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Acute toxicity evaluation of five herbicides: paraquat, 2,4-di-
chlorophenoxy acetic acid (2,4-D), trifluralin, glyphosite and 
atrazine in Luciobarbus esocinus fingerlings
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Abstract:
BACKGROUND: Evaluation of herbicide pollution in aquat-

ic environments needs the great concern and the most im-
portant echo-pollutant effects of herbicides are related to 
their effects on non target aquatic organisms. Native fish can 
serve as a proper bio-indicator for evaluation  of pollution 
on aquatic ecosystems. OBJECTIVES: To find environmental-
ly friendly herbicides, in this study the acute toxicity of five 
widely used herbicides in Iran as aquatic ecosystems pol-
lutants on Luciobarbus esocinus were investigated. METH-
ODS: Acute toxicity (96 h LC50) of five herbicides (Paraquat, 
2,4-dichlorophenoxy acetic acid, Trifluralin, Glyphosite and 
Atrazine) were determined via OECD standard method. 
L.esocinus exposed to Serial concentrations (more than 6 in 
triplicates) of each herbicide. Mortalities at 24, 48, 72 and 
96 hours after exposure were recorded and the LC50 were 
calculated using Probit software. RESULTS: Results showed 
that acute toxicity of these herbicides are significantly dif-
ferent in L. esocinus. The 96 h LC50 of Paraquat, 2,4-D, Tri-
fluralin, Glyphosite and Atarzine in L.esocinus were 54.66, 
138.8, 1.09, 716.83 and 44.30 mg/l respectively. Glyphosite 
showed lowest toxicity in Luciobarbus esocinus among the 
five herbicids. The highest toxicity of herbicides in L. eso-
cinus belongs to Trifluralin. The mortality rate of exposed 
fish to herbicides enhanced either by increasing herbicides 
concentration or duration of exposure. Mortality patterns 
during 96 hours of toxicity evaluation were similar in all five 
herbicides. CONCLUSIONS: Regarding the high application 
and similar efficacy of  herbicides in most of the cane farms 
of Khouzestan province, and based on different toxicities of 
these five herbicides for fish as a non targeting organism, 
Glyphosite is highly recommendable as a proper alternative 
to Trifluralin, Atrazine, Paraquat and 2,4-dichlorophenoxy 
acetic acid.
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Introduction

Unfortunately, most cyprinid ponds in 

Iran are located close to agricultural ar-
eas. Because of modern pest management 
practices, large amounts of herbicides are 
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used in these areas for crop protection. Her-
bicides are actively used in terrestrial and 
aquatic ecosystems to control unwanted 
weeds, and their use has generated serious 
concerns about the potential adverse effects 
of these chemicals on the environment and 
human health (Oleh et al., 2009). 

Herbicides may reduce environmental 
quality and influence essential ecosystem 
functioning by reducing species diversity 
and community structures, modifying food 
chains, changing patterns of energy flow 
and nutrient cycling and changing the sta-
bility and resilience of ecosystems.

In aquatic toxicology, laboratory experi-
ments are normally used to estimate the po-
tential hazard of chemicals and to establish 
‘‘safe’’ levels of pollutants (Cattaneo et al., 
2011).

Paraquat dichloride is a non-selective 
contact herbicide, used in controlling pests 
of cultivated farmlands of sugar cane, rice, 
fruit, and vegetable. It quickly kills a wide 
range of annual grasses, broad leaves, weeds 
and some perennial grasses when sprayed 
directly onto leaves. More so, the active 
ingredient is rapidly absorbed by clay and 
silt particles in the soil and does not leave 
any effective soil residue. It has a long half 
life in the environment and poses a threat 
to aquatic organisms and human health be-
cause of its bioavailability, resistance to 
microbial degradation, and resistance to de-
composition in the presence of light (Yao et 
al., 2013). 2,4-dichlorophenoxyacetic acid 
(2,4-D) is a common and worldwide her-
bicide that is employed for post-emergence 
foliar spray and is also used for weed con-
trol of sugar cane, wheat, rice, maize and 
aquatic weeds (Farah et al., 2004). As a phe-
noxyherbicide, 2,4-D may cause an array of 
adverse effects to the nervous system such 

as myotonia, disruption of nervous system 
activity and behavioral changes (Bortolozzi 
et al., 2004).

Trifluralin is a dinitroaniline-type 
preemergence herbicide for control of grass 
and broadleaf weeds. Trifluralin has also 
been used to control larval mycosis in pe-
naeid shrimp culture. It is extensively ac-
cumulated in the environment and slowly 
eliminated. (Schultz and Hayton, 1993). 
Its adverse effects on biotic components 
of a freshwater ecosystem were reported in 
chronic concentrations (Poleksic and Karan, 
1999).

Glyphosate is one of the widely used her-
bicides that could be persistent and mobile 
in soil and water, and it is known to be one 
of the most common terrestrial and aquatic 
contaminants. It is used as a non-selective 
herbicide and for control of a great variety 
of annual, biennial, and perennial grasses, 
sedges, broad-leaved weeds, and woody 
shrubs. They are also used in fruits orchards, 
vineyards, conifer plantations and many 
plantation crops. It is perhaps the most im-
portant herbicide ever developed (Ayoola, 
2008).

