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Abstract

The present study was undertaken to investigate the acute toxicity of two heavy metals cadmium and mercury in the juve-
niles of Asian seabass Lates calcarifer (Bloch) which is considered as an important candidate fish species for brackishwater
and freshwater aquaculture. Experiments for the bioassay were performed in static bioassay test condition according to
the standard guidelines. The experiment was carried out in the FRP tanks under laboratory condition. The behavioral
changes in the fish were observed for all test concentrations of both cadmium and mercury. Median lethal concentrations
(LC,,) were calculated for 24h, 48h, 72h and 96h by probit analysis. The LC, values for 96h and 95% confidence intervals
for the juveniles of seabass L. calcarifer showed 6.08 ppm for cadmium and 1.03 ppm for mercury. Furthermore, the ex-
posed specimens showed dose and duration dependent, abnormal behavior and hyperactivity. Mercury indicated more

toxic than cadmium for seabass L. calcarifer.
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1. Introduction

Advancement of urbanization and industrialization has
leads to drastic increase on the environmental contamina-
tion. The demand for meeting nutritional and livelihood
security of the growing millions of people has forced the
mankind for intensification of agriculture and aquacul-
ture. Pollution of aquatic environment by heavy metals
is a world-wide problem due to the persistency and con-
tinuing accumulation of metals in the environment [1].
Generally, the effect of heavy metals on aquatic organ-
isms ranges from slight reduction in growth rate to death;
severe imbalances in concentration can lead to death,
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while marginal imbalances may cause poor health and
retarded growth [2].

Among the heavy metals, cadmium and mercury are
considered as potential and cause different effects on
aquatic environment especially to the fish species [3].
In recent years, cadmium is widely used in mining,
metallurgical electroplating  industries,
manufacturing vinyl plastics, electrical contacts, metal-
lic and plastic pipes and also in pigment manufacturing,

operations,

plastic stabilizer and batteries. The use of cadmium in
agriculture as fertilizers, either as chemicals or sludge from
sewage plants and the use of cadmium containing pesti-
cides might also contribute to the possible contamination



in water bodies [4] Cadmium concentration rise is pre-
dominant in the environment due to continuous discharge
of industrial wastes and domestic sewage wastes so it is
well known as a highly toxic pollutant [5]. The toxic
effects of cadmium have been reported by various work-
ers in different types of fish species [6, 7, 8]. Mercury
has many industrial uses, such as in the manufacture of
plastics, chlorine, caustic soda and caustic potash, and
agricultural fungicides. These industries are responsible
for the discharge of mercury and its compounds into the
aquatic environment. Inorganic mercury is the most com-
mon form of the metal released in the environment by
industries, presenting a stronger acute effect on aquatic
organisms than that of the organic form of mercury [9].
Mercury concentrations in fish have been estimated in dif-
ferent parts of the world and its toxicity to fishes have been
very well documented [10, 11, 12].

Toxicological studies of the pollutants upon aquatic
organisms are very important from the point of environ-
mental consequences. Fishes are often forced to encounter
in the highly contaminated water especially in areas where
the dilution rate of waste water is low. Fish species can be
used as test organism because, it is the best understood
aquatic species and can be a front line indicator of suspected
aquatic pollutants such as metals [10]. Acute toxicity stud-
ies can help to detect, evaluate and abatement of pollution
by providing reliable estimates of safe concentration, from
which water quality criteria can be derived [13]. The best
method of acute toxicity testing is by the determination of
LC,, or LD, , which represents the amount of a toxicant
either in the form of Lethal Concentration (LC) or Lethal
Dose (LD) showing 50% kill of the population of the test
animal within fixed period of time [14].

