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EFFECT OF WASTE DISPOSAL ON WATER
QUALITY OF RIVER DAMODAR IN BIHAR :
PHYSICO-CHEMICAL CHARACTERISTICS

M.P. SINHA

INTRODUCTION

The Damodar, one of the most polluted rivers of India is the
master stream of Damodar Vallev and in her course through
the most preductive and highly populated cozlfield of the
country with massive mushroom growth of industries, mostly

coal-based, in its vicinity serves as the chief source of water

for varicus human needs and activities of a large rural and
urban population. Only at one place (at Jamadobha in
Dhanbad) 93¢ 10° gallons of water per day are being supplied
for drinking from the river. Surprisingly enough on a river of
such vital importance no systematic ecological work has been
taken up so far to survey the state and extent of pollution and
to study the ecology of the river as a whole, The surveys of
aquatic systems both of loric and lentic, not only provide data
essential for the development of aquaculiure and mungemental
policies, but also furnish knowledge of individual waters, their
characleristics as well as impact of catchment arca (Vass ér al.,
1977: Mishra and Yadav, 1978, Holmes and Whitton, 1981a;
Holland er af,, 1983; Somashekhar e al, 1984 Bhatt et al.
1985). In contrast 1o lentic hahitats lotic habitals accumulate
naturally large varictics of dissolved matier as it passes through
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diflerent types of soil and rocks on its course (Sinha and Sinhg
1980). From headwaters to maouth, the physical variables
within a river system present a continuous gradient of physical
as well as chemical conditions. This gradient elicits a series of
responses within the constituent populations resulting into a
continuum of biotic and abiotic adjustments alang the lenpth
of the river (Cumminus, 1974: Vannote et al., 1980; ITolmes
and Whitton, 1981h: Gregory, 1983). The issue of such responses
becomes more important parlicularly when the river receives a
huze amount of pollutants from the catchment arca apart from
the ullochthenus materials. The cbjective of the present com-
munication is te evaluate the impact of gradient of physico-
chemical conditions along the course of river in the coalfeld
belt of Bihar as well as effects of pollntants load on water
quality of the Damodar,

STUDY AREA

Geomorphclogically the Damodar region is an old polycyclic
area, The valley itseIf roughly coincides with a Permo-Carboni-
ferous Rift Valley whick has been re-exvavited in the soller
Gondwana sedimentaries surrounded by the harder ancient
Encissic structures. The fauli-line scarps bordering the valley
provide marked hreaks in the long profiles ‘of the tributaries
of the Damoder. On account of successive Tertiary and post-
Tertiacy rejuvenations there is A series of erosion surlaces in the
catcliment,

The Damodar, which rises in the eastern part of the Palamau
district at un elevation of 609.60 M has a course of 340 km
before its confluenee with the Huoghly which it joins 40 km
below Calcutia. About 289 km of her course fall in Bihar, The
basin covers 20,792 $q. km of which 18,089 sq. kms are in
Bihar, The average gradient of the river from the soutce to
mouth is ubout 1.8 M per km and in Bibar, it is about 3.3 M
per km. The fAcor of the valley slopes from ahout 518 M from
the place of beginning to about 304 M up to pear Ramegarh.
From there it gradually falls to about 152 Min the midéle of
Dhanbad district,

The annunl mean discharge of water in the Damoder has
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figen estimated to be 12,210 M? at Sindri with the rate of low
4,72,889 M per km® und 387 M® per second (Rao 1979),

The valley receives an average rzinfall of about 127 cm most
of which is concentrated in the four months ie., Iune to
Seplember. Lying in the path of tropical cyclones ariginating in
the Bay ol Bengal or in the Far East, there are chances of storm
rainfull £ e. high amount over a short period prod ucing an
average rainfall of 20 in with a run-oll coefficient of 90 per cent
and peak flows of as much as a million cusaes,

The concentration of fall ol rain during the monscon over
gneissic rocks and sandstones and shales which are subject to
marked weathering under & hot and humid climate causes much
crosion over a relatively rugged sarface loading the warter of
the river with great amount of sediments which choke the river
downstream and cause floods in Bengal Minor floods cceur
every yeur and this sacred but untamed river well deserves the
evil reputation it has acquired us the ‘River of Sorrow’ in West

Bengal. The details of the study arca have been shown in
Fig. 9.1.

