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ABSTRACT

The present study was designed to investigate the effects of Cadmium Chloride on
a fresh water fish, Oreochromis mossambicus (Peters) and its ecological implications. Exposed
fishes appeared lethargic when compared to control fish. Inappetence and ataxia was
observed in the exposed fish. Exposed fishes showed erratic movements, loss of equilibrium,
gradual onset of inactivity etc. when compared to control fish. Drastic depletion in sodium,
Potassium, Calcium and Magnesium ion content in the cadmium chloride exposed fish
tissues was marked when compared to the control fish. In case of sodium ion the liver was
highly affected, for potassium ion the liver of the exposed fish was also highly affected, for
calcium ion the muscle of the exposed fish was most affected and for magnesium ion, the
brain tissues were affected. The liver was worst affected than muscle and brain. The brain
tissue of the exposed fish was least affected.

Key Words :  Fish, Cadmium Chloride, Na+, K+, Ca++, Mg++ concentrations.

INTRODUCTION
Cadmium is one of the most toxic metals

occurring in nature. There is ample evidence
in the literature that this metal is highly toxic to
all living organisms.1 In humans, chronic
exposure to Cadmium causes, severe damage
to the kidneys and it has been linked to
enhanced ageing processes, as well as cancer.2

Due to its many industrial uses such as an
electroplating plants dyestuffs industry and
metallurgy and mining industries, this metal,
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cadmium has become widely employed and is
now a major threat to man’s environment.
Numerous studies have demonstrated that the
organic derivatives of metals are by far more
toxic than their inorganic ions.3 Further, the
organic derivatives of heavy metals possess a
much higher capability for absorption and
accumulation in animal bodies than the
inorganic ions.4-6 Little information is available
on the formation of organic derivatives of
Cadmium by environmental process. There
were no findings in the literature of any direct
evidence of such a process, except for a
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suggestion that a volatile cadmium compound,
formed by a certain strain of Pseudomonas,
may have been methylcadmium.7 Na+, K+ -
ATPases is well known to play a important role
in nerve impulse generation and synaptic
transmission.8 Hewit and Nicholas (1963)
reported the indication of depressed or
accelerated enzyme activity in aquatic exposed
to low concentrations of metals. Studies
showed that cadmium ion has damaging effects
on respiration and AT Pase activity of the
pulmonary alveolar microphage.9 Panigrahi10

reported depression of AT Pase activity in vivo
and in vitro in freshwater fishes following
inorganic mercury intoxication. Again11 he
reported a similar trend in freshwater fishes
exposed to mercury based fungicide.

Keeping in view, the availability of heavy
cadmium in the environment and discharge of
industrial wastes of some industry containing
cadmium compounds, entry of these chemicals
into water bodies of the locality along with the
irrigated waters or run-off water in the rainy
season, availability of cadmium in the air and
consequent precipitation and entry of rain run-
off water into water bodies, and their possible
effect on the fresh water fishes surviving in
the water bodies, this project was
masterminded to evaluate the toxicological
effects of cadmium chloride on the Na+, K+,
Ca++, Mg++ ion concentration of a fresh water
fish, Oreochromis mossambicus (Peters).

MATERIAL AND METHODS
A fieldOreochromis mossambicus,

(Peters) of medium size (30-35 g) were collected
form the local nursery of the Fisheries
Department of Berhampur (Ganjam), Orissa.
The fishes were allowed to grow in the
laboratory reservoirs for acclimatization at least
for 30 days before starting the experiment. The
fishes were maintained in aquarium, chlorine-
free tap water was used in both control and
experimental aquarium. The water was
changed daily. Air was bubbled through water
of the aquarium to maintain the dissolved

oxygen at 85±5% air saturation value. Living
earthworms from garden showing no
contamination by any toxicant were collected
and fed daily to both control and exposed fishes
initially and slowly the diet of boiled eggs during
holding and throughout the experimental
exposure and recovery period. After
acclimatization, the fishes were washed
thoroughly with 1% dilute Potassium
permanganate (KMnO4) solution, so as to
prevent any infection. The test solution of the
experimental aquarium was changed daily so
as to maintain the constancy of the heavy metal
concentration. The experimental aquarium was
washed thoroughly to remove any amount of
heavy metal adhered to glass surface. Exposed
fishes were observed daily to record any
change in behaviour, when compared to control
fishes. Test fishes, Oreochromis mossambicus
were collected, acclimatized in the laboratory
as described above. A graded series of
concentrations of Cadmium chloride ranging
from 0.5 mg 1-1 to 15 mg 1-1 were prepared.10
healthy fishes were exposed to each
concentration in 10 litre glass jars. The
experiments were conducted in chlorine-free
tap water at a room temperature of 26±2oC.
The mortality rate of test-fishes ware studied
following the method described by Shaw.12

