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ABSTRACT

Static renewal evaluation of the acute toxicity of an organophosphate pesticide, dimethoate against
the freshwater fish H. fossilis was conducted in the laboratory. H. fossilis showed behavioural
changes against dimethoate intoxication. There were increased opercular movement, sluggish,
lethargic and abnormal swimming, loss of buoyancy and muscular tetany. The treated fishes also
showed fading of their body colour. The LCsy values of dimethoate to the freshwater catfish,
Heteropneustes fossilis at various exposure periods are 15.92 mg/l for 24 h; 13.42 mg/l for 48 h;
12.39 mg/l for 72 h and 11.34 mg/l for 96 h. The upper confidence limits were 16.59, 14.72, 13.54 and
12.86 mg/l for 24, 48, 72 and 96 h and lower confidence limits were 15.32, 12.18, 11.23 and 9.79
mg/l, respectively. From the present study it seems that the freshwater catfish, H. fossilis is more
susceptible to dimethoate toxicity as the LCsy value for this organophosphate is less than other
reported fish species. These results indicate that dimethoate exposure to the fish caused toxic
effects.
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INTRODUCTION

Application of pesticides has contributed for agricultural and household applications.

greatly in enhancing agricultural yields and also
for the control of insect-borne diseases.
Excessive use of broad-spectrum or non-
selective pesticides damages the ecosystem,
sometimes irreversibly, contaminates soil surface
and ground water as well as food chains
and thus compromises the health and well
being of the inhabitants of aquatic and terrestrial
environment.  Organophosphate = compounds
comprise insecticides currently used worldwide
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These insecticides produce toxicity by inhibition
of the enzyme acetylcholinesterase which
accumulates in the synapses of the central
and peripheral nervous system. This in turn
results into overactivation of postsynaptic
cholinergic receptors and signs of cholinergic
neurotoxicity. Among various groups of
pesticides, organophoshates are more frequently
used, due to their high insecticidal property, low
mammalian toxicity, less persistence and
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rapid biodegradability in the environment.
Dimethoate [IUPAC name- O,0-dimethyl-S-
methyl carbamoyl methyl phosphoro-dithioate] is
an organophosphate (trade name Rogor)
possessing contact and systemic properties.

Fish serves as a bioindicator species as it
responds with great sensitivity to changes in the
aquatic environment and thus, has an important
role in the monitoring of water pollution. The
purpose of this investigation was to evaluate the
acute toxicity of an organophosphate pesticide --
dimethoate for the catfish, Heteropneustes
fossils in static renewal bioassay. H. fossilis was
selected because it is hardy, readily available,
easy to handle and can be kept alive for longer
duration in the aquaria. Thisisa common edible
freshwater fish of great economic connotation
and forms an important species in many water
resources mainly ponds, ditches, swamps,
marshes and sometimes occurs in muddy rivers".
The insecticide dimethoate was selected for
study because it is a widely wused
organophosphate insecticide to kill mites and
aphids among other insects and is applied on
citrus, cotton, fruit, olives, potatoes, tea, tobacco
and vegetables. It is also used on flies in home
gardens and on livestock. Dimethoate is highly
soluble in water and can leach into nearby water
sources and affect aquatic organisms?. This is a
low persistence pesticide possessing half-life of
4-16 days but can last longer depending on the
conditions®.The concentration of dimethoate has
been detected in 11.3% of 2061 California
surface water samples from 1991-2005, with a
maximum concentration of 11.31 ug/L*.

MATERIALS AND METHODS

Live specimens of adult freshwater -catfish
Heteropneustes fossilis (both sex, body wt 30-
42 g) were collected locally during the pre-
spawning phase from Ramgarh Lake
(Gorakhpur). They were kept into large plastic
tanks containing 500 liters of dechlorinated tap
water for acclimatization for 15 days. The
physicochemical characteristics of the tap water
used are as follows: pH 7.42 + 0.08, dissolved
oxygen 8.24 + 0.18 mg/l, temperature 20.26 +
1.32 C, hardness 160.8 + 5.32 mg/l, and
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electrical conductivity 286.36 + 60.42 umho/cm,
respectively.

Four day static renewal toxicity test® was
performed to determine the LCsy values of
dimethoate. Stock solution of dimethoate was
prepared in acetone and the desired
concentration was obtained by diluting with tap
water for preparation of test solution. Five
replicates, each containing ten fish were
subjected to dimethoate at concentration of 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18 and 19 mg/l.
Control groups, each having ten fish kept in tap
water containing acetone (0.4 ml per liter) was
run concurrently. All experiments were carried
out in cylindrical glass aquaria containing 30
liters of test solution. All solution (control and
test) were renewed daily and dead fishes were
immediately removed.

At different exposure periods (24, 48, 72 and 96
h), the behavioural changes and mortality of the
fish was observed. The mortality of the fish was
subjected to Probit analysis with the POLO-PC
software (LeOra Software) to calculate the LCsg
and upper and lower confidence limits at 95%
level.