HUMAN ACTIVITY

The Damodar, in fact, in her course through highly populated
and highly industrialize¢ area of coalfield has beconie a reposi-
tory of many types of wastes produced by various human
activities like industrial, agrienltural and domestic. ‘L he pollu‘ed
plight of the river is enhanced with passing time due to continu-
ous and uncontrolied discharges of toxic and hazardoys cfllzents
mnto it by over 46 industries lccated on ifs banks or in its
vicinity particularly in Bokaro-Dhanbad areas of Bihar and
Asanscl-Durgapur regions of West Bengul. Apart from these,
fgricultural run-off from the catchment area and domestic
wastes from thick peopulation of this beir simply increase (}1a
extent of pollution of the river muking the Damodar a constant
agony from pollution view point.

INBLUSTRIAL POLLUTION LOAD

About 161.2 KLD of wastes are discharged into the Dumodar
and its tributaries by as many a3 29 industries in Bihar only,
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¥ic, 9.1 : Sampling sites and locarion af industries along the river

Of these about 100.9 ML of wastes are from 13 coal washeries
and three thermel power plants. These coustitute mainly of
suspended fine grade of coal particles with concentrations rang-
ing between 121.0 to 4500 ppm (average 2,293.75 ppm). Besides
the river reccives acidic wastes from Indian Explasive Lid., at
Gomia, phenol, oil and grease from Steel Plant of Bokaro und
very high concentration of ammania nitrogen (average 800 ppm),
urea nitrogen (225 ppm), phosphate (40 ppm) and sulphate
{1675 ppm) from Fertilizer Corporation of India (FCL) at Sindri.

Calculating the industrinl pollution load of the river it is
cstimated that the river is receiving daily 364,864 tones (L 10 per
ceat) of suspended fine metallargical srade of coal pacticies from
ncarly 10089 MLD of wastes from 13 cpal washeries and
thermal plants, Besides, 16 tons of ammuonia-nitrogsn. 4.3 tons
of urea-nitrogen, 08 tons of phospiate and 33,5 tons of
sulphate are dischurzed into the Damodar near FCI, Sindri.

Other than the above-mentioned industrial eMuents there is
a patential threat of water pollution dus to coal mining activity
in the Damodar Valley,
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EOAL MINING

From hydrographiec view point the Damodar is tha master
stream of the valley where rapid drainage or overdrainage is the
rule in the entire basin. The Damodar Valley in Blhar produces
more than 50 per cent of coal in Tndia and has more than 60
per cent of country’s reserve of coal. Today. this couslfield is
producing over 25 million tonnes of coal per annum and is
likely to increase Lo three times of this production by A.n. 2000,

The most lamiliar water pollution problem dueto mining
results from drainage of mines and it becomes severe when the
drainage is acidic. However, acid mine drainage is rarely
enecuntered in this coalfield area (unly Lakurka in Jharia and
Swang in Cast Bokaro) while majority of the mines have water
of alkaline (pH 7.5-9) nature. Interaction of minerals with
natural undisturbed bed rock water due ‘o coal mining results
in chemical pollution of stream, cven in the areas where acid
is no problem (Cartis, 1972 Cairney and Frost, 1575). Tablz 9.1
shows the physico-chemical characteristics of drainage of coal
mine.

Further, the methods of mining in this arca both by under-
ground through inclines and shafis and open-cast mines, Further
production is being planned mostly by deep open-cast mines
goingdown as deep as 300 metres coupled with rapid
mechanisation. This will definitely imbalance and disturh the
surfuce and underground hyd:olooy of the ared, affecting the
availability of water.

The impact of mining also affects fhe water-table and
groundwater pollution through the cracks produced due to
subsidence movements becauss ef underground mining and
uncerground fires. As a result of the cracks the water bearing
razk beds over (he seam get cisturbed causing lowering of water-
tabie, Due to crucks 1he subsail jooses the water retaining
Capacity and through the cracks the unwanted meterial and
other various pollutants including heavy metals reaches to the
underground water and cause their polloution (EPA, 1973,

COAL WASIIERIES

Out of 29 industries loeated in the vicinity of the Damodar



TasLe 9.1 : Physico-chemical Charscteristics of Coal Mine Efluents {Minimum Maximum and

Average)
Summer Rainy Winter M sSD C¥ o
Teirn, °C 26,3325 25.2-32.3 27.5-20.5
285 30.1 2.3 288G 2,678 8.25 T12
pH 7.53-9.12 28,1 7.6-5.4
45 o 5 T.58 (.36 g so0 ey 0.3la
Do 5.2-7.4 2 S 53-7.8
G.42 6.5% 6.35 6.44 0.787 12.23 60
Phennl. All. 21.2-38.2 30.560.5 28 5-52.1
26.08% 51.10 38,50 38.55 15.06 39.08 22680
MO Alk. 177.5-280.8 224.8-351.6 148.2-190.5
237.45 791.53 164.78 23125 65.10 28.15 4238.04
Temp. Hord 102,6-170,7 12421853 99.0-143.5
124.25 165.78 158.20 14541 35.81 23.25 128235
Porma, Hard 28073004 301.6-215.7 210.1-405.2
293,35 30%.80 0978 303.98 42,74 14.06 1826.70
Total Hard S007T-430.8 & 425 5-495.1 204, 1-688.6
417,60 474,58 467,498 453,35 62,16 1532 4524.60
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Disselved Solids 21385152 466.2 598.2 240.2-558.2

