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Abstract
The aim of the present study deals with the acute toxicity (LC50 evaluation) of Mercuric Chloride to fresh
water fish Labeo rohita for 24, 48, 72 and 96 hours the percentage of mortality rate was calculated by
following the Finney’s probit analysis method. The LC50 values of the prepared concentrations for 24, 48,
72 and 96 hrs were found at 0.41, 0.35, 0.30, and 0.25 mg/L respectively. During the course of
experiment, the behavioural alterations were also observed like surfacing, erratic movement, increased
mucous secretion, decreased opercular movement and loss of balance. The present study revealed that,
the LC50 value gradually decreased with the increase of exposure period and the mortality rate increased
with increase in concentration with pesticide exposure.
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1. Introduction
The heavy metals are important pollutants for fishes, because these are not eliminated from
aquatic systems by natural methods, such as organic pollutants and enriched mineral organic
substances. Mercury has been recognized as one of the most hazardous aquatic pollutants due
to its toxicity, bio accumulative and non-biodegradable properties [1]. Besides their toxic and
harmful effects to aquatic organisms, heavy metals accumulate through the food chain and
may affect human well beings [2]. Some non-essential trace metals such as mercury, lead and
cadmium are toxic at concentrations observed in natural waters [3]. Mercury and its compounds
have not any role in biological functions but if present in any living organisms, it may cause
cytochemical and histopathological effects. The organic mercuric compounds and mercuric
vapour effects central nervous system. Whereas mercuric chloride targets liver, Gastro internal
tract and kidney [4, 5]. Fish may absorb metal directly from contaminated water or indirectly
from feeding on living organisms in the contaminated water [6, 2]. Although many research
have been conducted to assess the toxicity of heavy metals in algae, however, the number of
studies dealing with the toxic effect of heavy metal on aquatic animals including fish are
limited [7]. The concentration of mercury in fish, even for humans consuming only small
amounts of fish (10–20 g/day), can markedly affect the intake of methyl mercury [8]. Acute
toxicity caused by different toxicant on freshwater fish can evaluate by quantitative parameters
like survival and mortality of test animals and sensitivity of different fish species against metal
toxicity. Toxicity in fish is the culmination of a series of events involving various physical,
chemical and biological processes.
LC50 is indicator to the level of resistance of population response to metals [9]. The toxic
pollutant effects water quality, feeding and swimming behaviour of fish and also delay the
hatching, on the maturation period [10]. Even though some heavy metals are essential for
aquatic animals in low concentrations. However, at high concentration levels, they accumulate
in different organs, damage tissues and interfere with the normal growth and proliferation [11].
Labeo rohita is a commercial fish and widely preferred as edible fish in India and it is very
important to evaluate edible organisms. The objective of the present work was to observe the
behavioural changes and survival rates of fresh water fish L. rohita on exposure to mercuric
chloride.
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2. Materials and Methods
2.1 Fish
The fresh water fish, Labeo rohita (Rohu) (8-10 cm length
and 28 ± 0.6 g weights) was used five batches of fish (10 fish
in each batch) for the toxicity tests. These fishes were
collected from local fish ponds at Nuzividu village in Guntur
district in Andhra Pradesh, India (latitude: 16.1808576.N,
longitude: 80.6646.E). The fishes were acclimatized to the
laboratory conditions for 15 days. The tub containing fish was
aerated with rich oxygen. The hygienic conditions were
maintained by renewing water after every 24hrs and, fish
were daily fed with rice bran and fish pellets.

