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Abstract

Toxicity of dichlorvos on common carps was studied through short term static bioassay tests. The doses
for the definitive tests were selected on the basis of predetermined range finding tests run in triplicates.
the definitive test was also repeated thrice for accuracy in the results. The 96-h LCso value of dichlorvos
for Cyprinus carpio var. communis was found 2.56 ppm by probit analysis. The mean values of water
quality in aquarium didn’t indicate marked variation confirming mortality of fishes due to pesticide
toxicity and not hypoxia. Fishes exhibited behavioural responses like erratic movements, convulsions,
imbalanced swimming which ended in a collapse to the bottom of the aquarium and increase in
respiratory motions during the entire period of the bioassay. Before death, the clinical signs like fainting
of body color, gulping onto air-water interface in aquaria and in extreme cases, the hemorrhagic patches
on selected sites of skin were noticed with the termination of the experiments. The results suggested that
dichlorvos is potentially toxic to fishes and its entry into natural waterbodies must be checked or
otherwise it can prove harmful to fishes and human beings as well through the food chain.
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Introduction

Dichlorvos (2, 2-dichlorovinyl dimethyl phosphate) is a volatile, colorless to amber liquid
belonging to the class of insecticides called organophosphates. It is highly toxic through all
routes of exposure to fishes and causes nervous breakdown through inhibition of
acetylcholinesterase leading organophosphate induced delayed neurotoxicity (OPIDN) M. It is
likely to contaminate ground waters since it does not adsorb to soil particles. World Health
Organization classified dichlorvos as a class IB, ‘highly hazardous’ chemical 2. Although the
pesticide does not significantly bio-accumulate in fish Bl yet it is extremely toxic to aquatic
organisms and hampers fish health through impairment of metabolism sometimes leading to
death M leading to alterations in hemato-biochemical indices and induction of behavioural
toxicity in fishes I,

Jammu and Kashmir is an agricultural state with varied agro-climatic conditions suitable for
the cultivation of different types of crops. Kashmir province of the state is well recognized for
horticulture where apple cultivation finds the primary place. The fruit production of Kashmir
province alone is 1.5 million metric tons annually from a total orchard area of 0.2 million
hectares, which is sprayed and fogged with 7750 metric tons of fungicides and 3186 metric
tons of insecticides, right from March to November every year €. In 2009, the total sale of
pesticides by weight was 1828.5 thousand kg/liters costing about 369.1 million rupees [ and is
increasing every year. In Kashmir, the natural waterbodies including Dal Lake and its basins
like Nigeen and Brarinambal have been found highly eutrophic & 1 where the presence of
organophosphorus pesticides in waters 1% 3 and fish muscles has been established [0 2,
However, the effect of dichlorvos on fishes in Kashmir valley has not been studied yet and
need to be ruled out for assessing toxicity of the pesticide in fishes under temperate conditions.
Therefore the study was carried out to determine the median lethal concentration of dichlorvos
in common carp fingerlings in Kashmir.

Material and Methods

Experiment was carried out as per the method described by [3l. Cyprinus carpio var.
communis (10£2 g) were brought from the hatchery of Faculty of Fisheries, SKUAST-K to the
laboratory in plastic bags with adequate water and aeration, avoiding any stress or injury to
them and then disinfected by giving bath in 0.05% KMnO, solution for two minutes.

~ 1172~



Journal of Entomology and Zoology Studies

Fishes were acclimatized to the laboratory environment for
two weeks and fed with artificial diet during that period
brought from Manasbal National Carp Farm Kashmir. The
leftover matter, whether feed or fecal matter was thoroughly
cleaned and water of the tank was changed in the subsequent
morning.

Dilution water

Double distilled water was used as dilution water. Addition of
the toxicant into the dilution water was followed by swirling
of the water with glass rod to disperse the toxicant
immediately and uniformly throughout the aquarium.
Maximum loading of the test organism was 1 g/L and 10
fishes were recruited in each aquarium tank to ensure their
free movement and avoid any stress due to overcrowding or
suffocation. Before the start of experiment, the dilution water
was aerated vigorously with glass rod so that the dissolved
oxygen should be not less than 6 mg/L at 26 °C.

