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Abstract: Fish constitutes are an important and cheap source of animal protein to human beings and a large
number of people depend on fish and fishing activities for their livelihood. Increasing human influences
through heavy metal pollution have however led to the depletion of our fish resources and substantial
reduction in the nutritive values. The aim of this study was to determine the pollutants levels including the to
evaluate toxicity of heavy metals in freshwater fish Amblypharyngodon mola exposed to Mercuric chloride,
Arsenic trioxide and Cadmium chloride. Acute toxicity tests were carried out in the laboratory conditions.
The LC,, values for 24 & 96 hours exposure to HgCl, As,O, & CdCl,were calculated. Among all LC,, values of
toxicants HgCl, is found to be more toxic than any other metal and Amblypharyngodon mola, showed more
sensitivity to this metal. The LC;, values for 24 & 96 hours exposure to HgCl, As,0;& CdCl, were calculated,
LC,, and LCsyvalues for HgCl, are low when compared to As,O, and CdCl,.
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INTRODUCTION

Heavy metals pollutants compare with other types of
aquatic pollution, are less visible but its effects on the
ecosystem and humans are intensive and very extensive
due to their toxicity and their ability to accumulate in the
aquatic organisms [1].

Heavy metal contamination may have devastating
effects on the ecological balance of the recipient
environment and a diversity of aquatic organisms [2, 3].
Among animal species, fishes are the inhabitants that
cannot escape from the detrimental effects of these
pollutants [4].

The danger of these heavy metals is their persistent
nature as they remain in the biota for long period of time
when they are released into the environment [5, 6]. As a
result of these heavy metals pollution several endemic
fish species have become threatened.

The acute toxicity test is used to determine the
concentration of a test material or the level of an agent
that produces a deleterious effect on a group of test
organisms during a short-term exposure under controlled
conditions [7]. Toxicity is a characteristic feature of an

individual organism’s response to a chemical at a
particular concentration or dosage for a specific period.
Comparative toxicity of mercury and chromium
compounds was assay in the fish Clarias batrachus
(Linn) by Rani et al. [7].

Majority of the studies concerning the effects of
heavy metals on fish has been confined to the acute
toxicity test with the death of fish as an end point. Hence,
The aim of this study was to determine the pollutants
levels including the to evaluate toxicity of heavy metals in
freshwater fish, Amblypharyngodon mola exposed to
Mercuric chloride, Arsenic trioxide and Cadmium chloride.

MATERIALS AND METHODS

For the present study the freshwater teleost fish,
Amblypharyngodon mola were collected from Gadad and
Girna rivers dams near Chalisgaon City, Maharashtra
India (Latitude 20° 28' 58" N and longitude 74° 43'13"E)
and brought to the laboratory. The fishes acclimatized
to laboratory condition in 80L capacity glass
aquarium for 10 days. During acclimatization green
cabbage leaves were provided as a food. Medium sized
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Amblypharyngodon mola of about 8 to 9 cm. in length
and weighing 9-11 g was selected for experimental
purpose. The quality of the water was determined
according to APHA- 1985 and was as follows PH 7.1+0.25,
Air temperature 324+2.0 C, water temperature 26.5+2.0,
Dissolved oxygen 4.36+0.94, Bicarbonates 68+10, Total
alkalinity 74.86 + 10.50, Acidity 4.36+2.57 (except PH and
temp.) all parameters are expressed in mg/l. The fishes
were selected for evaluation of toxicity, lethal toxicity
tests were conducted over 96 hours. Ten fishes were
exposed to increasing concentrations of HgCl,, As,0, &
CdCl,. One aquarium was maintained as control along with
each group. The water with respective dose of heavy
metals was changed after every 24 hours. The no. of dead
Amblypharyngodon mola were recorded and removed
after 24 hours up to 96 hours. The same procedure was
repeated till the constant mortality in respective doses of
heavy metals.

Acute toxicity tests were carried out under static
conditions up to 96 hours. The data collected was then
analyzed statistically by means of the probit method on
transforming the toxicity curve (% mortality versus conc.)
in to regression line (Mortality in probit/log. conc.),
Which allows the average medium lethal concentration of
LC,, to be calculated for 24, 48, 72 and 96 hrs. The toxicity
of three heavy metals HgCl,, As,O;and CdCl, to medium
sized, freshwater teleost fish, Amblypharyngodon mola
was assessed by classic method of probit analysis [8, 9].

