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Abstract
The aim of this study was to investigate the effects of subchronic exposure to atrazine on fish
growth and the development of histopathological changes in selected organs (gill, kidney, liver) in
Danio rerio. Juvenile growth tests were performed on D. rerio according to OECD method No. 215.
For 28 days, fish at an initial age of 30 days were exposed to the environmental atrazine concentration
commonly detected in Czech rivers (0.3 μg/L) and a range of sublethal concentrations of atrazine (3.0,
30.0 and 90.0 μg/L). The results showed decreasing growth rates and morphological changes in the
liver (dystrophic lesions of hepatocytes) at 90.0 μg/L of atrazine. The environmental concentration of
atrazine in Czech rivers did not have any effect on fish growth and development of histopathological
changes in D. rerio. The value of NOEC was 30.0 μg/L and the value of LOEC was 90.0 μg/L.
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Abbreviations and Units: DMSO – dimethyl sulfoxide; GC/IT-MS – gas chromatography
with ion trap mass spectrometry; NOEC – no observed effect concentration; LC50 – 50%
lethal concentration; LOEC – lowest observed effect concentration; OECD – Organization for Economic Cooperation and Development.

Introduction
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) is one of the most widely used
triazine herbicides in the world. Atrazine (molecular
weight 251.7) is used for pre- and post-emergence
control of annual grass and broad-leaved weeds in
maize, sorghum, asparagus, vines, top-fruit, citrus,
sugar cane, bananas, coffee, oil palms and grass-

land/forestry, the major uses being maize and sorghum. It is used in combination with many other herbicides (Steinberg et al. 1995, Roberts et al. 1998,
Alvarez and Fuiman 2005, Zhou et al. 2008). Atrazine is a selective systemic herbicide which acts as
a photosynthesis inhibitor. It is absorbed by roots
and leaves, is translocated acropetally in the xylem
and accumulates in the apical meristems (Roberts et
al. 1998).
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Due to the heavy use of atrazine and its persistence in
surface and ground waters, it is considered to be a potential risk for water quality. Metabolites of atrazines
are, however, more persistent and high concentrations
have been reported long after the application season.
Thus, its use is increasingly restricted in many countries (Steinberg et al. 1995, Graymore et al. 2001,
Zhou et al. 2008). The extent of contamination by
triazine herbicides in the aquatic environment depends not only on contaminant inputs but also on the
persistence of these compounds within this environment as determined by pH, salinity, oxygen availability, temperature, organic matter and moisture content
(Fletcher et al. 1994). Preparations containing atrazine have not been registered in the Czech Republic
since 2006, but atrazine and its degradation products
are still detected in the aquatic environment in the
Czech Republic. The highest concentration of atrazine in surface water reported in 2008 was 0.3 μg/L
(data from the Czech Hydrometeorogical Institute).
The aim of this study was to investigate the effects of
subchronic exposure to atrazine on fish growth and
the development of histopathological changes in selected organs (gill, kidney, liver) in Danio rerio.

centrations and DMSO control, and this level of concentration is allowed according to OECD methodology. We did not find any significant differences in any
test parameters between the control group with dilution water only in comparison with the control group
with DMSO.
The fish were randomly distributed into 30 L glass
aquariums, 40 specimens for each. The test on an atrazine treated group was performed in duplicate (80
fish for each concentration). The experiment was conducted in a flow-through system (Fig. 1) and the volume of test solutions was replaced twice a day. The
average initial weight of fish used in the experiment

Materials and Methods
Experimental fish
Tests of atrazine toxicity were performed on
Danio rerio, which is one of the model organisms most
commonly used in toxicity tests (Lele and Krone 1996,
Yang et al. 2009). Experimental procedures were in
compliance with national legislation (Act No.
246/1992 Coll., on the Protection of Animals Against
Cruelty, as amended, and Decree No. 207/2004 Coll.,
on the Protection, Breeding and Use of Experimental
Animals, as amended).