Fig 1: Labeo rohita

2.2 Chemical
The inorganic Mercuric Chloride (HgCl2) (CAS number
7487-94-7), was used as the test chemical.
2.3 Acute exposure for Mercuric chloride
A common stock solution of mercuric chloride was prepared
by dissolving 1 gram of pesticide in 100 mL double distil
water and the required quantity of Mercuric chloride was
drawn from the stock solution to maintain the standard
concentration of 1mg/L in the container. The acclimatized
fish were placed into separate container containing
dechlorinated and aerated water. Basing on the pilot
experiments, the experiments were conducted to determine
the toxicity in different dose concentration was selected.Five
batches of fish (10 fish in each batch) were exposed to 0.07,
0.14, 0.28, 0.34, and 0.41 mg/L for 24 hours. The mortality
and behavioral responses of fish was observed from 0.28 to
0.41 mg/L of heavy metal concentration. Later, two batches of
(10) fishes were again exposed to concentrations of 0.34 and
0.41 mg/L to evaluate the LC50 value for 24 hours. Then, the
50% of mortality was obtained at the concentration of 0.41
mg/L for 24hours and the confirmation of acute toxicity
(LC50) was performed with three replicates.
To assess the LC50 value for 48 hr, the fishes were exposed
to 0.06, 0.12, 0.18, 0.28, and 0.35 mg/L concentrations of

mercuric chloride. The fish mortality occurred from 0.12 to
0.35 mg/L concentration of Mercuric chloride. Then two
batches of (10) fishes were exposed to the concentration of
0.28 and 0.35 mg/L. The 50% of mortality was occurred at the
concentration of 0.35 mg/L for 48 hours and the confirmation
of LC50 value was done with three replicates.
To evaluate 72 h LC50 value, the acclimatized fish were
exposed to 0.06, 0.14, 0.24, 0.28 and 0.30 mg/L
concentrations of mercuric chloride. The varied mortality of
fish occurred from 0.14 to 0.30 mg/L concentration of
toxicant. Then two batches of (10) fish were exposed to
concentration of 0.28 and 0.30 mg/L. The 50% of mortality
was obtained at the concentration of 0.30 mg/L and the
confirmation of LC50 value for 72 h was done with three
replicates. The LC50 for 96 h was found by exposing
acclimatized fish, L.rohita to 0.05, 0.10, 0.15, 0.20 and 0.25
mg/L concentrations of heavy metal, mercuric chloride. The
fish mortality began to occur from the concentration of 0.10
mg/L onwards. Then, three batches of 10 fish were exposed to
the concentration of 0.15, 0.20 and 0.25 mg/L. The 50% of
mortality was obtained at the concentration of 0.25 mg/L and
confirmation of LC50 value for 96 h was done with three
replicates.
Finally, the lethal concentration (LC50) values of mercuric
chloride exposure found to be 0.41, 0.35, 0.30, and 0.25 mg/L
for 24, 48, 72 and 96 hr respectively. During this whole
experiment a control group was maintained with normal to
comparison. The percentage of mortality rate were calculated
by following the probit analysis method (Finney OJ.
1971).The behavioral alterations in toxicant exposed fish were
observed during the acute toxicity of Mercuric chloride.
3. Results
3.1 Determination of median lethal concentration (LC50)
The LC50 value was calculated as the concentration of test
chemical which caused 50% mortality of total fish during the
respective periods of exposure i.e., 24, 48, 72 and 96 hr. Then,
the LC50 values of Mercuric chloride evaluated and found to
be 0.41,0.35, 0.30 and 0.25 mg/L for 24, 48, 72 and 96 h
respectively as shown in (Table 2-5).
The mortality data was subjected to probit analysis and graphs
were plotted between concentrations of mercuric chloride and
percent mortality of fish. The percent mortality was gradually
increased with the increase in concentration of heavy metal
(Figure 2-5).
During the experiment, the LC50 values are reduced and the
exposure time is increased along with Log concentration from
24 to 96 h (Table 5) and no mortality was observed in control
group.

