906 -0.0269

TABLE 4: Macrobenthic community structure, species
diverstyindexin gation 11

Se. Nameof the

Partial

. Ni Ni/N H J

no. species H

1 Chironomid larvae 28 0.0773 -0.197

2 Tubifex 31 0.0853 -0.024

3 Nereis 6 0.0165 -0.0009

4 T.lineata 190 0.2754 -0.912

5 T.scrabra 30 0.0068 -0.022 1.2614 0.419
6 Marisa 0 0 00

7 Belamia 7 0.0193 -0.0012

8 Pleurocera 4 0.0110 -0.0004

9 Pouch Snail 8 0.0220 -0.0016

10 Mysis 7 0.0193 -0.0193

11 Crab 43 0.118e -0.0141

TABLE 5: Index of dominance (C) and another measur e of
diversity (D) in Naihati Ganga

Se . Partial C D=1-
no. Name of the species (ni / N) 2 C C
1 Chironomid larvae 0.0003
2 Tubifex 0.0199
3 Nereis 0
4  T.lineata 0.1183
5 T.scrabra 0.0421 0.1995 0.8005
6 Marisa 0.0005
7 Belamia 0.0031
8 Pleurocera 0.0034
9 Pouch Snail 0.0037
10 Mysis 0
11 Crab 0.0082

ppm at remaining site.

Mg?* content lieswithin 12-16 ppm at Naihati and
15-20 ppm at Batanagar for site upstream and down-
stream. Thevauerangesfrom 10-12 ppm and 13-15
ppm at discharge siteat Naihati and Batanagar respec-
tively.

(v). Macrobenthic organism: InTABLES 3and 4
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TABLE 6: Index of dominance (C) and another measur e of
diversty (D) in Batanagar Ganga
Partial C

Se .

no. Name of the species (ni | N)? C D=1-C
1 Chironomid larvae 0.0059

2 Tubifex 0.0073

3 Nereis 0.0002

4 T.lineata 0.2754

5 T.scrabra 0.0068 0.3108 0.6892
6 Marisa 0

7 Belamia 0.0003

8 Pleurocera 0.0001

9 Pouch Snail 0.0004

10 Mysis 0.0003

11 Crab 0.0141

TABLE 7: Abundanceof benthicfaunaat station |

Benthic Fauna % Of presence
Chironomid in all individual 1.86
Tubifex in al individual 14.13
Nereisin all individual 00

T.lineatain all individual 34.4
T.scabrain all individual 20.5
Marisain all individual 2.4
Belamiain all individual 5.6
Pleurocerain al individual 5.8
Pouch snail in all individual 6.1

Mysisin al individual 00

Crabinall individual 9.1
Macrobenthic Community Structure, SpeciesDiverdty
Index hasbeen given at Station | and 11 respectively.
Notationsareas: (n-importanceval ue of each species,
N- Tota of importance va ue, H- Shannon Weiver In-
dex, Jevennessindex, J=H/log S, S-no. of species.
In both the stati ons, the macro benthic community was
dominated by Mollusca. Tubifex sp. Isthe sole number
of anndidain Station |, but both Tubifex and Nereisare
present in Station I1. Chironomid larvaearemorein
Station Il thanin station |. Bellamya sp. ishigher in
Station | thanin station 11. Shannon Weiver Index (H)
vaue®ishigherin Station |l thanin Station |. Index of
dominance (C) suggested by Simpson®® and Evennesss
Index (J) calculated for both stations, reved ed that both
were high for Station Il than in Station |. These are
givenindetall inTABLES5and 6.

(vi) Theabundance of Benthic Faunaat Station | and
percentage of abundance of different speciesof ani-
malsin Station Il are shownin TABLES 7 and 8 re-
Spectively.

The ShannonWeiver Index Vaue (H) ismorethan
li.e itissubstantialy polluted. In Station 1, the Shan-
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TABLE 8: Percentage of abundance of different speciesof
animalsin station |1 (Batanagar Ganga)

Species of animals % Of presence

Chironomid in al individua 7.7
Tubifex in all individual 8.5
Nereisin all individual 1.6
T.lineatain all individual 52.5
T.scabrain all individual 8.3

Marisain all individual 00

Belamiain all individual 1.93
Pleurocerain all individual 1.10
Pouch snail in all individual 2.20
Mysisin all individual 1.93
Crab in all individual 11.9

OChironomid B Tubifex O Nereis
OT.lineata W T.scabra O Marisa

Hl Belamia OPleurocera M Pouch snail
B Mysis OCrab

Figure 1: Percentage of distribution of different species
of animalsin Sation | (Naihati Ganga)

O Chironomid B Tubifex ONereis
OT. lineata B T. scabra OMarisa
EBelamia OPleurocera M Pouch snail
B Mysis OCrab

Figure2: Percentage of distribution of different species
of animalsin Sation |1 (Batanagar Ganga)

non Weiver Index Valueislessthan 1 revealeditis
moderately cleanwater. When H va uelies between 3-
5, it showsthat water is clean. The presence of higher
densities of Tubifex and lower density of Chironomid
larvaemay indicatethe pollutionleve ishigher at Sta-
tion| thanat Station I1. It wasreported by Wiederholm
(19 that presenceof Tubifex sp. In higher numbersinthe
dationsenriched with organic matter andwith minimum
amount of oxygen. The datafrom Station | also sup-
ported thisview. The occurrence of minimum number
of Chironomid larvaeat the station | may beattributed
to heavy organic pollution. Thedensty of Chironomid
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larvaein gation | ismore because of presenceof aga
popul aion and sandy sediment and rel atively lessamount
of organic matter!”. The percentage of distribution of
different speciesof animasin Station| (Naihati Ganga)
and Station |1 (Batanagar Ganga) hasbeengiveninfig-
ureland 2 respectively.

Thereisno such significant differencein case of
vauesof free CO,, pH and water temperatureat al the
sitesat both the places Naihati and Batanagar.

CONCLUSION

From the above mentioned facts, itistruethat the
river ispolluted. Station | (Naihati) ismore polluted
than Station I (Batanagar). Inview of urbanization and
indugtridizationmonitoring of river for variouspollutiona
parametershasto bedonetoincrease avarenessamong
the people, so asnot to form the river an open sewer.
Moreover, the present investigation has given an ad-
vance warning of theincreased pollution by various
sourcesdischarged in theriver Ganga, for necessary
preventive measuresinthe near future.
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