J. Ecophysiol. Occup. Hith. 11 (2011) 141-147
©2011 The Academy of Environmental Biology, India

Residue of cadmium and mercury in liver and muscle of a
freshwater catfish Heteropneustes fossilis (Bloch)

Dhananjay K. Srivastava*, Seema Pandey, Saumya, Arun K. Srivastava and
Ram Singh'

Fish Physiology and Toxicology Lab., S. M. M. Town P. G. College Ballia, 277001 India
'S.C.P.G. College, Ballia

Abstract :Toxic metals viz., cadmium and mercury in liver and muscle tissues of a freshwater catfish, H.
fossilis were measured by graphic mode and atomic absorption spectrophotometer (AAS). Fish were exposed
to fractions of 96h LC 50 value. Acute (1/5" of 96h LC, ), subacute (1/10" of 96h LC, ) and sublethal (1/15"
of 96h LC 50) concentrations for acute (96h), short (10-20 days) and long (30-60 days) terms. The accumulation
of both the metals in liver and muscle was significant in respect of dose and duration. The cadmium residue
was found to be higher in liver than muscle but mercury was more in muscle than liver. It was also observed
that, the relationship between the body concentration of each heavy metal and its respective 96h LC,, value

was close and sequenced.
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Introduction

Metals viz., cadmium and mercury can alter
many physiological and biochemical
parameters, either in blood or in tissue, including
structural deformations in aquatic animals
especially in fish (Barlas, 1999; Al- Yousuf et al.,
2000; Canli et al., 2001; Cengiz and Unlu, 2002)
being non-biodegradable. They can be
concentrated along the food chain, producing
their toxic effects at points after, away from the
source of pollution (Fernandez et al., 2000;
Berzins and Bundy, 2002; Kishe and Machiawa,
2003).

The cadmium and mercury play no known role
in metabolism, as no enzyme has been
identified which specially, requires cadmium
and mercury as a co-factor. Thus both metals
are however, extremely hazardous to life of
aquatic as well as terrestrial animals through
food chain.

Laboratory studies suggest that metal
concentration in a given fish species depends
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on many factors, such as exposed dose and
duration (Hansen et al., 2002) as well as metal
speciation and the concentration of competing
ions in exposure media (Playle et al., 1993). In
laboratory metals exposure are at high
concentrations and for shorter durations than
would be the case in nature.

The objectives of this paper was to estimate the
concentration of non-nutritional metals like
cadmium and mercury in liver and muscle of a
freshwater catfish, Heteropneustes fossilis after
exposure to different dose and time intervals.
This information would be an useful tool for the
affection management and control of natural
area with respect to the input of toxic metals
and their bioavailability.

Materials and Methods

The catfish, (Average wt. 32.50 + 2.25g; length
12.25 + 1.50cm) were collected locally and
acclimatized in tap water (pH 7.8, chloride 7.5m
mg/L, hardness 146.65 mg/L as CaCO, and
BOD 17.50 mg/L) for 10 days under natural
photoperiod and ambient temperature in glass
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aquaria. They were fed daily ad libitum on wheat
flour and pellets of ground dried shrimp. The
stock solution of cadmium chloride and
mercuric chloride was prepared in water, both
the metals are of technical grade (95 to 98%

purity).

Acute toxicity bioassays were performed for the
determination of median lethal concentrations
for cadmium chloride and mercuric chloride for
24, 48, 72 and 96h exposure periods under
static test condition (APHA, 2005). Ten fish were
exposed to metals concentrations. The LC,;
values as well as 95% confidence limits were
calculated according Litchfield and Wilcoxon,
(1949). The fish were not fed during the
bioassays experiments. The presumably
harmless (safe) concentrations of both the
metals were estimated by the formula of Hart
et al., (1945) which was found to be 0.036
mgl-' for cadmium chloride and 0.039 mgl* for
mercuric chloride respectively.

The fish were exposed to acute (1/5" of 96h
LC,,), subacute (1/10" of 96h LC, ) and
sublethal (1/15" of 96h LC, ), concentrations of
cadmium chloride and mercuric chloride for
acute (96h), short (10-20 days) and long (30-
60 days) terms.

To determine the concentrations of residue of
the nutritional metals cadmium chloride and
mercuric chloride in tissues of liver and muscle,
the fish were stunned by a blow to the head soon
after being transferred to laboratory of Central
Inland Fisheries Research Institute (CIFRI)
Barrackpur, Kolkata, (W. B.) in a ice box. Liver
and muscle were removed. Each tissues was
put in a separate petri dish and dried in an oven
at 110° C for 48 h. Some 5g of each dry tissue
was weighed and put in a separate test tube.
Then 3 ml of conc. nitric acid and perchloric
acid in a 2:1 ratio were added to each test tube
and digested on a hot plate at 160°C for 5 h.
After complete digestion, 5ml of distilled water
was added to each sample and the metals
concentration were presented in (ppm). The
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mercury was measured on an atomic
absorption spectrophotometer (AAS) and
cadmium with a graphic mode instead of flame
mode.