RESULTS

From the results of LC,,and LC,, values, it is quite
clear that the
sensitive to the tested heavy metal mercuric chloride.
According to the toxicity of these heavy metals to the
fishes, they can be arranged as HgCl,> As,O,> CdCL.

Amblypharyngodon mola is more

Table 1: Calculations of regression equation for LC,, and LCy, of Amblypharyngodon mola exposed to heavy metal HgCl,(24 hours)

Conc. Logof No. ofanimals Mortality for % Morality Empirical Expected Weighing Weight Working Improved
Sr. No inppm. Conc. x exposed n 24 hoursr  P=100r/n probit probity coefficientw w=nw probity W x Wy wWx Wy Wxy Expected probit y
1. 2 0.3010 10 1 10 3.7184 371 0.3358 33589 3.719  1.0110 12.4917 0.3043 46.4566 3.7600  3.6936
2. 3 0.4771 10 3 30 44756 450 0.5809 5.8099 4.476  2.7719 26.0051 1.3224 116.3988 12.4070 4.4852
3. 4 0.6020 10 5 50 5.0000  5.10 0.6343 6.3431 5.000 3.8185 31.7155 2.2987 158.5775 19.0927 5.0466
4. 5 0.6989 10 7 70 5.5244 550 0.5809 5.8099 5.524  4.0605 32.0938 2.8379 177.2861 22.4304 5.4821
5. 6 0.7781 10 8 80 5.8416  5.90 0.4714 47144 5840  3.6682 27.5320 2.8542 160.7868 21.42275 5.8381
Total Sw= Swx=  Swy= Swx= Swy= Swxy =
26.0362 15.3301 129.8381 9.6175 659.5058 79.1128

% Swx _15.3301 ~0.5887

Sw  26.0362
T_Swy _ 129‘8381:4.9868

Sw  26.0362
be Swxy-X  [Swy] __79.1128-0.5887 x 129.8381 _ 79.1128-76.4315 2.6763 — 4.4946

SWXZ_%’[SWX]’ 9.6175-0.5887 x 15.3301 9.6175-0.5927 0.5954
Regeression Equation - Y =Y +b (Xx)
Y =2.3407 + 4.4949x
Table 2: Calculations of regression equation for LC,, and LC;, of Amblypharyngodon mola exposed to heavy metal HgCl, (96 hours)

Conc. Logof No. ofanimals Mortality for % Morality Empirical Expected Weighing Weight Working Improved
Sr. No inppm. Conc. x exposed n 96 hoursr  P=100r/n probit probity coefficientw w=nw probity Wx Wy wWx Wy Wxy  Expected probit y
1. 0.3 0.4771 10 3 30 44756 445 0.5578 5.5788 4.477  2.6616 249762 1.2698 111.8188 11.9159 4.3673
2. 0.5 0.6989 10 5 50 5.0000  5.30 0.6160 6.1609 4.991  4.3058 30.7490 3.0093 153.4685 21.4902 5.1294
3. 0.7 0.8450 10 7 70 5.5244 585 0.5026 5.0260 5.496 42469 27.6228 3.5886 151.8154 23.3409 5.6314
4. 0.9 0.9542 10 9 90 6.2816  6.30 0.3358 3.3589 6.281  3.2050 21.0972 3.0582 132.5118 20.3409 6.0066
5. 1.1 1.0413 10 10 100 - - - - - - - - - - -
1 added in Log value Total Sw= Swx= Swy= Swx= Swy= Swxy =
20.1246 14.4193 104.4452 10.9259 549.6145 76.8776

w_Swx _14.4193 ~0.7165

Sw  20.1246
y-Swy 1044452 o eoq

Sw  20.1246
be Swxy-X  [Swy] _ 76.8776-0.7165 x 104.44 _ 76.8776-74.8349 2.0427 _ 34356

waz—g_ [Swx]~ 10.9259-0.7165 x 14.4193  10.9259-10.3314 3.4359

Regeression Equation - Y = Y+b (X-;)
Y =2.7281 +3.4359x
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Table 3: Calculations of regression equation for LC,, and LC;, of Amblypharyngodon mola exposed to heavy metal AS,0; (24 hours)

