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ProvucTtiviTy oF WATER BODIES WiTH
REeFERENCE TO CoaL MINE
AND ALLIED EFFLUENTS

M.P. SINHA AND PN. MEHROTRA¥*

Introduction

Ecolegy may be defined as the science of the interrelation
between living organisms and their environment (Allee ef al 1949)
and itis this interrelationship that is of prime importance in consid-
eration of the natural resources of the earth, In Asian waters in
general, and in Indian waters in particular many of these parameters
are poorly understood and the successful utilization of these re-
sources is now - and will in future - be dependentupon contemporary
attitudes to ecology in the region.

Biological production is the key to the extent to which such
resources may be utilized - for whatever purpose - and it is here
intended to discuss ecological and biological production both in
general terms and with particular reference to the impact of coal
ming drainage and coal washeries efflucnts of Dhanbad coalfield
arca. There are numerous factors affecting production, both posi-
tively and negatively, and such factors are subtly different from
those influencing production in the typically more comprehensively
studied temperate regions. By an understanding of these factors that
affect and regulate production and determine the ecology of any

*  M.P.S.—Deptt. of Zoology, R.S. More College Govindpur-828105, Dhanbad.
P.N.M.—Dieptt. of Zoolegy, Ranchi University, Ranchi, Bihar,
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aguatic system whether lotic or lentic, we can aim at a planned and
sensible utilization of the regional resources. All o ollen a (ailure
to understand has led, in the past, o environmental disasters. As a
consequence we in the long term are the sufferers,

Production and its efficiency and a thorough understanding of
ecology are of paramount impaortance in the tropical aquatic system,
where much of the supply of protein comes from fisheries. The 1ol
water surface of the earth is somewhere around 36000 million ha
with about 500 million in fresh waters (Henderson, 1978). The total
marine food harvest, according to an early report by Haolt (1973) is
estimated o be abour 60 million tons, the average catch appreaching
2 kg/hafyear while the [reshwater catch averages rather more (12-16
kg/ha) (Henderson, 1978).

The whole yield of aquatic systems harvested by man in the
fonm of aquaue life depends upan the ‘primary production’ of the
waler bodies [rom which they come. Primary production of an
aguatic system is the ability of water o support the production of
organic materials from inorganic ones. Primary productivity is the
pauh through which the energy enters into its unidirectional path of
flow through various trophic, levels in the ecosystem in form of
chemical energy [rom the ultimate source of energy - the sun. The
radiant energy from solar system falling on the surface of walers is
trapped bymicrophytes - the phytoplankton - through the process af
photwsynthesis and the radiant energy is then stored into the micra-
phytesin form of erganic matter, The harvest of predatory arganisms
which occur at higher trophic levels depends on the praduction af
microphytes through a series of transfers of material - each step
called tophic level and the whole relationship of eating and being
caten is called [ood chain. As only a [raction, say 10-20 percent of
the productivity of one rophic level can be transferred to the next,
the proximily of harvested forms to the base of the chain is an
important factor in determining the wsable productivity or potential
yield of the waters concerned.

An overall view of these variations can be obtained by examin-
ing some figures of Ryther (1969) who used these principles to
estimate the potential yield of fish from world's oceans (Table
14.1A.).
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Table 14.1A : Use of Trophodynamics Model to Estimate Fish
Production by Three Ocean Provinces Defined According
to Level of Primary Praduction (After Ryther 1969

Jrom Regier 1973)

Variables Open Costal Upwelling Total
acean on€¢ qreas

Percentage of Ocean 90.0 9.9 0.1 100
Area (km? x 109 326.0 36.0 0.36 362
Mcan primary production
ge/m?/vear 50.0 100.0 300.0 -
Total primary production
kg C x 10'%year™ 163 3.6 0.1 201
Trophic levels 5 3 1.5 5
Mean cfficicney, % 10,0 15.0 20,0 -
Fish production
kg x 10° fresh weight 1.6 120 120 214

* l-Includzs offshare, non-upwelling arcas of high praductivity,
++ corrected figure.