423,77 544.8 424.7 464.42 121.13 2508 146747
T35 §7.2-207.2 98.8-243,2 0{,1-202.8
135.35 171.57 150.35 152.59 68,91 43.16 474858
coD 16.8-23.2 - © 22,8292 11.6-16.6
20.2 26.55 15.17 20.80 530 27.58 33.67
Chloride 49.9-38.6 24.8-46.8 21.3-50.2
6305 34,58 4040 456.71 19.15 40.99 I66.72
Sulphate 48,1-117,2 75.6-101,2 90,2-143.2
80,15 88.93 115.45 94,83 25,13 26,49 631.51
Phosphale 111.2-192.7 22.1-110.6 A7.2-152.8
: 151.82 9027 128.32 126.64 36.84 29.09 135718
Tromn : 1.4-8.5 1,3-2,8 1.3-2.8
242 1,55 22 .37 0.5 2162 0,240
M= Armual mean; SD=Stndar! Devialion; CV==Coefliciznot of variation; V¥ =Variance.

All parameters are in me/l,
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river in Biha= 13 arc coal washeries. The coal washeries have p
problem in dewatering of coal fines which are generated during
crushing and washing/benefication of ceals. The efiuents from
thess existing washesies carry a lot of fing coal (as pointed out
above) in suspension and the water of the river al different
regions ofien remains black dueto the cfluents from washeries,

The effluent characieristics from these washeries are slmost
the same and have been piven in Table 9.2 and Table 9.5.
Suspended solids and dissoived solids are far above the prescrib-
e¢ limits. Suspended solids cancentration in the Damodar water
reaches 3-4 gm/litre in certain arcas whereas the 15-2490-1975
tolerance limits is only 100 mgflitre. Table 9.5 gives the picturs
ol present state of different coal washerics from conlrol measurs
of pollution view point, The physico-chemieal characterislics
of the efflents however changes fo some extent if one put Lo
settling pends hefore discharge into the river. Table 9.3 shows
the characteristics of coal washeries eflusnts which are allowed
to settls in settling ponds.

COKE OVEN PLANTS

There are four cake oven plants located on the banks of the
river Damodar and all are conpled with the by-product recovery
fucilities, Nearly one MLD effluent is discharged into the
Dumaodar as shown in Table 9.5.

The wastes [tom coke oven plants has objectionable cons-
titucnts such as ammonia, phenols, tarry oils, thiocyanates,
sulphides, cyanides ete. The typical characteristics of effluents
from coke oven plants are given in Table 2.4,

THERMAL POWER PLANIS

There exists six thermal power plants i the vicinity of the river.
Ir additicn to these FCI, Sindri and Bokare Stecl plant are
havine captive power planis. Water pollution problems in the
Damodar river are mairly created from Chandrapura Bokaro
and Patiratu Power Plants—which are based on pulverised
eonl firing system. In generzl, ash content of coal uszd in power
plants wvaries between 20-30 per cent Pulverised coal liring
suspends all the ash in the combustion gases and about 15 1o 20
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w TanLe 9.2 : A Characteristics of Effluent from Coal
Washeries

PPhysical appearance

Blackish brown 10 deep blakish

LA

nH

Turbidity 10-25 ITU
Suspended solids BO0=3500 mp/!
Dissalved solids 3I00-1500 g/l
Hardness 130-450 meg,1
Alkallnity 10-90 mg/1

Chloride

10-40 mg/1

TanLe 9.2 : Characteristics of Coal Washery Effluents
which are allowed te scitle in Settling Ponds

Physical appearance

Bleckish brown to deep
blackish Erown

pIl B.0-11.5
Turbidiry 3-10ITU
Suspended solids 3040 mg/l
A kalinity 70-200 mg/1

Tanie 9.4 : Analysis of Effluents from Coke Oven Plants

pH 7585
Thiocyanate 50-100 mg/l
Total ammoniz 200-250 mefl
Sulphides 10-20 g/l
Cranides 10-50 gl
Phenals L00-1000 me/l
Chlarides 4000-4 500 mg/1
Thiosulphate 110-220 mgii

per ceat ash seliles us a bottom ash in the boiler flues-—which

slurries up with water and piped to the Damodar river directly

Suspended sclids concentration in the cffluent varies between

3-4 groms/lre,



Tasrg 0.5 : Indastrial EMucnt Discharge and Effluent Quality observed (Year 1983-84) of