The subchronic toxicity test
The tests were performed on D. rerio at the age of
30 days, according to OECD No. 215 Fish, Juvenile
Growth Test with atrazine of 98.8% chemical purity
(Sigma Aldrich). The fish were exposed to a range of
sublethal concentrations of atrazine (0.3 μg/L – environmental concentration in Czech rivers, 3.0, 30.0 and
90.0 μg/L) for 28 days. The test compound was dissolved in water using dimethyl sulfoxide (DMSO), which
is the most commonly used delivery system for
water-insoluble chemicals in aquatic bioassays (Hallare et al. 2006, Machova et al. 2009). The concentration of DMSO reached 0.01% in all atrazine test con-

Fig. 1. View of the flow-through system.

was 0.031 ± 0.015 g. The fish were fed with dried Artemia salina without nutshells to the amount of 8% of
their body weight per day; the food ration was based
on initial fish weights and was recalculated after 14
days. At the end of the tests, the fish were euthanized
by carbon dioxide, weighed and their tank-average
specific growth rates were determined. Food was
withheld from the fish 24 h prior to weighing. During
the tests, living conditions were checked at 24-hour
intervals and the number of dead fish was recorded in
each concentration. The mean values for water quality
were: temperature 25 ± 1oC, oxygen saturation above
60% (ranging from 78% to 96%), pH from 7.95 to
8.28. The basic chemical parameters of dilution water
used were: CODMn (chemical oxygen demand) 1.5
– 1.7 mg/L; total ammonia below the limit of determination (< 0.04 mg/L); NO3– 25.1 – 29.7 mg l–1; NO2–
below the limit of determination (< 0.02 mg/L); Cl–
18.2 – 18.9 mg/L; Σ Ca ± Mg 14 mg/L.
Tank-average specific growth rates were calculated using the following formula according to
OECD No. 215:
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r=

logeW2 – logeW1
· 100
t2 – t1
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Histopathological examination

logeW1 – average of the logarithms of the values W1
for the fish in the tank at the start of the study
period

The fish (10 specimens from each concentration)
were prepared for histopathological examination (on
selected organs – gill, kidney, liver), fixed in buffered
10% neutral formalin, dehydrated, embedded in paraffin wax, sectioned on a microtome at a thickness of
4 μm, and stained with haematoxylin and eosin (HE).
Five sections from each fish were examined at different levels.

logeW2 – average of the logarithms of the values W2
for the fish in the tank at the end of the study
period

Results

t1, t2 – time (days) at the start and end of the study
period

Mortality and fish behaviour

r – tank-average specific growth rate
W1, W2 – weights of a particular fish at times t1 and t2
respectively

Statistical analysis
Data were subjected to Kruskal-Wallis one-way
ANOVA and subsequently to Dunnett’s test in order
to assess the statistical significance of differences in
tank-average fish specific growth rates between test
groups with different concentrations and those of the
control groups. The estimation of the LOEC and
NOEC was based on ANOVA followed by Dunnett’s
test for the identification of the lowest concentration
at which these differences of specific growth rate
were (were not) significant at a 0.05 probability level,
and, further, on the results of histopathological
examination and the assessment of changes in fish
behaviour.

The fish were exposed to 4 sublethal concentrations of atrazine. The effects of the environmental
concentration in Czech rivers (0.3 μg/L) and concentrations 10-fold (3.0 μg/L), 100-fold (30.0 μg/L) and
300-fold (90.0 μg/L) were assessed. In all test groups
and in the control group, mortality did not exceed 5%
during the 28-day experimental period.
In test groups exposed to sublethal concentrations
of atrazine (0.3 μg/L – environmental concentration in
Czech rivers, 3.0, 30.0 μg/L) we did not notice any
changes in fish behaviour. However, at the 90.0 μg/L
concentration we noticed decreased food intake compared to the control group (the fish showed no interest in food and its residues accumulated at the bottom
of the tank).

Growth rate
Determination of atrazine
Gas chromatography with ion trap tandem mass
spectrometry (GC/IT-MS) was used for the determination of atrazine. A sample preparation was based
on simple liquid-liquid extraction into cyclohexane.
Separation, identification and quantification were
based on the GC/IT-MS method. A Varian 450-GC
gas chromatograph (Varian Inc., USA) and VF-5ms
(30 m x 0.25 mm) column were used for separation.
A Varian 220-MS (Varian Inc., USA) ion trap mass
spectrometer was used for identification and quantification. Chromatographic and MS conditions were
based on the method described by Perreau and Einhorn (2006). All solvents were of GC/MS-grade purity
(Chromservis, s.r.o., CZ). A certified standard of atrazine was purchased from Dr. Ehrenstorfer GmbH
(Germany).
The detection limit (3σ) for atrazine was 0.04
μg/L. Expanded uncertainty was 6.3% on the condition that the coefficient of expansion was k = 2.