Observation on the toxicity of Cadmium
chloride was made at 24, 48, 72, 96 hours and
28 days after the experimental animals were
first exposed. Individuals showing no
respiratory movements, no opercular
movements and no response to a tactile stimulus
were recorded as dead, and were immediately
removed. The test fishes exposed to lower
range of the cadmium chloride was exposed
for a period of five weeks to find out the
maximum allowable concentration (MAC),
where no mortality was noticed and this was
expressed as mg 1-1.
Ion Analysis

Fishes were sacrificed and dissected
after 28 days of exposure. Brain, liver and
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muscle tissues of each fish were taken out,
properly washed and weighed. Contamination
of these tissues was avoided during autopsy.
Soaking in Whatman filter paper, the tissues
were then transferred to Kjeldahl flasks
containing Nitric acid (BDH, Analar grade) and
Sulfuric acid (HNO3, H2SO4 = 1:1) and digested
to a nearly colourless solution. The total volume
of the solution was diluted to an appropriate
volume with double distilled water. The amount
Na+, K+, Ca++, were determined by a flame
photometer taking Nacl, KCl and CaCl2 as
standards. For magnesium determinations, the
procedure followed by Orange and Rhei (1970)
were adopted. The concentration of Mg++ was
calculated from the standard curve.
Cadmium residual analysis

The brain, liver and muscle of both
control and exposed fishes were dissected,
washed and separated carefully and digested
with acid digestion (Nitric acid : Perchloric
acid : Sulphuric acid at 10 : 4 : 1 ratio) mixture
in a digestive chamber. The digested samples
were sealed carefully in glass containers and
analysed for Cadmium, in an Atomic
Absorption Spectrophotometer (Perkin-Elmer-
3110 ) at CIFA, Bhubaneswar. The amount of
cadmium present was computed from the
Standard curve and expressed in mg g-1 dry
weight of the tissues.

RESULTS AND DISCUSSION
Fig.1-4 and Table – 1 indicate the

changes in sodium ion, potassium ion, calcium
ion and magnesium ion of both control and
exposed fish brain, liver, and muscle tissues
after 28 days of exposure. Fig. 5-8 and
Table 2 indicate the percent changes in different
ion content of different tissues of the exposed
fish. The sodium ion content declined from
416.6±8.2 to 224.8 ± 6.2 mg g-1 in brain, from
452.2 ±8.6 to 218.9±6.4 mg g-1 in liver, from
378.4±8.8 to 296.5±7.6 mg g-1 in muscle (fig.1)
after 28 days of exposure showing maximum
decrease by 46%, 51.5% and 21.6% in brain,
liver, muscle and kidney tissues, respectively