Test concentration

Commercial grade of dichlorvos (76% EC) was procured
from a local registered dealer. Stock solutions were prepared
in methanol and subsequent concentrations in de-ionized
water. Range finding test was carried out to determine the
final concentrations to be used in definitive test. For range
finding test of dichlorvos, various concentrations were
selected based on the literature survey and administered in
replicates and corresponding mortality was recorded. Finally
for the definitive test, 256.0, 512.0, 1024, 2048 and 4069 ppm
concentrations were used and administered in triplicates; on
the basis of which mean lethal concentration of the pesticide
was determined. To determine range finding test,
concentrations with spacing factor of 10 were used 4],

Bioassay

Static type of bioassay for 96 hours was carried out. Feeding
was stopped 24 hours before the start of the experiment.
During the experiment also, no food was given to fishes. Test
organisms were introduced to the test chamber (aquaria)
within one hour after the toxicant was added to the dilution
water. Mortality counts were recorded in each concentration
at 6, 12, 24, 48, 72 and 96 hours. The five concentrations per
toxicant in definitive test and each concentration were
replicated thrice with 10 specimens per replicate. Control
group was also run in both, range finding and definitive tests
in which same amount of solvent added as to the treated one.
Addition of solvent to the control was to rule out the mortality
caused, if any, due to its toxic effects in the fishes. Fishes
were treated dead if any sign of immobilization, loss of
equilibrium, lack of opercular movement or morbidity was
seen. This reflected an indication of pending death.
Behavioural response like excess mucus secretion and change
in swimming pattern, loss of scales and change in color
patterns were also taken into consideration and keenly
monitored during the entire bioassay. Dead test organisms
were removed from aquaria as soon as observed. After the
experiment is over, test solution was disposed off and

container scrubbed and washed thoroughly with 10% HCI.

Water quality parameters of aquarium waters during
bioassay

Various water quality parameters of the aquarium water like
temperature, pH, CO,, dissolved oxygen and total dissolved
solids were checked every day as per the methodology of the
American Public Health Association %1, While as Total

Dissolved Solids (TDS) was also determined as described by
[16]

Statistical analysis

Percent Mortality data of fish at the end of 96 h exposure
were determined by the probit method of regression [7]
manually and then confirmed by using R statistical software
(3.1 version). For descriptive statistics, i.e. calculation of
mean and standard deviations, SPSS (20.0 version) was used.

Results

Median Lethal Concentration (LCso) of Dichlorvos.

The median lethal concentration (LCso) values in the present
study were determined on the basis of range finding tests done
thrice as replicates (1, r2, and r3) from which the mean
median lethal concentration (LCso) value of dichlorvos after
acute exposure to common carp was calculated to be 2.56
ppm [Table 1].

Water Quality of Aquarium Waters during Dichlorvos
Bioassay.

Various water quality parameters assessed during static
bioassay of dichlorvos showed a slight variation up to the
completion of bioassay. Laboratory temperature was found
17.0 £0.0 °C, while water temperature 14.0 +£0.0 °C. Values of
carbon dioxide did not vary profoundly signifying non
hypoxic conditions in the aquarium throughout the
experiment. Various water quality features of aquarium
waters are presented in [Table 2].

Behavioural Responses in Fishes Exposed to Pesticides

The behavioural responses elicited by juveniles of common
carp during acute exposure to dichlorvos are presented in
[Table 3]. During the static bioassay of dichlorvos to
Cyprinus carpio var. communis various behavioural responses
were elicited by the fishes. Although during first 6 hours,
fishes did not exhibit any behavioural response but the feeble
progression in slowing down the motion and starting of
convulsions was seen during 12 hours of the experiment
which grew more intense with the advent of time. Severe un-
coordination in their movements was visible after 24 hours
which resulted in the death of fishes at the termination of the
experiment. A slight secretion of mucus could be seen from
the 72" hour which aggravated with the termination of the
experiment. Erosion of scales, change in the body color and
development of hemorrhagic patches on the body was found
at the end of the experiment, especially in the dead fishes.

