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In the present study, Labeo rohita were exposed to carbosulfan for 96 h. Experimental fishes
which measured an average length of 67 cm and weighed 6.5+7.5g. Nine groups with three
replicates of experimental fish were exposed to seven concentrations of carbosulfan. The
containers used for the test media of 15 L capacity, filled with dechlorinated water. Where
maximum 10 fishes were used in our experiments for each concentration, 10 fishes were also
maintained in separate container along with experimental groups, served as control. The median
lethal concentrations (LCs,) of carbosulfan for 96 h were 1.2mg/l, respectively. In addition, to dose
and dose-time dependent increase in mortality rate, the behavioral changes of L. rohita at
different concentrations of carbosulfan were determined. Physiological responses like rapid
opercular movement, hyper secretion of mucus and frequent gulping of air was observed during
the initial stages of exposure after which it became occasional. The unusual behaviour of the fish
L. rohita in stress condition may be due to obstructed functions of neurotransmitters. All these
observations can be considered to monitor the quality of aquatic ecosystem and severity of
pollution. In conclusion, carbosulfan was moderately toxic to freshwater fish L. rohita
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A major environmental impact has been the
widespread mortality of fish and marine invertebrates
due to the contamination of aquatic systems by
pesticides. Industrial and agricultural endeavours are

intimately associated with the extensive use of a wide

array of chemicals. Historically, chemical wastes
generated through industrial processes were
disposed of through flagrant release into the
environment. Pesticides and other agricultural

chemicals revolutionized farm and forest productivity.
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Potential adverse effects of the application of such
chemicals to the environment (Hodgson, 2010). This
has resulted from the agricultural contamination of
waterways through fallout, drainage, or runoff erosion,
and from the discharge of industrial effluents
containing pesticides into waterways. However, fish
are not usually target organisms for pesticides, and
knowledge about effects of pesticides in the field is
still sparse. Surprisingly, only a few studies have
shown that fish, inhabiting natural freshwater
ecosystems, may be affected by unintentional
spreading of pesticides. The risk associated with
contaminants was assessed using risk quotients
based on the comparison of measured concentrations
with original species sensitivity distribution-derived
hazardous concentration values (Adedeji et al., 2012).
Their worldwide annual use is estimated to range
from 20,000 to 35,000 tones. When croplands are
treated, some impacts of pesticides occur on non-
target terrestrial and aquatic ecosystems, as well as
on adjoining agro ecosystems (Caquet et al., 2013).
Unfortunately, farmers may not be aware of the
source of the pesticides sold to them and unwittingly
introduce dangerous chemicals into the environment
(Surendra, 2010). Accidental killing of fish due to the
contamination of the aquatic environment remains
among the most frequent poisoning cases. Every
year, about 260 to 300 of such accidents are
diagnosed (Weyman, 2007). Intensive use of
pesticides particularly dithiocarbamates, in agriculture
often leads to contamination of fresh water
ecosystems through atmospheric fall out, agriculture

runoff (Kreisler and Heiss, 2008). The toxicity of
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carbamate insecticides on mammals, birds and
amphibians have been reviewed by (Vicek and
Pohanka, 2012). Acute toxicity is defined as toxicity
elicited as a result of short - term exposure to a
toxicant ,acute toxicity tests are designed to measure
the effects of toxic agents on aquatic species during a
short period of their life span and allow us to assess
the effects of various pollutants on the biology of fish
(Ebrahimpour et al., 2010; Javed, 2012a) to find out
their abilities to adapt under certain toxicity levels and
to forecast possible effects of toxicity on them (Javed,

2012b, Azmat et al., 2012).

Carbosulfan is a broad-spectrum carbamate
pesticide used to control insects, mites and
nematodes by soil, foliar and seed treatment
applications, mainly on potatoes, sugar beet, rice,
maize and citrus. Carbosulfan, a benzofuranyl methyl
carbamate pesticide, has been widely used in
agriculture and is reported to be very effective against
pyrethroid resistant mosquitoes also; carbofuran is the
main metabolite of carbosulfan in plants and is itself a
pesticide (Guillet et al., 2001). On the other hand, it
can pollute environment and become a problem when
it reaches water supplies which, for example, was the

case, reported by (Tarig et al, 2010) for carbosulfan.

