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Pesticides are used in agriculture to control pest and protect human health and animals. Excessive use of 
pesticides caused risk for human health and threated non-target organisms, polluted water, soil and air. 
Hinosan is a component of organophosphate pesticide which is used as a fungicide in agricultural fields. In 

the study, lethal concentration (LC50) of Hinosan was calculated for Rutilus frisii kutum and Rutilus rutilus 

caspicus with a mean weight of 3 ± 1 g [mean ± SD]. The experiment were carried out in static condition and 
based on instructions of O.E.C.D in four days under controlled water physicochemical factors with pH = 7 to 

8.5, dissolved oxygen = 200 mg L-1 (CaCO3) and temperature = 201°C. Fishes were acclimatized in 70x40x30 
cm aquarium for 10 days. Five treated aquariums with concentration ranges 1, 2, 4, 8, 16 ppm of hinosan 
(Technical 95 Edifenphos) with one control group (no toxic concentration), were performed. Data were 

analysed using the probit analysis. LC1, LC10, LC30, LC50, LC70, LC90 and LC99 were calculated in 24, 48, 

72 and 96 h. Our results indicate that LC50 96 h hinosan for R. frisii Kutum and R. rutilus caspicus were 
obtained 3.61 and 2.88 ppm, respectively. These findings suggest that hinosan is medium toxicity for 
these two species. Clinical symptoms including irregular protrusion of the eyes and irregular swimming 
were observed. 
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INTRODUCTION 

 
Aquatic ecosystems as the largest environments are 
constantly faced with the threats such as genetically 
restrictions and biological diversity. However, these 
environments are not the target for pesticides; 
nevertheless some results of studies sighted the 
presence of pesticides and their metabolites in surface 
water (Mansingh and Wilson, 1995; Tsuda et al., 1996; 

 
 
 
 

 
Van-Der Geest et al., 1997). Organophosphorus 
fungicide compounds are widely use in agricultural and 
thus permeate into fish farms and aquatic ecosystems 
which causes the contamination (Cossarini-Dunier et al., 
1990). Annually dozens tone of organophosphorus 
fungicides penetrate into the global environment 
(Melnikov et al., 1977). These compounds, along with 
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agricultural pesticides, are highly toxic and can cause 
mortality in fish population (Gelman and Herzberg, 1979). 
Organophosphate compounds act as inhibitors of AChE 
activity and in some cases, curb the activity of nervous 
system (Repetto et al., 1988). Laboratory conditions 
indicates that organophosphate exposure causes impact 
on immune system through influence on antigens and 
antibodies, lymphocyte proliferation and cytokine, 
production T toxic lymphocytes and hydrogen peroxide 
production by macrophages, and disrupting activity of the 
nervous system (El-Gendy et al., 1988).  

Hinosan (Edifenphos), which is chemically known as O-

ethyl S,S-diphenyl phosphorodithioate (C14H15O2PS2) 

was introduced into the world of agriculture in 1966. The 
members of organophosphate toxins are used as 
fungicides in rice agricultural fields. Studies on similar 
compounds (parathion, malathion Sarin, Tabun, and 
soman) indicates that all these toxins when used at 
destructive doses significantly stop the antibodies activity 
(Casale et al., 1983). Organophosphates pesticides 
generate free radicals under various metabolic processes 
in living organisms. These radicals often harm the 
structure biomolecules such as proteins, genetic material 
(damage DNA) and there (Mohanty et al., 2011). 
Edifenphos (hinosan) is an organophosphate fungicide 
cutinase inhibitors that displays a specific antipenetrant 
action, but in practice its therapeutic activity may also 
involve direct fungitoxicity (Sisler, 1986). Several studies 
have been conducted on fish health effects of 
organophosphate fungicides and the removal process of 
these pesticides from water resources (Studnicka and 
Sopinska, 1983; Ahmad, 2011; Rauf and Arain, 2013; 
Shahbazi et al., 2015). In some species, the destructive 
actions of the toxin on the hepatic tissues have been 
reported, but the effects of these toxins on fish tissue are 
needed for further studies. However, a few studies have 
been conducted to evaluate adverse effect of edifenphos 
on fishes. El-Gendy et al. (1996) stated that edifenphos 
causes elevation of catalase activity in tissues of 
Oreochromis niloticus and had depressive effect on 
activates of of acetylcholinesterase (AChE), adenosine 
triphosphatase (ATPase) and glutathion-S transferase 
(GST).  