Table 1: Estimation of physico-chemical parameters of water
Water Quality Parameter
Temperature
Turbidity
pH value at 28oC
Total Hardness as( CaCO3)
Total Suspended Solids (TSS)
Chemical Oxygen Demand (COD)
Biological Oxygen Demand (BOD)
Sulphates as (SO4)
Phosphates
Dissolved Oxygen (DO)
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Calculated Value
27 ± 30 C
6.95 silica units
7.32
165 (mgl-1)
5 (mgl-1)
Nil
7 -11ppm
Trace amount
Trace amount
5 - 7mgl-1
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Table 2: Effect of mercuric chloride on survival of Labeo rohita for 24hr
S. No.
Control
1
2
3
4
5*
6
7
8
9
10

Conc. of toxicant (mgl-1)
------0.07
0.14
0.28
0.34
0.41
0.49
0.57
0.68
0.72
0.82

Log Conc.
-1.154
-0.853
-0.552
-0.468
-0.387
-0.309
-0.244
-0.167
-0.142
-0.086

No. of exposed fish
10
10
10
10
10
10
10
10
10
10
10

No. of dead fish
0
0
1
2
4
5
6
7
8
9
10

Percent of mortality
0
0
10
20
40
50
60
70
80
90
100

Probit Mortality
---3.72
4.16
4.75
5.00
5.25
5.52
5.84
6.28
8.09

Fig 2: Relationship between the conc. of mercuric chloride and mortality of Labeo rohita for 24 hours
Table 3: Effect of mercuric chloride on survival of Labeo rohita for 48hr
S. No.
Control
1
2
3
4
5*
6
7
8
9
10

Conc. of toxicant (mgl-1)
------0.06
0.12
0.18
0.28
0.35
0.44
0.55
0.59
0.65
0.72

Log Conc.
-1.221
-0.920
-0.744
-0.552
-0.455
-0.356
-0.259
-0.229
-0.187
-0.142

No. of exposed fish
10
10
10
10
10
10
10
10
10
10
10

No. of dead fish
0
0
0
2
3
5
6
7
8
9
10

Percent of Mortality
0
0
0
20
30
50
60
70
80
90
100

Probit Mortality
-------4.16
4.48
5.00
5.25
5.52
5.84
6.28
8.09

Fig 3: Relationship between the conc. of mercuric chloride and mortality of Labeo rohita for 48 hours
Table 4: Effect of mercuric chloride on survival of Labeo rohita for 72 hr
S. No.
Control
1
2
3
4
5*
6
7

Conc. of toxicant (mgl-1)
------0.06
0.14
0.24
0.28
0.30
0.35
0.42

Log Conc.
-1.221
-0.853
-0.619
-0.552
-0-522
-0.455
-0.376

No. of exposed fish
10
10
10
10
10
10
10
10
~ 325 ~

No. of dead fish
0
0
2
3
4
5
6
7

Percent of Mortality
0
0
20
30
40
50
60
70

Probit Mortality
----4.16
4.48
4.75
5.00
5.25
5.52
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8
9
10

0.54
0.67
0.76

-0.267
-0.173
-0.119

10
10
10

8
9
10

80
90
100

5.84
6.28
8.09

Fig 4: Relationship between the conc. of mercuric chloride and mortality of Labeo rohita for 72 hours
Table 5: Effect of mercuric chloride on survival of Labeo rohita for 96 hr
S. No.
Control
1
2
3
4
5*
6
7
8
9
10

Conc. of toxicant (mgl-1)
------0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

Log Conc.
-1.301
-1.000
-0.823
-0.698
-0.602
-0.522
-0.455
-0.397
-0.346
-0.301

No. of exposed fish
10
10
10
10
10
10
10
10
10
10
10

No. of dead fish
0
0
0
1
3
5
6
7
8
9
10

Percent of Mortality
0
0
0
10
30
50
60
70
80
90
100

Probit Mortality
----3.72
4.48
5.00
5.25
5.62
5.84
6.28
8.09

bottom due to complete loss of balance and sank to the
bottom with their ventral side facing upwards due to mercury
stress.