Atrazine (2-Chloro-4-ethylamino-6-Iso-
propylamino-s-triazine) is one of the most 
commonly used herbicides found in the ru-
ral environments. It is extensively used for 
corn, sugar cane, sorghum, and to some ex-
tent in landscape vegetation. Rated as mod-
erately toxic to aquatic species, atrazine is 
mobile in the environment and is among the 
most detected pesticides in streams, rivers, 
ponds, reservoirs and ground water (Batta-
glin et al., 2008).

One of the largest sugar cane farms (over 
100,000 hectares) of Asia is located in 
Khouzestan Province, Iran, in which large 
amounts of herbicides (hundreds of tonnes) 
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are being used annually. More than 30% 
of  Iran’s running water flows in the rivers 
of Khuzestan province (Haji Sharafi and 
Shokuhfar, 2009). 

The toxicity of a chemical is totally de-
pendent on the concentration of the chem-
ical in organisms or even the concentration 
at the target receptor in the organism. Herbi-
cides at high concentration are known to re-
duce the survival, growth and reproduction 
of fish, and produce many visible effects 
on fish (Ladipo and Dohetry, 2011). There 
are few works on comparison of different 
herbicide toxicity in aquatic animals (Dei-
vasigamani, 2015).

Besides, toxicity testing of chemicals on 
animals has been used for a long time to de-
tect the potential hazards posed by chemi-
cals to environment and human. Bioassay 
technique has been the cornerstone of pro-
grams on environmental health and chem-
ical safety (Moraes et al., 2007). Aquatic 
bioassays are necessary in water pollution 
control to determine whether a potential 
toxicant is dangerous to aquatic life and if 
so, to find the relationship between the tox-
icant concentration and its effect on aquatic 
animals (Olaifa et al., 2003). The applica-
tion of environmental toxicology studies on 
non-mammalian vertebrates is rapidly ex-
panding (Ayoola, 2008), thus in this study 
the toxicity of five common herbicides in 
Iranian agriculture were compared in Lu-
ciobarbus esocinus to find which herbicides 
induce less impact on aquatic animals and 
environment.

Materials and Methods

Fish: 1200 fingerlings Luciobarbus es-
ocinus were purchased from Native Fish 
Breeding and Cultivation Center in Hami-

dieh, Khouzestan. Fish were transferred to 
aquarium room of Veterinary Faculty, Sha-
hid Chamran University of Ahvaz, Iran. 
Fish were acclimatized for 2 weeks in 300 
L indoor fiberglass tanks and were fed with 
standard diet.  

Fish were kept in continuously aerated 
water in a static system and with a natural 
photoperiod (12 h light - 12 h dark). During 
acclimation, fish were fed once a day with 
commercial fish pellets. For the LC deter-
minations, 528 fingerlings were uniformly 
distributed in 21 40-L plastic aquaria. Each 
herbicide was tested using 6 to 9 different 
concentrations, with 2 repetitions. Two 
aquaria were kept as control (without her-
bicide). Fingerlings were observed at 24 
h intervals, for 96h (acute toxicity) when 
the test was concluded. During the experi-
mental period, fingerlings were not fed and 
water exchange was stopped. Later (after 
adaptation) they were transferred into 20 li-
ter aquaria (10 fish weighing about 3-5 g in 
each aquarium. All products used were pur-
chased from local stores. The generic, com-
mercial, and chemical names, and pesticide 
group of each product tested are shown in 
Table 1, and the concentrations used are 
shown in Table 2. Before addition, each 
product was mixed in a small volume of wa-
ter from each aquarium and then added to 
the water using a glass pipette. Fingerlings 
were then observed for 96h and the mortal-
ity recorded; swimming behavior (normal, 
erratic swimming, lethargy) was checked 
and compared to the control group.

Feeding was terminated 48 h prior to the 
initiation of the experiment. All experiments 
were carried out for a period of 96 h and the 
number of dead fish were counted every 24 
h. During the acute toxicity test of experi-
ment, water in each aquarium was aerated 
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and had the same conditions as follow: dis-
solved oxygen 8.1±0.5 mg/l, temperature 
25±1ºC, 

pH 7.8± 0.2, water total hardness 640 
mg/l as CaCO3, NH3 and NO2 <0.01 mg 
ml-1.

The lethal concentration (LC50) was test-
ed by exposing 10 fish per group according 
to Table 2 herbicides per liter of water for 
96 hours. The control group was kept in ex-
perimental water without herbicides with all 
of the other conditions kept constant. The 
movement and the behavior of the fish were 
examined during the study. Motionless fish 
and those without any opercula movement 
were considered dead and were removed 
from the tanks. 

 Then fish were exposed to 6-9 sequential 
concentrations of each herbicide in a way 
that zero and 100% mortality yield after 96 
hours. The mortality rate was recorded after 
24, 48, 72, and finally 96 hours. The concen-
tration of herbicides to induce 10, 15, 50, 85, 
95 and 100 percent mortality (LC10, LC15, 
LC50, LC85, LC95, LC100) was estimated 
after 24, 48, 72, and 96 hours using Probit 
software verion 1.5 designed by U.S. EPA. 
This software estimates LC concentration 
based on regression between mortality rate 
and log of toxin concentration. Estimation 
was presented with lower and upper range 
with 95% confidence level (Aydin and Ku-
prucu, 2005). The selected herbicides con-
centrations for estimating their acute toxici-

Toxicity of some herbicides in L. esocinus Alishahi, M.