Rutilus is a genus of fishes in the family Cyprinidae, which 

are found in Europe and western Asia where there are about 

15 species (Coad, 2014). Rutilus frisii Kutum Kamensky, 

1991, (Caspian Kutum) and Rutilus rutilus caspicus 

Jakowlew, 1870, (Caspian roach) are native of Caspian Sea 

and rivers leading to. R. frisii Kutum main habitat is the 

southern part of the catchment area, particu-  

 
 
 

 

larly the coast of Iran (Tamarin and Kuliev, 1989; Raeisi 
et al., 2014). In March and April, R. frisii kutum species 
migrate from Iranian waters (southern part of Caspian 
Sea) into estuaries and rivers for spawning (Ghadirnejad, 
1996). Overfishing, pollutants, overexploitation of bottom 
sediments in the rivers and dams chang or block natural 
spawning locations of R. frisii kutum (Heyrati et al., 2007). 
R. rutilus caspicus is widely distributed in the Caspian 
Sea because of over fishing and deterioration of its 
spawning grounds; this species is considered for listing 
as a threatened species for the region (Abdoli, 2000; 
Raeisi et al., 2014). Sensitivity of various fish species is 
different on toxic substances, so toxicology tests are 
needed for different fish (Finney, 1971). For this purpose, 

LC50 96 h is required for any ecotoxicology studies.  
The present study was conducted to determine the 

acute toxicity of the hinosan in R. frisii Kutum and R. 
rutilus caspicus. Most migration route and hatchery pools 
of these two species are in the rivers adjacent to the rice 
paddies. These paddies use hinosan widely as a 
fungicide to combat rice blast.  

Although, these two species are harvested 
commercially and several studies have been conducted 
on these two species but limited data are available on 
their sensitivity to pesticides. The aim of this study was to 
investigate the adverse effect of this toxin to R. frisii 
Kutum. 

 

MATERIALS AND METHODS 
 
200 number live specimens of R. frisii Kutum and R. rutilus 
caspicus were obtained from Shahid Rajaee Center, Sari, Iran. 
Samples weighted 3±1 g and acclimatized in 70*40*30 cm 
aquarium for 10 days. In order to measure biological capability and 
determine survival, fishes were kept in natural and toxin-free 
environment to determine natural mortality. Dissolved oxygen was 
fixed on 7 to 7.5 ppm, pH: 7 to 7.5, temperature: 20±1 and 
hardness: 200 ppm. Physical and chemical parameters of water are 
coincided with Stephenson (1982), Aydin et al. (2005) and Yilmaz et 
al. (2004). Fishes were fed twice daily with Biomar feed at 2% body 
weight, before the test, feeding was stopped 24 h prior to the test 
and throughout the test. All Experiments were performed 16 h light 
and 8 h of darkness. Fish behavior and clinical signs were 
recorded. Static acute toxicity test was performed following 
guideline the OECD standard method (OECD, 1989). 5 treated 
aquariums with concentration ranges 1, 2, 4, 8, 16 ppm of Hinosan 
(Technical 95 Edifenphos) with one control group (no toxic 
concentration), were performed. Mortality rates were recorded after 
24, 48, 72 and 92 h and dead fishes were quickly removed from the 
aquarium. The nominal concentration of toxin causing mortality  
(LC1, LC10, LC30, LC50, LC70, LC90 and LC99) within 24, 48, 72 and 
92 h was calculated. LC50 values for 24, 48, 72 and 96 h exposures 
were computed on the basis of probit analysis version 16/0  
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Table 1. Cumulative mortality of Rutilus rutilus caspicus (n=30, each concentration) exposed to acute 
hinosan.  

