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ABSTRACT

Fish and other organisms are affected by pesticides which pollute the natural water through agricultural runoff. The aim of this
study was to determine the acute toxicity of botanical pesticide, neem gold, and two synthetic pesticides, permethrin and
monocrotophos, which are extensively used in agricultural farms. The mortality rate of Cyprinus carpio was monitored under
laboratory conditions for the periods of 96 hrs. The toxicity tests were done separately for each pesticide. Data obtained from the
toxicity tests were evaluated using the Probit Analysis Statistical Method. The toxicity tests gave 96 hours LC50 values of 75.49,
72.26, 56.89 mg/I for neem gold, monocrotophos and permethrin respectively. The fish exhibited respiratory distress (such as gasping
air), loss of balance and erratic swimming prior to mortality. It could be concluded that the application of neem gold bio-pesticides
for the control of unwanted organisms in agricultural farms are much safer and more environmental friendly than synthetic
pesticides.

Key Words: Azadirachtin, LC50, monocrotophos, meem gold, permethrin, pesticide, toxicity.
INTRODUCTION

The aquatic environment is currently under threat by the indiscriminate use of synthetic pesticides by the human
activities and causing high risk to non-target organisms (Kumar et. al., 2010). In the search for environmentally
safe pesticides, much research has been done on the use of plants for the protection of crops in the field or in
storage. Especially in tropical regions, the application of botanical material to protect a crop against insects is
often traditional and centuries old (Van Huis et.al., 2004). Modern fish culture is classified in lucrative
production, preservation of the environment and social development. Fish culture also depend mainly on the
ecosystem they are inserted and which should remain even to attain the assurance of the activity (Valenti, 2000).
Pesticides are used in agro-ecosystems, forests, and recreational areas such as golf courses, but it may enter
aquatic systems such as streams, rivers, and lakes if used in adjacent areas or if an accidental spill occur. These
pesticides are carried into aquatic ecosystem by surface runoff from sites of application and therefore the health
of aquatic ecosystem is being adversely affected because they serve as ultimate sink for these pesticides (Singh
et al., 2010). These pesticides are also found to be highly toxic not only to fish but also to other organisms which
constitute food of the fish.

Among different classes of pesticides, organophosphates are more frequently used, because of their high
insecticidal property, low mammalian toxicity, less persistence and rapid biodegradability in the environment
(Singh et al., 2010). Synthetic pyrethroid insecticides are also extensively used in place of organochlorine,
organophosphorus insecticides and carbamates to control pests. These insecticides are more likely to be toxic to
fish and other aquatic organisms (Elliot 1977; Casida et al., 1983; Smith and Stratton 1986; Moore and Waring
2001).

In view of the environmental problems caused by the use of synthetic chemicals and the growing need for
alternative methods of pest control that minimize this damage, there has been extensive research on pest control
by substances from plants (Wan et al., 1996). One of the most promising natural compounds is azadirachtin, an
active compound extracted from the neem tree (Azadirachta indica), whose antiviral, antibacterial and antifungal
properties have been known for several years (Isman et al., 1990; Harikrishnan et al., 2003; ICAR, 1993). It is
generally considered less harmful to the environment than other more commonly used pesticides (Mordue
[Luntz] and Blackwell, 1993). Therefore, neem-based insecticides are being investigated as alternatives to
synthetic insecticides for the control of agricultural insect pests. However, adverse effects of azadirachtin against
beneficial organisms have been reported (Schmutterer and Holst, 1987; Beckage et al., 1988; Hoelmer et al.,
1991; Price and Schuster, 1991).

Neem has also been used successfully in aquaculture systems to control fish predators (Dunkel and
Ricilards, 1998). Martinez (2002) stated that aqueous extract of neem leaves and other neem-based products
have been extensively used in fish-farms as alternative for the control of fish parasites and fish fry predators such
as dragon-fly larvae. Although neem extract is considered of low toxicity towards non-target aquatic life, water
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extracts of the bark of the neem plant caused respiratory problems in Tilapia zilli (Omoregie and Okpanachi,
1997), while long exposure to low concentrations of the crude extract of A. indica delayed the growth of this
cichlid fish (Omoregie and Okpanachi, 1992). Also, the use of pesticides in aquaculture systems to control fish
diseases, parasites and other pests not only leads to high levels of residues in the animals but also may interfere
with the maintenance of their homeostasis and thus affect their performance (Barton and Iwama, 1991;
Wendelaar Bonga, 1997).

Our research was conducted to determine the acute toxicity effects of two synthetic pesticides one
commonly used in Iran, permethrin 25%, and one commonly used in India, monocrotophos36%, and to compare
them with the acute toxicity of a commercial neem product, Neem Gold, which have not been used in
agricultural farms of Iran, on the survival of common carp under laboratory conditions.