General Precepis

The Indian subcontinent cowmprises a predominanty tropical
environmentand becauss of generally stabilized climaiic condilions
throughout the central tropical region as a whole, with high temperu-
tures, high rainfall and brght illumination, the productivity of
waters of this region is more or leas cantinuous and quite dilferent
from climatically induced variable rates of production found in
temperate climates (Fig 14.1). Table 14.1B includes the data on
primary production showing very clearly the ranges of microphytic
production in dillerent regions. Tt is clear that the shallow water
bodies ol vriental region most productive in comparison 0 water
bodies of different ladindes, In this region similar 1o the general
leatures of ropical climate, however, production ean reach levels
high enongh to result in dramatie surges in the specics abundance so
that algal bloom, particularly of the blue green algac Microcystis
acruginesa and Oscillatoria rubens occur in fresh watcrs with some
higher value of nutrients. Thase, in wm, influcnee the abundance of
secondary and terdary consumers and honce the secondary and
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lerbiary productions. Thus community structure can fluctuate widely
and is broughtaboul by the competitive interaction existing between
opportunistic undergning remarkable changes in population struc-
ture. Such a balance is also influenced by the generally longer
breeding seasons of tropical species (Morton 1978). This situation is
exacerbated by the greater degree ol adaptive radiation that has
taken place in most ol the principal aqualic families, resulling in a
profusion of species, each exploiting a narrower niclie in the
environment as a whole (Fig. 14.2).

In the tropics, in general, as pointed out by Morten (1978) each
species ocoupy a namow niche might be considered more individu-
ally susceplible 1o the deleterious elfects of man’s activity in the
aquatic environment. Allemnatively, however, there is correspond-
ingly greater variety of species possessing at least the potential for
suceessful exploitation by man as a resource, Thus it is now very
clear that water bodies of this area possess an enormous patential for
the successful exploitstion of resources in one hand while 1o the
impacts of human aciivities - the pollutional one being the first and
foremost. One of the major polluting source of water bodies of coal
field area of Dhanbad is the coal mine drzinage and effluents from
coal washerics in mining area as well as sewage.

Present Study

The present study has been carried out on coal minc drainage
and coal washeries effluent receiving water bodies of Jharia Coal-
field to analyse their impact on primary production. The physico-
chemical characteristics of coal mine drainage and coal washeries
effluent have been presented in Table 14.2 and Table 14.3 respec-
tively. The various parameters have been analysed following stan-
dard method (APAH, 1967 and Trivedy and Gocl, 1984). The
primary production has been estimated by light and dark bottle
experiment (Strickland and Parson, 1968), and while calculating the
data for gross primary production the photosynthetic quotient has
been assumed to have a value of 1.2 (Westlake 1963, Strickland
1965). The data so recorded have been presented in Table 14.4 in
terms of gram carbon/m?day and net primary production and
comimunily respiration as percentage of gross primary production
has been calculated. Table 14.5 includes the data on scasonal
variation in gross primary production, nel primary production and
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community respiration values in terms of gram carbohydrate/m?/
day. In Table 14.6 seasonal variation in gross primary production in
terms of K. Cal/m%day based on gram oxygen/m*/day and gram
carbohydrate/m*/day and the photosynthetic efficiencies based on
both oxygen based data and carbohydratz based data. The data
obtained on production and community respiration in terms of gram
oxygen per m? par day have been presented in Fig 143,

The data on effluent characteristics raflects that both the efflu-
ents i.e. coal mine water and coal washery effluent supply a very
high amount of nitrate and phosphate, causative nutrients of high
primary production.

Gross Primary Production, Net Production and Community
Respiration

The gross primary production, net primary production and
communily respiration varicd considerably during the peried of
study. The maximum value of gross primary preduction has ob-
served in the month of May and was of the order of 28.72 g C/m?/day
while the minimum valuc was 10.88 g C/m*day in October, The net
primary production was recorded maximum 20.21 g C/m?day) and
minimum 7.57 g C/m*day corresponding the period of gross pri-
mary production. Community respiration was however, maximum
in May (15.26 g C/m%day) and minimum in September (2.0 g C/m?/
day).

