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Abstract

The aim of this study was to look into the acute toxicity of dichlorvos in the juveniles of the Asian sea bass, Lates calcarifer
(Bloch), which is a promising candidate for brackish aquaculture. Experiments for the bioassay were performed in static
bioassay test condition according to the standard guidelines. Median lethal concentrations (LCso) were calculated for 24h, 48h,
72h and 96h by Probit analysis. The LCso values for 24, 48, 72 and 96h and 95% confidence intervals for the juveniles of sea
bass L. calcarifer showed 1.752, 1.558, 1.251 and 1.126 ppm for dichlorvos.
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Introduction

A precious gift from the nature to our mankind is water, one
of the renewable resources which are essential for sustaining
many forms of life, food production, and economic
development for general wellbeing. Water contamination
because of overpopulation, growing industrialisation and
urbanisation, massive use of pesticides, insecticides, and
fertilisers, and a lack of environmental consciousness has
denatured the essence of water. Pollution is nothing but the
introduction of contaminants into a natural environment that
causes instability, disorder, harm or discomfort to the
ecosystem. Pollution manifests its effect on both aquatic and
terrestrial ecosystem which possess a great concern to the
aquatic organisms, plants, animals, humans and climate.
Water resources stand endangered on account of increasing
water pollution from various sources.

Marine pollution is one of the most dangerous challenges to
the ecological balance of life on the planet today. Water
pollution is caused by the disposal of unwanted wastes from
domestic, agricultural, and industrial operations, with land-
based activities responsible for 80 percent of marine
pollution. The most noticeable inputs are sewage,
manufacturing, chemical, and food processing units, as well
as riverine flows into the ocean, which transport pollutants
from the entire catchment basin and can able to Kill or
impair the functioning of the aquatic organisms. Normally
organisms try to solve the external stresses which are caused
by the pollution with the help of variety of regulatory
mechanism. As pollution levels rise above their
concentration levels, it has a negative impact on the entire
food web's health, which can be tracked via physiological,
biochemical, and molecular changes, resulting in mortality.
Analysis of such variations in the body functions based on
laboratory investigation is an important aspect of pollution
research. Fish are exposed to pesticide contaminants by
direct contact with integuments, through the mouth, and by
gill respiration. Acute toxicity of chemical pollutants shows
potential hazards to the aquatic organisms as reported by
John (2007) [ in Heteropneustes fossilis and
Ophiocephalus striatus, in fresh water fish Nemacheilus
botia (Nikam et al., 2011) 211, In acute toxicity test, animals

are subjected to different concentrations of poison in the
laboratory under controlled condition like temperature,
salinity, pH and dissolved oxygen for a specific time
duration of 48 or 96 hrs. Usually acute toxicity test use
mortality as the indicative end point in order to derive LCs
value or median lethal concentration. It is defined as the
concentration in which one half of the organisms are killed
by the poison in 96 hrs. The protection of fish life under
controlled condition mainly depends on LC s, values and
water quality criteria. (Mc Kee and wolf, 1963) [16],

Acute toxicity test is widely used to identify the dosage
level or exposure concentration of insecticides and the time
associated with death of 50 percentage of the experimental
organisms exposed to the insecticides. Different fish species
react in different manner to high concentrations of
insecticides in water. Insecticides cause the common
symptoms in fish are lethargy, muscle spasms, sudden fast
swimming in circular motion, neurological disorder,
respiratory problem and suffocation (Banee, 2011) . So,
acute toxicity test is one of the necessary test to point out
the dosage which is responsible for the onset of symptoms
in fish population.

The main problem in aquatic toxicity testing is the
maintenance of stable exposure concentrations. The
International Standards specified that toxins used in the test
can be used for readily water soluble substances which were
not degraded or not eliminated from the test system (ISO
8692:1989, 1SO 10253:1995). Some disadvantages of acute
toxicity test on LCsp value is, depending on the exposure
duration, properties of the toxic substance (solubility), body
size of an organism and bioavailability of the toxic
substance. The LCso value of every experiment is very
important because it has a special importance as an index of
toxicity, but it can provide only scant information with the
incorporation of highly persistent substances with high
concentration potential and low water solubility (Ernst,
1980). The acute toxicity data of different experiments used
0.1 — 0.01 as a safety factors to estimate safe concentration
of chemicals for the protection of the aquatic life during
chronic exposure.

