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ABSTRACT : The present study reports an examination of the Hg transportation along Chambal river into 
Gandhisagar reservoir. For this purpose, samples along 300 kms stretch of river Chambal were collected at study sites 
of significance during the year1992-1994 and attempts were made to assess theheavy metal toxicant inputs into 
Gandhisagar reservoir. The selected study sites were Nagda, Basai and Gandhisagar dam site. For this purpose, the 
concentration of Hg in the different trophic levels in the selected three study sites were subjected to analysis. The result 
indicates that the river Chambal has a great ability to purify the mercury concentrations. The present study suggested 
that the impact of contamination at Nagda undergoes self-purification and get reduce in a distance of about 100 kms. 
The present study suggests that the allochonthonous inputs of toxicants occurred along river Chambal in the form of 
additions of runoff water containing fertilizer and herbicides, inputs of factories and other possible sources are the rea-
son for pollution. At Nagda study site the higher concentration of mercury is due to the waste discharge from Gwalior 
Rayon and Silk Manufacturing Ltd. At Basai the Hg levels were low when compared to Nagda and it may due to the 
self purification which involves the breakdown of organic substances through the activity of micro-organisms, oxida-
tion of contaminants and the bottom topography of river. The Hg concentrations in macrophytes and fish at GS Dam 
site area were slightly higher when compared to Basai and this may be due to the impoundment of the river. The 
bioaccumulation of Hg in Gandhisagar fish population is ranging up to a not safe level for human consumption in the 
case of Mystus seenghala. This may be due to size, weight, fish species and physicochemical characteristics of the re-
spective environment. The capacity of self-purification is an important indicator of the health of the river and act as 
one of the indicators in regulating the discharge standards. The present study suggests that level of Hg in the fishes of 
Gandhisagar reservoir is at non-toxic level. 
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INTRODUCTION

The river Chambal is classified under Ganga river sys-
tem. It originates at Janpao hills near Mhow (M.P.) located on 
Aravalli hills of Vindhyan rangesat the height of 700 meters 
from sea level. Then it takes North ward course and meanders 
mainly through Madhya Bharat region of Madhya Pradesh. 
After traversing for 312 kms it enters Rajasthan at 
Chourasigarh. Then its flow is diverted to the North-East form-
ing a border line between Rajasthan, Uttar Pradesh and 
Madhya Pradesh. Ultimately the river joins river Yamunaat a 
point of 40 kms South West of Etwa (U.P.). The main tributar-
ies of river Chambal are Chamla, Shipra, Kalisindh, Mej and 
Parvati (Fig.1). 

This river serves as the main source of power of irriga-
tion and fisheries in Madhya Pradesh and Rajasthan states. 
Three dams Gandhisagar, Rana Prathap Sagar and Kota bar-
rage are constructed in river Chambal in the states of Madhya 
Pradesh and Rajasthan for generating 2.28 lakh kw hydel 
power and irrigation potential for 5 lakh hectares. 
Gandhisagar reservoir is the second biggest reservoir of India 
constructed in the state of Madhya Pradesh and serves as the 
potential source of fisheries in the state. The reservoir is lo-
cated at altitude of 24°44' N and a longitude of 75°33' E at an 
altitude of 403.56 M.MSL (top of the Dam) in an orientation 
from SE (Fig.2) (Thilak,1996).

The lakes and reservoirs are important sources of 
freshwater and are the main drinking water source. They are 
also used for the development of the society including various 
purposes such as aquaculture, irrigation, hydro power genera-
tion, navigation etc. and are also the cheapest and convenient 
waste disposal system which leads to the deterioration of wa-
ter quality and has seldom improved by man for reuse. The pol-
lution of water sources affects the aquatic ecosystem which ul-
timately leads to human health hazards through food web. 
Large reservoirs are constructed on approximately 70% of the 
world's rivers and about 2.2% of the world's primary energy is 
generated by Hydro power (Kummu and Varis,2007).

Heavy metals are having the density more than 5 times 
than that of water and are present in trace amount in natural wa-
ters and most of them are toxic even in low concentration. 
These heavy metals and their salts may originate from geolog-
ical weathering and entering into the water bodies from gar-
bage, solid waste dumps, animal and human excretion 
(Thilak,1996).The impoundments of rivers can change the hy-
drology as well as the chemical, biological, physical charac-
teristics and can also alter the basin connectivity and modify 
the thermal, hydro logic and sediment regimes of a water body 
as stated by Ligon et al. (1995), Poff & Hart (2002) and Hu et 
al. (2008). Heavy metal contaminants in reservoir waters in-
fluence the environmental quality by accumulating in reser-
voirs and lead to serious human health hazards and significant 
ecological effects throughout the food chains (Loska and 
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Fig.   Geographical map of Gandhisagar reservoir its location2
and extant.