A high rate and magnitude of primary production in a water
body is generally attributed to an increase in nutrients, An increase
in the annual input of nutrients has been reported to cause corre-
sponding increase in phytoplankton production regardless of lati-
tude (Vollenweider ef @i 1974, Kelf and Welch 1974, Dillon 1975,
Kant 1983, Sinha 1988). Here in cass of coal mine water and coal
washery effluent receiving water body the supply of nutnents is
apparently high but the preduclion is not correspondingly so high,
This is probably due to the combined impact of physico-chemical
characteristics of the elfluents which although contain high amount
ol nutrient yet due to presence ol other components, are unsuitable
for luxurianl microphytic growth and de not provide survival values
lo the planklonic communities of the receiving system. According to
Rodhe (1969) the enormous storage of nutrients, mainly bound to
mud, is one of the reasons that an immediate or complete reversion
of induced eutrophication. In lwo small Danish lakes, a substantial
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decrease of phytoplankton production was observed for the first two
years after the diversion of sewage water in 1959 (Johnson ef al
1962, Mathiesen 1963).

The values of community respiration were also found lowsr in
the water bady. This points out that the water body, on the wholg, is
having very poor biota. The less or oxygen delicient nature of
effluent coupled with high COD and toxic subslances are the
probable reasons for less number of phytoplankton, zooplankton,
aquatic insects, fishes and micro and macro benthic fauna of the
water body and which ultimately resulted into low respiratory
processes, Higher values of community respiration are generally
obsgrved in cutrophic lakes (Sreenivasan 1972, Kelly ef al, Ganf
1972, 1974, Sinha 1988).

Hulber ef af (1960) and Prasad and Nair (1963 ) have suggested,
and as has been mentioned in general precepts (Fig 14.1) that in
tropical waters primary production is moderate threughout the year
with litle oscillation, However, many authors like Sreenivasan
(1964), Vijayraghavan (1971), Laveque ef af (1972), Nasar and
Dutta Munshi (1975) have observed marked seasonal variations in
the rate of prunary production and community tespiration with
maximum values during summer and minimum during winler simi-
lar o the present observations corresponding to high planktonic
grawth period and bright illumination period.

Sinha (1988) observed a very high rate of primary production
with high community respiration in a water body of the same regicn
having no inflow of coal mine water or coal washery effluent and
classified it as highly cutrophic. The low gross primary production
along with low community respiration of the coal industry effluent
receiving water body is also probably due to lack of allochthonus
organic supply to the system. According to Rodhe (1969) eutrophi-
cation can be based on allotropic contributions by man, in particu-
lar, domestic as well as autochthonus organic supply.

Photosynthetic Efficiency

The photosynthetic efficiency has been caleulated from oxygen
values and also after conversion of oxygen values imo earbohydrate
values, On the whole the phaotosynthetic efficiency based on oxygen
values is less by (.001 or 0.1% than those of carbohydrate values.
The range of efficiency valnes is from 0.99% 10 2.52%. A lower
range of photosynthetic efficiency has been recorded by Radhe
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(1958) for Lake Erken who reported the values between 0.01% and
0.6%. Ganapati and Srccnivasan (1969) estimated the photosyn-
thetic efficicncics in two man made lakes: Amravathi reserveir and
Stanley reservoir in south India. They found the values to vary
betwesn 0.2% and 0.67% in the Amaravathi reservoir and between
0.37% and 0.59% in the Stanley reservoir,

A considerably higher value of photosynthetic efficiency vary-
ing from 0.06% to 1.44% (Ganapati and FPathak 1969, 1972, Gana-
pati and Sreznivasan 1972), 0.17% to 1,55% (Ganapati and Sreeni-
vasan 1972, Sreenivasan 1972) and 1.09% to 13.8% (Ganapati 1972,
Sreenivasan 1972, Nasar and Dutta Munshi 1975} has been re-
corded. The lower photosynthetic efficiency value during the pres-
ent study, however, may be attributed to the high suspended solids
being brought into the systzm through the effluents which decrease
the transpirancy and limit the photic/productive zone of the water
column, The blanketing effect of suspended solids plays important
role in decreasing photosynthetic efficiency causing hindrance in
light penetration.