Table 1. Specifications of the test herbicides.

Herbicide Chemical Name Supplier Purity Rate Acute Oral LD50 
For Rat

Statue

Paraquat 1,1-dimeth-
yl-4,4‘-bipyridin-

ium

Aria Shimi Co, 
Iran

20% 129-157 MG/KG water soluble green 
liquid.

2, 4 - D 2-(2,4-dichloro-
phenoxy)-acetic 

acid

Shimagro Co, Iran 67.5% 2100 MG/KG water soluble 
brown liquid

Trifluralin α-trifluoro-2,6-di-
nitro-N,N-dipro-
pyl-p-toluidine),

Aria Shimi Co, 
Iran

48% 5000 MG/KG water soluble 
orange liquid

Glyphosate or 
Roundup

N- phospho-
nomethyl glycine

Sinochem Co, 
China

41% 5600 MG/KG water soluble 
yellow liquid

Atrazine Chloro-4-ethylami-
no-6-isopropylami-
no-1-3-5-triazinre

Moshkfam Co, 
Iran

80% 1350 MG/KG water soluble white 
powder

Table 2. The selected herbicides concentrations to determine their acute toxicity for L. esocinus.

Concentrations (mg/l)Total exposed fishNumber of replicatesNumber of treatmentsHerbicide
 ,128 ,100 ,64 ,32 ,16 ,0

256
21037Paraquat

 ,200 ,100 ,50 ,25 ,0
800 ,400

210372,4-D

 ,2.5 ,1.25 ,0.65 ,0.32 ,0
15 ,10 ,7.5 ,5

27039Trifluralin

 ,640 ,320 ,160 ,80 ,0
5120 ,2560 ,1280

24038Glyphosite

160 ,80 ,40 ,20 ,10 ,018036Atrazine
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ty in L. esocinus are brought in Table 2.

Results

None of the herbicides, even at the high-
est concentration, altered the water quality 
parameters. Lethargy, swimming at the wa-
ter surface and erratic swimming (mainly 
vertical swimming) were the main behav-
ioral changes observed throughout the ex-
periment, in the presence of herbicides. The 
behavioral changes were observed with dif-

ferent herbicides, usually at the high con-
centrations tested.

The fish mortality rate following the ex-
posure to increasing concentrations of her-
bicides after 24, 48, 72, and 96 hours showed 
that the higher the herbicide concentration, 
the greater the mortality rate. The mortali-
ty rate increased along with increasing the 
exposure time. Acute toxicity of Paraquat, 
2,4-D, Trifluralin, Glyphosite and Atarzine 
was determined in L. esocinus after 24, 48, 

Alishahi, M.

Table 3. Lethal concentrations of herbicides (mg/l) (95% confidence intervals) depending on exposure time for L. esocinus.

Exposure time (h)Type of Toxicant
h 96h 72h 48h 24Lethal concentra-

(tion (mg/l
31.4441.361.4768.78LC10Paraquat
34.9545.465.5173.33LC15
54.6667.7285.7496.17LC50
85.5101.02112.22126.12LC85

111.17127.76131.43147.88LC95
149.18166.2156.87176.73LC100
60.44121.52173.09226.22LC102,4-D
70.86134.68190.14245.48LC15
138.82208.02282.9346.83LC50
271.95321.32420.90490.02LC85
403.57414.75531.45600.23LC95
627.1552690.11753.38LC100
0.390.360.460.413LC10Trifluralin
0.470.470.60.56LC15
1.091.451.762.17LC50
2.524.435.158.3LC85
4.128.59.6818.26LC95
7.1317.7219.6144.13LC100
226.3410.04532.9846.43LC10Glyphosite
282.14487.25637.012988.06LC15
716.831010.621354.441900.54LC50
1821.222096.142879.873655.72LC85
3148.333216.714484.295367.18LC95
5812.305196.857363.978251.8LC100
25.5828.6538.5486.81LC10Atrazine
28.4131.6141.4890.91LC15
44.3047.9356.56110.53LC50
69.0672.6777.14134.39LC85
89.6292.7792.55150.72LC95
120.01121.97113.50171.39LC100
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72 and 96 hours of exposure. 96 hours LC50 
value (Median lethal concentration) was 
calculated at 54.66, 138.82, 1.09, 716.83 
and 44.30 mg/l in L. esocinus, (Table 3) and 
MAC of these herbicides was 5.46, 13.88, 
0.1, 71.68 and 4.43 mg/l respectively. The 
greatest LC50 was 716.83 mg/l for Glypho-
sate and the least was 1.09 mg/l for Triflu-
ralin. Therefore, the most toxic herbicides 
for L. esocinus were Trifluralin, Atrazine, 
and Paraquat, respectively. 

The glyphosate showed significantly 
lesser lethality (higher LC50 concentration) 
than other tested herbicides. Trifluralin and 
Atrazine showed the highest lethality (lower 
LC50 concentration) in L.esocinus among 
the examined herbicides. (Fig 1).