Indnstries located on the Banks of River Damodar and on its Tribataries

S Muame af industry Effluent Effinent quality observed (mean) Rernarks
Na. discharae 2 -
in MLD pH Suspended oD
sulids mu/l oyl
1 2 3 - 5 [ 7
1. Giddi Coal Washery — - — Eiuent discharpe diverted into
Quarry.
2. Pathratu Thermal Flant - 2 3450 350 EMuents dischargad ioto Nal-
kasi River which meets river
Iamodar,
1, Kandla Coal Washery — —_ — — Plinl constructed recently,
4. Kathara Coal Washery 9.0 3.0 3180 00
g, Bokara Thermal Plant 16,0 7.1 2540 oL —
6. LE.L., Gomia 2.70 7.9 170.0 320.0 NH;=N=34; 504=227 myg/l
Phenols=mg;| 0.9 me/l
7. Swang Coal Washery 1.0 71 2500 340 —
8, Kargali Coal Washery 2.2 7.4 2050.0 280.0 o
9. Bekaro Stce! Plant 24.0 7.4 120.0 £0.0 Phenols=0.0% mg/l, Qil greasc
=4.8 mg/l and ¢yanide
10, Chandrapura Thermal Planl 34 8.0 3840 400.0 e
11. Dugdha Coal Washery 4.0 8.0 EN0LD 400.0 —
12, Barara Coal Washery —- — —_ - EMuent dischargs directed into

abandoned Quarry.

8T
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13, 1ayabad Coke Oven Plant
14, Loyabad Power House

15, Moonidih Coal Washery
16. larari Coke Oven Plant
17, Lodhna Coke Oven Plant
1%, Lodhna Ceal Washery

19, Jamuadoba Power House
20. Jamadobe Coal Washery
21. Phowra Coal Washery

9 Bhowra Coke Oven Plant
23, Sudamdib Coal Washery
24, Patherdih Cual Washery
25, Chasnala Coal Washery

24, Bihar State Super Phosphate,

Sindri
27, F.C.IL, 8indri

28, P & D Calalyst Madernisation

Plant, Sindii
29, A.C.C., Sindri

1,60

0.0%0
1.40
.50
0.40

1350.0

5200
4300
3640.0
2100

D&l

1:0.0

Oil and Grease 5.0 mg 'l
o industrial effluent discharge,

0il greose 14.0 me/l.

Efftuent discharge diverted into
abendened Quarry,

Mo industrial efffuent discharge.
Mo industrigl effluent discharge.
Qil and grease 24,0 mg/l.

Plant closed
F=14, Dil_:l‘— N=400,
Urea-x=200, POy

Ne industrial effluent discharge,

£

ADHg 1 ADpo Jaary Jo Appeng) aainy
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¥
ALLUCHTHCNUS MATERIALS

The agricultural run off and domestic wastes from the terrestrial
surroundings plays an important role in the ecology of running
waters (Hynes. 1970; Commins, 1974), As indicated by Fisher and
Liken (1973) and Cummins (1974) for streams, a considerable
amount of energy input is imported from terrestrial surround-
ings {fe. it is allochthonus) with only a very siuall amount
derived {tom stream photosynthesis,

. The Jandscape ol Damodar Valley in Bibar parlicularly is
wooded steeps’on the edges. The valley floor is marked by rice
fields interrupted with forest clad masses of hills and hillocks.
In such topographic condition the river naturally receives varie-
ties of nutricnt load in considerable amount along with agricul-
tural run-off having fertilizers, and various biocides. However,
a quantitative analysis of such import along with envichment of
water with nutrienls by leaching of litter has not been done
s0 far,

NOMESTIC WASTES

The wrban domestic pollution load to the Damodar river is
mainly attributed to the disposal of untreated domestic wastes.
The physico-chemical characteristics of untreated domestic waste
of Dhanbad area has been studied, Total urban BOD load in
kilograms per day at the rate of 0.25/capitafday has been calcu-
lated, As per such culculation 3400 kg/day BOD load is added
to the Damedar, The BOD load by rural domestic wastes has,
however, not caleulated. Due to such waste disposal DOD and
total coliforms status ol the river are found high,

OBSERVATIONS

The data recorded after the physico-chemical analysis of sample
water following the standard methods (APAIL, 1975; Trivedy
and Goel, 1984), have been presented in Figs. 2.210 9.6, Water
samples collected from 135 different sites, as shown and listed
in Fig. 9.1, were collected monthly for zight months excepting
rainy seasons and the values preseated in ligures are (heir imean,
The mean values of different parameters longitudinally from siie
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FiG. U.2 : Variation in pH, Na. Ca and K ai different sites

1 1o 15, their standard deviations, coellizient of variations and
variances have been included in Tahle 9.6, however, Table 9.9
presents the percentuge increase in certain paramecters at 15th
site over Ist site 1o get the picture of sa't formation and nutrients
accumulition in the system.