Fig.   Map showing the catchment area of Gandhisagar1
reservoir.

Wiechula,2003). Information with regard to the pollution and 
environmental impact on the fresh water reservoirs is meager 
in India. Several works with reference to the pollution in 
Indian rivers and reservoirs consists of simple statements of 
disturbed environmental conditions Dad (1981). Several con-
tributions were made on the various aspects of Gandhisagar 
reservoir by Dubey & Chatterjee (1977); Rao et al. (1986); 
(1987a,b), (1988a,b,c); (1989a,b), Choubey (1990), Rao et al. 
(1992,1993) and Shukla (1995) but none of these workers 
have accorded any attention towards the pollution status of 
the Gandhisagar reservoir. 

Gupta and Shukla (1993) observed 0.002 mg/lit mer-
cury in Gandhisagar reservoir waters. Heavy metal accumula-
tion pattern in different fish tissues of some selected food 
fishes from Gandhisagar reservoir were reported by Thilak & 
Shukla (2012). Later Thilak (2014, 2018,2019) worked on var-
ious aspects of heavy metal pollution on fishes from 
Gandhisagar reservoir. According to Sears et al. (1985) and 
Mo et al. (1987) the uptake of mercury from water by plant is 
usually rapid and efficient. The present work is based on the 
self purification capacity of river Chambal and was done dur-

ing 1992-1993. The present study reports an examination of 
the Hg transportation along Chambal river into Gandhisagar 
reservoir. For this purpose, samples along 300 kms stretch of 
river Chambal in the state of Madhya Pradesh were collected 
from significant study sites and attempts were made to assess 
the heavy metal toxicant inputs into Gandhisagar reservoir. 
The selected study sites were Nagda, Basai and Gandhisagar 
reservoir dam site. For this purpose, the physicochemical re-
gimes as well as the concentration of Hg in the different 
trophic levels in the selected three study sites were subjected 
to analysis. For the self maintenance of the aquatic ecosystem 
water self purification and the improvement of water quality 
are necessary as suggested by Wei et al. (2009). The objective 
of this study is thus to develop an idea to study the water-self 
purification capacity of the river Chambal with special refer-
ence to the Hg accumulation in the ecosystem along the 
stretch of 300 kms stretch from Nagda to Gandhisagar dam.

MATERIAL AND METHODS

The present study was carried out during the period of 
12 months from September,1992-August,1993. In the present 
study the Hg transportation in GSR was investigated. Asfar as 
possible toxicity gross transportation in Gandhisagar reser-
voir were estimated. For this purpose samples along 300 kms 
stretch of river Chambal were collected at the three study sites 
of significance viz. Nagda, Basai and G. S. Dam site (Table.1) 
and attempts were made to assess the heavy metal toxicant in-
puts into Gandhisagar reservoir. For studying the concentra-
tion of Hg in plankton, macroinvertebrates, sediment, 
macrophytes, water and fish were collected from three study 
sites.

The water samples were taken directly from the bot-
tom by using bottom sampler and were subjected to studies. 
The plankton samples were collected by means of plankton 
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net made of bolting silk number 120 µ and 64 µ and the sam-
ples were preserved in lugol's iodine and 5% formalin. The 
macrozoobenthic samples were collected by using Ekman 
grab and the organisms were sorted out and preserved in alco-
hol formalin fixative. The fish samples were collected from 
the fish markets of Nagda, Basai & Gandhisagar reservoir and 
from M.P. Fisheries Corporation, Gandhisagar. The fish sam-
ples were selected on the basis of feeding habits.

For studying the accumulations of the heavy metal Hg, 
standard procedures (AMAAS,1982 and APHA,1989) with 
Atomic Absorption Spectrophotometer (AAS), Perkin Elmer 
Model, 3100 were followed. 

Sample preparation

Method for analysis of water sample : Water samples were 
filtered through 0.45 µ micro pore membrane filter to avoid 
clogging of the burner capillary. Aspirated the sample di-
rectly.

Method for analysis of soil samples : Placed air-dried sieved 
5 gm of ground soil sample in an Erlenmeyer flask. Added 20 
ml of extracting solution (0.05N.HCl+0.025N.H SO ). 2 4

Placed the sample in a mechanical shaker for 15 minutes. 
Filtered through what man number 42 filter paper into a 50 ml 
volumetric flask and diluted to 50 ml with extracting solution. 
Aspirated the sample. All working standards should be pre-
pared using the extracting solution.