The LCs value of an acute toxicity test is used to derive the
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value of Acute to Chronic Ratio ACR. The specific
application factor express the relationship between the acute
and chronic toxicants and the accurate estimate of the
specific application factor can be derived from Maximum
Acceptable Toxicant Concentration. The application factor
is the quotient of MATC and the 96 hrs LCso. Application
factors for some pesticide shows the highest concentration
but without any toxic effect more than two orders of
magnitude lower than the 96hrs LCso (Hansen and Parrish,
1977; Nimmo et al., 1977) [ 22, Dichlorvos is readily
absorbed by various organs in fishes via all routes of
exposure, and readily metabolized in the liver. Within 1 h of
oral administration, dichlorvos is found in the liver, kidneys,
and other organs of experimental animals. The substance is
rapidly eliminate via the kidneys, with a half-life of 14 min.
The metabolism of dichlorvos in various species, including
man, follows similar pathways and differences between
species relate only to the rate of metabolism, but this is
always rapid. In this present study we experimented the
acute toxic effect of dichlorvos in the juveniles of Asian sea
bass Lates calcarifer (Bloch), which is a promising
candidate for brackish aquaculture.

Materials and Methods

Experimental Fish

Healthy hatchery reared 2-month-old juvenile Asian sea
bass L. calcarifer with a mean total length of 8.5+0.5 cm
and a mean total weight of 11.50+0.70 g were obtained from
the Sea bass hatchery, Rajiv Gandhi Centre for Aquaculture,
Thirumullaivasal near Sirkali, Mayiladuthurai Dist, Tamil
Nadu, India. Fish samples were acclimatized for 2 weeks in
a stock tank to the experimental glass aquaria (120x50x50
cm) filled with 250 | of water with a salinity of 262 ppt,
under a natural photoperiod 12:12 h (light: dark) cycle. The
water in the tanks was passed through a 1-um filter, UV-
sterilized and refilled daily. Fish were fed twice daily with
commercially prepared sea bass pellet feed. They were
starved for 24 h before and during experiment.

Chemicals Used
For preparation of stock solution 1 ml of Insecticide
Dichlorvos diluted with 999ml of Milli-Q deionised water.

Experimental Procedures
A static bioassay test was performed to determine the 96-h
LC50 of dichlorvos to L. calcarifer, following the Standard
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Methods (APHA, 1966). After acclimatization period the
fishes were transferred from the stocking tank to the
experimental aquaria. Ten fishes were randomly placed in
each glass aquarium filled with 250 | (120x50x50 cm) of
water, with loading densities of 0.74 g/l. Fishes were
exposed to nominal dichlorvos concentrations (0.8,
1.0,1.2,1.4,1.6,18,2.0 &2.2 ppm). Each concentration was
done in three replicates. Control fish were held in a similar
facility without exposure to copper. The water quality
characteristics were measured daily: dissolved oxygen (DO)
6.0+0.5 mg/l, temperature 27.5+0.5°C, salinity of 26+2 ppt
and pH 7.5+0.5. The criteria for death were no gill
movement and no reaction to gentle prodding. Fish
mortality in each aquarium was recorded at the intervals of
24, 48, 72 and 96 hrs using the method for the assessment of
water quality (Sparague, 1973). Dead fish were immediately
removed. Percent mortality was calculated and the values
were transformed into the probit scale. Finney method
(Finney, 1971) 'l was used to carry out the probit analysis.
Based on acute toxicity, four lethal concentrations were
derived for 24, 48, 72 and 96 hours exposure duration,
which have been used as the experimental concentration of
the copper toxicants in the subsequent experiments.

Results

The percentage of mortality of L. calcarifer observed, when
the fishes were exposed to different concentrations of
dichlorvos are given in (Table 2). The LC50 value at 24 h of
dichlorvos exposure was estimated at 1.752ppm. Lower and
upper limits of the concentrations were found to be from
1.572 ppm to 1.953 ppm. Acute toxicity of in L. calcarifer
in 24 h was statistically not significant (P>0.05) The LC50
value at 48 h of dichlorvos exposure was estimated at
1.558ppm. Lower and upper limits of the concentrations
were found to be from 1.423 ppm to 1.705 ppm. Acute
toxicity of dichlorvos in L. calcarifer in 48 h was
statistically not significant (P>0.05). The LC50 value at 72 h
of dichlorvos exposure was estimated at 1.251ppm. Lower
and upper limits of the concentrations were found to be
from 1.098 ppm to 1.425 ppm. Acute toxicity of dichlorvos
in L. calcarifer in 72 h was statistically not significant
(P>0.05). The LC50 value at 96 h of dichlorvos exposure
was estimated at 1.12ppm. Lower and upper limits of the
concentrations were found to be from 0.95 ppm to 1.32
ppm. Acute toxicity of dichlorvos in L. calcarifer in 96 h
was not significant (P>0.05)