Variations in Primary Productivity

According lo Henderson (1978) the productivity ol waler is
primarily a function of nulrient and energy supply o the system. It
18 probably rather rare that the basie biological productivity ol a
waler body is severely linited by lack of suilable living organisms
when (he water body provides the conditions of survival of the
producers. The production decreases Lo minimum in water bodies
when the servival of producers becomes a question due (o adverse
impact of haman activities such as acidification of walter bodies or
continuous inflow of toxic ellluents which suppress the survival
values, Overexplpitation by human being of 3 water source hus been
found 10 suppress the production, There is also, however, evidences
of significant differences in the ecological efficiencies i.e. the
cfficiency of photosynthesis, cfficiency of conversation of primary
production to fish and other aquatic crops which can be related to
variation in the structure of aquatic community. In fresh warer
variation in nutricnt availability from one water body to another is
result of a number of factors such as geological structure through
variation in land use, nature of the catchment arca, fertilization
through various effluents etc. are very important
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Nuftrienf Supply

Nutrient input to freshwaler rivers and lakes is closely related o
the use of catchment area, geological formation of the basin, input
tirough ellluents and also o its own standing crop.

Fhosphorus and, in special sense, silica are generally regarded
as the most eritical nutrients for organic production in lukes (Rodhe
1969, Schelske and Stoermer 1972, Schindler and Fee 19744, Fee
1978, 1975) and phosphorus is the most implicated in lake entrophi-
cation from human activities. In those swdies in which annual
productivity has been examined in relation to various physical and
chemical factors, nitrogen, particular total (Mann 1974), organic or
Kjcldahl nitrogen (Herbacck 1969) has been correlated with phos-
phorus.

More importantly, the direet nutrient pools in aguatic sysiems
may be several steps removed from the free nutrient in solution. In
tropical waters in general, most nutrients arcincorporated into living
tissue and are transformed by direct digestion/decomposition/ab-
sarption eycles (Henderson 1978). A further complication 18 that
excess nutrients are readily taken up by plant cells so that above
certain critical levels additonal nutrient is taken up by the organisms
into the intercellolar pools without additional growth (Gerloff
1969).

Thus as shown in the Fig 14.4 when anutrient is below acritical
concentration, any additions to the environment will be immediatcly
taken up in growth with no change in concentration, But once the
critical concentration is reached, further addition of nutrients results
in higher concentrations in organisms but without added growth,
This additional incorporation of nutrient into internal storage has
been called “luxury consumption™,

. Adequate zone

.ﬁ" L] = g
¢ Critical concentration
(Transition zoneg)

Derticient zone

Yield —

Concentration in tissue —a
Fig 144 : Critical Conceniration and Luxury Consumption (after Ulrick 1941).
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Itis perhaps for such reasons that Total Dissolved Solids (TDS),
or its equivalent conductivity, oficn appears more closely dotermi-
nate of overall productivity, of lake systems than any of the individ-
ual nutrients (Ryder e al 1974, Jenking 1967, Malack 1979). That
productivity is not always dirccily corrclaicd with these measures
(Manm 1974, Qglasby 1979) wends w0 support the hypothesis that the
dissolved solids and other such indices of aggregate chemical
compasition are correlates of the rate of supply of nutricnts in a
inflow rather than of the not accumulation in the lake in question,

Energy Supply

Solar radiation is another essential ingredient of primary pro-
duction and an impertant input to aquatic systems. However, as
pointed out by Mann (1974) in histeview of the 1BF studies on lakes,
the importance of solar radiation seems not so much thatof anenergy
supply to photosynthesis as of the energy supply to produce wind and
water currents. Except in high latitudes or turbid waters, light is
gencrally more than adequate for photosynthesis, It is thus more
important that the general furbulence resulting from current flow
and surface heating allows plankion cells 1o circulate between the
lighter and darker regions of the water columns. It is even morg
important that the water circulation, and particularly the seasonal
ovcrturns of lakes, act to bring bottom nutrients to the surface
walers. Indeed, physical variability in general may be regarded as
contributing to high productivity (Regier and Henderson 1973), The
higher preductivity of shallow water bodiesis probably related to the
continual stirring of a larger portion of the bottom by waves as well
as currents and making maximum portion photic.

