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Abstract OBJECTIVES: The aim of this study was to investigate effects of subchronic expo-
sure to sublethal levels of terbutryn on growth and on histopathological changes 
in Danio rerio. 
DESIGN: The acute toxicity tests were performed on the juvenile stage of Danio 
rerio according to OECD No. 203 Fish, Acute Toxicity Test. The juvenile growth 
tests were performed on D. rerio according to the OECD method No. 215. Fish 
at the age of 20 days were exposed to the terbutryn environmental concentration 
commonly detected in the Czech rivers (0.02 μg L-1) and the range of sublethal 
concentrations of terbutryn (0.06, 0.2, 0.6 and 2 mg L-1) for 28 days.
RESULTS: The 96hLC50 terbutryn mean value for the juvenile stage of D. rerio was 
5.71 ± 0.46 mg L-1. A significant decrease (p < 0.01) in the fish growth caused by 
terbutryn was observed in the concentration of 0.6 mg L-1. The value of NOEC 
was 0.2 mg L-1 and LOEC was 0.6 mg L-1 of terbutryn. We found the damage to 
tubular system of kidneys in the concentration of 0.6 mg L-1 of terbutryn.  
CONCLUSION: The environmental concentration of terbutryn in the Czech riv-
ers did not have any effects on growth and on histopathological changes in D. 
rerio and this concentration is lower than determined LOEC and NOEC values 
of terbutryn.

INTRODUCTION 

Triazine herbicides are divided into two groups, 
the asymmetrical triazines or triazinones, such as 
metribuzin, and the symmetrical triazines. The 
most commercially used symmetrial triazines are 
simazine, atrazine, propazine, cyanazine, ametryn, 
prometryn, prometon and terbutryn (Stevens et 
al. 2001). Herbicidal activity of triazines was first 
discovered in 1952 by J. R. Geigy in Switzerland 
(Roberts et al. 1998). 

Terbutryn (2-(tert-butylamino)-4-(ethyl amino) 
-6-(methylthio)-s-triazine) belongs to substituted 
symmetrical triazines. Triazines form a group of 

similar herbicides used extensively in agriculture 
and non-agricultural use sites, primarily to con-
trol broadleaf and some grassy weeds, that have 
become ubiquitous contaminants of the environ-
ment (Moretti et al. 2002; Arufe et al. 2004a). 

Terbutryn has been used worldwide for the con-
trol of most annual grasses and broadleaf weeds 
in many crops including winter cereals, potatoes, 
legumes, maize, sugarcane and citrus. Terbutryn is 
a selective systemic herbicide which acts as a pho-
tosynthesis inhibitor in the xylem and accumulates 
in the apical meristems. In plants it is metabolised 
by oxidation to 2-hydroxy derivates and by side-
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Abbreviations & units
DMSO  dimethyl sulfoxide
GC/IT-MS  gas chromatography with ion trap mass spectrometry
NOEC  no observed effect concentration 
LOEC  lowest observed effect concentration 

semi-static test procedure (test solutions were renewed 
at 24-hour intervals). During the tests, the condition 
of fish was checked and the number of dead fish was 
recorded for different concentrations every 24 hours as 
well as the water temperature, pH and the oxygen satu-
ration of water. Water temperature in the tests was 23 ± 
2 °C. The dissolved oxygen concentrations were above 
60%, pH of the water ranged from 8.07 to 8.49. The 
duration of each test was 96 hours. The results of acute 
toxicity tests (the number of dead fish in individual test 
concentrations) were processed by the probit analysis 
(EKO-TOX 5.2 programme) to determine the 96hLC50 
terbutryn values. 

The subchronic toxicity test. Tests of subchronic expo-
sure of juvenile fish (at the age of 20 days) to terbutryn 
were performed on D. rerio according to OECD No. 215 
Fish, Juvenile Growth Test in series of four tests. The 
tests were carried out with 20 fish used for each con-
centration and for the control groups (one control with 
dilution water only and the second control with dilu-
tion water and solvent - DMSO in quantities 0.1%). The 
average beginning weight of fish used in the experiment 
was 0.009 ± 0.003 g. Fish were placed in test aquariums 
and exposed to a range of sublethal concentration of 
terbutryn (0.02 μg L-1 – environmental concentration 
in the Czech rivers, 0.06, 0.2, 0.6 and 2.0 mg L-1). The 
duration of these semi-static tests (the solutions were 
renewed at 48-hour intervals) was 28 days. Fish were fed 
with dried Artemia salina without nutshells in amount 
of 8% of their body weight per day, the food ration was 
based on initial fish weight and was recalculated after 
14 days. At the end of the tests fish were weighed again 
and their length was determined. Food was withheld 
from the fish 24 h prior to weighing. During the tests, 
the living conditions were checked at 24-hour intervals 
and the number of dead fish was recorded in each con-
centration. Water temperature in tests was 23 ± 2 °C, 
oxygen saturation of water was above 60 %, pH of the 
water ranged from 8.13 to 8.50. Tank-average specific 
growth rates were calculated using the following for-
mula according to the OECD No. 215:

 

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

t2 respectively
 – average of the logarithms of the values W1 

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

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

Water quality parameters. The basic physical and 
chemical parameters of dilution water used in toxicity 
tests were: CODMn (chemical oxygen demand) 1.4–1.9 
mg L–1; total ammonia below the limit of determination 

chain de-alkylation (Roberts et al. 1998). Terbutryn is 
also used in aquatic environment as an aquatic herbicide 
for the control of algae, submerged and free-floating 
weeds and may affect many non-target organisms there 
(Muir, 1980; Roberts et al. 1998; Arufe et al. 2004a). 
Terbutryn was not only detected in surface and ground 
waters (Carabias-Martínez et al. 2003), but also it was 
encountered in some marine waters (in Mediterranean 
coastal waters) (Tolosa et al. 1996). 

The application of terbutryn has been banned in 
many countries because it has the potential to bioac-
cumulate in organisms, but it has been still detected in 
water environment (Rioboo et al. 2007). Quednow & 
Puttmann (2007) reported the highest concentration of 
terbutryn (5.6 μg L-1) in rivers in Germany. The prepa-
rations containing terbutryn have not been registered 
in the Czech Republic since 2005, but terbutryn can be 
still detected in the environment. Its highest environ-
mental concentration was found in the Czech rivers and 
according to the Czech Hydrometeorological Institute 
report it was 0.02 μg L-1 in 2008.

The aim of this study was to investigate the effects 
of subchronic exposure to environmental and sublethal 
levels of terbutryn on growth and on histopathological 
changes in Danio rerio. 

MATERIAL AND METHODS

Experimental fish. Tests of terbutryn toxicity were per-
formed on Danio rerio, which is one of the model organ-
isms most commonly used in toxicity tests (Lawrence, 
2007; Macova et al. 2008). The procedure complied 
with OECD guidelines No. 203 and 215. Experimen-
tal procedures were in compliance with the 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).

Acute toxicity test. Acute toxicity tests on the juvenile 
stage of D. rerio were performed according to OECD 
No. 203 Fish, Acute Toxicity Test in series of five tests. 
We dissolved terbutryn in the water with the help of 
dimethyl sulfoxide (DMSO in quantities 0.1%). In each 
test series we used five ascending concentrations of the 
tested substance (4, 5, 6, 7 and 8 mg L-1) and two con-
trol groups (one control group only in dilution water 
and the second control group maintained in dilution 
water with solvent – DMSO in quantities 0.1%). Food 
was withheld 72 h preceding start of the test. Ten juve-
nile fish (aged 2-3 months, length 30 ± 5 mm, weight 
0.3 ± 0.1 g) were placed in each test aquarium (fish were 
randomly selected from the stock population). We used 
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(< 0.04 mg L–1); NO3
– 24.5–31.4 mg L–1; NO2

– below 
the limit of determination (< 0.02 mg L–1); Cl– 18.9 – 
19.1 mg L–1; Σ Ca ± Mg 14 mg L–1.

Statistical analysis. Results were analysed using 
the statistical programme Unistat 5.1. The data were 
subjected to one-way ANOVA and subsequently to 
Dunnett`s test in order to assess the statistical sig-
nificance of differences in tank-average fish specific 
growth (r) between test groups with different concen-
trations and that of the control group. The estimation 
of the LOEC and NOEC values was based on ANOVA 
followed by Dunnett`s test for the identification of the 
lowest concentration for which this difference is (is not) 
significant at a 0.05 probability level.