Discussion 

In Khouzestan province of Iran, most cy-
prinid fish ponds are built close to agricul-
tural areas with shared water sources. Water 
contamination by agricultural herbicides is 
a potential threat to productivity and a ma-
jor cause of fish mortality. However, water 
contamination with herbicides at non-lethal 
concentrations might pass unnoticed includ-
ing loss in growth, health and resistance to 

diseases which, in most cases, might be dif-
ficult to assess (Nwani et al., 2010). From 
an ecotoxicological point, contamination 
of water sources poses a potential threat 
to aquatic organisms including fish. Since 
fishes are the last chain of the food web in 
aquatic ecosystems there may be bioaccu-
mulation problems in addition to acute ef-
fects (World Health Organization, 1984). 
The toxicity of different echotoxicants such 
as herbicides and their adverse effects on 
aquatic animals was mostly assayed by 96h 
LC50 (median lethal concentration) in na-
tive fish. The 96-h LC50 of several com-
monly used agricultural herbicides were 
determined in this study. Luciobarbus es-
ocinus fingerlings were used because this 
fish species is an ubiquitous native species 
in rivers, wetlands and ponds in southwest 
Iran and has been newly cultivated in poly-
culture system of cyprinid farms.

In this study all tested herbicides were 
toxic for Luciobarbus esocinus, such that 
Median lethal concentration after 96 h ex-
posure (96 h LC50) of five herbicides: Para-
quat, 2,4-D, Trifluralin, Glyphosite and At-
razine in Luciobarbus esocinus was 54.66, 
138.82, 1.09, 716.83 and 44.30 mg/l respec-
tively. The results showed although toxicity 
of five tested herbicides was different for 
L. esocinus, their toxicity revealed positive 
correlation not only to herbicide concen-
tration, but also to exposure duration. The 
most toxic herbicide tested was Trifluralin, 
which is used in cane farms for controlling 
the unwanted plant growth. Among the 
evaluated herbicides Trifluralin and Atra-
zine were more toxic than the others, and 
Trifluralin, which was used in large scale in 
cane (over one hundred thousand hectares 
farms) for controlling weed growth was the 
most toxic. All environmental parameters, 

Toxicity of some herbicides in L. esocinus Alishahi, M.

Figure. 1. Comparison of LC50 96h concentrations of se-
lected herbicides in L. esocinus.
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herbicides concentration and examined fish 
source were quite similar in this study based 
on OECD regulation, then the differences in 
herbicides toxicity just  refer  to each herbi-
cide toxicity mechanism in fish. The results 
of this work, like other toxicity assessment 
studies, showed somehow different results 
compared to a similar report in other fish, 
but it is worth  considering that toxicity of 
chemicals to aquatic organisms has been 
shown to be affected by age, size and health 
of the species. Physiological parameters 
like quality, temperature, pH, dissolved ox-
ygen and turbidity of water, concentration 
and formulation of chemical and its expo-
sure also greatly influence such studies.

The data obtained for acute toxicity of 
trifuralin in this study were in the range 
of LC50 concentrations established for ju-
venile rainbow trout and bluegill sunfish 
0.01-0.04 and 0.02- 0.09 mg/l, respectively. 
Poleksic and Karan (1999) showed that Me-
dian lethal concentration (LC50 ) on Carp, 
after 24h and 48h exposure was 0.185 mg/l 
and 0.066 mg/l, and 0.045 mg/l after 96 h 
(Poleksic and Karan, 1999). The herbicide 
trifrluralin has been classified in the group 
of highly toxic substances, according to 
its LC50 values to fish (OECD, Chemical 
Group and Management Committee, 1992). 
Trifrluralin  affects fish health, making them 
more sensitive to environmental changes 
and less resistant to diseases. 

Water contamination with trifluralin may 
occur via agricultural farms leaching after 
raining or irrigation. Nevertheless, only 
0.5% of the quantity applied to the soil in 
field conditions is leached and may conse-
quently contaminate water sources. This 
percentage means  rather low water contam-
ination, representing smaller concentrations 
than 1.0 µg l-1. (Grover et al., 1997). 

LC50 (48h) of trifluralin was reported 
19 µg l-1 in bluegill fish (Lepomis macro-
chirus), 19 µg l-1 in Mola mola, 1 mg/l in 
Cyprinus carpio and 0.56 mg/l in pollutant 
biomarker, Daphnia magma , respectively. 
Also, the amount of LC50 after 96 hours in 
Oncorhynchus mykiss was 0.21 mg/l and 
10-90µg l-1 in Lepomis macrochirus (Gan-
golli ,1999). 

Toxicity mechanisms of trifluralin in-
clude genotoxicity effects which cause  
DNA breaks, loss of genetic material, im-
munotoxicity and mutations which lead to 
cell death. Besides, trifluralin causes hemo-
globin oxidation (by forming metahemo-
globin), red blood cell destruction, damage 
to kidney and the liver. 

Existing reports characterize trifluralin 
as a highly acute toxic substance to fish, 
but there are not enough descriptions of its 
chronic toxicity and cytotoxic effect. Stud-
ies mainly related to its genotoxic, muta-
genic and carcinogenic potential are mostly 
inconclusive or even contradictory.  

