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Abstract

Many industries discharge their effluents in to aquatic ecosystems without proper treatment. As they contain 
several heavy metals, they affect aquatic organisms. Acute toxicity tests provide rapid estimates of lethal 
concentrations of toxicants. Hence, the present work has been designed to test the acute toxicity of mercury, 
cadmium and their combinations to the fingerlings of the Indian major carp, Labeo rohita. Among these four types 
of toxicants, Hg was the most toxic followed by (Cd)+Hg, (Hg)+Cd and Cd.

Introduction
Water is an integral constituent of all living things and it is the universal biological solvent. 

Modern industrial and agricultural techniques require the use of many million tones of fertilizers, 
heavy metals and pesticides. These effluents find their way in to aquatic systems through surface 
run off from industries or as a result of discharge of these wastes into streams and rivers. They 
pose constant threat to non-target organisms such as fish and insects and tend to bioconcentrate 
the inorganic and industrial wastes [1,2]. The industrial complexes have become the focus of 
environmental pollution [3]. The main pollutant from these industrial complexes is effluent, which 
contains heavy metals such as Cu, Ni, Zn, Pb, Cr, Hg, Cd and various organic compounds such as 
phenols and formaldehyde [4]. The recovery of these heavy metals using conventional techniques is 
neither economical nor eco-friendly [5,6]. Once heavy metals are accumulated by aquatic organisms 
they can be transferred to higher trophic levels of food chain. Carnivores at the top of the food chain 
including humans, receive most of their heavy metal burden from aquatic ecosystems by way of 
their food, especially where fish are present [7]. 

Studies have shown that even after cessation of the contamination source, heavy metals from 
sediments can be cycled into natural aquatic systems [8]. The heavy metal concentration in the 
tissues of aquatic animals is occasionally monitored. The toxicity may be either acute or chronic to 
fishes in sublethal concentration. Among these two, later concentrations are slow poisons disturbing 
the biochemistry of the organisms and in fact more dangerous [9].

Chemical and metallurgical industries are the most important sources of heavy metals in the 
environment [10]. The contamination of aquatic system with heavy metals may have devastating 
effects on the ecological balance of the aquatic environment and diversity of aquatic organisms 
becomes limited with extent of contamination [11]. Most of the heavy metals released into the 
environment find their way into the aquatic phase as a result of direct input, atmospheric deposition 
and erosion due to rain water. Hence, aquatic organisms are exposed to elevated levels of heavy 
metals. Cadmium and lead have no known role in biological systems whereas copper and zinc 
are essential components of enzymes or metalloproteins in fish metabolism. These heavy metals 
accumulate in the tissues of aquatic animals and may become toxic when accumulation reaches a 
substantially high level. Accumulation levels vary considerably among metals and species [12].

Fish have numerous advantages as indicator organisms for biological monitoring programs. Fish 
communities represent a variety of trophic levels (carnivores, herbivores, insectivores, planktivores 
and piscivores) and include foods of both aquatic and terrestrial origin. Fishes are typically present 
even in the smallest streams and in all but the most polluted waters. Both acute toxicity and stress 
effects can be evaluated employing fish [13]. The target organs, such as liver, gonads, kidney and 
gills have a tendency to accumulate heavy metals in high levels as shown in many species of fish in 
different areas [14]. Studies have shown that fish are able to accumulate and retain heavy metals from 
their environment and it has been shown that accumulation of metals in tissue of fish is dependent 
upon exposure concentration and duration, as well as other factors such as salinity, temperature, 
hardness and metabolism of the animals [15,16]. The toxic effects occur when excretory, metabolic, 
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storage and detoxification mechanisms are able to counter uptake. 
In recent years, several authors have investigated the heavy metal 
accumulation in fish and other organisms [17,18]. The excess copper 
impairs the survival, growth and reproduction of fish [19]. In this 
context, the present study has been carried out to estimate the acute 
toxicity of mercury, cadmium and their mixtures to Labeo rohita. 