The present study was conducted to determine the
acute toxicity of heavy metals cadmium and mercury by
static bioassay procedure exposing the fish, Asian sea-
bass Lates calcarifer. Asian seabass is considered as an
important candidate fish species for brackishwater aqua-
culture [15]. Seabass is a euryhaline fish and extensively
cultured both in earthen ponds and open cages under
marine, brackishwater and freshwater conditions [16]. In
India, various research programs have been undertaken
on seabass in order to evaluate the rearing techniques
[17, 18] and also the interest to farm seabass is increased
day by day. However, various stages of this important fish
during the course of their life cycle have to experience
variety of environmental contaminants in the aquatic
ecosystem. Therefore, the present investigation was
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taken to estimate the acute toxicity of the heavy metals
cadmium and mercury.

2. Materials and Methods

2.1

Healthy hatchery reared juvenile Asian seabass L. calcarifer
with mean total length of 8.06 + 0.05cm™ and mean total
weight of 6.38 + 0.14gm were obtained from the Central
Institute of Brackishwater Aquaculture, (CIBA) experi-
mental station, Muttukadu near Chennai, Tamil Nadu,
India. They were maintained for a period of one week in a
10 ton capacity rectangular Reinforced Concrete Cement
(RCC) tanks for acclimatization prior to the experimental
condition. During this period, they were fed with minced
fish meat of Tilapia and Sardines @ 3% body weight.

Test Organism and Acclimatization

2.2 Preparation of Test Chemicals

Stock solution of cadmium chloride monohydrate (CdClL,.
H,O, Merck with the purity of 99.9%) was prepared for
cadmium with deionized water. Test solutions were made
by diluting the stock solution in exposure tanks seawa-
ter to produce desired cadmium concentration for each
treatment. Likewise, for mercury (HgCl,.H,O) mercuric
chloride monohydrate (Merck with purity of 99%) was
prepared with deionized water. Test solutions were made
by diluting the stock solution to produce desired mercury
concentration for each treatment. Seawater without addi-
tion of chemical was used as control.

2.3 Preliminary Tests

The exploratory range of concentration of test chemicals
was determined with a series of range finding experi-
ments [14]. Thereafter, definitive acute toxicity bioassays
were conducted by exposing fish to different concentra-
tions of cadmium and mercury for 96h. A set of 10 healthy
juvenile seabass were transferred to experimental con-
tainer of 100 It. capacity Fibre Reinforced Plastic (FRP)
tanks, exposed to each heavy metal concentrations of
2,4,6,8,10 and 12 ppm of cadmium and a set of another
10 fishes were exposed to the concentrations of 0.6, 0.8,
1.0, 1.2, 1.4 and 1.6 ppm of mercury. In control tank,
fishes were maintained with filtered seawater. All the
treatments were conducted in triplicates. Water tem-
perature was 28.5 + 1.5°C; average pH was 6.5, Dissolved
oxygen ranged from 5.5 to 6.5mgl', Ammonia ranged
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from 0.5 to 0.8 ppm, Nitrite ranged from 0.4 to 0.6 ppm
respectively. Salinity was maintained at 25 + 0.5 ppt
throughout the experiment. Test medium was not renewed
during the assay and no food was provided to the animals.
The toxicity tests were conducted following the static bioas-
say protocols described by Sprague [19].

Mortality of seabass was recorded at regular time
intervals of 24, 48, 72 and 96h, during the period of
experiment, dead fishes were removed immediately from
the experimental tanks. Fish behavior was also observed
during exposure of different concentrations of heavy met-
als. LC, values were calculated from the data obtained in
acute toxicity bioassays as described by Finney [20]. Probit
analysis was carried out by SPSS computer statistical soft-
ware package. Slope (s) function and confidential limit
(Upper confidential limit and lower confidential limit) of
the regression line with correlation co efficient were calcu-
lated. Based on the acute toxicity test, the 96h LC, value
was calculated for both the heavy metals cadmium and
mercury.