Paraquat is a chlorinated herbicide which 
is mainly used to control weeds in agricul-
ture, however, once it enters surface waters 
it may affect other organisms such as fish 
as a non-target organism either in natural or 
culture conditions. In the present study the 
96 h LC50 of paraquat was estimated to be 
54.66 ppm in Lusiobarbus esocinus finger-
ling. Yeo (1967) reported that paraquat at 
1.0 and 3.0 ppm was toxic to small mouth 
bass (Micropterus dolomieui) and to mos-
quito fish (Gambusia affinis) in 180-gallon 
plastic pools that had an average pH of 9.4. 
The 96-hour LC50’s for the blue gill and 
channel catfish were 13 ppm and greater 
than 100 ppm, respectively. Besides, the 
acute toxicity (96 h LC50) of the herbicide 
paraquat for Oreochromis niloticus was 

Alishahi, M.
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12.25 mg l-1 (Babatunde and Oladimeji, 
2014). Deivasigamani et al. (2015) reported 
that common carp weighing 300-400 g died 
within 15 min after exposure to paraquat at 
the concentration of 100 ppm, but they did 
not describe the source of the test chemical 
(Deivasigamani et al., 2015).

Paraquat-induced endothelial cell tox-
icity occurs by NO synthase which causes 
NADPH oxidation, moreover, Paraquat-in-
duced cytotoxicity is potentiated in cyto-
kine-activated macrophages in a manner 
that correlates with its ability to block NO 
formation.

The difference in toxicity between pure 
chemical and formulated commercial prod-
ucts may be attributable to the other ingre-
dients supplemented into the formulated 
products. The difference in toxicity rate of 
paraquat in various fish species can be as-
cribed to species sensitivity, age and weight 
of fish as well as environmental parameters.

Based on the findings, the amount of le-
thal concentration of 2,4-D for 50 percent of 
fish was determined to be 138.82mg/l after 
96 hours. The maximum value equals 13.89 
mg/l which is also called NOEC (or ineffec-
tive concentration). The minimum concen-
tration level (LOEC) which is also called 
LC10 96h was 60.44 mg/l (Table 3).The 
lethal concentration allowing 50 percent 
of the fish to perish was determined to be 
346.83, 282.9, 208.02, and 138.82 after 24, 
48, 72, and 96 hours respectively (Table 3). 
It reveals an increase in the herbicide toxic-
ity following an increase in exposure time.

2-4-D herbicides toxicity in fish mostly 
induced by chromosomal damage includ-
ing chromosome breakage, sister chromatid 
exchange and micronuclei anisocytosis as 
well as altered nuclear morphology. Dis-
rupted chromosome material and erythro-

cytes with several micronuclei present is a 
conventional effect of 2-4-D in fish. There 
are some bacteria and fungi that  use 2-4-D 
as a source of carbon and energy (Daugh-
erty and Karei, 1995). The widespread use 
of chlorophenoxy acetic acid as a herbicide 
and a growth regulator in agriculture, for-
estry, and households has compounded the 
damage incurred by these toxic compounds 
on the environment and human health. 

Abdelghani et al. (1997) found 96 h LC 
values of 2,4D as 181.2 for catfish, 266.3 
for bluegill, and 750.1 mg/l for crawfish, 
respectively. Farah et al. (2004) found the 
LC50 values of 2,4-D as 81 ppm for Hetero-
pneustes fossilis, 122 ppm for Clarias batra-
chus, 107 ppm for Channa punctatus and 
302 ppm for Culex pipiens fatigans. Sari-
kaya et al. (2002), found LC50 value of 2,4-
D on tench (Tinea tinea ) as 48 mg/l. Sari-
kaya and Yilmaz (2003) reported 96 h LC50 
value for Cyprinus carpio as 63.24 mg/l. In 
the current study, we found that acute tox-
icity of 2,4D (LC50) significantly increased 
in accordance with the exposure time from 
346.83 mg/l at 24 h to 138.82mg/l at 96 h. 

In the present study the 96-h LC50 deter-
mined for the glyphosate in Luciobarbus es-
ocinus was 716.83 mg l-1. It is much higher 
than that reported by other authors in other 
fish species as 17.8 mg/l in Gambusia yu-
catana (Rendsn-Van-Osten et al., 2005) and 
120 mg/l in Oncorhynchus mykiss (GIESY 
et al., 2000). Glyphosate (Roundup®) ex-
hibited very slight toxicity in Luciobarbus 
esocinus which was the lowest toxicity 
among 5 highly used herbicides in Iran. In 
other works different results reported about 
the toxicity of glyphosate in various fish 
species, 96-h LC50 of glyphosate for Huso 
huso, Acipenser stellatus, A. persicus and 
Oncorhynchus mykiss were reported 26.4, 

Toxicity of some herbicides in L. esocinus Alishahi, M.
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23.2 ,27.5 and 86 mg l-1 respectively. Stur-
geon fries exposed to concentrations of 60 to 
100 mg l-1 showed an increase in mortality. 
Glyphosate exhibited a slight to moderate 
toxicity in sturgeon species (Filizadeh and 
Rajabi Islami, 2011). Most of the studies in-
dicated a slight or moderate toxicity for fish 
species. Fish exposed to 10 mg/l of glypho-
sate for two weeks were found to have gill 
and liver damage. For commercial formu-
lations, the LC 50 found varied from 13 to 
33mg/l in coho salmon. Even et al., report 
that the toxicity of glyphosate-based herbi-
cides might be attributed to the presence of 
the surfactant (POEA), which is more toxic 
than glyphosate itself, however Rodeo® has 
no surfactant, and is registered for aquatic 
use (Fryer, 1977).   

Glyphosite toxicity causes some oxidative 
stress in high concentration in fish Hence, 
after exposure, an increase in antioxidative 
stress enzymes was seen. 