Water was found alkaline throughout the period with pll
ranging from 7.3 (at site 1) to 7.0 at site 15th (Fig. 9.2).

Maxirum gonductivity at 257C was recarded 590 ¢85 al 15th
¢ite while the minimum value was 270 1S at site 4 (Fiz, 9.4).
Chlcride conten: was least at sitc 6 while bicacbonate at 7ih
(Fig. 9.3). The chloride content of water fluctuated from 18.6
mg/l to 43.8 mg/l while bicarbonate content 117 mg/l to 3705
mgfl. Conductivily showed an increasing teend along the dis-
tance. The total alkalinity ranged 31.0 me/l to 96.2 mg/ land did
not show a trend of increass or decrease with distance along the
lengih of the study area. Suiphate contcnt was found six time in-
ereased [rein the first sampling site with nearly a delinite trend
of increase with the distance. The highest concentration in ditfer-
ent parameters recorded at last sampling site could be attributed
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TaBLE 9.6 : SD), M, CV and V of Different Parameters

SD N Y v
pH 00,191 T.54 2.53 00,036
Conductivity 101,64 3g2.ca 26.60 1033069
Chloride s.10 25,540 31.94 G551
Bicarbonate 491,73 231.258 39,66 8414.30
Allalinity 2291 56.76 40,36 514.86
Sulphate R.59 17.40 s51.10 79,03
Nilrate 3.co 5.48 542 17.08
Sodium 2.06 738 27.79 4.24
Potassium 0.44 1.13 38.93 0,18
Caleium 2.04 3.20 39.23 4.16
Total Solids 159.20 55158 2089 27188.71
Tss 25.63 123.08 2155 704 03
Dissulved Oxvgen 0,35 T.05 5.24 0.13
Free CO, D.E2 4.63 17.58 0.67
BOD 1.08 3,78 28.07 1.12
COoD 1.28 5.75 22.05 1.7
Coliforms MeN 3.90 5.44 75.42 17.08

SD=Standard Devig tion; M=Mean; CV=Cowellicient of Yariation:
VVariance

to the effluents effect from fertilizer industry, Sodium content
varied from 2.5 mg/l to 11.3 me/l while variation in patassium
concentration wus very narrow (Fig. 9.2

One of the most scrious threat Lo water quality of the river
is cue Lo total selids. The high concentration of total solids
ranging from 305.3 mg/l to 755 me/l was observed which infurn
Giuses many other limnobiotic problems damaging the svstem,
The solids actually are fine ccal particles coming with coal
washeries efllusnts. A low range of flucruation in dissolved
UXYgen content was recorded, minimum being 6.7 mg/l and
maximum 7.5 mg/l (Fig. 9.5) multiple sources of pullutants at
various points, there was no positive impact of self-purifying
ability on waqer yuality. High suspended solids, hizh salt con-
centration and various toxic pollutants like cyarides have
destroyed the usunal biota, Colour of water was observed mostly
black, planktonic as well as benthic and fish communities are
nearly nil, - :
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FiG. 9.3 : Varigiion in 80, Cf and alkalinity at different sites

Free CO. was recorded at every sile probably as an effect of
mierobial sctivity over organic wastes. BOD was found high.
never below 2.6 mg/l and going up to 5.9 mg/l. COD values
were higher than BOD wvalues probably due to high inorganic
industrial waste in the svstem (Fig. 9.5). Correlated with high
BOD wvalues high NPN of coliforms/100 ml was observed as
shown in Fig. 9.6,

DISCUSSION

[n comparison to stagnant waters; flowing water is a partjcularly
complex situation, for rivers alter not only through cyclic,