 
 

Concentration (ppm) 
 Mortality (Number)  

 

 

24 h 48 h 72 h 96 h 
 

  
 

 Control 0 0 0 0 
 

 1 0 0 0 0 
 

 2 0 0 0 2 
 

 4 15 21 28 30 
 

 8 30 30 30 30 
 

 16 30 30 30 30 
 

 

 
Table 2. Lethal concentrations (LC1-99) of hinosan depending on time (24-96 h) for Rutilus rutilus caspicus 
(estimate ± lower and upper bound).  

 

Point 
 Concentration (ppm)  

 

24 h 48 h 72 h 96 h 
 

 
 

LC1 2.50 ± 0.9 2.41 ± 0.8 1.73 ± 0.2 1.54 ± 0.3 
 

LC10 3.16 ± 0.9 3.01 ± 0.8 2.39 ± 0.2 2.15 ± 0.3 
 

LC30 3.64 ± 0.9 3.43 ± 0.8 2.87 ± 0.2 2.58 ± 0.3 
 

LC50 3.97 ± 0.9 3.73 ± 0.8 3.21 ± 0.2 2.88 ± 0.3 
 

LC70 4.30 ± 0.9 4.03 ± 0.8 3.54 ± 0.2 3.19 ± 0.3 
 

LC90 4.78 ± 0.9 4.46 ± 0.8 4.02 ± 0.2 3.62 ± 0.3 
 

LC99 5.44 ± 0.9 5.05 ± 0.8 4.68 ± 0.2 4.22 ± 0.3 
 

 

 
Table 3. Cumulative mortality of Rutilus frisii Kutum (n=30, each concentration) exposed to acute 
hinosan.  

 

Concentration (ppm) 
 Mortality (number)  

 

24 h 48 h 72 h 96 h 
 

 
 

Control 0 0 0 0 
 

1 0 0 0 0 
 

2 0 2 2 10 
 

4 2 4 9 15 
 

8 30 21 30 30 
 

16 30 30 30 30 
 

 
 

 
(Finney, 1971). Eventually, maximum allowable concentration 
(MAC), the lowest observable effect concentration (LOEC) and no 
observable effect concentration (NOEC) were also determined. 

 

RESULTS 
 
No mortality was observed during acclimation. Result 

shows that within 96 h test, LC50 value declined with 
increasing toxin concentration and duration of exposure. 

It means that an LC50 value in the first 24 h of the 

experiment always was higher than LC50 at 96 h. 

According to the results LC50 96 h hinosan for R. frisii 
Kutum and R. rutilus caspicus were obtained as 3.61 and 
2.88 ppm, respectively. The nominal concentration of 

 

 

toxin causing mortality (LC1, LC10, LC30, LC50, LC70, LC90 

and LC99) within 24, 48, 72 and 92 h for each toxin was 

calculated (Table 1 to 4). Hundred percent mortality of 
fishes were occurred only hours after exposure in 8 and 
16 ppm concentration. Fish exposed to toxicant showed 
abnormal behavior such as faster opercular activity, 
swimming erratically with jerky movements, protrusion of 
the eyes and bruise in the caudal fin. Exposed fish 
incurred curvature in vertebra and their gill pigmentation 
was decreased. Behavioral changes and clinical 
symptoms at doses of 2 and 4 were observed 5 h after 
exposure, but at higher doses, about 2 h after the 
experiment, symptoms were detected. Control and 1 ppm 
concentration groups showed normal behavior during 



Glob. J. Biol. Biomed. Res.   305 
 
 

 
Table 4. Lethal Concentrations (LC1-99) of Hinosan depending on time (24-96 h) for Rutilus frisii Kutum 
(estimate ± lower and upper bound).  

