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Acute Toxicity of Nickel and Cadmium to the Cichlid
Fish, Oreochromis mossambicus (Peters)
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Abstract Both nickel and cadmium are used in various industries and hence their effluents contain these two metals. As
they are toxic and alter the physiological and biochemical parameters of fish, acute toxicity of nickel and cadmium to the
fresh water fish Oreochromis mossambicus was determined using static bioassays. Fish were exposed to selected
concentration of nickel and cad mium separately and the mortality data were determined after 24, 48, 72 and 96 hours. LCs
values for 24, 48, 72 and 96 hours were calculated with the 95% fiducial limits through probit analysis and goodness of fit
was evaluated with Chi — square tests. The 24, 48, 72 and 96 hours LCsq values of nickel to the fish were 131.78, 84.58,
58.19 and 51.39 ppm respectively. For cadmium the 24, 48, 72 and 96 h LCso values were 151.91, 121.36, 106.88 and
96.57 ppm respectively. Among the two heavy metals tested, nickel is more toxic to the fish than cadmium. These LCs
values will help to fix the sub-lethal concentrations and study the sub- toxic effects of these two metals in the selected fish.
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1. Introduction

The impacts of industrialization and exponentially
growing population, contamination of air, water, soil and
food have become a threat to the continued existence of the
living communities of the ecosystem and may threaten the
very survival of the human race. The indiscriminate
dumping of untreated wastes into aquatic environments
brings about physical, chemical and biological deterioration
of such water bodies, when these discharges are beyond
their self purifying capacity. This will endanger the aquatic
organisms and impair the beneficial uses of water[1]. Heavy
metals pose serious environmental problems as they are the
major constituents of industrial effluents. The
contamination of aquatic environment with heavy metals is
of serious concern as they cannot be removed or
nonbiodegradable. They pose a severe threat to aquatic
organisms[2]. Nickel and cadmium are employed in several
industries and they exert a variety of bad effects[3]. Acute
toxicity of nickel to various fish species is already
reported[4, 5, 6, 7, 8,9, 10, 11, 12, 13, and 14]. Reports are
also available on the toxicity of cadmium to fish[15, 16, 17,
18, 19 and 20]. The test organism chosen for the present
study, Oreochromis mossambicus is available throughtout
the year, cheaper and protein rich food[21]. Assessing the
acute toxicity of the heavy metals to fish will help to design
environmental monitoring strategies and ecosystem
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conservation measures. Hence in the present work an
attempt has been made to study the acute toxicity of nickel
and cadmiumto O.mossambicus employing static bioassays.
In the present study the LCS5, 10, 16, 50, 84, 90, 99 values
are derived along with upper and lower 95 % fiducial limits
of LC50. As a special the probit regression equations for 24,
48, 72 and 96 hour exposure for the two metals were
subjected to analyse the goodness of fit using chi — square
testes.

2. Materials and Methods

Fish weighing about 15 g were procured froma local fish
farm and were acclimatized to the laboratory conditions.
The stock solutions of nickel and chromium were prepared
separately and the desired concentrations were prepared by
adopting the dilution techniques. Based on the progressive

bisection of intervals on a logarithmic scale, log
concentrations were selected as the experimental
concentrations. These concentrations were fixed after

conducting the exploratory bioassays. Feeding was stopped
two days before the fish were subjected to experiment to
avoid change in toxicity of metals due to excretory products.
After the addition of toxicant into the test tank having 10
fish, mortality was recorded after 24, 48, 72 and 96
hours[22]. The mortality data were subjected to weighted
probit analysis[23]. The median lethal concentration (LCsg)
values for 24, 48, 72 and 96 hours were calculated with the
95% fiducial limits. Goodness of fit was evaluated with
Chi-square tests[24].