3. Results
3.1 Fish Behavior

In control tank, experimental organisms exhibited normal
behavior and swimming patterns without any mortality.
Fish exposed to different concentrations of heavy metals
both cadmium and mercury showed abnormal behavior.
At the start of exposure, for both the metals fishes were
alert, stopped swimming and remained static position in
response to the sudden changes in the surrounding envi-
ronment. After some time, they tried to avoid the toxic
water with fast swimming and jumping. Faster opercu-
lar activity was observed as surfacing and gulping of air.
In tanks with higher concentrations of 10 and 12 ppm of
cadmium, 1.4 and 1.6 ppm of mercury, the fishes swam
erratically with jerky movements and hyper excitability.
Fins became hard and stretched, due to stretching of body
muscles. They secreted copious amounts of mucus con-
tinuously, body pigmentation decreased with blackening
noticed on the body surface. Ultimately, fish lost balance,
became exhausted, lost consciousness, and became lethar-
gic. Lastly, they remained in a vertical position for a few
minutes with the anterior side or terminal mouth up near
the surface of water, trying to gulp the air and the tail in a
downward direction. Soon they settled in the bottom of the
tank and after some time their bellies turned upward and
the fish died.
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Figure 1 depicts the relationship between concentration
of test chemical and percentage fish mortality. It clearly
showed that high rate of mortality could be noticed in
higher concentrations of heavy metals. No mortality was
observed during the experimental periods in control.
Figure 1 shows that as the concentration of the chemical
increased, fish mortality also increased, and thereby indi-
cating direct relationship on higher incidents of mortality
with higher concentrations of test chemicals. Results on
the LC, values for cadmium and mercuric at 96h of expo-
sure were presented in Table 1 and 2. The LC, value for Cd
at 96h was 6.08 ppm and similarly, the LC, value for Hg
was 1.03 ppm. It can be also stated from Fig.1 that mer-
cury was found to be more toxic to seabass L. calcarifer
than cadmium under similar test conditions. A smaller
concentration of Hg than Cd could cause high mortality
in fishes.

4. Discussion

Estimation of LC, of heavy metals is so important with
reference to particular fish species. According to Brongs
and Mount [21], the application of the LC_ value is the
most highly reliable test for assessing the potential adverse
effects of chemical contaminants to aquatic life. Bryan [22],
has listed a series of factors influencing toxicity of heavy
metals in solution, these include the dissolved form of met-
als, the presence of other metals and factors influencing the
physiology and behavior of the organism. In the present
study, fishes exposed to cadmium and mercury were under
stress condition for the entire bioassay period and showed
erratic, unbalanced swimming movements and tended to
surface more frequently than the fish in control medium.
Similar observations were made earlier by Narges et al.
[23] in the fish Chanos chanos and Nagarajan et al
[24] in the fish Therapon jarbua. In the present study
L. calcarifer exhibited characteristic avoidance behavior
by rapid and erratic swimming with jerky movements
and hyper-excitability such type of changes were also
observed in Channa punctata after cadmium toxifica-
tion [8]. Altered movements occurred in the present
study was in agreement with Agarwal [25], who has
also reported similar abnormal behavior in C. punctatus
exposed to mercury Likewise, in the fish Ambassis com-
mersoni exposed to cadmium abnormal behavior and
altered movements are observed by Pragatheeswaran
etal. [26]. Itis reported that heavy exudation of mucus over
the body of the fish and dispigmentation are attributed
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Figure 1. Plot of probits and predicted regression line of (A): Cadmium and (B): Mercury.
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Table 1. LC, value of cadmium with lower and upper
(95%) confidence limits
Exposure LC,, value 95% Confidence
periods (Hrs) (ppm) Limit

Lower Upper
24 11.741 10.227 14.439
48 7.781 6.928 8.756
72 6.641 5.834 7.476
96 6.084 5.322 6.846