Results and Discussion

The concentrations of cadmium and mercury in
the liver and muscle of control catfish was
0.014+0.001 and 0.002+0.001 ppm as well as
0.012+0.001 and 0.003+0.001 ppm respectively.
The general accumulation order of the heavy
metals was Cd >Hg. In the present study the
fish exposed to cadmium chloride and mercuric
chloride at acute, subacute and sublethal
concentrations for acute (96h), short (10-20
days) and long (30-60 days) terms accumulate
significant amount of cadmium and mercury in
liver and muscle. The amount of cadmium in
liver was more in camparison to muscle at each
concentrations and time intervals (Table 1).
Contrary to mercury which is more in the
muscle than liver (Table 2). The concentration
of cadmium residue was maximum at subacute
concentration for long (30-60 days) term in
respect of acute and sublethal concentrations
for acute (96h) and short (10-20 days) terms.
The fish showed more mercury residue in
muscle instead of liver at subacute
concentration for short (10-20 days) term. The
accumulation of residue was more at low
concentrations for long term exposure in
comparison to high concentrations for short
terms.

Table 1. Relationship between the body
concentrations of heavy metals at acute
concentration and their respective 96h LC,,
values.

Heavy metal concentration (ppm)
Tissue HgCl, CdCl,
Liver 0.010+0.002| 0.35+0.03
Muscle 0.01540.002| 0.2040.02
Average body 0.0125% 0.275+%
concentration 0.002 0.025
(ppm)

LCs, value (mg/L) 0.85 0.75




Py
©
@,
a
c
@

Sublethal concentration
Long term

Short term

Experimental

=
o
=
©
R
=
=
Q
(3]
c
O
Q
Q
=]
=3
o
i)
Ke
=]
w

£
=
[
L =4
-
—
=]
=
w

Table 2. Residue of cadmium (ppm) in liver and muscle of a catfish, H. fossilis on exposure to acute, subacute and sublethal

concentration for acute (96h) and both short (10-20days) and long (30-60days) terms.
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and muscle of a freshwater catfish

The 96h LC, value for mercury and cadmium
were 0.85 mgl?' and 0.75 mg/L respectively.
Comparison with the 96h LC, values was
made on the basis of the average body
concentration of each heavy metal. The average
body concentration of mercury and cadmium
were 0.0125 £ 0.002 ppm and 0.275 + 0.025
ppm respectively.

The comparison of the body concentration of
each heavy metal with its respective 96h LC,
value showed that mercury with lowest body
concentration (0.0125 ppm) resulted in the
highest 96h LC, value (0.85 mg/L ), cadmium
with the highest body concentration (0.275
ppm) resulted in the lowest 96h LC,  value (0.78
mg/L). In general, the relationship between the
body concentration of each heavy metal and its
respective 96h LC,, value was close and
sequenced (Table 3).

Nutritional metals, viz., cadmium and mercury
are considered a major source of pollution in
natural water. They have inherent toxicity to the
living aquatic forms. Being non- biodegradable,
they reach the aquatic environment and remain
accumulated in various forms of exposed
animals, especially in liver and muscle.

The concentration of heavy metal in fish is
related to several factors, such as the food
habits and foraging behavior of the organism
(Chen and Folt, 2000), trophic status, source of
a particular metal, distance of the organism
from the contamination source and the
presence of other ions in the milieu (Giesy and
Wiener, 1977), bio- magnification and/ or bio-
diminishing of a particular metal (Barlas, 1999),
food availability (Dethloff, 2001),
metallothioneins and other metal detoxifying
proteins in the body of the animal (Deb and
Fukushima, 1999), temperature, transport of
metal across the membrane and the metabolic
rate of the animal (Macleod and Pessah, 1973),
physical and chemical properties of the water
(Wepner et al., 1992) and the seasonal
changes in the taxonomic composition of
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Subacute concentration

Short term
6), *P<0.05, **P<0.01, ***P<0.001

Table 3. Residue of mercury (ppm) in liver and muscle of a catfish, H. fossilis on exposure to acute, subacute and sublethal

concentration for acute (96h) and both short (10-20days) and long (30-60days) terms.

Note. Value are mean £SE (n
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different trophic levels affecting the
concentrations and accumulation of heavy
metals in the body of fish (Chen and Folt, 2000).

