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Introduction
In recent years interest in the environmental pollution and 

contamination of natural water has become widespread and acute 
toxicity has been used extensively to determine the effects of po-
tentially toxic materials (pesticides, heavy metals, and industrial 
effluents) in the aquatic organism during the short term (96h or 
less) exposure [1]. The detrimental effects of these pollutants on 
aquatic ecosystems are either acute or chronic due to lethal/sub-
lethal exposure which slowly results in their bioaccumulation not 
only in aquatic organisms but also in humans when they consume 
such fishes [2]. India is at 10th position in the top pesticide using 
countries, China being the first followed by USA, Argentina, Thai-
land, Brazil, Italy, France, Canada, Japan, and India [3]. Especially 
organochlorine pesticides have shown to inhibit physiological pro-
cesses in target organisms [4]. Because of their persistent, non-bio-
degradable, and lipophilic nature, ATSDR has put them on top of 
the toxic substances list. Being a potent neurotoxin and endocrine  

 
disruptor, the use of lindane has been banned since 2009 under 
Stockholm convention for persistent organochlorine pesticides [5, 
6]. The 4 modes of toxicity for organic toxicants were as follows (i) 
non polar narcosis or base line toxicity: in which an inert chemical 
is metabolized via nonspecific mode of action produces a narcosis 
effect in the body (ii) polar narcosis: toxicity is due to hydrogen 
bonding for less inert compunds that are slightly more toxic when 
compared to base line toxicity  (iii) aspecific reactivity: an electro-
phile reacts with a nucleophile in macromolecules in an irreversible 
way in covalent bond and (iv) specific reactivity: in which there is 
a ligand and receptor and bond is non-covalent [7].  Adaptation or 
acclimatization is the capacity of an organism to survive in unfa-
vourable or new conditions. Any change in the morphological and 
behavioral characteristics of any fish species upon exposure to 
any toxicant reflects the manifestations to defend their territory 
during unfavorable conditions. These responses depend on several 
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Abstract 
In the present study, the response of the fish, C. punctatus, to different concentrations of lindane (0.1, 0.2, 0.3mg l-1) was found to be 
largely dependent on the concentration of pesticide and period of exposure (24, 48, 72 and 96h). Toxicity testing within 24h shows 
40% mortality at 0.3 mg l-1; within 48h, 60% mortality was observed at 0.3 mgv l-1 and 20% at 0.2 mg l-1; within 72h, 40% at 0.2 
and 80% at 0.3mg l-1, respectively. Within 96h, no mortality observed in control, whereas at 0.1, 0.2, and 0.3mg l-1, the mortality 
observed was 20, 80 and 100%, respectively. The 96h LC50 value of lindane was calculated by two methods (Finney probit analysis; 
Dede and Karber), the value being 0.15mg l-1.  The acute chronic ratio calculated was found to be 11.811 in 30 days, 21.45 in 60 
days and 30.82 in 90 days respectively at EC10%.  Though the ACR values were within the safety guidelines established by REACH, a 
rising trend was seen. The results showed that lindane was directly impairing the behavioural and physiological processes in fish. 
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factors like environmental conditions, concentration of toxicant in 
medium, species and size of the organism. The interaction of these 
toxicants with the olfactory neurons of aquatic organisms leads 
to impair neuron functionality [8]. The behavioral changes due to 
predator-prey interactions act as essential link between the effects 
of toxicants on individuals and results at a higher level of organiza-
tions [9]. The assessment of these responses in laboratory condi-
tions provides us the information on how much low the concentra-
tion of toxicants is in the water, no matter if not lethal; it will always 
have its slow and undetectable effects on the aquatic biota. 