Table 2. LC, value of mercury with lower and upper
(95%) confidence limits

Exposure LC, value 95% Confidence
periods (Hrs) (ppm) Limit

Lower Upper
24 1.498 1.377 1.695
48 1.197 1.112 1.284
72 1.061 0.981 1.411
96 1.031 0.950 1.111

to dysfunction of the endocrine or pituitary gland under
toxic stress, causing changes in the number and area of
mucus glands and chromatophores [27]. The preced-
ing behavioral abnormalities of the fish and subsequent
death imply that the toxic effect is mediated through the
disturbed nervous or cellular enzyme system affecting the
respiratory function and nervous system, which involves
control of almost all vital activities, as many earlier studies
have demonstrated that heavy metals have been shown to
affect Na?* -K?* -ATPase in the brain [28]. Likewise, the
cause of death of L. calcarifer from exposure to cadmium
and mercury is perhaps toxic actions on the biochemical
processes related to cellular metabolic pathways and other
inclusions.

In this study, the 96h LC, values recorded for the two
heavy metals cadmium and mercury can be compared very
well with the earlier results of many researchers. The 96h
LC,, values of cadmium exposed to Channa punctatus was
11.2 ppm reported by Sastry, and Shukla [29]. Whereas,
Ramesha et al. [6], reported the LC, value of cadmium
for the fish Cyprinus carpio, was 4.5 ppm. In the case of
Tinca tinca the LC_ value was 6.5 ppm of cadmium noted
by Altindag et al. [30] and in Boleophthalmus dussmieri the
96h LC, value for cadmium was 6.5 ppm studied by Manoj
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and Ragothaman [31], which is similar to the findings of the
present study. However, in the fish Mystitus viltatus higher
LC,, value for cadmium was estimated with 17.94 ppm
reported by Rao, and Manjula [32]. Similarly, the 96h LC_|
values of fish vary from species to species and from metal
to metal [33]. While Agarwal [25] reported the 96h LC_
value for mercury in the fish Channa punctatus with 2.11
ppm. However, in the fish Cyprinus carpio LC, value was
0.5 ppm for mercury recorded by Sivaramakrishnan, and
Radhakrishnan [34]. In the case of Rasbora daniconius, 0.80
ppm was reported as LC,  value for mercury by Gupta and
Rajbhansi [35]. Pandey et al. [36] observed 96h LC_ value
for mercury as 1.21 ppm in the fish Channa punctatus.
Similarly, in Cirrhinus mrigala the LC, value for mercury
was 1.11 ppm quoted by Gupta and Kumar [37] and in the
fish Tinca tinca the LC_ value was 1.0 ppm for mercury
noted by Altindag et al. [30], which is in agreement with
the results of the present study. Whereas, the LC_| value of
2.0 ppm mercury was observed in the fish Boleophthalmus
dussmieri by Manoj and Ragothaman [31].

In the present investigation, the median lethal concen-
tration (LC,, for 96 hrs) of cadmium in L. calcarifer was
determined to be 6.08 ppm (Table 1) and for mercury 1.03
ppm (Table 2). Leblond, and Hontela [38] studied the acute
toxicity of mercury, zinc and cadmium in rainbow trout
and reported that the fish was more susceptible to mercury,
followed by that of zinc and cadmium. This is in agreement
with the present study where mercury was indicated as more
toxic (1.03 ppm) metal than that of cadmium (6.08 ppm) in
L. calcarifer. It is widely accepted that the stress response
as a whole is characterized by physiological changes. These
changes tend to be similar for stressors and could be as
varied as anesthesia, flight, forced swimming, disease treat-
ments, handling, scale loss, or rapid temperature change
[39]. A study by Bonga [40] showed that stressor increases
the permeability of the surface epithelia, including the gills
to water and ions and thus induces hydro mineral distur-
bances. Acute toxicity studies were the very first step in
determining the water quality requirements of fish. These
studies obviously reveal the toxicant concentrations (LC, )
that cause fish mortality even at short exposure. Therefore,
studies demonstrating the sensitivity of xenotoxic effects of
heavy metals in aquatic organisms, particularly in fish are
needed. Thus, it can be concluded from the present study
that the fish seabass L. calcarifer was highly sensitive to
mercury and sensitive to cadmium and their mortality rate
is dose dependent.
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