Despite  the toxicity levels of glypho-
sate in mentioned works, Hildebrand et al. 
(1980) found that Roundup® treatments 
at concentrations up to 220 kg/ha did not 
significantly affect the survival of Daphnia 
magna or its food base of diatoms under 
laboratory conditions. It appears that un-
der most conditions, rapid dissipation from 
aquatic environments of even the most toxic 
glyphosate formulations prevents build-up 
of herbicide concentrations that would be 
lethal to most aquatic species.

The results of the LC50 (median lethal 
concentration) of the present study at 96 h 
was 44.30 mg/l for atrazine. This result in-
dicated moderate toxicity of atrazine among 
the tested herbicides. In other works dif-
ferent results reported about the toxicity of 
atrazine in various fish species. In tilapia 
(Oreochromis mossambicus and Oreochro-

mis niloticus) the LC50 in 96 h was 8.8 and 
5.02 mg/l, respectively. This indicates ,  that 
the species used in this study are less sen-
sitive to atrazine than those used in other 
studies.

Although the 96 h LC50 of 44.30 mg/l 
reported for L. esocinus exposed to atra-
zine in the present study differed from the 
report of Bathe et al. (1973), Neskovic et 
al. (1993) and Hussein et al. (1996) who 
reported LC50 of 16.0, 18.8 and 9.37 mg/l 
for Lepomis macrochirus (Bluegill sunfish), 
Cyprinus carpio and Oreochromis niloticus 
respectively exposed to atrazine, the present 
findings seem to be consistent with other re-
search which found 37 mg/l (LC50 96h) for 
grass carp fingerlings. On the other hand, 
we can showthat fingerlings are less sensi-
tive to some chemicals and toxins than adult 
or juvenile fishes.

 In toxicity studies, the sensitivity of or-
ganisms can be different, even using the 
same product (Botelho et al., 2012).

It has been reported that atrazine-induced 
apoptosis, defined by both morphological 
and biochemical criteria, in carp cells oc-
curred in a dose- and time-dependent man-
ner. Intracellular free Ca2+ is thought to act 
as an important messenger in a variety of 
cellular signaling pathways and metabolic 
processes and has a crucial role in the apop-
totic process. Recent evidence suggests that 
intracellular Ca2+ involved in atrazine-in-
duced apoptosis in fish cells (Mizuhashi et 
al., 2000).

In conclusion, there is evidence that tri-
fluralin and Atrazine tend to be more toxic 
to L. esocinus than other herbicides. Re-
spective industries should be encouraged to 
look into the possibility of reducing the rate 
of these herbicides because of their potency 
to harm non target aquatic organisms. Also, 
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for sustainable agricultural activity, espe-
cially in areas that fish ponds and agricul-
ture farms use the same water sources, it is 
highly recommended to use glyphosate as 
an alternative to Trifluralin and Atrazine. To 
the best of our knowledge, this work is the 
first study to compare the toxicity of differ-
ent common herbicides on a high risk native 
fish.

Acknowledgments

This work was financially supported by 
the Research Council of Shahid Chamran 
University, Ahvaz, Iran.

Ayoola, S.O. (2008) Toxicity of glyphosate 
herbicideon Nile tilapia (Oreochromis niloti�
cus) juvenile. Afr J Agric Res. 3: 825-834.
Abdelghani, A.A., Tchounwou, P.B., An-
derson, A.C., Sujono, H., Heyer, L.R., 
Monkiedje, A. (1997) Toxicity evaluation 
of single and chemical mixtures of round-
up, Garlon-3A, 2,4-D, and syndets surfac-
tant to channel catfish (Ictalurus punctatus), 
bluegill sunfish (Lepomis microchirus), and 
crawfish (Procambarus spp.). Environ. Toxi-
col Water Qual. 12: 237-243.
Aydin, R., kuprucu, K. (2005) acute toxicoc-
ity of diazinon the common carp (embryos 
and larvae, Pest Biochem Physiol. 82: 220-
225.
Babatunde, M.M, Oladimeji, A.A. (2014) 
Comparative study of Acute toxicity of 
Paraquat and Galex to Oreochromis niloti�
cus. IJAST. 3: 437-444.
Bathe, R., Ullmann, L., Sachsse, K. (1973) 
Determination of pesticide toxicity to 
fish. In: Berlin Dahlem publication. Wass-
er-Boden Luft, Ver (eds.). Germany, Sec-
tion. 37: 241-246.

1. 

2. 

3.

 
4. 

5. 