20

3. Results

Table 1 reveals the results of weighted probit analysis for
nickel from percent response of O.mossambicus after 24, 48,
72 and 96 hours. LCsq values, 95% fiducial limits and fitted
regression equation for each hour have been given. The chi-
square test shows that two values (24 and 96h) are
significant and the other two (48 and 72h) are not
significant. There is a decline in LC50 value from 24h
towards 96h as 131.78, 84.58, 51.39 and 58.99 ppm.
Decrease in LCsq value is noted with the increase in
exposure period. The difference between the LCsq values of
72 and 96h is low and the difference between 24h and 48h
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is high. For cadmium, there is a decline in LCsq value from
24h to 96h as 131.78, 84.58, 51.39 and 58.99 ppm.
Decrease in LCsy value is noted with the increase in
exposure period. The difference between the LCsy values of
72 and 96h is low and the difference between 24h and 48h
is high. For cadmium, there is a decline in LCs( value from
24h to 96h as 151.91, 121.36, 106.88 and 96.57 ppm (Table
2). The difference between the LCsg values of 72 and 96h is
high whereas it is low in the case of 48 and 72h. Among the
two metals tested, nickel is more toxic to O.mossambicus
than cadmium.

Table 1. Acute toxicity test results of nickelto Oreochromismossambicus
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24 | 4332 | 5539 | 67.25 | 131.78 | 25822 | 31354 | 635.67 | 9994 | 17377 | Y=-222-341x | 2402 | 949 S
48 | 32.74 | 40.37 | 47.64 | 84.58 | 150.15 [ 177.19 | 32382 | 79.35 [ 90.16 =-2.69-3.99x | 4.71 11.07 NS
72 | 2513 | 3034 | 3521 | 58.99 98.84 114.71 19728 | 5427 | 64.14 | Y=-2.86-444x | 428 7381 NS
96 | 23.49 | 2793 | 32.02 | 51.39 82.47 94.54 15540 | 38.69 | 68.24 Y=-3.284.84x 6.70 599 S

NS — Not Significant, S — Significant

Table 2. Acute toxicity test results of cadmium to Oreochromis mossambicus
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95% Fiducial Regression .
LETHAL CONCENT RATION VALUES (ppm) Limits of LCS0 Equation Chi— Square Values
0
&
= 8
@) o g B g ~
s = = & | s8] = 5 g c| 2| g
2 S S 9 t S S 3 S Y=atbx 2 5 E) S
© %
24 71.19 | 84.17 96.07 | 15191 | 240.12 | 274.17 | 4437 | 14125 | 1634 Y=-591450x | 256 | 949 NS
48 61.74 | 71.68 80.65 | 12136 [ 182.61 | 20546 | 3156 | 11621 | 126.7 Y=-6.68+5.6x 185 | 949 NS
72 64.99 | 72.54 79.12 | 10688 [ 14438 | 15748 | 2160 | 10223 | 1118 | Y=-10.45+8.0x | 387 | 949 NS
96 70.87 | 75.89 80.09 96.57 | 11643 | 122.89 | 149.6 91.45 1012 | Y=-193+12.2x | 2.09 | 3.84 NS

NS — Not Significant, S — Significant
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4. Discussion

Acute toxicity tests are useful in providing rapid
estimates of the concentrations of toxicants that cause direct
irreversible harm to the test organism[25]. Based on the
results nickel is found to be more toxic to the fish than
cadmium. 96h LCsy values of nickel of striped bass,
rainbow trout[11], fathead minnow and bluegill[6],
common carp[14] were 3.9, 15.0, 4.58, 5.18 and 47.58 ppm
respectively. Hence, it can be deduced that O.mossambicus
is more resistant to nickel when compared to other fish.
Certain fish like Channa punctatus[26], Mystus vittauts[9],
Notopterus notopterus[14] exhibited higher LCsy values
than O.mossambicus. O.mossambicus is also not so
sensitive to cadmium than marine crustaceans which may
be due to high content of free nickel in soft than salt
water[27]. These test results will help to fix the quality
criteria of effluents from industries which are discharged
into the environment

5. Conclusions

Effluents from industries generally contain heavy metals
as major constituents and among them nickel and cadmium
are important. Hence toxicity of this two metals to
O.mossambicus was determined using static bioassays
following probit analysis. Based on the acute toxicity test
results it can be concluded that nickel is more toxic to the
fish than cadmium. The selected fish O.mossambicus is
more resistant to both nickel and cadmium compared to
other fresh water fish. The 96 hour LC50 value of nickel
and cadmium to the fish are 51.39 and 96.57ppm
respectively. Thus this data will help to proceed for studies
related to sub-lethal toxicity of these two metals and design
pollution monitoring strategies.
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