234 Ecofogy ani Pollution of Indian Rivers

o (apguctivity
® HLUy P

[ —

l
-
Lal

i

PRS —i 4
| \ /
\/

of mg/ut valves & RS &t 25
e
-
T
-
e
i
f"i

Leg

Fic. 9.4 ¢ Variaion in eonduetivity and HCO, vaiue at different
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seasonal progressions, but alse alang their lengths, according
to their depth, gradient, rate of flow, geology, salt cencentra-
sior, turbidity erc. Thus. there is a multitude of biological
habitats. Stadecek (1972, 1Y73) has described the longitudinal
changes ocenrring in streams us successions. e proposed  that
the normal serics of changes occurring in downstream Wwas i
primary suceession procecding through a number of serial states
1o a naturally eutrophic climax stags. Bul in any event the
longitudinal changes occurring down a river are nct succession.
The term succession refers to a change in time ruther than a
chanee in space (Odum, 1971). Further once the stream commus
nity has adapted to the pressure of the efiluents the system is
held in a steady state (Wohimann, 1972) which could prabably
be best described as a dis-climax (Camobell, 1978). 'The present
study is in accordance with the above lindings as the concen-
tration of salt increases clong the flow affecting adversely the
hiota, thereby decreasing productivity.

Pollutants introduced into rivers are naturally carried down-
stream but, after initial mixing, do not become further diluted
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Fic. 9.5 : Variation in DO, Free CO., nah, COD and NOy
vafues uf differens sites.

gxcept beeause af conlluence with other water source. Remuval
of pollutants than depsnds on their biological degradation or
deposition, The gengral picture of intraduction of 2 pollatant
into a river is shown in Fig. 9.7. In the streams poliuted ata
single point, as in most thea-etical models (Bartsch, 1948:
Bartsch and Ingram, 1959; Klein, 1959; Hynes, 1960; Curtis and
Horringten, 1970: Camphell, 1978) it is simple to decide €n the
relative degree ol pollution at poiats downstream ; the point
just below the sourcs 1s most poilured, and sunbsequent points
are progressively less pellnted, In fact such situation3 are rare,
sources of pollution generally being multiple and frequently
diffuss as has been ohserved in the present investigation, Under
such cireumstances the investigator then is confrented with the
problem of evaluatirg pollution on the kasis of conllicting data.
Mostly such cvaluations havs been made, they are subjective 3
however, at least some attempts have been made towards in-
crensing the objectivity of these cvaluations (Prats, et al., 1971).
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As pointed out above the stretch of river Damodar under
investigation receives different types of pollutants in form of
industrial wastes from various sources at diffsrent points as well
as many confluences of tributaries consing dilution. The river
thus not only receives pollutants of diverse nature but also has
impact of increasing degree of mineralization along the course.
With this background for water quality surveillance of the river
a detailed discussion on chemical characteristics containing
more information than a sinale index is required.

In fact there is no umiversally accepted definition of a
rollutant, but it can be conveniently explainad as a substance
ar form of energy which, il introduced into the snvironment,
may or will adversely affect man or other organisms. Although
it is normally possible to measure, with considerable degree of
precision, the quantities of pollutants present 1n waler, a
definition such as that ubove still leaves scope Tur subjeclive
assessment, notably 1o the meaning of ‘adversely” and the
importunce which is attached 10 degree ol diversity. The varicties
of pollutants being dischurged into the river Damodar with
eflfuents from indusiries as mentioned above are well-known to
affect man and biota of the river as a whele. Further, whether
or not particular substance is a pollutant depends on its nature,
its concentration in the cfluent, the total load discharged, the
nature of the recciving water and its capacity 1o absorb the

aste loading impesed upon it, Thus, in the aprropriate circums-
stances, even distilled water can be a pollutant. Thus the sign
of accumulation or increase in concentration of pollutants is
indicative of higher load of discharges into the system than the
carrying capacity of the system as has been observed in the
present study.

The higher concentralion of varions chemical paramelers
ducing the investigation in Jdownstream of the river depicls
pollutant load well above the threshold limit of the self-purify-
ing capacity of the river and hence the nutrients of the warer
body are the pollulunis,

The higher concentrations of nutrients. particularly nitrogen
and phosphurus are naturally to be expected in polluted waters
(Vollenweider, 1968; Munawar, 1970). Ganpati (1960) pointed
out that the tropical waters, particularly unpolluted ones are
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Wodellclent In nitrates. Reid (1961) also found that the world
averige of nitrates in unpolluted fresh waters is 0.30 mgfl. Tn
Damadur water at every sampling site the concentration of
nitrnte 18 relatively much higher than this limit. The abnormally
Iigh eontent at 15th site is probably due to waste from fertilizer
industry at Sindri,

The high amounts of chloride in fresh waters have been
considered generally to he due ta pollution. Thresh ef al. (1944)
polnted out that high chloride concentrations are indicators of
large amount of organic matter in the water. Chloride content
ulso increase with the degree of eutrophication (Goel et al , 1980;
Sinha, 1986). Ownbey and Kee (1976) observed three-fold
increase in chlorides in lake Erie und accounted for 70 per cent
of the total increase mainly due to industrial cfluents, road
sulting and municipal wastes. High conventrution of chloride
content and an increase by 13297 per cent wichin the study arga
reflects the increasing pollution along the river flow ard also as
an effect of waste disposal into the river.