Table 1: Average mortality rate of L.calcarifer in different concentrations of dichlorvos during acute toxicity study

Concentration of dichlorvos in water (PPM)

. ) 08 [ 1.0 [ 12 [ 14 [ 16 | 18 | 20 [ 22
Exposure Periods (Hrs) | Total Number of animals exposed Mortality rate (number of animals and percentage of mortality)
Nos |%]| Nos %[ Nos |%| Nos |%| Nos |%|Nos| % [Nos| % |Nos| %
24 10 Nil [O|Nil 0] 1 [10] 2 [20] 3 [30] 4 |40| 6 |60] 9 |90
48 10 Nil [0] 1 [10] 2 |20{ 4 |40] 5 |50{ 6 | 60| 8 |80 | 10 [100
72 10 1 (10| 3 (30| 5 [50] 6 |60{ 7 |70{ 9 |90 | 10 [100| 10 [100
96 10 2 |20] 3 |30/ 5 |50/ 8 |80] 9 |90 10 [100| 10 [100| 10 |100

Table 2: Median lethal concentration of dichlorvos to L. calcarifer under different exposure periods

Exposure Periods|L Cso (ppm)gigaeiocrﬁﬁncztggtémw)Slope FunctionRegression equation/Correlation coefficient (r)
24 1.752 1.572 1.953 5.821 y=3.174+6.573x 0.982"
48 1.558 1.423 1.705 6.187 y=3.680+6.731x 0.981"
72 1.251 1.098 1.425 6.615 y=4.394+6.614x 0.970"
96 1.126 0.954 1.329 7.350 y=4.662+7.350x 0.949"
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Discussion

Acute toxicity test gave basic evident from the results that
dichlorvos concentration has a direct effect on the LCso
values of the respective fish. The result of LCsy values
which are obtained in the present studies indicated that
dichlorvos is one of the more toxic organophosphate
pesticide. Values of obtained results are corresponding to
values that have been published in the literature for other
species of fish. The dosage of a compound determined the
toxicity of any compound. A highly toxic compound can
cause severe symptoms of poisoning with small doses and a
substance with low toxicity usually requires large doses to
produce mild symptoms.

Most of the risk assessments related with organophosphates
depends on the administered dose of the applied chemical
component. Acute toxicity test of different pesticides
showed a definite positive correlation between applied dose
of the compound and mortality. There is a positive
correlation between dose and mortality brought about by
increased concentration of toxic chemicals in water resulted
in more intake or entry of toxic chemicals in body of the
animal. This kind of pesticidal effects not only depends on
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dosage concentration but also depends on several factors
like rate of penetration, maximal effects of active chemicals,
time duration and nature of slope. Although it is less
adopted method to determine the pesticidal toxicity but is
considered as an initial test to determine whether the used
pesticides could be harmful for environment health or not
(Gilman et al., 1985, Pesce et al., 2008, Saravanan et al.,
2011).

Organophosphate pesticides are the commonly used
pesticide in worldwide due to their rapid degradation ability.
Unfortunately, organophosphates are toxic not only to their
intended target organism, but also to terrestrial and aquatic
species, as well as vertebrates. (Pimental, 1971). Hence
acute toxicity test results proved that dichlorvos is toxic to
fish and cause mortality even at least concentration. The
toxicological findings in this review constitute an important
reference to toxicity of dichlorvos and organophosphate
pesticide in particular. It is obvious from the results that the
heavy metal concentration has a direct effect on the LCso
values of the respective fish. LCs obtained in the present
study correspond to values that have been published in the
literature for other species of fishes (Table 3).