Materials and Methods
For the present study, the fingerlings of L.rohita were purchased 

from local aqua farm in Madurai, Tamil Nadu, India. The fish were 
acclimatized for more than ten days in large aquaculture tanks 
(75L). The fish were fed with commercially available feed daily. The 
excreta and excess food were siphoned out to avoid contamination 
and ammonia stress. Once in a day water was changed. From the 
laboratory acclimatized fishes, fishes with 5 ± 0.5 cm length and 5 ± 1g 
were selected and they were again acclimatized for one or two days in 
experimental tanks prior to commencement of the experiment. The 
capacity of experimental tank was twenty liters. The tank was closed 
by net to prevent the jumping of fish.

1.353g of HgCl2 was dissolved in one liter double distilled water 
to get 1000 ppm of mercury stock solution where as 2.031g of CdCl2 2 
½ H2O was dissolved in one litre of double distilled water to get 1000 
ppm of cadmium stock solution. The ground water was used in the 
present study. Each tank was filled with five litres of ground water 
with five fishes.

Determination of LC50

After preparing the stock solutions for mercury and cadmium, 
the wide range of these two metals were identified by using three fish 
in each concentration. The fish should not be fed for one day before 
starting the experiment to avoid the change in toxicity of metals due 
to excretory products [20]. Then narrow range was identified from 
wide range. Different concentrations of the metals were prepared 
and in each of them ten fish were exposed separately. The percent 
mortality of fish in different concentrations was noted after 24, 48, 
72 and 96 hours of exposure. The LC50 value for different exposure 
periods were obtained after computing probit analysis. In this, the 
concentrations were converted into log concentrations and percent 

mortality values were converted into probit scale. Using regression 
analysis, straight lines were drawn in the graph to derive the LC50 
values. Chi- square tests were carried out to test the goodness of fit for 
comparing the observed Y-values and expected Y- values [21].

Determination of LC50 value for metal mixtures

The combinations of metals were prepared, in which one metal 
concentration was kept constant (i.e. 1/10th of 96 hr LC50 value) and 
the other was varied. Different concentrations of metal mixtures were 
prepared and in each of them ten fishes were exposed separately. The 
percent mortality of fish in different metal mixture concentration was 
noted after 24, 48, 72 and 96 hours of exposure. The LC50 values for 
metal mixtures were obtained employing probit analysis.

Results
The percent mortality values of L.rohita exposed to different 

concentrations of metals and metal mixtures are given in Table 1 to 
4. No mortality was noticed in 0.20 ppm of HgCl2 from 24 hours to 
96 hours, while 100% mortality was observed in 0.50ppm of HgCl2 
within 24 hours. The LC50 values for 24, 48, 72 and 96 hours were 
0.71, 0.65, 0.64 and 0.64 ppm respectively (Table 1). The LC50 values 
observed decreased with the increase in the duration of exposure to 
HgCl2. In Cadmium, no mortality was observed in 40 ppm of CdCl2 
in 24 hours of exposure. 100% mortality was noticed in 120ppm of 
CdCl2 in 24 hours of exposure. The LC50 values for 24, 48, 72 and 96 
hours were 141, 88, 81 and 81 ppm respectively (Table 2).

In the metal mixture (HgCl2) + CdCl2, no mortality was observed 
in (0.064 ppm of HgCl2) + 48 ppm CdCl2 within 24 hours (Table 
3) while 100% mortality was noticed in (0.064 ppm of HgCl2) + 64 
ppm of CdCl2 after 24 hours. The LC50 values for 24, 48, 72 and 96 
hours were 60.4, 56.1, 53.2 and 50.2 ppm respectively (Table 3). In the 
second metal mixture (CdCl2) + HgCl2, no mortality was observed 
in (8.096 ppm of CdCl2) + 0.18 ppm of HgCl2 after 24 hours (Table 
4). But 100% mortality was noticed in (8.096 ppm of CdCl2) + 0.32 
ppm of HgCl2 after 24 hours. The LC50 values for 24, 48, 72 and 96 
hours were 0.28, 0.27, 0.27 and 0.25 ppm (Table 4). In the above four 
experiments, the LC50 values observed decreased with the increase in 
the duration of exposure (Figure 1).