The initial body weights were not significantly different between groups, but at the end of the trial,
body weights in tanks with a 90.0 μg/L concentration
of atrazine were significantly lower (p < 0.05) compared to the control group (mean ± SEM). The values
of specific growth rate r for the test groups in comparison with the control group are shown in Fig. 2.

Histopathology
Histopathological examination revealed pathological lesions in pesticide-exposed fish only in the experimental group with the highest concentration of
atrazine (90 μg/L). Morphological changes were observed in the liver and were represented by moderate
dystrophic lesions of hepatocytes. There were
morphological signs of initial cell injury represented
by the hydropic to vacuolar degeneration of hepatocytes, the dilatation of capillaries and hyperaemia
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Fig. 2. Comparison of specific growth rate (r) (mean ± SEM) for control and tested atrazine concentrations (concentrations of
atrazine from 0.3 μg/L to 90 μg/L) (* p < 0.05).

Fig. 3. View of the liver of zebrafish – Hydropic to vacuolar degeneration of hepatocytes, dilatation of capillaries and hyperaemia
in the liver of Danio rerio exposed to atrazine at a concentration of 90.0 μg/L for 28 days (HE, 400x).

(Fig. 3). All affected tissues were histopathologically
compared with tissue sections from the negative control group (without DMSO) (Figure 3). All the animals in this group had the same intensity of morphological changes in the liver and the changes were
throughout the organ. Tissues and organs from the
fish in experimental groups exposed to atrazine at
concentrations of 0.3 μg/L, 3.0 μg/L and 30.0 μg/L
exhibited no pathomorphological changes.

Validity of the tests
Our tests met all conditions required by the
OECD – mortality in both control groups was below

10%, the final weight of control fish was higher than
150% of the initial weight, the dissolved oxygen concentrations were at least 60%, the water temperature
did not differ by more than ± 1oC among test aquariums, and test substance concentrations were above
80% of the measured initial concentration.