References

Battaglin, W.A., Rice, C.K., Foazio, M.J., 
Salmon, S., Barry, R.X. (2008) The occur-
rence of glyphosate, atrazine, and other pes-
ticides in vernal pools and adjacent streams 
in Washington, DC, Maryland, Iowa and 
Wyoming 2005-2006. Environ Monit As-
sess. 155: 281-307.
Botelho, R.G., Santos, J.B., Fernandes, K.M., 
Neves, C.A. (2012) Effects of atrazine and 
picloram on grass carp: acute toxicity and 
histological assessment, Toxicol Environ 
Chem. 94: 121-127.
Bortolozzi, A., Evangelista, A., De Duffard, 
R. Duffard, M. Antonelli (2004) Effects of 
2,4 dichlorophenoxyacetic acid exposure on 
dopamine D2-like Receptors in rat brain, 
Neurotoxicol Teratol. 26: 599-605.
Deivasigamani, S. (2015) Effect of herbi-
cides on fish and histological evaluationof 
common carp (Cyprinus carpio). Int J Appl 
Res. 1: 437-440
Daugherty D.D., Karei. S.F. (1995) Degra-
dation of 2,4-di Chlorophenoxyacetic acid 
by Pseudomonas capacia DBo1 (pR01D1) in 
a Dual-substrate Chemostat. Appl Environ 
Microbiol. 60: 3261.
Farah, M.A., Ateeg, B., Ali, M.N., Sabir, R., 
Ahmad, W. (2004) Studies on lethal concen-
trations and toxicity stress of some xenobi-
otics on aquatic organisms. Chemosphere. 
55: 257-265.
Fernandes, Thaís C. C., (2013) Characteri-
zation, Modes of action and effects of tri-
fluralin: in Herbicides-current research and 
case Studies in use, Merlin pub, Online Ac-
cess via InTech Open Access Books, Chapter
19: 490-515. Missouri, USA.
Filizadeh, Y., Rajabi Islami, H. (2011) Toxic-
ity determination of three sturgeon species 
exposed to Glyphosate, Iran J Fish Sci. 10: 
383-392.    
Fryer, J.D. (1977) Weed control handbook 

6. 

7. 

8.

9.

10.

11.

12.

13.

14.

319-330



Iranian Journal of Veterinary Medicine

329IJVM (2016), 10 (4):

edited by make peace. Group of Experts on 
the Scientific Aspects of Marine Pollution 
(GESAMP). 1: 118-121, 384-389.
Gangolli, S. (1999) The dictionary of sub-
stances and their effects. Cambridge pub-
lication: Royal Socety Chemistry. UK. 7: 
998p.
Grover, R., Wolt, J.D., Cessna, A.J., Schief-
er, H.B. (1997) Environmental fate of tri-
fluralin. Rev Environ Contam Toxicol. 153: 
1-64.
Haji Sharafi, GH.H., Shokouhfar, A.R. 
(2009) Replace herbicide sugarcanes to re-
duce consumption and optimal use of pes-
ticide in agro industrial Sugarcane Khuz-
estan. J Crop physiol. (in Persian). 1: 49- 57.
Hussein, S.Y., El-Nasser, M.A., Ahmed, S.M. 
(1996) Comparative studies on the effects of 
herbicide atrazine on freshwater fish Oreo�
chromis niloticus and Chrysichthys auratus 
at Assiut Egypt. Bull Environ Cont Toxicol. 
57: 503-510.
Hildebrand, L.D., Sullivan, D.S., Sullivan, 
T.P. (1980) Effects of RoundupR herbicide 
on populations of Daphnia magna in a for-
est pond. Bull Enviorn Contam Toxicol. 25: 
353-357.
Ladipo, M.K., Doherty, V.F. (2011) Acute 
toxicity, behavioural changes and histo-
pathological effect of paraquat dichloride 
on tissues of catfish (Clarias gariepinus). Int 
J Biol Sci. 3: 67-74.
Moraes, B.S., Loro, V.L., Glusczak, L., Pretto, 
A. (2007) Effects of four rice herbicides on 
some metabolic and toxicology parameters 
of teleost fish (Leporinus obtusidens). Che-
mosphere. 68: 1597-1601.
Mizuhashi, S., Ikegaya, Y., Matsuki, N. 
(2000) Cytotoxicity of tributyltin in rat hip-
pocampal slice cultures. Neurosci Res. 38: 
35-42.
Neskovic, N., Elezonic, K., Karan, I., 

15.  

 

16.

17.

18.

19.

20.

21.

22.

23.

Alishahi, M.

Poleksic, V., Budimir. V. (1993) Acute and 
sub acute toxicity of atrazine to Carp (Cy�
prinus carpio). Ecotoxicol Environ Saf. 25: 
173-182.
Nwani, C.D., Nagpure, N.S., Kumar, R., 
Kushwaha, B., Kumar, P., Lakra, W.S. (2010) 
Lethal concentration and toxicity stress of 
Carbosulfan, Glyphosate and Atrazine to 
freshwater air breathing fish Channa punc�
tatus (Bloch) Int Aquat Res. 2: 105-111.
Lushchak, O.V., Kubrak, O.I., Storey, J.M., 
Storey, K.B., Lushchak, V.I. (2009) Low toxic 
herbicide Roundup induces mild oxidative 
stress in goldfish tissues Chemosphere. 76: 
932-937.
Olaifa, F.E., Olaifa, A.K., Lewis, O.O. (2003) 
Toxic Stress of Lead on Clariasgariepinus 
(African catfish) Fingerlings. AJBR. 6: 101-
104.
Poleksic, H.V., Karan, V. (1999) Effects of 
Trifluralin on Carp: Biochemical and Histo-
logical Evaluation, Ecotoxicol Environ Saf. 
43: 213-221.
Roberta Cattaneo, R., Clasen, B., Menezes, 
C.C., Baldisserotto, B., Loro, V.L., Pretto, A., 
Santi, A., Avila, L.A. (2011) Toxicological 
responses of Cyprinus carpio exposed to a 
commercial formulation containing glypho-
sate. Bull Environ Contam Toxicol. 87: 597-
602.
Sarikaya, R., Yilmaz, M., Gul, A. (2002) The 
acute toxic effect of 2,4-D upon tench (Tin�
ea tinea L., 1758). J Inst Sci Technol Gazi 
Uni. 15: 289-296.
Schultz, I.R., Hayton, W.L. (1993) Toxicoki-
netics of trifluralin in Rainbow trout, Aquat 
Toxicol. 26: 287-306.
Sarikaya, R., Yilmaz, M. (2003) Investiga-
tion of acute toxicity and the effect of 2,4-D 
(2,4-dichlorophenoxyacetic acid) herbicide 
on the behavior of the common carp (Cy�
prinus carpio L., 1758; Pisces, Cyprinidae). 