Hence the number and quantities of carbamate
pesticides used in agriculture continue to increase,
replacing other type of pesticides such as
organochlorine and organophosphorous pesticides.
Carbosulfan is extremely toxic to mammals and
including human being, its toxicity is mediated through
inhibition of acetylcholine esterase (Renzi and

Krieger, 1986; Sarbani Giri, 2003), the health
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problems in human individuals occupationally
exposed to the pesticides in pesticide production
industries and cotton picking women were observed

(Rath et al., 2011).

The aim of this current study was to estimate the
acute toxicity of carbosulfan on fresh water edible fish
L. rohita, it is abundantly used as food source in India.
The fish was mainly grown in the rivers, canals, ponds
connected to the fields. When it was sprayed it enters
the water through runoff, drifts and leaching. So it is
essential to determine how it affects non target
aquatic organisms.

MATERIALS AND METHODS

The common edible fish Labeo rohita (Hamilton,
1822) is obtained from the local fish farm at
Nandivelugu, Guntur District of Andhra Pradesh,
India. The fish were brought to the laboratory for
acclimatization. The length of the fish 6-7cm and body
size 6.5 to 7.5g. The fish L. rohita were acclimatized
to the laboratory conditions at 28+2°C. During the
period of acclimatization, the fish were fed daily with
commercial fish pellets and allowed to acclimate for
15 days. Feeding was stopped one day prior to the
experimentation. The carbosulfan 25% EC,
(Emulsifiable  Concentrate), commercial grade
formulations (Trade name as Marshal) was purchased
from the local market in Guntur. Water was renewed
every day to provide freshwater, rich in oxygen. If
mortality exceeds more than 5% during the
acclimatization, the entire batch of fish was discarded.
The water used for acclimatization and conducting
experiments was clear un-chlorinated ground water.

The containers used for the test media of 15 L

capacity, filled with dechlorinated water. Where
maximum 10 fishes were used per each concentration
of the carbosulfan pesticide, 10 fishes were also
maintained in separate container along with
experimental groups, served as control.
Acute toxicity Tests

After acclimation, the freshwater fish L. rohita
were randomly transferred to 15 L capacity Glass
chambers. Test solutions were prepared from
commercial formulations the concentrations tested for
carbosulfan; Fish were respectively exposed to a test
solution of between 0.4-2.8 mg/l. Triplicate glass
chambers were designated for each concentration.
Carbosulfan were dissolved in acetone, and then
added to the glass chambers. In control tanks, added
with the quantity of acetone equal to the highest
concentration used in the test. Precaution is taken to
minimize the acetone as solvent. This study was
conducted under acute toxicity test OECD Guidelines
for the Testing of Chemical, Guideline No. 203 under
static test conditions (OECD, 1992; Water quality,

1996).

During the test physiochemical parameters of
water such as, pH, dissolved Oxygen, total hardness,
temperature etc. were measured according to (APHA,
2005). During the experiment, dead fish were
removed and the mortality was recorded after 24, 48,
72 and 96 h. the LCs, of carbosulfan and its 95%
confidence limits for L. rohita were calculated using a
basic program from the Probit analysis described by
(Finney, 1971).

Physico-chemical analysis of water

Turbidity-8 Silica units, Electrical conductivity at
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28°C  -816 micro  ohms/cm, Alkalinity-1,

Phenolphthalein-Nil, Methylorange-472, Total
hardness (as CaCOs) - 232, Non carbonate hardness
(as CaCOs) - Nil Calcium hardness (As N) -Nil,
Sulphate (as SO,) -Trace, Chloride (as Cl)- 40,
Fluoride (as Fl)- 1.8, Iron (as Fe) -Nil , Dissolved
oxygen- 8-10 ppm, Temperature- 28+2°C. All the
precautions laid by committee on toxicity tests to
aquatic organisms (APHA, AWWA, WPCF, 1998)
were followed. The dead fish were removed
immediately; the incidence of fish mortality was
recorded at 24, 48, 72 and 96 h after exposure to
carbosulfan.
Statistical analysis

Percent Mortality data of fish at the end of 96 h
exposure were analyzed using software- NCSS v.8;
confidential limits were calculated by using with the

help of probit analysis.