Discussion
The effects of acute exposure to atrazine have
been documented for many fish species. For silver catfish (Rhamdia quelen) the atrazine 96-h LC50 was
10.2 mg/L (9.0 – 11.5 mg/L) (Kreutz et al. 2008), for
common carp (Cyprinus carpio) 18.8 mg/L (Neskovic
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et al. 1993), and for bluegill sunfish (Lepomis macrochirus) 16.0 mg/L (Bathe et al. 1973). The Nile fish
Oreochromis niloticus (96-h LC50 9.37 mg/L) and
Chrysichthyes auratus (6.37 mg/L) have a similar sensitivity to atrazine (Hussein et al. 1996). The freshwater
fish Channa punctatus is less sensitive according to
Nwani et al. (2010), who determined the 96-h LC50
for this species to be 42.381 mg/L.
However due to the potential of triazines to bioaccumulate in organisms and remain active there for
a long time (Rioboo et al. 2007), it is relevant to study
also the sublethal effects of these triazine herbicides
on fish and other aquatic organisms (Modra et al.
2008, Velisek et al. 2011). Many studies such as Steinberg et al. (1995), Saglio and Trijasse (1998), Alvarez
and Fuiman (2005), Tryfonos et al. (2009) and de
Campos Ventura et al. (2008), have dealt with the
determination of the effects of subchronic exposure of
fish to atrazine – effects on fish behavior and on biometric, histopathological, hematological and biochemical parameters, as well as many other impacts
on the fish organism. In our study we focused on the
effects of subchronic exposure of environmental concentration and other sublethal concentrations of atrazine on zebrafish (Danio rerio).
We observed the influence of sublethal concentrations of atrazine on mortality and fish behaviour.
Whereas the mortality in our tests in all tanks (the
highest atrazine concentration was 90 μg/L) did not
exceed 5% during the 28-day experimental period,
Nieves-Puigdoller et al. (2007) recorded the higher
mortality (9%) at a concentration of 100 μg/L of atrazine in Atlantic salmon (Salmo salar) smolts after
a 21 day exposure. In our test at the highest concentration of atrazine (90 μg/L) fish only swam in the
middle of the tank with no signs of interest in food
compared to control. According to Steinberg et al.
(1995), decreased food intake, which we noticed in
test and other alterations in swimming behaviour,
could be caused by the effect of atrazine on the sensory organs and nervous system.
Our results showed decreasing growth rates only
at the 90 μg/L concentration of atrazine, but Alvarez
and Fuiman (2005) found reduced growth rates and
prolongation of the larval period in red drum larvae
(Sciaenops ocellatus) at a lower concentration (40
μg/L and 80 μg/L of atrazine) after only 4 days of
exposure. Likewise Nieves-Puigdoller et al. (2007) detected in Altlantic salmon smolts during a 3 month
stay in seawater a reduction in food intake and growth
as a results of atrazine exposure (in fresh water),
which caused osmoregulatory disturbance and physiological stress. Similarly, Waring and Moore (2004)
found that exposure to atrazine in fresh water (to 10
μg/L and 22.7 μg/L) for 7 days reduced salinity toler-
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ance in Atlantic salmon smolts. They considered atrazine affects on gill ion flux activity as the cause of
mortality after the transfer of fish to sea water.
The effect of various aquatic environmental pollutants on the gill epithelium, which is the site of gas
change, acid-base balance, ionic regulation and nitrogenous waste excretion, can be connected to morphological pathologies, alternations in blood levels,
and ionic fluxes (Evans 1987). However, we did not
find any histopathological changes in the gills in any
treated group. Alazemi et al. (1996) decribed damage
to the gill epithelium, but at a higher concentration
(0.5 mg/L of atrazine) after 6 hours of exposure.
Many authors observed pathomorphological
changes in the kidney, caused by atrazine exposure.
Fisher-Scherl et al. (1991) and Oulmi et al. (1995)
detected cytopathological alterations in the renal tubules of rainbow trout (Oncorhynchus mykiss) after 28
days of exposure at concentrations lower than in our
experiment. Fisher-Scherl et al. (1991) described alterations to the different components of renal corpuscles and of renal tubules in rainbow trout, as well
as an increase in cells with mitotic figures in the renal
hemopoietic interstitium. In addition, Oulmi et al.
(1995) detected cytopathological alterations in renal
tubules already at an atrazine concentration of 10
μg/L. The necrosis of endothelial cells and renal hemopoietic tissue was found in Oncorhynchus mykiss at
atrazine concentrations of 80 μg/L (after 28 days) and
also after short-term exposure (96 hours) at concentrations of 1.4 mg/L and 2.8 mg/L. These results were
supported by Hussein et al. (1996), who determined
significantly increased levels of urea nitrogen in serum
in Chrysichthyes auratus after exposure to atrazine
concentrations of 3.0 mg/L and 6.0 mg/L for 28 days,
which may be due to the result of such damage. These
results demonstrate the high nephrotoxic potential of
atrazine in fish (Oulmi et al. 1995). In contrast to
these findings, the results of our study did not show
any pathomorphological changes in the kidney of
Danio rerio at any atrazine concentration.
The only changes that we found in our test were
morphological changes in the liver (the hydropic to
vacuolar degeneration of hepatocytes, the dilatation
of capillaries and hyperaemia) at the highest atrazine
concentration (90 μg/L). Likewise, Braunbeck et al.
(1992) and Jin et al. (2012) demonstrated damage to
hepatic cells, but at much lower concentrations than
our results showed. According to Jin et al. (2012),
atrazine also altered a number of hepatic proteins,
which are involved in a variety of biological processes
including oxidative stress, which atrazine may cause
(Elia et al. 2002, Nwani et al. 2010).
In the light of the above findings, atrazine NOEC
(no observed effect concentration) and LOEC (lowest
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observed effect concentration) were determined in
the present study. For an exposure period of 28 days
the values of NOEC and LOEC were 30.0 μg/L and
90.0 μg/L, respectively.

Conclusions
On the basis of our results, it was concluded that
the environmental concentration of atrazine detected
in Czech rivers (0.3 μg/L) has no effect on fish behaviour or mortality, on growth, or on the development of
histopathological changes in D. rerio, and that this
concentration is lower than the determined values of
LOEC and NOEC for atrazine.
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