Method for analysis of biological samples (Wet digestion 
method) : Placed 5 gm of sample in a digestion vessel. The 
samples were digested with 5 ml of H SO  and 5 ml of 2 4

HNO .Allowed the reaction to proceed. When the reaction 3

slowed placed the tubes in a hot block digestion apparatus and 
heated at low temperature 60°C for 30 minutes. Removed the 
tubes from the hot block and allowed to cool and added 10 ml 
of HNO , then returned the tubes to the digestion rack and 3

heated slowly to120°C. Increased the temperature to 150°C. 
Removed the tubes when the samples become black, allowed 
to cool and added 1ml of H O . A vigorous reaction occurred. 2 2

Returned the tubes to the block. Repeated the H O  additions 2 2

until the samples become clear. Removed the tubes and made 
up to 50 ml with distilled water. 

Standards were also being treated in the same way as 
the samples. It is important that the standards should contain 
the same amount of acid as the samples, especially H SO  as it 2 4

will have a viscosity effect that will suppress the sensitivity.

RESULTS AND DISCUSSION 

The present study indicates the higher concentration 
of Hg at Nagda study site as compared to Basai and 
Gandhisagar dam site. The maximum concentration of Hg at 
Nagda study site was recorded in Macrophytes (2.065±0.002 
mg/kg) next in order were Pisces, Channa channa (0.749± 
0.01 mg/kg) Catla catla (0.602±0.03 mg/kg), Sediment 
(0.125±0.02 mg/kg), Plankton (0.120±0.005 mg/kg), 
Macrozoobenthos (0.075±0.003 mg/kg) and water (0.01± 
0.003 mg/lit) (Table.2). At this site the higher concentration of 
Hg is due to the waste discharge from Gwalior Rayon and Silk 
Manufacturing Ltd. (Grasim) which is one of the biggest 
rayon manufacturing units of India producing about 225 tones 
of rayon per day. Grasim is having four separate units manu-
facturing raw materials for the factory. There are Viscose 
Rayon unit, Chlor-alkali unit, Sulphuric acid unit and Carbon-
di-sulphide unit. The wastes coming out from the viscose 
plant mainly contain hemicelluloses, sodium hydroxide, 
sulphuric acid, sodium sulfate, zinc sulfate, hydrogen sulfide 
and carbon-di-sulfide. It also contains residual viscose. The 
waste from sulphuric acid plant is mainly of floor washing. 
The waste coming out of the Chlor-alkali plant was sodium, 
calcium, magnesium, chlorides and mercury as main pollut-
ants. The waste water after coming out of the factory runs in a 
channel for about 4 kms and joins river Chambal near village 
old Nagda. In addition to this, the river receives domestic 
wastes from industrial complex and Nagda town. It was esti-

3mated that the river receives 84,000 M /day of waste water 
from all sources.

From Basai study site the Hg concentrations recorded 
were Macrophyte (1.28±0.04 mg/kg), Pisces Mystus 
seenghala (0.42±0.05 mg/kg), Catla catla (0.28±0.03 mg/ 
kg), Sediment (0.10±0.005 mg/kg), Plankton (0.052±0.002 
mg/kg), Macrozoobenthos (0.053±0.01 mg/kg) and Water 
sample (0.01±0.002 mg/lit) respectively (Table.2). At Basai 
study site Hg concentrations recorded were low when com-
pared to Nagda study site this may be due to the self purifica-
tion capacity of the river. According to Mahadevan and 
Krishnaswamy (1986) any water body has a natural capacity 
to digest a certain amount of pollution load. Heavy organic 
load and small amount of inorganic load when discharged in 
the river system their concentration decreases along the dis-
tance, which depends upon various factors (Veer et al.,1982). 
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Table.   Showing the details of various stations selected for heavy metal transport study.1

S.� Name of study site� D� etails of study sites

1.� Nagda site� The river bed is clayey and silt is present, water color is black, vegetation includes shrubs and grass. The river 
receives waste from Viscose Rayon Factory, domestic wastes from Nagda township and agricultural wastes. 
Bubbling of H S is observed in river water at the point of waste discharge (near the Inspector bungalow).2

2.� Basai site� This study site is located at the tail end of the reservoir. At this study site the river bed is rocky with good amount of 
sand and gravel. The river banks are rocky and vertical. The depth of this area ranges from 5-10 m. Moderate 
aquatic vegetation is present. It represents a fish landing centre.