 

Point 
 Concentration (ppm)  

 

24 h 48 h 72 h 96 h 
 

 
 

LC1 2.37 ± 0.33 1.67 ± 0.11 1.26 ± 0.12 0.29 ± 0.09 
 

LC10 4.31 ± 0.33 3.20 ± 0.11 2.74 ± 0.12 1.46 ± 0.09 
 

LC30 4.98 ± 0.33 4.30 ± 0.11 3.82 ± 0.12 2.73 ± 0.09 
 

LC50 5.45 ± 0.33 5.07 ± 0.11 4.56 ± 0.12 3.61 ± 0.09 
 

LC70 5.92 ± 0.33 5.83 ± 0.11 5.30 ± 0.12 4.50 ± 0.09 
 

LC90 6.59 ± 0.33 6.94 ± 0.11 6.37 ± 0.12 5.77 ± 0.09 
 

LC99 7.52 ± 0.33 8.46 ± 0.11 7.85 ± 0.12 7.53 ± 0.09 
 

 
 

 

experiment. Fishes at concentrations of 8 and 16 ppm 
had a more mobility than the control group. 
 

 

DISCUSSION 

 

Exposure time is one of the effective factors of 
organophosphorus toxic ratios (Larkin and Tjeerdema, 
2000). When fish are exposed to a constant 
concentration of the toxin, fish tolerance is diminished 
over time and the toxin has more effect. However, where 
the toxin accumulates in fish tissue there is increase 
adverse effects on the body and thereby causes 

decrease in LC50 96 h. Overall, LC50 for Hinosan in R. 
frisii Kutum and R. rutilus caspicus showed a decreasing 
trend over 96 h and in listed physicochemical conditions. 

Result of LC50 96 h for toxin showed that the rate of LC50 

decreased with increase in toxin concentration and 
duration of exposure. The results of the acute toxicity of 
diazinon and Deltamethrin on Ciprinus carpio (common 

carp) concedes decreasing trend in LC50 96 h (Svoboda 

et al., 2001; 2003). Contrasting results are limited on 
toxicity of hinosan in fishes. The influence of hinosan on 
fish toxicity was evident. El-Gendy et al. (1998) studied 
the effects of hinosan on the immune response and 
protein biosynthesis. They declared that hinosan and 
glyphosate with 1/1000 concentration exhibit changes in 
the electrophoretic pattern of serum fish proteins. Similar 
electrophoretic findings are in agreement with those of 
Shimaila (1989). Gaafar et al. (2010) showed that 
exposure of organophosphate hinosan pesticide to an O. 
niloticus, had adverse effect on some serum para-meters 
including aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), 
cholinesterase activity, total protein, blood urea nitrogen 

and creatinine. They reported that LC50 96 h for O. 
niloticus is 1 ppm. Dubey et al. (2014) stated that these 
changes may be attributed to direct toxic effect of 
Hinosan on hepatocytes since the hepatopancres is the 
site of detoxification of all types of toxins and chemicals 
(Robert, 2001). Shamooshaki et al. (2008) determined 

LC50 values of hinosan for Acipenser nudiventris 28 ppb 

 
 

 

and reported that A. nudiventris is severely irritating to 

hinosan. Also, Alinezhad et al. (2005) determined LC50 

values of hinosan for Acipenser persicus and Acipenser 
stellatus as 307 and 0.206 ppb, respectively. Behaviour is 
considered as a promising tool in ecotoxicology 
(Drummond and Russom, 1990; Cohn and MacPhail, 
1996). Pesticides are lipophilic and rapidly absorbed in 
fish gills which cause respiratory limitations (Masud and 
Singh, 2013). Fishes exposed to hinosan had respiratory 
disorders which quickly opened and closed their gill 
cover. Fishes were anxious, had anharmonic breathing 
and unusual semi-circular swimming. At doses of 16 ppm, 
some fishes had curvature in vertebral column and 
collapsed to the bottom of the aquarium. These findings 
coincided with those of other authors who studied acute 
toxicity of other organophosphorus pesticides (Rao et al., 
2005; Rao, 2006; Pandey et al., 2005).  

Maximum Allowable Concentration (MAC) in natural 

environments according to LC50 96 h is 0.1 LC 50 level. 