Conc. Logof No. ofanimals Mortality for % Morality Empirical Expected Weighing Weight Working Improved
Sr. No inppm. Conc. x exposed n 24 hoursr  P=100r/n probit probity coefficientw w=nw probity Wx Wy wWx Wy Wxy  Expected probit y
1 3 0.4771 10 3 30 44756 445 0.5578 5.5788 4.477 26616 249762 1.2698 111.8188 11.9159 4.3673
2 5 0.6989 10 5 50 5.0000  5.30 0.6160 6.1609 4991  4.3058 30.7490 3.0093 153.4685 21.4902 5.1294
3. 7 0.8450 10 7 70 5.5244 585 0.5026 5.0260 5.496  4.2469 27.6228 3.5886 151.8154 23.3409 5.6314
4 9 0.9542 10 9 90 6.2816  6.30 0.3358 3.3589 6.281  3.2050 21.0972 3.0582 132.5118 20.3409 6.0066
5 11 1.0413 10 10 100 - - - - - - - - - - -
Total Sw= Swx=  Swy=  Swx= Swy= Swxy =
20.1246 14.4193 104.4452 10.9259 549.6145 76.8776
Swx _ 14.4193
“sw 201246 'O
y-Swy 1044452 5 1009
Sw  20.1246
be way-i [Swyl _ 76.8776-0.7165 x 104.4452 _ 76.8776-74.4315 2.0427 _ 3.4356
wa2-§7 [Swx]™  10.9259-0.7165 x 14.4193  10.9259-10.3314 0.5945
Regeression Equation - Y = Y +b (Xx)
Y =2.7281 + 3.4359x
Table 4: Calculations of regression equation for LC,, and LC,, of Amblypharyngodon mola exposed to heavy metal AS,O, (96 hours)
Conc. Logof No. ofanimals Mortality for % Morality Empirical Expected Weighing Weight Working Improved
Sr. No inppm. Conc. x exposed n 96 hoursr  P=1001/n probit probity coefficientw w=nw probity W x Wy wWx Wy Wxy Expected probit y
1. 1.2 0.0791 10 2 20 4.1584 415 0.47144 4.7144 4160 03729 19.6119 0.0294 81.5855 1.5512 3.9813
2. 2.7 0.4313 10 4 40 4.7467  5.00 0.63662 6.3662 4.749  2.7457 30.2330 1.1842 143.5769 13.0393 4.9131
3. 4.2 0.6232 10 6 60 5.2533 5.50 0.58099 5.8099 5240  3.6207 30.4438 2.2564 159.5259 18.9724 5.4208
4. 5.7 0.7558 10 8 80 58416  5.85 0.50260 5.0260 5.841  3.7986 29.3568 2.8710 171.4734 22.1876 5.7716
5. 72 0.8573 10 9 90 6.2816  6.10 0.40474 4.0474 6.264  3.4698 25.3529 2.9746 158.8106 21.7348 6.0401
Total Sw= Swx= Swy= Swx= Swy= Swxy =
25.9639 14.0077 134.9984 9.3156 714.9723 77.4853
<. Swx _ 14.0077
“sw 259639 %
§:M:134.9984:5_1994
Sw 252639
b= Swxy-X  [Swy] __774853-0.5395x 134.9984 _ 77.4853-72.8316 4.6537 — 5 6464
SWXZ_g‘[wa]_ 9.3156-0.5395 x 14.0077 9.315-67.5571 1.7585
Regeression Equation - Y = Y +b (X-;)
Y =3.7721 + 2.6456x
Table 5: Calculations of regression equation for LC,, and LC;, of Amblypharyngodon mola exposed to heavy metal CdCl, (24 hours)
Conc. Logof No. ofanimals Mortality for % Morality Empirical Expected Weighing Weight Working Improved
Sr. No inppm. Conc. x exposed n 24 hoursr  P=100r/n probit probity coefficientw w=nw probity Wx Wy wWx Wy Wxy  Expected probit y
1. 5 0.6989 10 1 10 3.7184  3.70 0.3358 33589 3.719 23475 124917 1.6406 46.4568 8.7303  3.6202
2. 7 0.8450 10 3 30 44756 445 0.5578 5.5788 4.477 47140 249762 3.9834 111.8188 21.1045 4.4712
3. 9 0.9542 10 5 50 5.0000  5.05 0.6366 6.3662 5.000 6.0746 31.8310 5.7964 159.1550 30.3730 5.1073
4. 11 1.0413 10 7 70 5.5244 550 0.5809 5.8099 5.524  6.0498 32.0938 6.2997 177.2866 33.4190 5.6146
5. 13 1.1139 10 9 90 6.2816  5.90 0.4714 47144 6216 52313 29.3047 5.8494 182.1580 32.6420 6.0375
Total Sw= Swx=  Swy=  Swx= Swy= Swxy =
25.8282 24.4372 130.6974 23.5696 676.8752 126.2688
<. Swx _ 244377
“sw 2ssasa1 %!
y-Swy _130.6974 5 60
Sw  25.8282
be way-i [Swy] ~_126.2688-0.8461 x 130.6974 _126.2688-123.6528 2.616 ~5.8249
SWXZ_X’[SWX]’ 23.5696 - 0.9461 x 24.4377 23.5696-23.1205 0.4491