3.� Gandhisagar Dam site The depth of this site is 5-10 ft. The river bed at this site is rocky. No aquatic vegetation is seen. Some filamentous 
algae are present.
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The process of self-purification involves the breakdown of or-
ganic substances through the activity of micro organisms and 
oxidation of contaminants (Mercer,1967). According to 
White and Dracup (1977) the surface agitation is an important 
factor that affects the absorption of oxygen into water and the 
turbulence of river is proportional to the roughness of its bed 
(Lester,1967). As suggested by Greenberg (1956), Orlab 
(1956) and Mitchel (1972) sedimentation is a major factor 
that contributes to the purification of water bodies, moreover 
bottom topography seems to be the decisive factor for the 
amount of organic matter that can be stored in a stream bed. 
When water body is contaminated, the river can purify itself 
by some physical and chemical actions such as flowing, dilu-
tion, deposition and adsorption, which is called self-
purification (Gu,1985). In the present study after Nagda the 
river bottom is multilayered and the velocity of river gets re-
duced. This leads to longer retention period of water in the 
stretch and this may also be a reason for the increased capacity 
for self purification of 100 km stretch between Nagda and 
Basai study site. The process of self purification in river 
Chambal at a distance of 40 km was described by (Dad,1981). 
Similar observations were made by Rao & Shrivastava (1989) 
& Rao et al. (1989) in the river Chambal, Khan and Narmada 
by studying biological monitoring of water quality based on 
saprobian system. Similarly, Groot et al. (2002) stated that the 
rivers, wetlands and other aquatic ecosystems are able to store 
and recycle certain amounts of organic and inorganic human 
wastes through dilution, assimilation and chemical re-
composition acting as free water purification plants.

At Gandhisagar dam site the Hg concentrations re-
corded were Macrophyte 1.38±0.04 mg/kg, Pisces Mystus 
seenghala (0.52±0.05 mg/kg), Catla catla (0.303±0.106 mg/ 
kg), Sediment (0.10±0.005 mg/kg), Plankton (0.052±0.002 
mg/kg), Macrozoobenthos (0.053±0.01 mg/kg) and Water 
sample (0.01±0.002 mg/lit) respectively (Table.2). The ob-
served concentration of Hg in Macrophytes and Pisces were 
slightly higher when compared to Basai study site. This may 
be due to impoundment of river as suggested by Moore 
(1990). Observations made by several workers stated that 
methyl mercury residues typically increase in fish tissues fol-
lowing impoundment of rivers. This may be due to size, 
weight, fish species and physicochemical characteristics of 
the respective environment. This phenomenon has been re-

ported in many parts of the world depending on species and lo-
cation (Bodaly et al.,1984 and Bruce & Spencer,1979). The 
flooding of freshly inundated soil enhances the activity of 
methylation which increases concentration in fish tissues as 
observed by Bodaly and Hecky (1979). Similarly, Moore 
(1990) noted that Hg residues do not always increase follow-
ing impoundment, and also suggested that if organic Hg is 
strongly complex with sulfides or if redox condition remains 
unsatisfactory, Hg levels show little if any increase. 
Estimations made by Cox et al. (1979) suggests that the Hg 
content of fish from man made lakes was at normal level 
within five years after impoundment. In the same lakes after 
11-14 years quite high Hg concentration in fish were observed 
which is due to impoundment.

The present study suggested that the impact of con-
tamination at Nagda undergoes self-purification and reduces 
in a distance of 100 km and agree with the earlier reports and 
suggests that further allochthonous inputs of toxicant oc-
curred along river Chambal probably in the form of additions 
runoff water, containing fertilizer and herbicides, inputs of fac-
tories and other possible sources. This help in sustaining the 
present contamination level recorded after a distance of 250 
kms at Gandhisagar reservoir. Heavy metal accumulation in 
Gandhisagar dam site area is mainly due to the impoundment 
of river Chambal as observed by earlier workers. The other 
factors responsible for this are the surface and bottom current 
pattern, pattern of siltation and the nature of trophic biomag-
nifications phenomenon in this reservoir. The present study 
suggests that level of Hg in the fishes of Gandhisagar reser-
voir is at nontoxic level. However, regular monitoring to as-
sess the nature of pollutant with time and space and to plan nec-
essary preventive measures avoid cases of long-term toxicity 
impact on biota.
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Table.   Showing the details of Hg concentrations recorded from Nagda, Basai and Gandhisagar Dam.2

S.� Name of sample Concentration of Hg mg/kg

� � Nagda� Basai� Gandhi Sagar

1.� Water sample (mg/lit)� 0.01±0.003� 0.01±0.002� 0.01±0.002
2.� Sediment (mg/kg)� 0.125±0.02� 0.10±0.005� 0.10±0.005
3.� Macrophyte (mg/kg)� 2.065±0.002� 1.28±0.04� 1.38±0.04
4.� Macrozoobenthos (mg/kg)� 0.075±0.003� 0.053±0.01� 0.053±0.01
5.� Plankton (inclusive of both phytoplankton and zooplankton) (mg/kg)� 0.120±0.005� 0.052±0.002� 0.052±0.002
6.� Pisces :� �
� Catla catla (mg/kg)� 0.602±0.03� �
� Channa channa (mg/kg)� 0.749±0.01� �
� Catla catla (mg/kg)� � 0.28±0.03� 0.303±0.106
� Mystus seenghala (mg/kg)� � 0.42±0.05�  0.52±0.05
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