Table 3: LCso values of dichlorvos in different fish

Species Element| Exposure Duration LCso References
Mrigal Cirrhinus mrigala DDVP 96h 20mg/I Srivastava et al., 2014
Mrigal Cirrhinus mrigala DDVP 96h 9.1ppm Velmurugan et al., 2009

Common carp Cyprinus carpio DDVP 96h 0.95mg/I Taketal., 2014

Common carp Cyprinus carpio DDVP 48h 0.5-10mg/l Nishiuchi, 1974

Common carp Cyprinus carpio DDVP 96h 0.34mg/I Verma et al., 1981

Common carp Cyprinus carpio DDVP 96h 2.3mgl/l Koesoemadinata (1983)

Snake head Channa punctatus DDVP 96h 0.024ml/l Kumar and Gautam, 2014

Snake head Channa punctatus DDVP 96h 2.3mg/l Verma et al., 1981

Snake head Channa punctatus DDVP 48 h Img/l Mishra and Poddar, 2014

Snake head Channa punctatus DDVP 24h 6mg/l Perschbacher and Sarkar, 1989

Mosquito fish Gambusia affinis DDVP 96h 5.3mg/I Jhonson and Finley, 1980

Mosquito fishGambusia affinis DDVP 48h 2ug/l Al-Jowari, 2011

Mosquito fish Gambusia affinis DDVP 96h 5.3mg/l USEPA, 1988
Climbing perch Anabas testudineus DDVP 96h 2.35mg/l Patar et al.,2015
Spanish tooth carp Aphanius iberus DDVP 96h 3.17mg/I Varo et al., 2008

Guppy fish Poecilia reticulate DDVP 96h 1.84mgl/l Gunde and Yerli, 2012

Atlantic herring Clupia harengus larvae DDVP 96h 0.12mg/I Mc Henery et al., 1991
European sea bass Dicentrarchus labrax DDVP 96h 3.5mg/l Varo et al., 2003
Pearl spot Etroplus suratensis DDVP 96h 0.09mg/I Sobhana et al., 2006
Vundu Heterobranchus longifilis DDVP 96h 1.32mg/l Ekpo and Okorie, 2004
Fossilcatfish Heteropneustes fossilis DDVP 96h 6.4mg/l Ahmad and Gautam, 2014
Spot fish Leiostomus xanthurus DDVP 96h 0.55mg/I Kenaga, 1979
Flathead grey mullet Mugil cephalus DDVP 96h 0.2mg/l Verschueren, 1983
Fat head minnow Pimephales promelas DDVP 96h 12mg/l Jhonson and Finley, 1980
Zebra fishDanio rerio DDVP 96h 13mg/l Zhang et al., 2010
Blue gill Lepomis macrochirus DDVP 96h 0.48mg/I Kenaga, 1979
Tilapia Oreochromis mossambicus DDVP 96h 2.9mg/l Saha et al., 2016
Grass carp Ctenopharyngodon idella DDVP 96h 6.5mg/l | Tilak and Swarna Kumari, 2009
Rohu Labeo rohita DDVP 96h 42.66ppm Bhat et al., 2012
Rainbow trout Oncorhynchus mykiss DDVP 24h 0.5mg/I Anon, 1968

Blue gill Lepomis macrochirus DDVP 96h 0.9mg/I Johnson and Finley, 1980
Tilapia Oreochromis mossambicus DDVP 96h 1.4-1.9mg/| Rath and Misra, 1981

Blue gill Lepomis macrochirus DDVP 24h 1mg/l .

Blue gill Lepomis macrochirus DDVP 48h 0.70mg/l Piment et al, 1971
Walking cat fishClarias batrachus DDVP 48h 8.8mg/l | Benergy and Rajendranath, 1990
Walking cat fish Clarias batrachus DDVP 96h 0.07ml/I Gautam et al., 2014
Walking cat fish Clarias batrachus DDVP 96h 8.9mg/l Verma et al., 1983

Asian stinging fish Saccobranchus fossilis DDVP 96h 6.6mg/l Verma et al., 1982
Spotted snake head Ophiopcephalus punctatus | DDVP 96h 2.3mg/l Verma et al., 1981
Striped dwarf fish Mystus vittatus DDVP 96h 0.45mg/I Verma et al., 1980, 1981
Lake trout Salvelinus namaycush DDVP 96h 0.18ppm Mayer and Ellersieck, 1986

200



International Journal of Entomology Research

www.entomologyjournals.com

Acknowledgement

The authors would like to express their sincere appreciation
and thanks to the Secretary, Principal and HOD of Zoology,
Khadir Mohideen College, Adirampattinam, Thanjavur Dist,
Tamil Nadu.

References

1.

10.

11.

12.

Ahmad SI, Gautam RK. Effect of organophosphate
pesticide, Nuvan on serum biochemical parameters of
freshwater catfish Heteropneustes fossilis (Bloch.). Int.
Res. J. Env. Sci,2014:3(10):1-6.