The cadmium is a non-essential, non beneficial
metal recognized to be of high toxic potential.
The highest cadmium accumulation was
measured in kidney followed by liver (Giguere
et al., 2004). In the present study the fish
exposed to cadmium chloride at acute,
subacute and sublethal concentrations for
acute (96h), short (10-20 days) and long (30-
60 days) terms accumulate significant amount
of cadmium in liver and muscle. The amount of
cadmium in liver is more in comparision to
muscle at each concentrations and time
intervals. Similar observation was also made by
several workers (Mason, 1987; Barak and
Mason, 1990; Al-yousuf et al., 2000 and Chale,
2002, Cicik and Engin, 2005).

The presence of unusually high level of
nutritional metals such as cadmium has many
deleterious effects. Contamination above
permissible limits is responsible for the
reduction of fish skeleton, gill deformities, liver
tumors, ulcers and finrot (Misra et al., 2000).
Cadmium is very toxic to fish and other aquatic
organisms. However, temperature, pH and
water hardness are factors that influence its
toxicity and uptake by fish (Hontela et al., 1996).
The concentration of cadmium residue was
maximum at subacute concentration for long
(30-60 days) term in respect of acute and
sublethal concentrations for acute (96h) and
short (10-20 days) terms.

The most relevant form of mercury is
methylmercury (MeHg). The clinical symptoms
of methylmercury poisoning are mainly
neurological impairments. The neurologic signs
of MeHg poisoning are parenthesis (numbness
and tingling in the extremities), ataxia,
neurasthenia, loss of vision/hearing, tremor,
coma and finally to death (Abou —Dania, 1992;
Atchison and Hare, 1994; Sorensen, 1991;
Sveinsdottir, 2005; Mason and Robert, 2006).
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The level of mercury residue in exposed fish
liver muscle was high at acute, subacute and
sublethal concentrations for acute (96h) and
both short ((10-20 days) and long (30-60 days)
terms. The fish showed more mercury residue
in muscle instead of liver at subacute
concentration for short (10-20 days) term.

The concentration of mercury in the present
study was similar to that observed by other
workers reported in several other fishes
(Mwachiro and Durve, 1997; Kannan et.al., 1998
Misra et al., 2000, Ruelas and Paezosuna,
2005). Barak and Mason (1990), also measured
the concentrations of mercury, cadmium and
lead in the fish and liver of freshwater fishes.
Mercury levels in the flesh of fishes was about
twices the levels in the liver, but cadmium and
lead levels were several time higher in liver than
flesh. Higher mercury concentrations were
reported in tench from Britain (MAFF, 1973).
The highest cadmium concentration for perch
of an ages were measured in the kidney
followed by the liver gastrointestinal tract, gills
and cascass. However, in indigenous yellow
perch the liver and kidney may be important
sites for chronic toxicity since these organ
concentrated cadmium to the highest levels
(Giguere et al., 2004).

Similarly, the 96h LC, values of fish vary from
species to species and from metal to metal. Gill
and Pant, 1985; Kirubagaran and Joy, 1988;
Veena et al., 1997 and lllopoulou et al., 2001
reported 96h LC, values of 0.181, 0.51,0.13
and 0.51 ppm Hg, for Barbus conchonus,
Clarius batrachus, Etrophus maculates and
Salmo gairdneri, respectively. Spehar (1976),
found 96h LC,, values of 2.5 and 28.0 ppm Cd
for Jordanellla floridae and mugil cephalus,
respectively. Susceptibility of fish to a particular
heavy metal is very importat factor for LC,,
values. The fish that is highly susceptible to the
toxicity of one metal may be less or non-
susceptible to the toxicity of another metal at the
same concentration of that metal in the milieu.
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Similarly, the metal which is highly toxic to one
organism at low concentration may be less or
non- toxic to other organism at the same or
even- higher concentration. Das and Banerjee
(1980) reported 300.0 ppm cadmium chloride
for the 96h LC50 of Heteropneustes fossilis,
whereas Shah and Altindac (2006), reported
the 96h LC, for Tinca tinca was 6.5 ppm
cadmium chloride.

Because of the lack of available data on the
effects of body concentrations of heavy metals
on the respective LC_, values, the results of the
present study have not been compared with
those of other studies and discussed
accordingly. But the degree of susceptibility of
H. fossilis to lower concentration of mercury and
higher concentration of cadmium may be
attributed to the altered physiological response
of fish to the specific metal and the level of
solubility of metals. The fish exposed to metal
can compensate for the stressors. If it can not
successfully compensate for stressors effects
an altered physiological stage may be reached
in which organism continues to function and, in
extreme cases, the acclimation response may
be exhausted with a subsequent effect on
fitness (Mayer et al., 1992.). Cadmium and
mercury, a nutritional toxicant accumulated in
the liver and muscle of exposed fish, H. fossilis
which were investigated by graphic mode and
AAS. The cadmium accumulation was greater
in liver than in muscle, contrary to mercury
which was greater in muscle than liver.
Furthermore, the present study shows the
adaptation capability of H. fossilis to heavy
metal load.
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