Table 1: Acute toxicity test results of Mercury to L.rohita.

Hours

Lethal concentration  (ppm)
95% Fiducial 

limits of               
LC50 (ppm)

Probit 
regression 
equation

Slope
Chi-square valuesFunction

LC5 LC10 LC16 LC50 LC84 LC90 LC99 Lower Upper Y = a+b x “S” Observed Table Level of significance at 
0.05 level

24 0.48 0.52 0.56 0.71 0.91 0.98 1.26 0.63 0.82 Y=6.388031 + 
9.411891 X 1.27316 20 7.81 S

48 0.4 0.45 0.5 0.65 0.85 0.93 1.25 0.58 0.72 Y=6.65433 + 
8.577419 X 1.32311 24.2 9.49 S

72 0.41 0.45 0.49 0.64 0.83 0.91 1.21 0.52 0.73 Y=6.734322 + 
8.761884 X 1.31033 17.6 9.49 S

96 0.41 0.45 0.49 0.64 0.83 0.91 1.21 0.59 0.7 Y=6.734322 + 
8.761884 X 1.31033 17.6 9.49 S

S = Significant;    NS = Not Significant.
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Table 2: Acute toxicity test results of Cadmium to L.rohita.

Hours

Lethal concentration (ppm)
95% Fiducial 

limits of              
LC50 (ppm)

Probit regression 
equation

Slope
Chi-square valuesFunction

LC5 LC10 LC16 LC50 LC84 LC90 LC99 Lower Upper Y = a+b x “S” Observed Table
Level of 

significance at 
0.05 level

24 45 57.9 70.7 141 282 344 712 114 174 Y=-2.085658+ 
3.291838x 1.997224 4.08085 9.49 NS

48 28.4 36.6 44.5 88 174 212 435 67 115 Y=-1.27823 + 
3.224158x 1.979644 19.0658 9.49 S

72 48.6 54.4 59.4 81 110 121 167 77 85 Y=-8.973124 + 
7.325261x 1.3616 5.73213 5.99 NS

96 48.5 54.4 59.4 81 110 121 167 77 85 Y=-8.973124 + 
7.325261x 1.3616 5.73213 5.99 NS

S = Significant;  NS = Not Significant.

Table 3: Acute toxicity test results of (Mercury) + Cadmium to L.rohita.

Hours

Lethal concentration (ppm)
95% Fiducial 

limits of            
LC50 (ppm)

Probit regression 
equation Slope Chi-square values

LC5 LC10 LC16 LC50 LC84 LC90 LC99 Lower Upper Y = a+b x “S” Observed Table
Level of 

significance at 
0.05 level

24 49.2 51.5 53.4 60.4 68.3 70.8 80.6 57.5 63.5 Y=-26.35913 + 
17.57739X 1.131277 12.5379 11.07 S

48 43.3 48.9 48 56.1 65.6 68.6 80.8 55.2 57 Y=-20.51776 + 
14.59043X 1.168802 7.18575 12.59 NS

72 37 40.1 42.8 53.2 66.2 70.6 88.8 50.6 56 Y=-13.66395 + 
10.81501X 1.244699 24.4533 12.39 S

96 38.5 40.9 42.8 50.2 58.9 61.6 72.9 49.1 51.2 Y=-20.16803 + 
14.79845X 1.172937 9.50832 12.59 NS

S = Significant;  NS = Not Significant.

Table 4: Acute toxicity test results of (Cadmium) + Mercury to L.rohita.