MATERIALS AND METHODS

Juvenile of common carp (Cyprinus carpio) was brought from a fish farm in south of Iran and were acclimated
in 1000 litter indoor tanks filled with well water for two weeks prior to the experiment. They were fed twice a
day and feeding were ceased 24 hours before the start of the tests. During the acclimatization period constant
aeration was applied to the tanks. Temperature (20£0.5°C) conductivity (4.01+ 0.02 uS/cm) and pH (8.02+0.06)
were monitored constantly during the experiments. In order to obtain information about the range of
concentrations to be used in the main test, a series of range-finding tests were run on the pesticide.

Healthy fishes weighing of 5.02+1.2 g and length of 6.42+0.43 cm (n=180) were separated on the morning
of the day of test and placed in 64L aquarium tanks contained 20L well water and 10 fishes per each aquarium.
To determine the LC50 of each pesticide, 15 aquariums were divided into 3 replications of each of 5
concentrations. The concentrations used include 25, 50, 67.5, 91 and 122.5 mg/l for Neem Gold (0.03% EC); 25,
39, 61, 96 and 150 mg/l for monocrotophos (36%) and 10, 18, 31.5, 56, 100 and 125 mg/l for permethrin (EC
25%). Three controls without the test substance were run simultaneously for each pesticide. Observations were
made and recorded every 12 hours until the end of 96 hours. Test species were considered dead if they showed
no movement at all. The experiments were carried out in semi-static systems with regular batch wise renewal of
test solutions after 24 hours. The results of the experiments were analyzed by linear regression probit analysis
(Finney, 1971) using SPSS computer program.

RESULTS AND DISCUSSION

The 96 hrs LC50 values along with its 95% lower and upper confidential limits for each pesticide are presented
in table 1. The greatest LC50 was 75.49 mg/l for neem gold and the least was 56.90 mg/l for permethrin. The
LC50 value for monocrotophos was 72.26 mg/l which stands between other two pesticides and shows that
permethrin is more toxic than monocrotophos too. Therefore, the most toxic pesticide was permethrin,
monocrotophos and neem gold respectively.

After induction of pesticide, the intoxicated fish were aggregated at the corner of the aquarium resting at the
bottom and frequently come to the surface followed by heavy breathing with stronger opercular movements and
loss of equilibrium. Also the over secretion of mucus was observed on the fishes treated to pesticide. This has
been observed in fishes treated with other pesticides also (Toor and Kaur, 1974; Kumar et al., 1984). The same
activity also reported in the gills of catfish treated with azadirakhtin (Kumar et al., 2010). In case of permethrin
and monocrotophos, fishes appears excited within few minutes of exposure to higher concentrations however,
they calm down and gathered at the corner of aquarium. There was no mortality recorded for neem gold and
monocrotophos even in higher concentration in the first 24 hours of the test, but in case of permethrim it was
different. However, it was shown that prolong exposure of Clarias gariepinus to monocrotophos has a
significant reduction effect on weight gain, specific growth rate and protein efficiency ratio (Yaji and Auta,
2007).

To reduce the contanmination in the environment it is suggested that the use of plant based pesticides should
be encouraged (Schmutterer, 1990) because they disintegrated easily into constituent elements without leaving
any indelible impression in different regions of environment (Khan and Ahmad, 2000). Plant base pesticides
contain active principles with low half life period and their toxic effect on the environment are not too
detrimental (Das and Mukharjee, 2003). The amount of active compounds in a given weight of neem varies
widely with the part of the plant, its place of origin or even the individual tree (Luo et al., 1999 and Winkler et
al., 2007). However the toxicity of two Nimbesidine and Neemgold on a fresh water loach Lipidocephalichthys
guntea has been reported (Mondal et al., 2007). Compared to other synthetic pesticides used in fish farming,
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such as carbamates and organophosphates, neem based products are certainly less toxic to fish (Wan et al.,
1996). The neem leaf extract applications appeared to affect the abundance of the major crustacean zooplankton
groups (Mamdouh Mousa et al, 2008). Fish exposed to higher concentration of the plant extract exhibited
respiratory distress, erratic swimming, off feed and nervous manifestations. Winkaler et al., (2007) noticed that
fish exposed to all neem extract concentrations exhibited damaged gill and kidney tissue.

From the present study, it could be concluded that permethrin and monocrotophos contamination is
dangerous to aquatic ecosystems, and this fact should be taken into consideration when this insecticides are used
in agriculture or in the control of mosquito populations. it can be also concluded that although neem based
pesticides are considered as less toxic and environmental friendly, but precautions must be taken when it is used
in fish inhabiting areas since the excess application can affect the life of organisms living near the farming area
and cause the high mortality among them.

Table 1. The 96 hours lethal concentrations and 95% lower and upper confidential limit values of tested pesticides against common carp.

95% confidential limits
96 hours Dose LCL 0.05 UCL 0.05 LCL 0.01 UCL 0.01
LC50
Neem Gold 75.49 70.46 80.44 68.71 82.88
Monocrotophos 72.26 64.24 81.44 61.66 84.98
Permethrin 56.90 47.71 70.11 45.09 76.31
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