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Abstract. The physical, chemical and biological variables and pollution of river Cooum
with sewage and heavy metal were studied in 4 stations within Madras city for a period of
one year from August 1982 to July 1983. The physical, chemical and biological parameters
presented complex pattern of variations indicating that the biotic life of Cooum river is
severely affected by the excessive discharge of sewage effluents within the city limits which
excessively eutrophicate the river water. The number of species and density of zooplankton
are very low. Heavy metals such as iron, nickel, lead and zinc are recorded to be above
permissible levels.
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1. Introduction
Information on lotic limnology is mainly restricted to the pioneer works of
Ganapathi and Alikunhi (1950), Chacko and Ganapathi (1949, 1952). Iyengar and
Venkataraman (1951), Sreenivasan and Sounderaj (1967) and Govindan and
Sundaresan (1979) in South India. Relatively little is known about the sewage and
heavy metal pollution of South Indian rivers except the study of physical, chemical,
biological and microbiological aspects of the river Cooum made by Narayanan
(1980); the report of the effects of pollution on the aigalllora of the Cauvery river by
Paramasivam and Sreenivasan (1981) and the detailed work done by Ravichandran
(1985) in the Buckingham Canal with special reference to sewage pollution. In the
present study a survey of the sewage and heavy metal pollution of Coourn river was
made to know the effects of eutrophication and heavy metal pollution on zooplankton population.
2.
2.1

Materials and methods
Study area and study design

River Cooum which starts from Sattarai village in Chingleput district flows just
65 km, passes through the city of Madras (Lat 13° N; long 80° 15' E) and opens into
the Bay of Bengal near Chepauk (figure I). Bangaru Channel taking off from
Kesavaram Anicut across Koratalyar joins this river and overflow from a number of
tanks fall into the river before it reaches Madras.
Four stations were chosen for the collection of water samples in the stretch of the
river within the city. Station 1 was located at Arumbakkam; station 2 at Chetpet;
station 3 was at Chepauk while station 4 was the estuary.
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Figure l. Rive r Cooum - Sampling stations within Madras City.

2.2

Sampling programme

The 4 stations were sampled for a period of one year from August 1982 to July 1983.
Once in a month samples were collected before 1000 h. A Vondorn sampler was used
for the purpose. Two litres of water were collected in clean polythene bottles and
transported immediately to the laboratory for analysis.

2.3

Analytical methods

The various methods used for the estimation of the variables are listed below:

(i) Physico-chemical variables:
Temperature

pH
Dissolved oxygen (fixed
at the site itself)
Free carbon dioxide (fixed
at the site itself)
Alkalinity

Recorded by a sensitive 0-50°C mercury thermometer.
Recorded by Elico Model u.io pH meter.
Azide modification of Winkler method (APHA
1980).
Titrating against 0·045 N sodium carbonate with
phenolphthalein as indicator (APHA 1980).
Phenolphthalein and methyl orange alkalinity was
estimated by titrating 100 ml samples against standard acid (Welch 1948).
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Phosphate

Silicate
Nitrate
Sulphate
Iron
Lead
Nickel
Zinc
(ii) Biological variable:
Zooplankton

3.
3.1
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Aqueous stannous chloride method after digestion
with sulphuric acid-nitric acid reagent (APHA
1980).
Silicomolybdic acid method (APHA 1980).
Phenol-di-sulphonic acid method (Mackereth
1957).
Turbidimetric method (APHA 1980)
Phenonthroline method (APHA 1980)
Dithizone method (APHA 1980)
Dimethylglyoxime method (APHA 1980)
Dithizone method (APHA 1980)
-Zooplankton were sampled by filtering 100 I of water
through a plankton net of 32 J1m mesh size, concentrating to 100 ml and preserving in 4% formal saline
solution. Identification was done with standard keys
(Ward and Whipple 1958) and plankters were enumerated with a sedgewick rafter counting cell.