Due to high input of organic matter, Ruttner (1933) and
YVomos (1964) have reported high sulphate and its reduection.
Steiver (1967) hus also reported that the sulphate very fastly
reduces to hydrogznsulphide under high organic pollution and
depleted oxygen condition.

Accordinz to Abdulluh and Rovle (1972), EPA (1973)
Foehrenbach (1973) fresh waters il contain high amounl ef
soluble salts their character is allered and hence productivity is
affected.

The alkalinity of water varies in differcnt zones. This is
probably due lo the geclogy of the course of flow of the river
and secondly also by ellluenls. Generally bardness of water
lgss than S0-150 ppm is moderately hard, 150 to 200 ppm hurd
and over 300 ppm econsidered as very hard, The water of study
area up to site 3 is madarately hard and from there up to site
B jis soft and again hardness increascs being highest at site 15,

Unlike lake systems, river water quality cannot be charac-
terized by the concentrations of nutrients (Wong et al., 1579).
Dissolved oxygen content, which plays a vital role insupporting
aquntic life in running walers, is susceplible to slight environ-
mental changes. Oxygen depletion often results during times of
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FiG. 9.6 : Variation in TS, TSS and Coliforms at diiferent sites,

high community respiration. For this reason, disselved oxygen
Las been extensively used as parameters delincating water
quality (Wong et al, 1979). Also, bhecause the solubility of
dissvlved oxygen is temperature dependent, the acceptable
dissolved oxygen levels are eenerally related to seasonzl waler
temperature (Table 9.7, EPA, 1973). Many chemical and physical
reactions in water may affect the dissolved oxvien contert, but
the per cenl saturation would usually remain close to 100 per
centin the absence of any biological activity (Wong er al., 1979).
In addition Lo these, in shallow, turbulent sireams dissolved
oxygen levels are normally at 100 per cent saluration or greater
(Hynes, 1970). Minckley (1963) has recorded a maximum lavel
of 191 per vent of oxygen saturation in pelluted Tunning water.
During the present investigation the percentzge of oxygen
saturation being always mcre than 100 per cent and dissolved
oxygen never going belew 6.3 mofl, as well as due to high
pollution load the system beinz devoid of nsual biotic com-
munity confirms the above findings and also depicts that the
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lame 47 : Minimum Dissolved Dxygen Concentrations
recommended for the Protection of Aquatic
Life (EPA, 1973)

T, O at 100 per cent  Min. O for protection of aguatie life
(" saturation ma;l

Con, mgfl Per cont

Spiurdtion
i 7 5.8 835
373 g h.8 73
210 9 6.2 T0
16.0 10 £.3 66
7.1 12 5.8 57
1.5 i4 0.8 48

umplitude of dissolved oxygen in lotic aquatic svstems is, in
fact, mainly due (o biotic functions. Such phenomenon s best
illustrated by the eguations of oxygen balanee in streams put
forward by O'Conucll and Thomas (1965) and Owens et al,
(1949) shown in the Table 9.8. Probably due to the reasons
explained above in this study the minimum fluctuation in
dissolved oxygen hus been noticed. The effluents from coul-

TABLE 9.8 : The Dissolved Oxvyuva Model

1, O'Connell znd Thowmas, 1865
Q=(P-R1 | ED—K.L
) =rate of change of OxyZen per unit
surface area of reach (g/m*/h)

PR =rnect photosyntheses miray 1espiration (mg/lih)
D=oxyacn deficit concentration (ma/1)
L=ultimate BOD coneentration (mg; 1}

Ky=deoxygenntion rate constant (h)

K,==reacration rate constant (h)

2. Owens, Kpnowles and Clarlk 1969

Q"'F.'S (C.—C:]"_Pr.'l' P;.-— Ry“‘R‘ == R.n‘l'ﬂ

F="flow (m?3/h}

&§wsurface arca of the reach (7%

O &y =conventration of oxygen {medl)
Pp=photosynthetic oxy gen production by attached
planis and phytoplankion (e/m? /1)
R m=0xveen consumptian of botiom depasits, atached

plants and suspenced organisms (g/m*/h)

[ =0xyveen contributed by dilfusion thuough the
wetar surface (g/méhL
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Effluent introduced

. CONCENTRATION OF POLLUTANT

DISTANCE DOWNSTREAM

FiG, 0.7 : Generalised picture of the introdyetion of a polluiunt to
a river. After a short period of mixing, by which the
whole volume of water rzachies peak pollutamt conecen-
tration, the level of pollution graduatly decreases.