(fig. 5). The liver showed the highest percent
decrease, when compared to muscle and brain
tissues of the exposed fishes (Table 2). The
potassium ion content declined from 409.2 ±
4.6 to 289.8 ± 4.5 mg g-1 in brain, from 385.6 ±
7.2 to 216.4 ± 4.6 mg g-1 in liver, and from 392.6
± 6.4 to 284.5 ± 5.4 mg –1 in muscle, respectively,
after 28 days of exposure (Table – 1 and  fig. 2).
Brain, liver, and muscle of the exposed fish
showed 29.1%, 43.8%, and 27.5% decrease
in potassium ion content, when compared to
the control value, where liver was highly
affected showing the maximum depletion
(fig. 6 and Table 2). Significant decrease in
potassium ion content in brain, liver, and muscle
of exposed fishes, compared to the control
fishes were marked. Significant variation was
marked in the calcium ion content in different
tissues of the exposed fish, when compared to
control fish tissues. The calcium ion content,
decreased from 193.6 ±8.8 to 174.4 ± 2.4 mg
g-1 in brain, from 202.4±6.6 to 171.3 ± 5.9 mg
g-1 in liver and from206.5 ± 8.8 to 156.2 ± 6.5
mg g-1 in muscle (fig. 3 and Table 1) after 28
days of exposure. Maximum depletion by
24.3% in muscle tissues, 15.3% in liver tissue
and least depletion by 9.9% in brain tissues of
the exposed fish, when compared to control
fish tissues were recorded (fig. 7 and Table 2).
The magnesium ion content, decreased from
236.5 ± 8.2 to 114.2 ± 9.6 mg g-1 in brain, from
249.2 ± 8.5 to 151.8 ± 7.6 mg g-1 in liver and
from 231.4 ± 8.4 to 184.5 ± 9.5 mg g-1 in muscle
(fig. 4 and Table-1) after 28 days of exposure.
Maximum depletion by 51.7% in brain tissues,
39% in liver tissue and least depletion by 20.2%
in muscle tissues of the exposed fish, when
compared to control fish tissue was recorded
(fig. 8 and Table 2). Out of the four ions studied
in the exposed fish tissues, significant decrease
was recorded in sodium ion and potassium ion
content and highly significant differences were
observed in potassium ion content in all the
tissues studied. Out of the four tissues studied
liver was the most affected, the least affected
was brain for some ion and for the rest of the
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Table 1
Changes Na+, K+, Ca++ and Mg++ ion concentration in control an exposed

fish brain, liver and muscle after 28d of exposure

TISSUE CONDITION ION CONCENTRATION

Na+ K+ Ca++ Mg++

CONTROL 416.6 409.2 193.6 236.5
  BRAIN ± 8.20 ± 4.6 ± 8.8 ± 8.2

EXPOSED 224.8 289.8 174.4 114.2
± 6.2 ± 4.5  ± 2.4 ± 9.6

CONTROL 452.2 385.6 202.4 249.2
  LIVER ± 8.6 ± 7.2  ± 6.6 ± 8.5

EXPOSED 218.9 216.4 171.3 151.8
± 6.4 ± 4.6 ± 5.9 ± 7.6

CONTROL 378.4 392.6 206.5 231.4
  MUSCLE ± 8.8 ± 6.4 ± 8.8 ± 8.4

EXPOSED 296.5 284.5 156.2 184.5
 ± 7.6 ± 5.4 ± 6.5 ± 9.5

Table 2
Percent changes in Na+, K+, Ca++ and Mg++ ion concentration in control and CdCl2
exposed fish brain, liver, muscle and gill, after 28d of exposure, when compared to

control. Percent change calculated from the mean of the samples.

TISSUE CONDITION ION CONCENTRATION

Na+ K+ Ca++ Mg++

CONTROL NC NC NC NC
  BRAIN EXPOSED -46.0 -29.1 -9.9 -51.7
  LIVER CONTROL NC NC NC NC

EXPOSED -51.5 -43.8 -15.3 -39.0

  MUSCLE CONTROL NC NC NC NC
EXPOSED -21.6 -27.5 -24.3 -20.2
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Figures showing changes in ion content in control and exposed fish tissues after 28
days of exposure

Fig. 1. Sodium ion content

Fig. 2. Potassium ion content

Fig. 3. Calcium ion content

Fig. 4. Magnesium ion content
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Figures showing Percentage change in ion content in differentexposed fish tissues
when compared to control.

Fig. 1. Sodium ion content

Fig. 2. Potassium ion content
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ions the muscle was least affected (fig. 1-8
and Table 1 and 2). The analysis of variance
ratio test for ions like Na+, K+, Ca++ and Mg++

in brain, liver and muscle of the control and
cadmium chloride exposed fish showed
significant difference between rows and
significant difference between columns based
on table-1. The analysis of variance ratio test
for percent decrease in ions like Na+, K+, Ca++

and Mg++ in brain, liver and muscle of the
control and cadmium chloride exposed fishes
showed significant difference between rows
and non-significant difference between columns
based on table-1. Significant differences in ion
content of different tissues of the exposed
fishes, when compared to control fishes clearly
indicate the nature of the toxicant and effects
caused by the toxicant (CdCl2) on the nervous
tissue, synaptic transmission, nerve impulse
generation, ionic balance and membrane
transport system of the exposed fishes.