24.

25.

26.

27.

28.

29.

30.

31.

319-330



330 IJVM (2016), 10 (4):

Toxicity of some herbicides in L. esocinus Alishahi, M.

Chemosphere. 52: 195-201.
Shakil, A.S., Grantley, D.C., Michael, J.B., 
Lynn, H.L.K. (2008) Mechanism of triflu-
ralin-induced thyroid tumors in rats, Tox-
icol Lett. 180: 38-45.
Vesna, P., Vesela, K. (1999) Effects of triflu-
ralin on carp: Biochemical and histological 
evaluation, Ecotoxicol Environ Saf. 43: 213-
221.
Ward, G.S., Parrish, P.R. (1982) Manual 
of Methods in Aquatic environmental re-
search. Part 6. Toxicity Tests. FAO Fisheries 
Technical Paper, No 185 FIRI/T185.
Yao, F., Liu, H., Wang, G., Du, L., Yin, X., 
Fu, Y. (2013) Determination of paraquat in 
water samples using a sensitive fluorescent 
probe titration method. J Environ Sci. 25: 
1245e51.
Yeo, R.R. (1967) Dissipation of diquat and 
paraquat, and effects on aquatic weeds and 
fish. Weeds. 15: 42-46.

32.

33.

34.

35.

36.

319-330



Abstracts in Persian Language

39

مجله طب دامی ایران، 1395، دوره 10، شماره 4، 319-330 

ارزیابی سمیت حاد عفلکش های: پاراکوات، توفوردی، ترفلان، گلایفوزیت و آترازین در 
)Luciobarbus esocinus( بچه ماهی عنزه

مجتبی علیشاهی*  زهرا طولابی دزفولی  تکاور محمدیان

بخش علوم درمانگاهی، دانشکده دامپزشکی دانشگاه شهید چمران اهواز، اهواز، ایران

 )  دریافت مقاله: 15 فروردین ماه 1395،  پذیرش نهایی: 25 خرداد ماه 1395(

 چکیده 
زمینه مطالعه: توجه به آلایندگی علف کش ها در محیط های آبی ضروری به نظر می رسد و مهم ترین اثر آلایندگی علف کش ها 
مربوط به اثر آنها بر آبزیان غیر هدف می باشد. ماهیان بومی به عنوان یک شاخص زیستی مناسب برای بررسی آلاینده های اکوسیستم 
آبی می باشند. هدف: برای دستیابی به سمی که کمترین اثرات سوء زیست محیطی را دارد، سمیت حاد پنج علف کش رایج در صنعت 
کشاورزی ایران به عنوان آلاینده های محیط زیست در ماهی عنزه ارزیابی گردیدند. روش کار: سمیت حاد )LC50( پنج سم علف  کش 
)شــامل پاراکوات، توفوردی، ترفلان، گلایفوزیت و آترازین( با اســتفاده از روش اســتاندارد OECD اندازه گیری شد. به این منظور 
 96 LC50 ماهی عنزه در مجاورت حداقل 6 غلظت افزایشــی هر ســم در ســه تکرار قرار داده شد و تلفات روزانه ثبت گردید، سپس
ساعته هر سم با استفاده از نرم افزار Probit مشخص گردید. نتایج: نتایج نشان داد که سمیت حاد این علف کش ها در ماهی عنزه 
به طور معنی داری متفاوت است )p> 0.05(.اLC50 96 ساعته پاراکوات، توفوردی، ترفلان، گلایفوزیت و آترازین در ماهی عنزه به 
ترتیب برابر با mg/l 54.66، 138.8، 1.09، 716.83 و 44.30 بود. گلایفوزیت کمترین سمیت را در مقایسه با سایر سموم علف کش 
دارا بود. بیشــترین ســمیت در بچه ماهی عنزه مربوط به ترفلان بود. میزان مرگ و میر ماهیان هم با افزایش غلظت سموم و هم با 
افزایش مدت مجاورت با سم افزایش یافت. الگوی مرگ و میر ایجاد شده توسط تمام این علف کش ها در طی 96 ساعت مشابه بود. 
نتیجه گیری نهایی: با توجه به کاربرد وسیع و اثر بخشی مشابه علف کش ها در اغلب مزارع نیشکر استان خوزستان و با توجه به تفاوت 
سمیت این 5 علف کش در ماهی عنزه به عنوان یک موجود غیر هدف، توصیه می شود گلایفوزیت که سمیت کمتری دارد، به عنوان 

یک جایگرین مناسب برای ترفلان، آترازین، پاراکوات و توفوردی استفاده گردد.

LC50 ،واژه های کلیدی:  سمیت حاد، آلاینده های اکوسیستم، عنزه، علف کش
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