Table 1: Water Quality of aquaria during the period of bioassay of dichlorvos

S. No. Water Quality parameter Day 1 Day 2 Day 3 Day 4 Mean +S.D.
1 Lab. Temp. (°C) 17.0 17.0 17.0 17.0 17.0 0.0
2 Water Temp. (°C) 14.0 14.0 14.0 14.0 14.0 0.0
3 Dissolved Oxygen (mg/L) 6.7 6.3 6.3 6.2 6.37+0.22
4 Free CO2 (mg/L) 1.28 1.29 2.20 1.60 1.61+0.43
5 Ph 6.6 6.8 6.9 6.9 6.8+£0.14
6 Total Dissolved Solids (mg/L) x 103 2.46 2.39 244 2.44 2.43+0.029
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Table 2: Cumulative median lethal concentration (LCso) values of dichlorvos to common carp

. 95% Confidential limits
S- No. R.F. test of dichlorvos L.Csovalues (ppm) Upper Fiducial limit Lower Fiducial limits
1. T1 2.7 3.6 2.1
2. T2 2.9 2.2 4.4
3. T3 2.1 29 1.6
Mean LCso values 2.56+0.41
Table 3: Behavioural responses elicited by common carp during bioassay.
Timein Uncoordinated Convulsions Mucus Imbalanced Erosion Body Hemorrhagic
hours Movements Secretion Swimming of Scales | Color Patches
6 - - - - - -
12 - - - + - - -
24 - + - - -
48 + + - ++ - - -
72 ++ + + ++ - + -
96 +++ ++ ++ ++ + ++ +

+, Feeble; ++, Progressive; +++, Intense

Discussion

During present study, the acute toxicity tests were carried out
in Cyprinus carpio var. communis exposed to dichlorvos. The
median lethal concentration (LCso value) for dichlorvos was
found to be 2.56+0.41 ppm which is in accordance with the
earlier researches by various researchers. The 96 h LCso value
of dichlorvos were found between 0.004-11.6 mg/L 81, In
fathead minnows, carp, Japanese killifish, guppy, bluegill, and
trout, The 96 h LCso value of dichlorvos ranged from 0.17 to
11.1 mg/L [, while as in Heteropneustes fossilis, it was 6.45
mg/L 9,

The small LCsovalues obtained during present study are
attributed to small size of fishes (10 = 2 g) which probably
have potentially less efficient mechanism of bio-
transformation of toxicant from the body. Moreover, the rapid
distribution of pesticides in the body of small sized fishes
leads to induction of behavioural changes faster than the
normal, since the uptake of a toxicant is directly dependent on
the size of fishes 2],

Water quality of aquaria did not show much variation during
the entire period of bioassays. This is probably because
feeding was stopped before 24 hours of the start of
experiment which, when excreted by fishes, forms a primary
source of water depletion in aquarium. Therefore, it is
envisaged that fish mortality was caused only because of
pesticide toxicity and not due to hypoxic conditions. Similar
results have be reported by [ 22 while as ! reported
significant decrease in oxygen consumption between control
and treated groups of Puntius chola exposed to chlorpyrifos.
They reported increase in stress conditions due to oxygen
consumption during 96-hour static bioassay. On the 3rd day,
all the feed would be secreted out of the fish body which
restricted its further increase in the aquarium. The increase in
total dissolved solids could also be due to the pesticide
concentration in the aquarium.

The primary target of organophosphates (OPs) is the neuro-
inhibitory nature of acetylcholinesterase (AChE) enzyme in
the synaptic cleft which leads to paralysis in acute toxicity
exposures. However, the OP toxicity in natural waterbodies
where fishes are exposed chronically to these xenobiotics
induces irreversible long term effects leading to physiological
dysfunctions in them. Like other organophosphates, dichlovos
inhibits acetylcholinesterase (AChE) which is present in
mammals, fish, birds, and insects. AChE is a class of enzymes
which initiate the hydrolysis of acetylcholine (ACh), a

neurotransmitter, into inactive choline and acetic acid 4. The
inhibition creates a build-up of acetylcholine at the nerve
synapses disabling the enzyme cholinesterase which is vital
for a functioning central nervous system 2%, The continuous
accumulation of acetylcholine leads to loss of balance,
convulsions, paralytic symptoms, and eventually death as
observed in the present investigation.

Conclusion

Results obtained in the present study suggest that the values
of median lethal concentrations of dichlorvos induce severe
toxicity to common carp. Therefore, entry of all pesticides in
general and this in particular must be restricted from all point
and nonpoint sources.
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