RESULTS

The results of the LC (median lethal
concentrations) of the present study at 96 h were
1.2mg/| for carbosulfan, Results according to NCSS
v.8 analysis showed the median lethal concentration
LCs, of estimated carbosulfan to L. rohita for 96 h of
exposure to be 1.2mg/l, the lower bound and upper
bound 95% lethal confidence limits for carbosulfan

indicated a wide range of values (0.916 to 1.329)
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respectively. The results showed that carbosulfan was
toxic to the fish L. rohita, toxicity of the pesticide was
both time and concentration dependent, thus
accounting for differences in LC1-99 values obtained
(Table 3) at different concentrations and times of
exposure. The test result of the 96 h LCs, of L. rohita
exposed to carbosulfan obtained in the present study
was slightly higher than the 96 h LC value of 1.75mg/l
for bluegill sunfish, the LCs, (96 h) is 0.042 mg/l for
rainbow trout , 0.015 mg/l for bluegill sunfish, for fry of
common carp is 0.60 mg/l, 0.231 and 0.122 mgl/l
estimated by Boran et al. (2007), for rainbow trout
(Oncorhincus  mykiss) and guppy (Poecillia
reticulata), (Tomlin, 2003; Yi et al., 2006) for the same
pesticide. The results of the present work appear to
agree generally with previous studies, where the main
effective substance carbosulfan has been found to be
moderately to highly toxic to fish, as LCs,-96 h values
oscillate from 1.2mg/l, depending on the sensitivity of
the species (Del, 2005; Howard, 1991). Carbosulfan
decreased toxicity to mammals but increased toxicity
to fish compared with carbofuran. It was not
consistent with in vitro inhibiting brain AChE by
carbofuran and carbosulfan. So, in vitro data do not
explain the relatively acute toxicity of carbofuran and

carbosulfan (Tomlin, 2003).
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Figure 1. Percent response and concentration of pesticide carbosulfan
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Figure 2. Percent response of fish Labeo rohita and log concentration of pesticide carbosulfan
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Figure 3. Probit line graph of Acute toxicity of carbosulfan on Labeo rohita
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Table 1: Mortality of fish Labeo rohita in different concentrations of carbosulfan at 96h
exposure period
Concentration Actual Probit No.of Mortality E(R) | Difference ZZ'
mg/L percent percent Fish
0.6 4.90 1.51 10 0.49 0.15 0.34 0.77
0.8 10.00 10.34 10 1.00 1.03 -0.03 0.00
1 20.00 28.77 10 2.00 2.88 -0.88 0.38
1.2 50.00 50.55 10 5.00 5.05 -0.05 0.00
1.4 70.00 69.10 10 7.00 6.91 0.09 0.00
1.6 80.00 82.09 10 8.00 8.21 -0.21 0.03
1.8 95.10 90.14 10 9.51 9.01 0.50 0.28
Total Chi-Square(-£*) :1.46
D.F: 5

Prob Level: 0.92

Table 2: LCs, values with 95% confidence limits for carbosulfan based on dissolved concentrations

estimated by Finney probit method

S.No Concentration exposed %mortality Log of toxicant | Lower bound/upper
fish concentration bound
1 1.2mg/L 10 50 0.0773+0.0251 0.916-1.329
Table 3. Concentration of toxicant and Percentile responses of Labeo rohita
Percentile Probit Log(conc.) Std. Error conc. Std. Error
Log(conc.) Conc.
1 2.6737 -0.2438 0.0735 0.5705 0.0965
5 3.3551 -0.1497 0.0554 0.7084 0.0903
10 3.7184 -0.0996 0.0462 0.7951 0.0847
20 4.1584 -0.0389 0.0362 0.9144 0.0763
25 4.3255 -0.0158 0.0329 0.9643 0.0731
30 4.4756 0.0049 0.0303 1.0114 0.0705
40 4.7467 0.0423 0.0267 1.1024 0.0677
50 5.0000 0.0773 0.0251 1.1948 0.0691
60 5.2533 0.1123 0.0256 1.2950 0.0764
70 5.5244 0.1497 0.0284 1.4115 0.0922
75 5.6745 0.1704 0.0306 1.4804 0.1044
80 5.8416 0.1934 0.0336 1.5612 0.1209
90 6.2816 0.2542 0.0432 1.7954 0.1785
95 6.6449 0.3043 0.0521 2.0151 0.2417
99 7.3263 0.3984 0.0700 2.5024 0.4033
DISCUSSION a respiratory enzyme (Renzi and Krieger, 1986). A

survey of literature revealed that very few studies have

Carbosulfan, as with other carbamates, is

extremely toxic to mammals and its toxicity is been carried out on the potential cytogenetic effect of