The present study was carried out to assess the acute toxicity of 
lindane up to 96h treatment duration and the behavioural changes 
of C. punctatus under laboratory conditions. The results obtained 
were then manipulated by ACE software for determining acute 
chronic toxicity upto 90 days. The need to extrapolate the acute tox-
icity results into the chronic toxicity is to assess the sensitiveness 
to aquatic organisms on long term of exposures. To perform chronic 
toxicity tests for aquatic organisms in laboratories is not easy as it 
requires maintaining the animals in living condition, laborious and 
expensive too.  ACE (acute to chronic estimation) Software Version 
2.0, calculated data are used widely and proved to be accurate in 
manipulating low level mortality in chronic exposures [10-13]. The 
maximum admissible toxicant concentration (MATC) is the value 
which has two limits. The lowest limit is the value (NOEC) which 
has no observed affect at higher concentrations and highest limit is 
the value (LOEC) which has lowest observed effect based on statis-
tics analysis of variance with no confidence limits.

Materials and Methods
Healthy Snakehead fish C. punctatus mean length (6cm-8cm) 

and mean weight (25g-30g) were treated with potassium perman-
ganate (0.1%, w/v) and acclimatized for seven days in water at 18-
220C in separate glass tanks (1x1 ft), each containing 5 fish, un-
der standard laboratory conditions. Lindane (99% pure) technical 
grade was used in the study. The fish were exposed to 0.3, 0.2, and 
0.1mg/l of the compound dissolved in 0.5ml of acetone. In the tank 
containing a control group, only 0.5ml of acetone (no pesticides) 
was added. Fish were confirmed dead when there was no more 
extended response to prodding. The 96h LC50 value of lindane was 
calculated using the arithmetic method of Karber as adopted by 
Dede and Kaglo [14] and by the Finney probit regression line [15]. 
The behavioural morphological changes in the model organism fish 
were also recorded during the course of exposure. Further with the 
help of ACE software the maximum likelihood values for no effect 
concentration for 30, 60 and 90 days respectively were used to ana-
lyze Acute chronic toxicity ratio (ACR). The NOEC and LOEC values 
were taken at EC 10% (effective concentration at 10% mortality). 
The ACR was calculated by formula:

ACR= LC50/MATC; MATC=√(NOEC)(LOEC

Results and Discussion

Behavioural and Morphological study

The behavioral response of the fish C. punctatus treated with 
lindane was found to be largely relying on the concentration of 
pesticide and period of exposure. The responses were determined 
when the fish was exposed to different concentrations of lindane 
(0mg/l-control, 0.1mg/l, 0.2mg/l and 0.3mg/l) for different peri-
ods of treatment (24h, 48h, 72h and 96h). The changes in morpho-
logical and behavioral responses were recorded and the results are 
shown in (Table 1).

Table 1: Impact of lindane on the behavioural pattern of C. punctatus exposed for 96h.

Parameter

Concentration of lindane (mg l-1)

0 0.1 0.2 0.3

Skin color Gray Dull gray Dull gray Dull gray small patches on ventral side

Gills color Bright red Red Reddish-black Dark black-red clots

Opercular movement - ++ +++ +++

Bottom dwelling activity +++ ++ + +

Eye movement - ++ ++ +

Jumping activity - ++ +++ +++

Mucous secretion - + ++ +++

The fish were observed for 96h and behavioral parameters 
were recorded as suggested by Kumari et al., (1997). (-) sign shows 
regular activity.  Increase or decrease in the (+) sign shows an in-
crease or decrease in the activity. h represents time in an hour. The 
data indicated a drastic increase in the rate of opercular movement 
and jumping activity of fish, whereas the bottom-dwelling activity 
significantly decreased compared to control. Upon increasing the 
concentration of pesticide in the incubation medium, the responses 
of the fish also enhanced. However, their eye movement increased 

up to 0.2mg/l compared to that of 0.3mg l-1. At highest concentra-
tion of lindane (0.3mg l-1) the colour of the fish skin turned to dull 
gray with small dark coloured patches on the ventral side.