Hours

Lethal concentration (ppm)
95% Fiducial 

limit of              
LC50 (ppm)

Probit regression 
equation

Slope
Chi-square valuesFunction

LC5 LC10 LC16 LC50 LC84 LC90 LC99 Lower Upper Y = a+b x “S” Observed Table
Level of 

significance at 
0.05 level

24 0.21 0.22 0.24 0.28 0.34 0.36 0.43 0.27 0.3 Y=11.4719 + 
11.81938X 1.199559 21.9616 11.07 S

48 0.18 0.2 0.21 0.27 0.34 0.37 0.47 0.25 0.29 Y=10.0244 + 
8.907909X 1.265416 18.2988 11.07 S

72 0.13 0.16 0.18 0.27 0.4 0.45 0.7 0.25 0.28 Y=8.112757 + 
5.406702X 1.513457 11.9673 12.59 NS

96 0.11 0.12 0.14 0.25 0.45 0.53 0.96 0.24 0.26 Y=7.387148 + 
3.962734X 1.781232 6.52691 12.59 NS

S = Significant;  NS = Not Significant.
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Discussion
The present study reveals that mercury, cadmium and their 

mixtures are toxic to the fish, L. rohita and mortality rate increased 
with increasing concentrations of metals. The mortality rate depends 
upon the duration of exposure. The LC50 values for mercury, 
cadmium and two types of mixtures (in one type mercury was kept 
constant and cadmium concentrations varied and in the second type, 
cadmium was kept constant and mercury concentrations varied) for 
96 hours were 0.64, 81, 50.2 and 0.25 ppm respectively.

The LC50 value of mercury for 96 hours is about three times 
lesser than that of Ophiocephalus (Channa) punctatus [22]. The LC50 
value of cadmium for 96 hours is about six times higher than that 
of Oreochromis niloticus [23], about three times higher than that of 
Poecilia reticulata and for Catla catla it was very low [24].

LC50 value of zinc for 96 hours to L. rohita was found to be 
156ppm [25]. The toxicity of hexavalent chromium has been studied 
in L. rohita [26] and its 96 hours LC50 value was 111.45 mg/l. The 96 
hours LC50 values of copper to Tilapia guineensis and Tympanotonus 
fuscatus were 0.16 and 8.84 mg/l respectively [27]. The above findings 
indicate that the range of toxicity varied for different species and for 
different toxicants. Furthermore, several factors like pH, hardness, 
alkalinity, equilibration and kinetics involved in the chemical 
reactions are detrimental in the toxic efficacy.

One of the recent areas of research in toxicology is concerned 
with the fate of toxicants inside the organisms. The toxicant uptake 
by aquatic organisms is a two phased process, which involves initial 
rapid adsorption or binding to surface, followed by a slower transport 
into the cell interior. The transport of metal into the intracellular 
compartment may be facilitated by either diffusion of the metal 
across the cell membrane or by active transport by carrier protein 
[28]. The metal enters the blood circulation of fish and finds its way 
into different tissues of the body where it affects normal metabolism. 
Generally, liver is the centre of metabolism and detoxification in 
piscine body [29]. The kidney plays a major role in the accumulation, 
detoxification and excretion of metals and is considered to be a target 
organ for metal toxicity [30,31].

Exposure to toxic heavy metals is associated with many chronic 
diseases. Recent research found that low levels of lead, mercury, 
cadmium, aluminium and arsenic can cause a variety of health 
problems like decreased intelligence in children, nervous symptoms, 
immune dysfunctions, depression, fatigue, anemia, skin rashes, high 
BP, memory loss, diarrhea, nausea, irritability, tremors, cancer, 
hyperactivity, autism, behavioural disorders and head-ache [32,33].

The toxicity of mercuric chloride, cadmium chloride and 
their mixture to N.notopterus was determined by 96 hours LC50 
concentration which indicated that CdCl2 was less toxic, while HgCl2 
was most highly toxic and their mixture were in between them [34]. 
Consequently, in terms of ecological significance, fish are irreplaceable 
bio-indicators of the degree of damage to the water environment. 
Moreover, it is also important to monitor the contamination of fish 
with heavy metals, because frequent consumption of the contaminated 
fish presents a very serious health risk [35].

Conclusion
Among the two metals tested mercury exhibited higher toxicity 

than that of cadmium. Both the mixtures exhibited their LC50 values 
in between the LC50 values of cadmium and mercury to the Indian 
major carp, L.rohita.
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