RESULTS AND DISCUSSION

The untreated fish Heteropneustes fssilis kept in
the glass aquaria tend to move together. They
come to the surface at intervals to gulp air. A
number of changes were observed in the
behaviour of H. fossilis exposed to dimethoate.
Fishes came to the surface of water much more
frequently. They also occasionally tried to jump
out of water. Moreover, dimethoate treated
fish exhibited increased opercular movement,
increased mucous secretion and progressively
became sluggish and lethargic. Prior to death in
contaminated medium, the fishes mostly showed
abnormal swimming movements including loss of
orientation and a tendency of muscular tetany.
The dimethoate treated fish also showed fading
of their body colour when compared to controls.

The per cent mortality of H. fossilis after
exposure to various concentrations of dimethoate
for 24, 48, 72 and 96 h has been depicted in Fig.
1. The LCs values at various exposure periods
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are 15.92 mg/l for 24 h; 13.42 mg/l for 48 h;
12.39 mg/l for 72 h and 11.34 mg/l for 96 h. The
upper confidence limits were 16.59, 14.72, 13.54
and 12.86 mg/l for 24, 48, 72 and 96 h and lower
confidence limits were 15.32, 12.18, 11.23 and
9.79 mgl/l, respectively.

H. fossilis showed behavioural changes
against dimethoate intoxication. These were
increased  opercular movement, sluggish,
lethargic and abnormal swimming, loss of
buoyancy and muscular tetany. The treated
fishes also showed fading of their body colour.
These behavioural changes can be considered
as symptoms of stress on account of the
toxicological nature of the environment. The
behavioural changes showed by the fishes
after dimethoate intoxication are similar to

Vol.1/Issue-4/0ct-Dec.2010

those observed in other fishes exposed to
organophosphate  pesticides®’%°.  Altered
movement of Channa gachua at different
concentrations of dimethoate exposure has been
reported by Bayne et al.'® and Verma et al.'.
The hyperactivity and erratic movements were
observed, especially during the first 48 h of
exposure with dimethoate to the Cyprinus carpio
fry'2. In the present study H. fossilis showed skin
discoloration. Such types of changes were also
observed in zebrafish after toxaphene
intoxication'. H. fossilis were also found to
secrete mucous along their opercular region,
prior to death following dimethoate poisoning.
This phenomenon is, evidently, a symptom of the
inflammatory reaction of the gills towards the
pollutant.

PFERZENT MORTALITY

12 13 14 18 16 17 19

DIRNETHOATE (mpll)

Figure 1
Percent mortality of the fish Heteropneustes fossilis after 24, 48, 72 and 96 h exposure to
different concentrations of dimethoate (mg/l).

The LCsy values of dimethoate for the
freshwater fish, H. fossilis at 24, 48, 72 and 96 h
were 15.92, 1342, 12.39 and 11.34 mgl/l,
respectively. Shukla® reported the LCsg value of
dimethoate for Colisa fasciatus as 13.0 mg/l for
24 h, 11.4 mg/l for 48 h, 10.0 mg/l for 72 h and
9.3 mg/l for 96 h. Vittozzi and Angelis'* reported
0.78 mg/l and 0.79 mg/l as 96 h LCs values of
dimethoate for bluegill and trouts respectively.
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The 96 h LCsg value of dimethoate for Lebistes
reticulates has been reported as 19 mg/I'>. The
96 h LCsy value for dimethoate to the fish
Cyprinus carpio has been reported as 26.11
mg/I'2. The median lethal concentration (LCso)
of dimethoate to freshwater food fish, Clarias
batrachus is 65 ppm '®. Acute toxicity values of
dimethoate (96 h LCsp) for fish species found in
Canada ranged from 6 mg/l for bluegill
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(Lepomes macrochirus) to 22.4 mg/l for carp
(Cyprinus carpio, 7 days LCso)'". The LCsq of
dimethoate for 96 h exposure to the fish Nile
tilapia (Oreochromis niloticus) is 40 mg/l'®.
Schimmel et al.”® concluded that it is difficult to
compare the toxicity of individual insecticides to
different species of fish because they are
influenced by several factors like temperature,
hardness, pH, and dissolved oxygen content of
the test water.

Interrelationship between ambient temperature
and susceptibility of fish to toxicants appears to
be a common feature. A wide range of
insecticides have been found to increase the
toxicity at higher temperature?2'.

The mechanism involved in the increase of
susceptibility of fish to toxicants with rise in
temperature is not well understood®, though
effect on general metabolism and respiration
rate could largely be involved®®#?* Rise in
water temperature reduces the solubility of
oxygen in water which could affect fish
physiololgy. It could increase the metabolic rate
(oxygen demand) of fish?®, limiting the affectivity
of blood oxygenation and hemoglobin affinity for
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