The role of particulale organic material in supplying energy to
aguatic systems is not simply that of source. It is also a suilable
physical substrata upon which exchange of materials can occur
without letting them go free into the water (Khailov and Finenko
1970, Finenko and Zaika 1970). Detrital materials need not originate
from outside the system. The remains ol phytoplankion, rooted
vegelation and zooplankion can also panicipate in such surfuce
medialed exchange.

(Other Fuctars

Among the ather factors which affect the primary productivity
of fresh water hodies the most importamt are those relared 1o
structural and other complexity in aquatic systems, Diversity in
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physical habitat, water level and inflow/outflow etc. lead to diver-
sity in the overlying biological communities,

According 1o Fee (1978, 1979, 1980}, Stockner (1979), Stock-
ner and Shortrced (1978, 1979} Shortreed and Stockner (1981)
primary production is affected, apart from the two above mentioned
impartant factors, by a range of physical, chemical and biological
factors (i.e. flushing, isolation, efc.) each subject to considerable
daily, seasonal, and annual variation. When a water body is per-
turbed by relatively small or large continucus additions of nitrogen
and phosphorus, phytoplankton response can casily be masked by
variations induced by other factors, and hence interpretations are
often difficult.

Generalization of Indian Scenario

Gopal er al (1978) while reviewing the studics on ecology and
producton in Indian freshwater ecosystems at primary producer
level with emphasis on macrophytes have tried to generalize the
microphytic primary productivity. According to theirreview dataon
primary production of microphytes are available for a number of
water bodies ranging from small fish pond and shallow lakes to large
lakes and man made reservoirs and rivers. Ganapati and his associ-
ates have made extensive studies on freshwaters in south India and
have recognised seven main types of freshwater bodies namely,
reservoirs and lakes (perennial and periodic), ponds (including fish
ponds) temple tanks, rivers, estuaries and sewage stabilisation
lagoons (Ganapati 1972, Ganapali and Srivastava 1972, Ganapati
and Pathak 1972, Sreenivasan 1963, 1968, 1972, 1974a, 1974b),
Kaul and his students have investigated temple lakes in Kashmir
(Kaul (1977), Zutshi and Vass (1977) have studicd Manasbal lake.
Sashi Kant (1985) studied Mansar lake Jammu and similarly many
others have studicd in different parts of India. But data on primary
productivity of industrial effluent receiving freshwater ecosystems
and mine drainage receiving systems are virtually nil

The summarised data (Table 14.7) an normal water bodies ar
sewage [ed sysiems or lemple tanks which alse have high organic
load reflect that primary production ranges (rom abeut 36 mg Cfm?/
day to above 17.5 g C/in?/day. Stdies on sewage led ponds have
shown even moch higher production particularly at the lime of algal
blooms. In general, in comparison Lo deep lakes and big dams the
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shallow lakes, fish ponds, temple tanks are more productive, Gana-
pati (1972) has presented a very good correlation between the depth
of water body and gross primary production. The temperate lakes as
in Kashmir are less productive than tropical and subtropical water
bodies.

The higher productive values in Indian condition are associated
with luxuoriant algal growth particularly of Microcystis aerugina
(Ganapati and Kulkami 1973, Talling et al 1973, Wassink 1975). In
spite of the generalization that tropical waters have more or less
homogeneous production rates round the year as a matter of fact a
good seasonal variation occurs corresponding to algal productive
period and energy supply. Any factor which adversally affects
microphytic production and nutrient and energy supply retards the
production.

The sewage or other similar type of effluents which have high
organic load are supportive to production while sffluents toxic in
nature, such as ming water and coal washery eflluent, are suppres-
sive to production by conuolling the microphylic propagation. The
net production, sometimes, for highly polluted water bodies has
been found in negative values owing to high community respiration,
Such situation indicates that the system is highly rich in biota and all
the needs for survival and propagation are being met with the
cammunitigs even after being the system polluted. The community
respiration values vary from 1 to 2% to more than hundred percent,
and similarly the photosynthetic efficiency varies from 0.1% to
more than 13% in tropical Indian condition,
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