Fig 5: Relationship between the conc. of mercuric chloride and
mortality of Labeo rohita for 96 hours

3.2 Behavioural changes in fish due to acute toxicity
Behavioural changes are the most sensitive indication of
potential toxic effects. During the course of experiment, the
fish have exhibited different behavioural changes to the
Mercuric Chloride concentrations. In the initial stage, fish
stopped swimming and remained in static position by sudden
change in the surrounding water. Then rapid swimming with
hyper excitation, jumping in the container at high
concentration was noticed. Also vertical and downward
swimming activities were observed followed by vertical
hanging in the water and hitting to the container walls. Then
the fish becomes slowly restless and excessive mucus was
secretes from all over the body. Defecation was increased and
more fecal matter was found at the bottom of the circular tubs
than control group fish. Finally Fish was swimming at the

4. Discussion
Acute toxicity (96-h LC50 and lethal concentrations) of metals
varied significantly among fish species. Sometimes it is
observed that some fishes are very sensitive towards the
toxicity caused by one heavy metal and shows less sensitivity
towards another equally toxic heavy metal at the same
concentration [12]. Impact of different heavy metals and
pesticides on the behaviour of Labeo rohita have been studied
by various workers [13]. The findings of the present
investigation mercury caused 100% mortality of L. rohita at
0.50 mg/L and 50% mortality at 0.25 mg/L during 96 h
exposure and percent mortality was gradually increased with
the increase in concentration of heavy metal mercuric chloride
toxicity and behavioural alterations were also observed.
Earlier studies revealed that the LC50 of a chemical for a
species may vary under different environmental condition like
time of exposure, size, and other impacts has reported the
acute toxicity test was performed on Indian major carp Labeo
rohita exposed to different concentrations of lead for 96 h the
median lethal concentration (LC50) was found to be 34.30
ppm [14]. Kousar S [15] has studied the effects of lead and
arsenic accumulation and Bio concentration factor (BCF) in
different organs at sub lethal concentration (33% 96 h LC50)
were estimated that the caused mortality of four fishes the 96h LC50 values of as were recorded as (Pb) 30.0±0.0, 24.5±0.1,
10.2±0.2 and 22.2±0.0 mg L-1, (As) 32.1±0.0,29.7±0.0 and
14.1±0.2 mg L-1 for Labeo rohita, Cirrhinus mrigala, Catla
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catla and Ctenopharyngodon idella, respectively [15, 2]. Lethal
concentration (LC50) of aluminum chloride to Labeo rohita
for 24, 48, 72 and 96 h of exposure are 44, 39.5, 36 and 32.5
ppm, respectively susceptibility of the aquatic biota to other
chemical has been investigated by many workers [16]. The
lethal concentration of 96h value of tannery industry effluent
was reported as 28.32 ppm for Labeo rohita [17]. Rimon has
reported the lethal concentration 96-h LC50 values of
chromium were recorded 3.322 ppm for Labeo rohita [18].
Muthukumaravel reported the (LC50) value of chromium for
Labeo rohita as 3.5 ppm 96h [19]. Mercury exposure for long
period caused severe morphohistological injuries to the
olfactory system viz. degeneration of the receptor cells and
non-sensory cells [20]. For both 96-hr LC50 and lethal
concentrations, Catla catla were reported significantly more
susceptible to Al toxicity, followed by that of Labeo rohita
and Cirrhinus mrigala [21]. Metals may enter the fish through
contaminated water and food intakes, start accumulating in
liver, kidney, gills, skin, fins, muscles and bones [22]. In the
present study, the impact of the pesticide could be observed
by the behavioural changes like surfacing, erratic movement,
increased mucous secretion, decreased opercular movement
and loss of balance.

6.
7.

8.
9.

10.

11.

12.
5. Conclusion
All the observations indicated the impact of mercury toxicity
and caused behavioral alterations, those observed in this study
these result in severe physiological problems, ultimately
leading to the death of fish. Therefore, the present
investigation demonstrates a relation among heavy metals
stress, behavioral disorders, and survival and mortality rates.
Hence this study can be used as a tool for creating awareness
among the local farmers and compare the sensitivity of
various species of aquatic animals and potency of effluent
using LC50 values and to derive safe concentration so that the
use of the highly toxic heavy metal can be minimized.
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