Results and discussion
Temperature

The atmospheric and surface water temperature showed seasonal variations in all the
4 stations having an unimodal peak during summer. The surface water temperature
closely followed the air temperature in all the 4 stations. This might be due to the
shallowness and slow flow of the river; the temperature pattern of the surface waters
following the atmospheric temperature is not an uncommon phenomenon and in
most of the lotic systems this has been observed (Ganapathi 1956; Rai 1974a;
Narayanan 1980; Ravichandran 1985). There was not much spatial difference
between different stations.
3.2

pH

The pH value slightly increased during summer. The seasonal variations in pH of
surface waters exhibited same pattern in different stations. The pH values fluctuated
between 6,5-8,0. This narrow range of fluctuation in pH value throughout the year
reflects the v. -ll buffered nature of the water. The range of pH values of this tropical
river is identical with other than Indian rivers recorded by Subramanian (1979).
3.3

Carbonate alkalinity

The phenolphthalein alkalinity was observed only during summer months and not
detected during most of the study period. The absence of carbonates might be due to
the time of sampling (0900-1000 h). Similarly Sinada and Karim (1984a) and
Ravichandran (1985) were not able to detect phenolphthalein alkalinity during these
hours in blue and white Nile and Buckingham canal respectively.
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Bicarbonate alkalinity

Slight spatial and annual variations were observed in bicarbonate alkalinity. Higher
values in bicarbonate alkalinity were always recorded in station 4, which was grossly
affected by sewage. Pollution by sewage and its subsequent decomposition has been
quoted as possible causes for the increase in bicarbonate alkalinity of the waters of
river Sabarmati (Venkateshwarlu and Jayanthi 1968) and the river Yamuna (Rai
1974a). The bicarbonate alkalinity values recorded in Cooum river were higher than
that of Buckingham canal (Ravichandran 1985) showing the heavy impact of sewage
pollution.

3.5 Dissolved oxygen
Dissolved oxygen content in the surface waters were very low fluctuating between nil
values to 8 mg/l, Depletion of oxygen in all stations was mainly due to eutrophication and degradation of organic matter present in the sewage by the heterotrophic
bacteria which completely take up all available dissolved oxygen (DO) (Hynes 1970;
Welch 1980). Similar observations were made by Ravichandran (1985) in Buckingham canal which was also highly polluted by sewage.

3.6

Free carbondioxide

Fluctuation in the concentrations of free CO 2 in Cooum river was slightly linked
with seasons, showing higher values during monsoon and lower values during
summer. Occasional higher values of free CO 2 might be due to the release from the
sediments during breakdown of organic matter. Similar sudden shoot up of free CO 2
was observed by Paramasivam and Sreenivasan (1981) in river Cauvery and
Ravichandran (1985) in Buckingham canal.

3.7 Phosphate
Phosphate contents seemed to be high at stations I and 2. Phosphate varied from
0,1-7,94 mg/l, Maximum phosphate content was observed at station 2. The high
values of total phosphate at stations 1 and 2 might be due to the sewage input and
the excessive eutrophication of waters of the Cooum. High values of total phosphate
were usually recorded in rivers/streams affected by domestic sewage (Shane et al
1971; Ravichandran 1985).
3.8

Silicate

Silicate values were high in all the stations except station 1. It ranges from minimum
value of 0·2 mg/l to maximum value of 24·8 mg/l. Higher silica content was also
recorded in various rivers of India by Subramanian (1979). The high silica content
might be due to the decomposition of the diatoms as well as storm discharge
(Sreenivasan 1970).