The value of MAC for hinosan in mean temperature of 
20±1°C was calculated as 0.361 ppm for R. frisii Kutum 
and 0.288 ppm for R. rutilus caspicus. The lowest 
observable effect concentration (LOEC) was also 
determined. The LOEC is analogous to the “limit of 
detection” of the conventional methods of analysis. LOEC 
represents the initial toxicity threshold of a chemical while 
NOEC represents the concentration of toxicant that will 
not cause any effect. Sensitivity of bioassays, Toxicity 
evaluation and comparative evaluation of the effects of 
pesticides was evaluated using the LOEC values 
(Fernández-Alba et al., 2002). The acute toxicity 
response, LOEC and NOEC is shown in Figures 1 and 2. 
 

 

Conclusion 

 

According to Table 5 (determination of toxicity in different 
pesticides), hinosan for R. frisii Kutum and R. rutilus 
caspicus are medium toxicity. Due to the vicinity of these 
two species location to farmland and orchards, further 
studies should be conducted on acceptable level of this 
fungicide. 
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Figure 1. Acute toxicity testing statistical endpoints in Rutilus rutilus caspicus 
exposed to crude hinosan at different times.  
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Figure 2. Acute toxicity testing statistical endpoints in Rutilus frisii Kutum exposed to 
crude hinosan at different times. 

 
 

 

Table   5.   Determination   of   toxicity   in   different   pesticides Conflict of Interest 
(Wasserschadstoff -Katalog, 1975).  

The authors did not declare any conflict of interest.   
 LC50 (mg/L) Degree of toxicity 

 Up to 100 Nearly no poison 

 10-100 Toxicity low 

 1-10 Toxicity medium 

 0.1-1 Toxicity high 

 Less to 0.1 Toxicity very high 

 
 
REFERENCES 
 
Abdoli A (2000). The inland water fishes of Iran. Iranian Museum of 

Nature and Wildlife, Tehran, 378 p.  
Ahmad Z (2011). Acute toxicity and haematological changes in common 

carp (Cyprinus carpio) caused by diazinon exposure. Afr. J. 
Biotechnol. 10(63):13852-13859. 



Glob. J. Biol. Biomed. Res.   307 
 
 

 
Alinezhad R, Nezami S, Mehdinejad K, Khara H, Pajand ZO, Mirzaei J 

(2005). Determination of LC50/96 of regent insecticide, Hinosan 
fungicide, and Roundup herbicide on AcipenIser stIellatus and A. 
persicus fingerlings. pp. 103-104. In Book of extended abstracts 
(Posters). 5th International Symposium on Sturgeon, Ramsar, Iran, 
May 9-13, 2005. XI, pp 1-210.  

Aydin R, Koprucu K, Dorucu M, Koprucu SS, Pala M (2005). Acute 
toxicity of synthetic pyrethroid cypermethrin on the common carp 
(Cyprinus carpio L.) embryos and larvae. Aquacult. Int. 13(5):451-
458.  

Casale GP, Cohen SD, DiCapua RA (1983). The effects of 
organophosphate-induced cholinergic stimulation on the antibody 
response to sheep erythrocytes in inbred mice. Toxicol. Appl. 
Pharmacol. 68(2):198-205.  

Coad BW (2014). Freshwater Fishes of Iran.  
http://www.briancoad.com/Species%20Accounts/B arbus.htm 
(accessed on 9 February 2014).  

Cohn J, MacPhail RC (1996). Ethological and experimental approaches 
to behavior analysis, implications for ecotoxicology. Environmental 
Health Perspectives 104:299-304.  

Cossarini-Dunier M, Demael A, Siwicki AK (1990). In vivo effect of the 
organophosphorus insecticide trichlorphon on the immune response 
of carp (Cyprinus carpio): I. Effect of contamination on antibody 
production in relation to residue level in organs. Ecotoxicol. Environ. 
safety 19(1): 93-98.  

Drummond RA, Russom CL (1990). Behavioural toxicity syndromes, a 
promising tool for assessing toxicity mechanisms in juvenile fathead 
minnows, Environ. Toxicol. Chem. 9:37-46.  