The different behavioural responses shown by fish are in actual 
the strategies which the organisms used to resist the chemical expo-
sure. These toxicants may be entering the circulatory path by direct 
diffusion through gill filaments or skin [16]. Gills respond quickly to 
toxicants due to their large surface area and small diffusion distance 
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between water and blood. The change in color of gills at higher con-
centration (0.3mg/l) proves that there is some kind of impairment 
in the respiratory surface resulting in decreased gas exchange and 
blood flow and increased opercular rate [17]. Minimum secretion 
of mucous is normal as it protects the fish from the direct inter-
action with aquatic microbes by colonization of microbes on mu-
cous. It also improves mechanical protection and osmoregulation. 
The excess mucous secretion in the present study by the fish may 
have clogged the gill surface resulting in higher gas exchange and 
respiration [18]. Such fishes have been shown to possess increased 
rate of pesticide uptake from the aquatic environment which re-
duces the bottom-dwelling activity of fishes possibly by modifying 
the behavior of the fish which strives to survive on least expense of 
energy and exposure of toxicant [19]. Stressed fish uses stored fats 
and protein to compete with the existing condition of toxicant expo-
sure. Stress can also be correlated to neuronal excitation resulting 
in decreased neurotransmitters and enzymes. They probably block 
the GABA-gated chloride metabolism leading to hyperexcitation, 
convulsions and death. The results of the present study indicated 
that lindane exerts toxic effects on fish. The change in skin color 
may be due to less secretion of melanophore stimulating hormone 
or direct action of pesticide on melanocyte. The jumping or escape 
behavior, more directly related to swimming patterns, is a prevalent 
indicator of aquatic pollution endured by aquatic organisms.  It has 
been proved that with increase in exposure period there is increase 
of reactive oxygen species which later decreases [20]. Based on this 

finding it can be correlated to absence of responses or no activity 
shown by fish exposed to contaminants which may be due to their 
acclimatization potential, and thus non-willingness or lack of en-
ergy or impaired decision-making ability. The erratic/ lethargic 
swimming behavior has been reported in Zebrafish for nano plas-
tics, European Seabass exposed to mercury etc [21, 22]. 

Acute Toxicity testing

The toxicity testing of lindane in C. punctatus within 24, 48, 72 
and 96h is shown in Table 2. Toxicity testing within 24h shows no 
mortality in control (0 mg l-1) and at 0.1mg l-1 and 0.2mg l-1 con-
centrations of lindane, whereas 40% mortality was observed at 0.3 
mg l-1. After treating the fish for 48h, no mortality was observed in 
control (0mg l-1) and at (0.1mg l-1), whereas 20% and 60% mortal-
ity was observed at 0.2 and 0.3 mg l-1 concentrations, respectively. 
The toxicity assay after 72h shows no mortality in control (0 mg 
l-1) and at 0.1mg l-1 concentration of lindane, whereas 40 and   80% 
mortality was observed at 0.2 and 0.3mg l-1 concentrations of lin-
dane, respectively. When the experiment was extended upto 96h, 
no mortality was observed in control (0 mg l-1), whereas 20, 80, and 
100% mortality was observed at 0.1, 0.2, and 0.3mg l-1, respectively.  
The 96h LC50 value of lindane was calculated using the arithmetic 
method of Karber as adopted by Dede and Kaglo (2001) Table 3 
and by probit regression line Figure 1. The 96h LC50 value of or-
ganochlorine pesticide lindane was calculated to be 0.15mg l-1 in C. 
punctatus by both methods (Table 2,3 and Figure 1).

Figure 1: Probit regression line showing mortality of C. punctatus against log concentration of lindane for 96h exposure.

Table 2: Toxicity testing of lindane on C. punctatus up to 96h.

Concentration Log Concen-tration

No. of alive fish

% survival % mortality Probit valueTreatment duration

24h 48h 72h 96h

0 10 10 10 10 100 0

0.1 -1 10 10 10 8 80 20 4.16

0.2 -0.699 10 8 6 2 20 80 5.84

0.3 -0.523 10 4 2 0 0 100 7.33

The values represent the mortality of C. punctatus at 24, 48, 72, and 96h, respectively. Concentrations are in mg l-1.  h represents time in an hour.
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Table 3: 96h LC50 value was determined using Arithmetic method of Karber as shown below.

Concentration (mg/l) Concentration difference No. of alive fish No. of dead fish Mean death Mean death dose difference

0 - 10 0 - 0

0.1 0.1 8 2 1 0.1

0.2 0.1 2 8 5 0.5

0.3 0.1 0 10 9 0.9

Total 1.5

LC50= LC100 -

Mean death×Concentration difference
No.of organisms per group∑

 
0.3-(1.5/10)=0.15mg/l

From the Figure 1 it is clear that the Log concentration corre-
sponding to Lc50 is -0.838., which equals to 0.15mg l-1.