mediated through inhibition of acetylcholine esterase, carbosulfan. Studying on the genotoxicity of Marshal
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and its effective ingredient carbosulfan, Very few
studies have been carried out on the potential
cytogenetic effects of carbosulfan. Studying the
genotoxicity of Marshal and its effective ingredient
carbosulfan, reported that both test agents
significantly induced the formation of chromosome
aberrations in human peripheral lymphocytes in vitro
(Topakata, 1993). Very few published reports could
be found on the potential cytogenetic effects of
carbosulfan (Topaktas, 1996). An increase in the
number of the mortalites with increase in
concentration of the toxicity of carbosulfan was
observed and has been summarized in (Figure 1&2).
There was no mortality at low concentration and as
well as control group, the probit parametric estimates
and the obtained results for acute toxic test 96 h
estimated lethal concentration values and their
confidence intervals were shown in (Table 2),
respectively. It is clear from (Figure 1) that as the
concentration of the pesticide chemical increased, fish
mortality also increased, which indicates a direct
proportional relationship between mortality and
concentration of test chemical. (Table 2 and 3, Figure
2&3) depicts the relationship between concentration
of test chemical and percentage fish mortality. It
clearly showed that a higher concentration of
carbosulfan is to kill number of fish. No mortality was

observed during the experimental period in controls.

Probit analysis estimation of a common slope,
common natural response rate and separate
intercepts for each factor level shows (Table 3, Figure
1), Steep slope functions of the toxicity curve of 96 h

mortality concentration data for carbosulfan indicate a

large increase in the concentration of the insecticide.
In the present study slope functions of the toxicity
curve also clearly indicate the high acute toxicity of
carbosulfan insecticide. Flat slope functions obtained
for the toxicity curves of dimethoate and carbaryl
indicate small increase in mortality associated with the
relatively large increases in the insecticide
concentrations. Steep slope functions of the toxicity
curves are due to rapid absorption of the insecticides
and rapid onset of effects. Flat slope functions
indicate slow  absorption, rapid excretion,
detoxification or delayed toxicity of the toxicant
(Caquet et al., 2012). Comparing the other test
organisms, L. rohita proved to be a particularly

sensitive and reliable indicator as it appears from the

high factor of determination LCs, for carbosulfan.

It is clear those earlier studies that LCs, of
insecticides for a fresh water fish varies from species
to species under influence of number of factors
including size and time of exposure. Decreased
swimming behaviour and increased respiration rate
were other effects of pesticides in the present study,
found that contaminants such as pesticides disturb
normal fish behaviour after exposure (Scott and
Sloman, 2004). Found that exposure of rainbow trout
to carbaryl caused a decrease in brain ChE activity
and this decrease was positively correlated with
decreased swimming behaviour (Beauvais, 2001).
Also found a positive correlation between changes in
swimming speed and brain ChE activity following
exposure to diazinon and malathion. Pesticides such
as carbamates are known to affect fundamental

physiological systems such that they affected
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salmonid olfactory- mediated behaviours in study
(Brewer et al, 2001). Carbamate insecticides are
pseudo-irreversible inhibitors of AChE. They react with
serine in estratic part of the enzyme active site in a
process called carbamoylation (Darvesh et al., 2008)
Exposure to toxic substances may not result in
immediate fish kills, but may affect fish populations by
decreasing fecundity (number of eggs produced),
reducing the viability of sperm, eggs and larvae,
decreasing life expectancy, increasing the incidence
of abnormalities and increasing natural mortality
(Allan, 2004). Fish kills occur when pesticides are
improperly applied to or otherwise end up in bodies of
water through either misapplication or drift (Weyman,
2007).The response was initiated at the threshold
dose when increased intensity of dose and exposure
time is increased. This is reported in the basic
concepts of the dose relationship. Disruption of
schooling behaviour of the fish, due to the lethal and
sub lethal stress at the toxicant, results increased
swimming activity and entails increased expenditure
of energy (Modra, Svobodova, 2009).The erratic
swimming of the treated fish indicates loss of
equilibrium. It is likely that the region in the brain which
is associated with the maintenance of equilibrium
should have been affected (Venkata Rathnamma et

al., 2008).

Alterations in the levels in tissues of fresh water L.
rohita exposed to Fenvalerate, is observed by (David
et al., 2003). Carbamate did not cause cholinesterase
depletion and cytotoxicity. However, genotoxic and
pro-oxidant effects (increased levels of hemocytes

with micronuclei and nuclear abnormalities, DNA-
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strand breaks and oxyradical in digestive gland), were
common responses for both the exposed groups
(Falfushynska, 2013).