Limnoloqy, sewaqe and heavy metal pollution of river Cooum

145

3.9 Nitrate
Nitrate nitrogen level varied between 0,77-11,76 mg/l, Higher values were recorded
at stations 3 and 4. Concentration of nitrate nitrogen indicated clearly the impact of
sewage discharge and eutrophication in Cooum. Similar higher values were also
observed in Buckingham canal (Ravichandran 1985).
3.10

Sulphate

Sulphate in the surface layers of Cooum river showed a slight increase during
monsoon in all the 4 stations. Sulphate values ranged from 8Q-408 mg/l. The values
recorded were greater than those encountered in other Indian rivers (Subramanian
1979). Sulphate becomes the electron acceptor when the dissolved oxygen is
completely depleted and used for the organic matter break down by bacteria and
results in the production of HzS which forms as bubbles at the surface (Welch 1980).
High sulphate levels were also associated with sewage pollution. Similar observations were recorded by Govindan and Sundaresan (1979) and Ravichandran (1985)
in tropical polluted lotic environments, Adyar and Buckingham canal respectively.
3.11

Heaoymetals

Heavy metals when in normal concentration are essential components of biochemical functions but toxic when present in higher concentrations.
3.11 a I ron: The iron content was found to be high in the first 2 stations. Maximum
value of 900 mg/l was observed at station 2. The source of excess iron might be
sewage. The concentration of iron was at the maximum during rainy season and it
was below detection limits during January. Similar observations were recorded in
Blue Nile (Sinada and Karim 1984a).
3.11 b Lead and nickel: Maximum amount of lead (275 mg/l) was observed in station
1. Maximum nickel concentration of 1312·5 mg/l was also observed at station 1. The
concentrations of lead and nickel were higher during rainy season. Irregular
fluctuation of lead content in all the stations, especially at station 4, could be due to
the fluctuations in the speed of river water (Ellaway et al 1980). The drastic
fluctuation of nickel content was found to be greater in first 2 stations. Similar fluctuations in nickel content were made by Welch (1952) in polluted aquatic environments. The high values of nickel in this river might be due to the electroplating
industries which are located on the banks of the river between stations 2 and 3.
Further, the high values of nickel might be due to the failure of monsoon which
resulted in evaporation of water and concentration of contents (Welch 1952). The
high values might also be due to high pollution caused by sewage and organic matter
(Lichtfuss and Gerbard 1981). It could also be due to the mixing of small amounts of
enriched bottom waters with outflowing surface waters (Ellaway et al 1980).
3.l1c Zinc: Maximum value of zinc (32'5 mg/l) was observed at station 1. Totally
there was drastic fluctuations in the levels of zinc in all the 4 stations. The drastic
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fluctuation of zinc content might be due to the slow speed of the Cooum river (Welch
1952). The content of the metal varies which could be due to high pollution caused
by sewage entry and monsoon failure (Lichtfuss and Gerbard 1981).
3.12

Zooplankton (figures 2-5)

In the present study 14 species of zooplankton composed of protozoans, rotifcrs,
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Figure 2. Zooplankton in river Coourn.
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Figure 3. Zooplankton in river Cooum.
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Figure 4. Zooplankton in river Coourn.
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Figure 5. Zooplankton in river Cooum.

copepods, crustacean larvae and cladocerans were observed. Cladocerans and
copepods were present in large numbers. Rotifers occupy numerically the last place
in order of abundance. Rotifers might have been replaced by copepods and cladocerans (Hynes 1970). The occurrence of crustacean larvae and copepods were patchy
in different seasons in almost all the stations. Similar sporadic occurrence of cope-
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pods have been recorded by Klimowicz (1973) who suggested that these organisms
are present only when physical and chemical conditions were highly favourable.
Ciadocerans were recorded in all the stations. Off all the stations zooplanktons were
abundant in station I. A decrease in zooplankton was noticed in all the stations
during rainy season. Similar observations of decrease in zooplankton during
monsoon was seen in Buckingham canal (Ravichandran 1985). The impact of sewage
pollution in Cooum was clearly evident as the number of species recorded and
density of zooplankton were very low. Identical recordings were made by Narayanan
(1980) and Ravichandran (1985) in Cooum and Buckingham canal respectively. The
low levels of dissolved oxygen, higher levels of free CO 2 nutrients such as phosphate,
sulphate and nitrate due to eutrophication and the toxic levels of heavy metal
pollutants in Cooum river waters might be the cause for its inability to support
greater number and density of zooplankton populations.
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