The percent mortality of C. punctatus at different concentra-
tions of lindane for varying treatments period such as 24, 48, 72, 
and 96h were also recorded. The results presented in Figure 2 (A, 

B, C, and D) indicated S-shaped curve between percent mortality 
and the concentration of lindane for C. punctatus exposed to the 
pesticide for specific treatment duration. The LC50 values for each 
of the treatment durations were calculated from these graphs. The 
calculated LC50 values for lindane to C. punctatus at 24, 48, 72, and 
96h are demonstrated in Table 4. The results indicated a maximum 
LC50 value for the smallest treatment duration (24h) and the low-
est LC50 value for lindane at maximum treatment duration (96h). 
The computed LC50 values were found to be 0.24, 0.21, 0.175 and 
0.13mg l-1, respectively, for lindane after 24, 48, 72, and 96h (Figure 
2 and Table 4). 

Figure 2: Dose dependent percent mortality curve of C. punctatus at different concentratins (0.3, 0.2 and 0.1mg l-1) of lindane for treatment 
periods of 24h (A), 48h (B), 72h (C), 96h (D).

Table 4: LC50 values of lindane at different treatment durations.

S. No. Pesticide Time (h) Calculated LC50 (mg l-1)

1 γ HCH 24 0.24±0.01

2 γ HCH 48 0.21±0.009

3 γ HCH 72 0.175±0.002

4 γ HCH 96 0.13±0.02

The values were calculated from Figures A, B, C and D.
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Acute toxicity caused by lindane showed a significant positive 
correlation between dose and mortality because increased concen-
trations of toxic chemicals in water resulted in more intake or entry 
of toxic chemicals in the body of the animals. The LC50 values found 
to be continuously decreased with an increasing period of exposure 
Table 4. It is usually observed that toxicity of pollutants to fish often 
increases with temperature, which may be due to reduced oxygen 
solubility or increased uptake of the toxin [23]. Toxicity to fish de-

creases as their weight increases because of lipophilic nature of lin-
dane and so less availability to target organs [24, 25].

The results of the present study shown in Tables 3 indicated 
that lindane is quite efficient in causing lethal toxicity to the fish 
even at very low concentrations. The 96h LC50 value (0.15mg l-1) for 
C. punctatus suggests that the fish showed a quick response to the 
toxicant. The reported 96h LC50 values in different model organisms 
exposed to lindane have been summarised in (Table 5).

Table 5: LC50 of lindane in different model organisms.

Source Model organism 96h LC50 value (mgl-1) Feeding

Ramalingam et al. (1982) Colisa lalia 0.135 Pelagic

Ferrando (1998) Anguilla anguilla 0.32-0.55 Benthic

Omitoyin et al. (2006) Clarias gariepinus (juveniles) 0.36 Benthopelagic

Oliva et al. (2008) Sparus aurata 0.122 Benthic

Pesce et al. (2008) Jeninsia multidentata 119 Benthopelagic

Corydorus paleatus 98 Benthopelagic

Sarvanan et al. (2011) Cyprinus carpio 0.38 Benthopelagic

Lawson et al. (2011) Clarias gariepinus 1.29 Benthopelagic

Bijoy et al. (2012) Etroplus maculatata 0.028 Pelagic

Bhattacharjee et al. (2013) Clarias gariepinus 1.29ppm Benthopelagic

Maximum Likelihood estimate for NO Effect concentra-
tion

Table 6 shows the statistical output, the maximum likelihood 
estimates of chronic no-effect concentrations. The analyses were 
performed for three different chronic times (30, 60 and 90 days).  
Within each time period are percent level of chronic mortality 
(0.01–10.0%), predicted toxicant concentration associated with 
each percentage, standard error of the predicted toxicant concen-
tration, and confidence limits (default is 95% confidence limits). 
Time dependent LC curves at 0.01%, 0.01% and 1% mortality is 
shown in (Figure 3 and Table 6). From the Table 6 it can be seen that 
concentration is decreasing to cause mortality as time is increas-
ing. The MATC values for 30, 60, 90 days were found to be 0.0038, 
0.0015, 0.0019 at 10% EC. The calculated ACR (acute chronic tox-