Al-Jowari SA, Effect of insecticide Dichlorvos on
ovaries of mosquito fish, Gambusia affinis (Baired and
Girard). Bagh. Sci. J,2011:8(4):934-939.

APHA.. Standard methods for the examination of water
and waste water. American Public Health Association,
American Water Works Association, and Water
Pollution Control Federation. 19th edition, Washington,
DC,1995.

Banaee MS, Mirvaghefi AR, Ahmadi K. “Effects of
Diazinon on biochemical parameters of blood in
rainbow trout (Onchorhyncus mykiss)”, Pesticide
Biochemistry and Physiology,2011:99:1-6.

Ekpo AO, Okorie FCL. The effect of two pesticides
Dichlorvos and Paraquat on Heterobranchus longifilis
(Valenciennes). Glob. J. Pure Appl. Sci,2004:10:55-60.
Ernst W. Effects of pesticides and related organic
compounds in the sea. Helgol and uder
Meer,1980:33:301-312.

Finney DJ. Probit Analysis. Cambridge University
Press, New York, 1971, 337.

Giinde EG, Yerli SV. The comparative study on the
acute toxicity of dichlorvos on guppy (Poecilia
reticulata P., 1859) and carp (Cyprinus carpio L.,
1758). Hac. J. Biol. Chem,2012:40(2):165-170.

Hansen DJ, Parrish PK. Suitability of sheeps-head
minnow (Cyprinodon variegates) for life cycle toxicity
test. In Aquatic toxicology and hazard evaluation Eds.
Meyer, F.L., & Hamelink, J. L., ASTM.
Philadephia,1977:117-126.

John PJ. Alteration of certain blood parameters of
freshwater teleost Mystus vittatus after chronic
exposure to Metasystox and Sevin. Fish Physiology and
Biochemistry,2007:33(1):15-20.

Johnson WW, Finley MT. Handbook of acute toxicity
of chemicals to fish and aquatic invertebrates. Resource
Publication No. 137, US Department of the Interior,
Fish and Wildlife Service. Washington DC, USA, 1980.
Kenaga EE, Acute and chronic toxicity of 75 pesticides
to various animal species. Down to Earth,1979:35:25-
31.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Lake trout Salvelinus namaycush DDVP 96h 0.2mg/l
Cutthroat trout Salmo clarkia DDVP 96h 0.2 mg/l Johnson and Finley 1980
Fathead minnow Pimphales promelas DDVP 96h 12mg/l
Japanese eel Anguilla japonica DDVP 48h 1.5mg/l Yokoyama et al., 1988
Pumpkin seed Lepomis gibbosus DDVP 48h 0.7mg/I Pimentel, 1971
Pumpkin see Lepomis gibbosus DDVP 96h 0.9mg/l
Mummi chog Fundulus heteroclitus DDVP 96h 3.7mg/l USEPA, 1988
American eel Anguilla rostrata DDVP 96h 1.8mg/l
Puntius carp Puntius gonionotus DDVP 96h 3.7mg/l Koesoemadinata, 1983
Asian sea bass. Lates calcarifer DDVP 24hrs 1.752 ppm Present study
Asian sea bass. Lates calcarifer DDVP 48hrs 1.558 ppm Present study
Asian sea bass. Lates calcarifer DDVP 72hrs 1.251 ppm Present study
Asian sea bass. Lates calcarifer DDVP 96 1.126 ppm Present study
13. Koesoemadinata S. Lethal toxicity of 24 insecticide

formulations commonly used for rice pest control in
irrigated rice field to two Indonesian freshwater fish
species, Cyprinus carpio and Puntius gonionotus.
Badan Pelelitian dan Pengembangan Pertanian, Balai
Penelitian Perikanan Darat (Research Institute for
Inland Fisheries, Bogor, Indonesia), 1983.

Kumar S. Gautam RK. Study of biochemical toxicity of
nuvan in Channa punctatus (Bloch.). Adv. Res. Agri.
Veter. Sci,2014:1(1):31-34.

Mc Henery JG, Saward D, Seaton DD. Lethal and
sublethal effects of the salmon delousing agent
dichlorvos on the larvae of the lobster (Homarus
gammarus L.) and herring (Clupea harengus L.).
Agquaculture,1991:98:331-347.
McKee JE, Wolf HW. Water
California State Water Quality Control
Publication,1963:3A:548.