The sodium ion content declined in brain,
liver, muscle and kidney after 28 days of
exposure showing maximum decrease by
26.84%, 36.99%, 41.68% and 44.68% in brain,
liver, muscle and kidney tissues, respectively.13

The kidney showed the highest percent
decrease, when compared to muscle, liver and
brain tissues of the exposed fish. The potassium
ion content declined in brain, liver, muscle and
kidney of the exposed fish showed 29.18%,
38.69%, 47.91% and 33.83% decrease in
potassium ion content, when compared to the
control value, where muscle was highly
affected showing the maximum depletion.
Decrease in potassium ion content in brain, liver,
muscle and kidney of exposed fish, compared
to the control fish, was marked. Significant
variation was marked in the calcium ion content
in different tissues of the exposed fish, when
compared to control fish tissues. Maximum
depletion by 65.14% in kidney tissue, 34.04%
in muscle tissues, 10.42% in liver tissue and
least depletion by 9.98% in brain tissues of the
exposed fish, when compared to control fish
tissues were recorded. Maximum depletion in

magnesium ion by 63.78% in kidney tissue,
59.14% in liver tissues, 54.14% in muscle tissue
and least depletion by 51.71% in brain tissues
of the exposed fishes, when compared to
control fish tissue was recorded. Out of the
four ions studied in the exposed fish tissues,
significant decrease was recorded in sodium
ion and calcium ion content and highly
significant differences were observed in
potassium ion and magnesium ion content in all
the tissues studied. Out of the four tissues
studied the kidney and liver was the most
affected the least affected was brain for some
ion and for the rest of the ions the muscle was
least affected. Significant differences in ion
content of different tissues of the exposed
fishes, when compared to control fish clearly
indicate the nature of the toxicant and effects
caused by the toxicant (CdCl2) on the nervous
tissue, synaptic transmission, nerve impulse
generation, ionic balance and membrane
transport system of the exposed fish.

In the fishes a declining trend in mineral
has been noticed. The probable decrease as
predicted by Yagi et al.,(1976) may be
impairment in intestinal absorption of these
minerals. Due to decrease in these minerals
the ionic regulation of different tissues
decreased,. It is reported that these minerals
are highly essential for the maintenance of
osmatic fragility and mechanical resistance of
blood cells and proper function of all types of
tissues. Reports that Ca++ plays a vital role in
blood coagulation can be correlated to the fact
that the pollutant induces decline in ion content
of the exposed fish. The existence of activator
ions of alkali metal series for alkaline earth
metal series were highly essential for the
activity of most of the enzymes which required
ions for their optimum action as a result of
which the decrease in ion concentrations in
different tissues were likely to influence any
of the biological functions of the enzymes.
Mercury, acting as a protein denaturant, binds
to membranes, altering ionic distribution and
osmoregulatory activity of the animal. The
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decrease in the concentration of minerals tend
to decrease the ionic regulations of the different
tissues and also added that the depletion in Na+

and K+ level tends to decreases in the active
membrane transport. No significant variation
in case of exposed liver and brain was marked
when compared to control fish, so far as Ca++

studies are taken into account. However, a
significant depletion in Ca++ content was
observed in gill tissues. It is feasible that the
requirement of calcium in liver and brain tissues
increased in cadmium intoxicated fishes and
the decrease of calcium content of gills did not
promote a homeostatic adaptation as inferred
by Yagi et al., (1976); Harichandan, and
Samant .14 Hence, mercury plays an important
role in the regulation system of calcium
metabolism.

CONCLUSION
These ions play a vital role in the

circulatory system of the animals. The plasma
ion concentration plays a significant role in
different metabolism. Any change in ion
concentration will definitely reflect in the
metabolic activity and physiological activity of
the organism. It has been reported a significant
decrease in different haematological
parameters with the decease in plasma calcium
and increase in plasma sodium of winter
founder exposed to mercury. Panigrahi and
Misra11 reported changes in blood morphology
in mercury exposed fishes. The same author
correlated the finger like projections, beak like
proliferations and vacuolization in the
erythrocytes of mercury exposed fish with that
of change in ion concentrations and drastic
depletion in different enzyme activities. Similar
decline in enzyme activities and disturbance in
ion concentrations were marked in solid waste
exposed fish. Hence, it can be concluded that
the changes in different enzyme activities and
ion concentrations were related to nervous over
excitation, which leads to impaired swimming
and erratic movements of the exposed fish. The
decline in Na+, K+ and Mg++ concentration in

gill tissues indicates the depression in gaseous
exchange in the exposed fish.
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