icity ratio) ratio at EC10% for 30, 60 and 90 days is 11.811, 21.45, 
30.82. The results show increase in ACR value on increasing expo-
sure period. The increase in ACR ratio can be due to many factors. 
Not a single factor can be attributed to the increase of ACR values. 
It can be due to long time bioaccumulation as some times chemi-
cals are present chronically in the medium or persistence which is 
evidenced by the erratic behaviour of aquatic organisms. The high 
ACR values tell us about injury caused to aquatic organisms by pes-
ticides and heavy metals [26]. The ACR values upto 10.5 has been 
reported for fish which is less than the ACR safety factor of 100 as 
stated by REACH guidance [27, 28]. The calculated ACR values in 
the present study are below the ACR safety factor given by REACH 
guidance. 

Table 6: Maximum Likelihood estimate for “NO Effect” concentration by Accelerated Life Testing (ALT) Theory.

Parameter Estimate 95.00% Lower limit 95.00% Upper limit

AA 0.163467 0.089561 0.2373731

B 2.966281 0 5.9662386

C 3.261141 2.537397 3.9848855

A 215.3699 0 1138.766201

C/B 1.099404 0 2.2200499

INTEPRETATION: AA--measure of initial toxic strength; B—measure of mode of concentration-response; C--measure of mode of time-response; A=(1/
AA)**B; C/B--measure of domination between concentration and time.

30-DAYS

Mortality Concentration Standard Error 95.00% lower limit 95.00% upper limit

0.01% 0.00083 0.00244 0.00062 0.00562

0.05% 0.00143 0.00380 0.00098 0.00889
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0.10% 0.00181 0.00458 0.00120 0.01081

0.50% 0.00313 0.00702 0.00187 0.01690

1.00% 0.00395 0.00840 0.00227 0.02043

5.00% 0.00685 0.01264 0.00351 0.03163

10.00% 0.00873 0.01503 0.00424 0.03820

60-DAYS

Mortality Concentration Standard Error 95.00% lower limit 95.00% upper limit

0.01% 0.00039 0.00129 0.00032 0.00292

0.05% 0.00067 0.00204 0.00051 0.00466

0.10% 0.00084 0.00247 0.00063 0.00570

0.50% 0.00146 0.00385 0.00100 0.00901

1.00% 0.00184 0.00465 0.00121 0.01096

5.00% 0.00319 0.00716 0.00191 0.01724

10.00% 0.00407 0.00862 0.00233 0.02098

90-DAYS

Mortality Concentration Standard Error 95.00% lower limit 95.00% upper limit

0.01% 0.00025 0.00088 0.00022 0.00198

0.05% 0.00043 0.00140 0.00035 0.00318

0.10% 0.00054 0.00171 0.00043 0.00389

0.50% 0.00093 0.00268 0.00068 0.00619

1.00% 0.00118 0.00325 0.00084 0.00755

5.00% 0.00204 0.00506 0.00133 0.01196

10.00% 0.00261 0.00612 0.00162 0.01462

Figure 3: ALT Time dependent LC curves.

Conclusion
The results of present study can be helpful in developing a risk 

analysis model to different organochlorine pesticides and their mix-
tures to understand the latent effects of the pesticide under sub-le-
thal concentrations. It also indicated that adequate risk assessment 
to aquatic life must be taken into account before the broad-scale 

application of lindane as consistent exposure to lindane may be 
lethal to fish. Its use must be strictly controlled and regulated by 
appropriate legislation to prevent its bioaccumulation in the envi-
ronment and to avoid immediate disastrous consequences in the 
aquatic ecosystem. The assessment of the responses of fish as re-
corded upon lindane exposure in laboratory conditions renders the 
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information on how much low the concentration of toxicants could 
be in the water, no matter if not lethal; it would always have its slow 
and undetectable effect on the morphological and physiological in-
dices of the aquatic biota.
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