Mishra A, Poddar AN. Acute toxicity and behavioural
response of the food fish Channa punctatus (Bloch) to
an insecticide dichlorvos. J.  Indus. Poll.
Cont,2014:30(2):219-222.

Patar AA, Hassan WRM, Hashim N, Yusof FZM.
Toxicity Effects of Malathion, Dichlorvos and
Temephos on acetylcholine esterase in climbing perch
(Anabas testudineus). Adv. Env. Biol,2015:9(21):81-
86.

Perschbacher PW, Sarkar J. Toxicity of selected
pesticides to the snakehead, Channa punctata. Asian
Fish. Soc,1989:2:249-254.

Pimentel D. Ecological effects of pesticides on
nontarget species. Executive Office of the President,
Office of Science and Technology. US Government
Printing Office, Washington DC, USA, Stock
N0,1971:4106-0029.

Nikam S, Shejule KB, Patil RB. Study of acute toxicity
of Metasystox on the freshwater fish, Nemacheilus
botia, from Kedrai dam in Maharashtra, India. Biology
and Medicine,2011:3(4):13-17.

Nimmo DR, Bahner LH, Rigby RA, Shepard JM,
Wilson, A. J. Jr. 1977. Mysiodopis fahia. An estuarine
species suitable for life cycle toxicity test to determine
the effects ofa pollutant. In: Aquatic toxicology and
hazard evaluation. ASTM. Philadelphia. Ed; F.L.
Meyer, J.L- Hamelink,2011:109-110.

Nishiuchi Y. Testing methods for the toxicity of
agricultural chemicals to aquatic organisms. Jpn
Pesticide Inform,1974:19:15-19.

Sobhana KS, George KC, Sanil NK, Surendran KK,
Paul Raj R. Immunosuppressive action of nuvan
(dichlorvos) in the banded pearl spot, Etroplus

Quality Criteria.
Board

201



International Journal of Entomology Research

25.

26.

27.

28.

29.

30.

31.

32.

33.

suratensis - evaluation of effect on haematology and
humoral immune response. J. Mar. Biol. Assoc.
Ind,2006:48(1):29-34.

Sprague JB. The ABC’s of pollutant bioassay using
fish. ~ 341 ~ International Journal of Fisheries and
Aguatic Studies In: Cairns Jr J, Dickson KL, editors.
Biological methods for the assessment of water quality.
Philadelphia PA, USA: American Society for Testing
and Materials (ASTM), 1973:528:6-30.

Srivastava N, Kumari U, Rai AK, Mittal S, Mittal AK.
Alterations in the gill filaments and secondary lamellae
of Cirrhinus mrigala exposed to (Nuvan) an
organophosphorus insecticide. J. Histol, 2014, 1-11.
Tak AM, Bhat FA, Jan U, Shah GH. Sublethal
haematological effects of dichlorvos on the freshwater
fish, Cyprinus carpio var. communis. Int. J. Rec. Sci.
Res,2014:5(7):1334-1337.

USEPA. US Environmental Protection Agency,
Dichlorvos: Initiation of special review, Federal
Register,1988:53:5542-5549.

Varo® |, Amat F, Navarro JC. Acute toxicity of
dichlorvos to Aphanius iberus (Cuvier & Valenciennes,
1846) and its anti-cholinesterase effects on this species.
Agqua. Toxicol,2008:88:53-61.

Varo I, Navarro JC, Amat F, Guilhermino L. Effect of
dichlorvos on cholinesterase activity of the European
sea bass (Dicentrarchus labrux). Pest. Biochem.
Physiol,2003:75:61-72.

Velmurugan B, Selvanayagam M, Cengiz El, Unlu E.
Histopathological changes in the gill and liver tissues of
freshwater fish, Cirrhinus mrigala exposed to
dichlorvos. Braz Arch Biol Technol,2009:52(5):1291-
1296.

Verma SR, Rani S, Bansal SK, Dalela RC. Evaluation
of comparative toxicity of Thiotox, Dichlorvos and
Carbofuran to two freshwater teleosts, Ophiocephalus
punctatus and Mystus vittatus. Acta Hydrochim. et
Hydrobiol,1981:9:119-131.

Verschueren K. Handbook of environmental data of
organic chemicals, 2nd edition, New York, NY: Van
Nostrand Reinhold Co0,1983:511.

www.entomologyjournals.com

202