Regeression Equation - Y = Y +b (X-x)
Y = 0.4508+ 5.8249x

The results obtained after toxicity evaluation of
Amblypharyngodon mola are cited in Tables 1 to 6 and
Figs. 1 to 6.

The LC,, and LC,, values for heavy metal pollutants
are summarized in Table 7 and Figs. 7 and 8. In the present
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study The LC,,values for 24 & 96 hours were calculated,
HgCl, reported 2.0253 & 0.1941 ppm values respectively.
The LC,, values for As O ;were 1.9418 & 0.9543 ppm
respectively, the LC,, values for CdCl, was 5.1970 &
3.1109 ppm respectively.
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Table: 6 Calculations of regression equation for LC,, and LC;, of Amblypharyngodon mola exposed to heavy metal CdCl, (96 hours)

Conc.  Logof No. of animals Mortality for % Morality Empirical Expected Weighing Weight Working Improved
Sr. No inppm. Conc. x exposed n 96 hoursr  P=100r/n probit probity coefficientw w=nw probity Wx Wy wWx Wy Wxy  Expected probit y
1. 4.0 0.6020 10 2 20 4.1584 4.15 0.4714 4.7144 4.160  2.8380 19.6119 1.7085 81.5855 11.8060 4.1767
2. 5.5 0.7403 10 4 40 4.7467 7.75 0.6160 6.1609 4.747  4.5609 29.2457 3.3764 138.8293 21.6505 4.7579
3. 7.0 0.8450 10 6 60 5.2533 5.20 0.6274 6.2742 5.253 53016 32.9583 4.4799 173.1299 27.8493 5.1979
4. 8.5 0.9294 10 7 70 5.5244 5.50 0.5809 5.8099 5.524  5.3997 32.0938 5.0185 177.2861 29.8279 5.4609
5. 10.0 1.0000 10 8 80 5.8416 5.85 0.5026 5.0260 5.841 5.026 29.3568 5.026 171.4730 29.3568 5.7576
Total Sw= Swx= Swy= Swx= Swy= Swxy =
27.9854 23.1262 143.2665 19.6093 742.3038 120.4905

< Swx _23.1262 ~0.8263

Sw  27.9854
5 Swy _143.2665 ~5.1193

Sw  27.9854

_ Swxy-X  [Swy] _120.4905-0.8263x 143.2665 _120.4905-118.38112.1097 _ 42005
wa2 X [Swx]™  19.6093-0.8263 x 23.1262 19.6093-19.1091 1.7585

Regeression Equation - Y = Y + b (X-x)

Y = 1.6468+ 4.2025x

Table 7: Comparative study of LC,, and LCs, values of HgCl,, As,0; & CdCl,to Amblypharyngodon mola.

LC,, values in ppm. (in hrs.)

LCs, values in ppm. (in hrs.)

Sr. No. Name of the pollutant 24 hrs. 96 hrs. 24 hrs. 96 hrs.
1 HgCl, 2.0253 0.1941 3.9048 0.4583
2 As,0O4 1.9418 0.9543 4.5837 2.9115
3 CdCl, 5.1970 3.1109 8.6253 6.2791
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Fig. 1: Provisional and Regression line for 4. mola exposed to Mercuric Chloride for 24 hrs
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Fig. 2: Provisional and Regression line for 4. mola exposed to Mercuric Chloride for 96 hrs
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Fig. 3: Provisional and Regression line for 4. mola exposed to Arsenic Trioxide for 24 hrs
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Fig. 8: Comparison of 96 hrs. LC,, and LC,, Values of
HgCl, As,0, & CdCl,
Among all LC,, values of toxicants HgCl, is found to
be more toxic than any other metal and

Amblypharyngodon mola, showed more sensitivity to
this metal.