hased industries and coal particle eontairing wastes have bezen
described as oxvgen depleting agents (Sinha and Sinba, 1986).
Even-after their aburdance in the svstem a healthy condition
observed from oxyvgzn view point isindicative of the fact that
not the physico-chemical but biological and rheologieal factors
govern the oxyveen level in lotie systems,

The minimum gquanities of dissolved oxygen required in
waler depend up on the individual organisms. Most of the
fishes require at least 5 g/l dissolved oxygen for at least 16
haurs/day, and never less than 3 mg/! for § hours. Most natural
waters contain 8-10 ma/l oxygen depletion, mainly other than
respiration of biota, is cuused by high organic load heance by
miero-organisms such as bacteria (EPA, 1973; Rodgi & Nimburgi,
1978).

The witer of river Damedar in the the whole study area has
been found alkaling on the basis of pH, This indicates that the
decomposition of organic matier received by the river either s
human and industrial waste or as allachthonus materials from
the catchment arca have not supressed the pH. Except only a
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CTANLE U9 | Percentage Increase in Different Parameters
at last Sampling Site in Relation to the Firse

[ 2 %
Conductiviry TR.TRSS
Chloride 132979
Wicarbonate 189.22%
Akulinlty 138,305,
Sulphate 441,862
Nitrate 695.65%
Sodium 352,000
Potassium 6.6 %
Calelum FETo
Total Solids 32,509
T8S (=) 14,87%
Dissalved Oxygen 138
Fieo Cly 16,667,
BOD 36,587
COD 114,282
Coliforms MPN 28.57%

few industrial effluents like explosive factory at Gemia majerity
of fuctories discharge alkaline effluents which in turn keep the
nuture of river water alkaline. Hutchinson e af, (1929) and Roy
(1955) have asserted that the high pH is associated with high
photosynthetic activity. Atkins and Harris (1924) have reporled
high pH values favourable to dissolved oxygen saturation.

The transport by flowing water of solid particles in suspen-
slon is a natural phenomenon, ageravated in the case of mining
by the ereation of disturbzd areas of land susceptible to erosion.
A wide variety of inert inorganic muteriuls arises from mining,
together with a relatively mioor contribution from organic
solids, If, in the latler category, coal is included, the organic
fraction becomes of great importance. Coal is a particular
discolourant, and its phenolic content can also be damaging
(Qschwald, 1972; Stall, 1972; Clausen, 1973; Prosser, 1974),

A high amount of TSS concentration found during study is
infiact due to discharges from coal washeries and other industries
with coal particle as the chicl component, The TSS concentra-
tion, being very high, has been ohserved not only to impart
back colour to water but also to reduce the transparency to
nearly nil, According to Clausen (1973) such suspended solids
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interfere with seif-purification of water by diminishing light”
penetration and hence photosynthetic activity and damage
fisheries hy silting over food organisms. Probably due to this
resson the planktonie and benthic populations have been highly
destroved in the river aparl [tom agsthetic nuisance,

The presence of free CO, content at every site s an sllecl of
microbial activity of coveriing arganic waste, into water and
CO, because the respiretory activity is nearly nil due 10 aksence
of usual biota,

The increase in BOD and bacterial level hes been considered
indicative ol increasing pollution (Rag, 1976; Campkell, 1978;
M:hadevan & Krishnaswamy, 1984) a condition similar to the
present ohservation. The high concentrution of coliform bacteria
is nrehably a result of sewage discharge and faecal contamina-
tion making the river water not fit for direct human use.

The COD value zlways record higher than BOD values
clearly indivates that the nen-biodergadablz oxygen-demanding
pollutants are present in the water which come into the system
as industrial discharges.

SUMMARY

The main impurities in river Damcdar is dué to coal-based
industries alang the river hank. Qut of 29 industries located on
the bank of river Damodar, 13 aré coal washeri&s.ﬁhuse coal
washeries units contribute high suspended solids (! to 5 g/l)
to river Damodar. The thermal power plant and coke oven
plants contribute to a high level of pollutant load to the river.

In summer season the river water becomes a drain for
garrving industrial effluents discharge. The frasibility to divert
mine pit water discharge (o river Damodar may be considered
tn maintain river flow spscially in summer season.

On the hnsis of the present study il has been found that at
no point the quality of water is at the desired level and quality
management 15 needed every where, The high degree of salt
built-up and its accuraulation as shown in the Table 9.9 farther
underlines the nzed of detailed ecolagical study of the river.

Author's address : Deparimen! of Zoology, R.S. More Cullege,
(Fovindpur, Dhanbad, Bifar. :
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