Behavioral studies

The behavioural changes were also seen in the
present investigation, over the duration of 96 h of
exposure to carbosulfan, overall statistically significant
changes in almost all behavioural patterns were
observed in fish L. rohita. The surfacing phenomenon
of fish observed under carbosulfan exposure. The
control group shows the normal behaviour during the
whole experiment and also normal responses was
observed at the low concentration of the insecticide
0.1 mg/I was applied there is no variation takes place
at control group and low insecticide concentration
applied groups.

After 1day of exposure to carbosulfan significantly
increased hyperactivity in terms of surfacing and
scraping moments and schooling were observed in
comparison to controls. At 2" of exposure, the
surfacing as well as scraping moments decreased in
fish L. rohita, other behaviours increased significantly
hyper secretion of mucus, opening mouth for gasping,
losing scales, hyperactivity were observed. After 3"
day of exposure, the fish L. rohita showed decreased
surfacing and jerky movements and increased
grasping movements, sank to bottom of the test
chamber and independency in  swimming.
Subsequently fish moved to the corners of the test

chambers, which can be viewed as avoidance

behaviour of the fish to the toxicant.

During the 96 h of exposure, all body activities

were nearly ceased. Complete loss of body balance,
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exhibited irregular, erratic, darting swimming
movements and loss of equilibrium followed by
hanging vertically in water. Hyper excitation, loss of
equilibrium, increased cough rate, flaring of gills,
increase in production of mucus from the gills, darting
movements and hitting against the walls of test tanks
were noticed in all the species tested. A film of mucus
was also observed all over the body and also on the
gills. The increase ventilation rate by rapid, repeated
opening closing mouth and opercula coverings
accompanied by partially extended fins (coughing)
was observed. This could be due to clearance of the
accumulated mucus debris in the gill region for proper
breathing. Nerve agents acting on the enzyme acetyl
cholinesterase  especially when dealing with
neurotoxic compounds. Their toxicity is not limited to
the acute phase, however, and chronic effects have
long been noted. Neurotransmitters are acetyl choline
profoundly important in the brain's development, in the
absence of acetyl cholinesterase; acetylcholine level
increased resulting in the failure of transmission of
stimuli to the nerves or organs. Although carbamate
pesticides tend to undergo fairly rapid degradation in
the environment, repeat input into the aquatic
environment may result in harmful exposures (Gracia
de Liasera, 2001).The loss of balance in swimming
and walking in both prawn species with increasing
metal concentration may due to impairments either in
nervous tissues or in muscle fibres (Shantha Kumar
and Balaji, 2000; Verma et al., 2005).

This leads to the abnormal functioning of the body
including loss of balance, moving in circular form

(convulsions) and at higher concentrations of

insecticides resulting in death of the organism
(Fukuto, 1990). Fish in the experimental group applied
with highest concentration of the pesticide were lying
laterally at bottom with loss of balance, swimming
down in a spiral movement with jerks. Thus the
behavioural changes of the fish under insecticidal
stress may have deleterious effects of making the fish
fall an easy prey in their natural habitat and may affect
the stability of the population reported by (Jayantha

Rao, 1984).

In the present study of test organism showed jerky
movements, hyper secretion of mucus, opening mouth
for gasping, losing scales, hyperactivity were
observed in increase the insecticidal concentration.
Behavioural characteristics are obviously sensitive
indicators of toxicant effect. It is necessary, to select
behavioural indices for monitoring that relates to the
organisms behaviour in the field in order to derive a
more accurate assessment of the hazards that a
contaminant may pose in natural systems. Insecticide
toxicity is influenced by physical factors like
temperature and biological factors like size, nutritional
status and species specificity; for observing of
experiments and all author report, the present study
showed that carbosulfan is highly toxic to the common
edible fish L. rohita as compared to the other fish
species.

CONCLUSION

The result of the present study showed that
carbosulfan insecticide was more toxic to L. rohita
than other carbamate pesticides. All the pesticides
induced oxidative stress inform of behavioural

responses in the fish. Acute toxicity studies have been
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recognized as the very first step in determining the
water quality management of fish and reveal toxicant
concentrations that cause fish mortality even at short
period of exposure. Additional research work is on the
test species needed to arrive at more definite general
conclusions.
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