The LC,, values for 24 and 96 hours were calculated,
HgCl, showed 3.9048 & 0.4583 ppm values respectively.
The LC,, values for As,O, were 4.5837 & 2.9115 ppm
respectively, the LC,, for CdCl, was 8.6253 and 6.2791 ppm
respectively. LC,, values for HgCl, are low when
compared to As,0, and CdCl,.
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DISCUSSION

In the present study, LC,, and LC,, values indicated
that mercury is more toxic to 4. mola and may be very
harmful to this fish. However, the study showed the LC,,
and LC,, values vary for each species and the
accumulation of heavy metals in the body of fish depends
upon several factors. It is evident that concentrations of
As,0; and CdCl, and physiological response affect the
LC,, and LCy, values of the fish. It may be due to the
increased resistance of A. mola to As,0O; and CdCl,
through acclimation. During acclimation, various proteins
are released in the body of fish which may detoxify the
metal ions. This may cause higher levels of heavy metals
being required to cause effects, resulting in higher LCj,
amounts [10].

Many aquatic species show a vast range of LCj, for
mercury chloride. The 96 h LC,, value for catfish exposed
to Hg>" under static test was determined to be 570 pg/l
[11]. The 96 h LC,, value of mercury chloride for chub was
found to be 205 pg/l and 96 h LC,, for trout 814 pg/l [12].
A safe level of mercury in aquaculture is only 1 pg/l with
LC,,range of 10-40 pg/l of, whereas LC,, and LC,, values
for other heavy metals are higher than mercury
(cadmium 80-420, cooper 20-100, zinc1000-10000, lead
1000-40000 ug/1) [13].

This work was supported by Ebrahimpour et al. [14]
which he reports that the concentration of HgCl,
increased, fish mortality also increased, indicating that
there is a direct proportional relationship between
mortality and concentration of HgCl,. Hedayati, et al. [15]
reported that the mortality of fish Cyprinus carpio
exposed to mercury chloride might be due to respiratory
epithelium damage by oxygen culmination during the
formation of a mucus film over the gills of fish. In the
present study also, the decrease survival of fish in
mercury treatment may be due to respiratory epithelium
damage by oxygen culmination.

In the present study the Arsenic trioxide and
Cadmium chloride level was increased, the survival time of
fish. A. mola was reduced. The above observation was
supported by Azmat and Javed [16] who reports that the
disruption of the gill epithelium, production of mucus on
gills, inability to osmoregulate of the chromium of the
blood have all been found to be associated with harmful
chromium levels and a pronounced accumulation of
mucus on the gills and a sloughing off of the gill epithelial
0O, diffusion.
This combined with marked reduction in blood O, carrying

tissue may severely impair bronchial
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capacity due to heavy metals, results in eventual cellular
anoxia. In the present study also a similar mechanism may
be operating in fish, when it was exposed to Arsenic
trioxide and Cadmium. Hence, the present study clearly
explains when Arsenic trioxide and Cadmium chloride
levels are increased, the mortality rate of fish increased
significantly.

In the present acute study, Mercuric chloride,
Arsenic trioxide and Cadmium chloride level was
increased; the survival time of A. mola was reduced.
Similar work was carried out by Hedayati ef al. [15] in
Cyprinus carpio exposed to combined metals, mercury
chloride and lead chloride and zinc sulphate. Fish that are
highly susceptible to the toxicity of one metal may be less
or even not susceptible to the toxicity of another metal at
the same level of that metal in the ecosystem. The gills are
considered the main site of entry for the dissolved metals.
Thus, they represent the target for the toxic action of
metals [17]. However, the variety of cell-types of the gills
(chloride cells, mucus cell, pillar cells and undifferentiated
cells) makes it difficult to interpret the possible
mechanisms of metal accumulation [18]. These responses
resulted in decreased oxygen tension in the blood or
might be connected to a disorder in osmoregulation.
It may lead dead of the fish. In the present study also a
similar mechanism may be operating in fish, when it was
exposed to Mercuric chloride, Arsenic trioxide and
Cadmium chloride.

In the present study, decreased survival rate of fish
in the concentration of metals such as Mercuric chloride,
Arsenic trioxide and Cadmium chloride toxicity can cause
all forms of physiological changes. Fish exposed to
different doses of pollutants displayed marked
behavioural changes. Those symptoms were hyper-
activity and attempts to jump out due to skin irritation,
restlessness, respiratory distress, loss of balance, gulping
for air due to respiratory rate impairment, darkening of the
body, sudden and quick movement, rolling movement,
back stroke, excessive accumulation of mucus, all these
ending in death. The heavy metals may be an important
tool for assessment of the effects of pollutants in aquatic
ecosystems. The Three metals used in our experiment to
demonstrate their potential for use in bioassays.
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