Dubey S, Shrivastava R, Chouhan R, Raghuvanshi A, Shrivastava VK 
(2014). Ameliorative role of vitamin-c against dimethoatetoxicity in air 
breathing fish, Clarias batrachus (LINN.). Global J. Bio-Sci. 
Biotechnol. 3(1):46-50.  

El‐Gendy KS, Aly NM, El‐Sebae AH (1998). Effects of edifenphos and glyphosate on the immune response and 
protein biosynthesis of bolti fish (Tilapia nilotica). J. Environ. Sci. Health Part B 33(2): 135-149.  

El-Gendy KS, Aly NM, Saber N, El Sebae AA (1996). Toxicological 
Effects of Some Pesticides on Tilapia Nilotica. Alexandria Science 
Exchange 17:243-252.  

Fernández-Alba AR, Hernando MD, Piedra L, Chisti Y (2002). Toxicity 
evaluation of single and mixed antifouling biocides measured with 
acute toxicity bioassays. Analytica Chimica Acta 456: 303–312.  

Finney D (1971). Probit analysis; a statistical treatment of the sigmoid 
response curve. Cambridge, 256 p.  

Gaafar AY, El-Manakhly EM, Soliman MK, Soufy H, Mona SZ, 
Mohamed SG, Hassan SM (2010). Some pathological and 
hematological investigations on Nile tilipia (Oreochromis niloticus) 
following chronic exposure to edifenphos pesticide. J. Am. Sci. 
6(10):542-551. 

 
Gaafar AY, El-Manakhly EM, Soliman MK, Soufy H, Zaki MS, Mohamed 

SG, Hassan SM (2010). Some pathological, biochemical and 
hematological investigations on Nile tilapia (Oreochromis niloticus) 
following chronic exposure to edifenphos pesticide. J. of American 
Sci. 6(10):542-551.  

Gelman Α, Herzberg A, Bamidgeh (1979). A field method to certifity 
whether fish died from poisoning by acctylcholinesterase inhibition. 
Bamidgh 31: 18-20.  

Ghadirnejad H (1996(. Population dynamics of grey mullet species (Liza 
aurata and L. saliens) in the southern Caspian Sea. PhD thesis, 
University of Wales Swansea, 207 p.  

Larkin DJ, Tjeerdema RS (2000). Fate and effects of diazinon. Reviews 
Environ. Contam. Toxicol. 166:49-82.  

Mansingh A, Wilson A (1995). Insecticide contamination of Jamaican 
environment III. Baseline studies on the status of insectidical pollution 
of Kingston Harbour. Marine Pollution Bulletin 30: 640-643.  

Masud S, Singh IJ (2013). Temperature dependent toxicity and 
behavioural responses in the freshwater fish Cyprinus carpio exposed 
to pyrethroid pesticide, cypermethrin. J. Environ. Sci. and Water 
Resour. 2(10):375-381.  

Mel'nikov NN, Volkov AI, Korotkova OA (1977). Pesticides and 
environment. Khimiya, Moskva (USSR). 240.  

Mohanty G, Mohanty J, Nayak AK, Mohanty S, Dutta SK (2011). 
Application of comet assay in the study of DNA damage and recovery 

 
 
 
 

 
in rohu (Labeo rohita) fingerlings after an exposure to phorate, an 
organophosphate pesticide. Ecotoxicology 20(1): 283-292.  

OECD (Organisation for Economic Co-operation and Development) 
(1993). OECD Guidelines for Testing of Chemicals OECD, 
Organization for Economic. Paris.  

Pandey S, Kumar R, Sharma S, Nagpure NS, Srivastava SK, Verma 
MS (2005). Acute toxicity bioassays of mercuric chloride and 
malathion on air-breathing fish Channa punctatus (Bloch). 
Ecotoxicology and Environmental Safety 61:114-120.  

Paykan Heyrati F, Mostafavi H, Toloee H, Dorafshan S (2007). Induced 
spawning of kutum, Rutilus frisii kutum (Kamenskii, 1901) using (D-
Ala6, Pro9-NEt) GnRHa combined with domperidone. Aquaculture 
265:288-293.  

Raeisi S, Sharifi-Rad J, Sharifi-Rad M, Zakariaei H (2014). Analysis of 
heavy metals content in water, sediments and fish from the Gorgan  
bay, southeastern Caspian sea, Iran. International journal of 

Advanced Biological and Biomedical Research 2(6): 2162-2172.  
Rao JV (2006). Sublethal effects of an organophosphorus insecticide 

(RPR-II) on biochemical parameters of tilapia, Oreochromis 
mossambicus. Comparative Biochemistry and Physiology Part C 
143:492-498.  

Rao JV, Begum G, Pallela R, Usman PK, Rao RN (2005). Changes in 
behavior and brain Acetylcolinesterase activity in mosquito fish 
Gambusia affinis in reference to the sub lethal exposure of 
chloropyrifos. International Journal of Environmental Research and 
public health 2:478-483.  

Rauf A, Arain N (2013). Acute toxicity of diazinon and its effcts on 
hematological parameters in the Indian carp, Cirrhinus mrigala 
(Hamilton). Turk J Vet Anim Sci. 37:535-540.  

Repetto G, Sanz P, Repetto M (1988). In vivo andin vitro effect of 
triclorfon on esterases of the red crayfish Procambarus clarkii. 
Bulletin of environmental contamination and toxicology 41(4): 597-
603.  

Roberts RJ (2001). Fish Pathology. 3rd (Ed.), W.B. Saunders, New 
York. 
 

Shahbazi Naserabad S, Mirvaghefi A, Gerami MH, Ghafari Farsani H 
(2015). Acute Toxicity and Behavioral Changes of the Gold Fish 
(Carassius auratus) Exposed to Malathion and Hinosan. Iranian J. 
Toxicol. 8(27): 1203-1208.  

Shamooshaki MM Nezami SA Sari AE Khara H Pazhand Z Garagorakei 
MY (2008). Determination of LC50 96 h of Dyazinon, Hinosan and Tilt 
for Acipenser nudiventris fingerlings. Iranian Sci. Fisheries J. 2: 113-
122.  

Stephenson RR (1982). Aquatic toxicology of cypermethrin. I. Acute 
toxicity to some freshwater fish and invertebrates in laboratory tests. 
Aqua. Toxicol. 2:175-185.  

Studnicka M, Sopinska A (1983). Toxicity of technical Foschlor for 
fish.Rocz. Nauk Roln 2: 111-116.  

Svoboda M, Luscova V, Drastichova J, Ilabek V (2001). The effect of 
diazinon on hematological indices of common carp (Cyprinus carpio). 
Acta Veterinaria Brno 10: 457-465.  

Svoboda Z, Luscova V, Drastichova J, Svoboda M, Zlabek V (2003). 
Effect of deltamethrin on haematological indices of common carp 
(Cyprinus carpio). Acta Veterinaria Brno 72: 79-85.  

Tamarin AE, kuliev ZM (1989). Black sea roach. In: Caspian Sea: 
Ichthyofauna and commercial stocks, Nauka press. Moscow pp: 144-
145.  

Tsuda T, Inoue T, Kojima M, Aoki S (1996). Pesticides in water and fish 
from rivers flowing into Lake Biva. Bulltein of Environmental 
Contamination and Toxicology 57:442-449.  

Van-Der Geest HG, Stuijfzand SC, Kraak MHS, Admiraal W (1997). 
Impact of diazinon calamity in 1996 on the aquatic acroinvertebrates 
in the river Mesue, The Netherlands. Netherland J. Aqua. Ecol. 
30(4):327-330.  

Wasserschadstoff -Katalog H (1975). Von Institute für Wasserwirtschaft, 
Berlin, Germany.  

Yilmaz M, Gul A, Erbasli K (2004). Acute toxicity of alpha-cypermethrin 
to guppy (Poecilia reticulate Pallas, 1859). Chemosphere 56: 381-
385. 



 