Determination of terbutryn. Gas chromatography 
with ion trap mass spectrometry (GC/IT-MS) was used 
for the determination of terbutryn concentrations in 
aquariums. Sample preparation was based on simple 
liquid-liquid extraction into hexan. Separation, identi-
fication and quantification of terbutryn were based on 
the GC/IT-MS method described by Djozan & Ebra-
himi (2008). Gas chromatograph Varian 450-GC with 
Varian 220-MS ion trap mass spectrometer and VF-5ms 
(30 m × 0.25 mm) column were used for separation of 
terbutryn. Detection limit (3σ) of terbutryn is 0.01 μg 
L-1. Expanded uncertainty was 6.5% on condition that 
coefficient of expansion is k = 2. During the tests, the 
tested substance concentrations in all aquariums were 
above 80% (ranging from 82% to 88%) of the measured 
initial concentration. 

Histopathological examination. Fish were fixed in 
10% neutral formalin solution and processed using 
conventional paraffin techniques. Tissue sections were 
stained with haematoxylin and eosin. Histological 
changes in samples of skin, gill, liver and kidney were 
examined by light microscopy. 

RESULTS

Acute toxicity test. The 96hLC50 terbutryn mean value 
was 5.71 ± 0.46 mg L-1 (ranging from 5.20 to 6.13 mg 
L-1) for D. rerio.

Subchronic toxicity test. For the growth test we 
selected a range of 5 initial concentrations lower than 
96hLC50. We selected concentrations of terbutryn 
3-fold (2.0 mg L-1), 10-fold (0.6 mg L-1), 30-fold (0.2 
mg L-1) and 100-fold (0.06 mg L-1) less than 96hLC50 
terbutryn value and the environmental concentration 
of terbutryne in the Czech rivers (0.02 μg L-1). 

Fish behaviour and mortality. In test groups of fish 
exposed to 0.02 μg L-1, 0.06 mg L-1, 0.2 mg L-1 and 0.6 
mg L-1 of terbutryn, the mortality did not exceeded 5% 
during the 28-day experimental period. In both control 
tanks the mortality was 0% during the experiments. In 
the test group exposed to the highest concentration of 
terbutryn (2 mg L-1) the mortality was 100% before fish 
weighting in the half of the test, fish began dying on 
day 5 of exposure in this group. In this concentration 
we also noticed changes in food intake compared to the 
control, fish practically did not ingest the food at all.

Growth rate. The overview of the results of body 
weight measurements before and after the series of four 
tests (means ± standard deviations) is shown in Figure 
1. The initial body weight was not significantly differ-
ent among groups, but at the end of the trial, fish weight 
in tanks with concentration of terbutryn 0.6 mg L-1 was 
significantly lower (p < 0.01) compared to the control 
group.

The results of specific growth rate r2 (means ± stan-
dard deviations) of the test groups in comparison with 
the control group are demonstrated in Figure 2. A sig-
nificant decrease (p < 0.01) in fish growth caused by 
terbutryn concentration was observed in the concen-
tration of 0.6 mg L-1. The identified value of LOEC was 
0.6 mg L-1 of terbutryn and NOEC value was 0.2 mg L-1 
of terbutryn.

Figure 1. Comparison of body weight of control (0 mg L-1 
terbutryn, with DMSO and water) and test fish (concentrations 
of terbutryn from 0.00002 to 0.6 mg L-1) (** p < 0.01).

Figure 2. Comparison of specific growth rate and tested terbutryn 
concentrations (concentrations of terbutryn from 0.00002 to 0.6 
mg L-1) (** p < 0.01).
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Figure 3. Relationship between concentration of terbutryn in 
diluton water and specific growth rate r2 in Danio rerio.

Figure 4. Comparison of the individual body length of (0 mg L-1 
terbutryn, with DMSO and water) and test fish (concentrations 
of terbutryn from 0.00002 to 0.6 mg L-1) (** p < 0.01).

The results of specific growth rates of groups in rela-
tion to different concentration of terbutryn are given 
in Figure 3. The increased concentration of terbutryn 
resulted in lower fish growth. The relationship of ter-
butryn concentration to the fish growth is expressed 
by a regression equation, which demonstrates a poly-
nomial relationship between these values. The result-
ing regression equation for the juvenile fish D. rerio is 
y = -1.5663x2 – 0.1267x + 2.5565 (R2 = 0.9647), where 
x represents terbutryn concentrations in dilution water 
and y the specific growth rate (r2).

Body length. The results of the individual fish body 
length (means ± standard deviations) at the end of the 
experiment in comparison with control groups are pre-
sented in Figure 4. A significant decrease (p < 0.01) in 
individual fish body length caused by terbutryn concen-
tration was detected in the concentration of 0.6 mg L-1.

Histopathological changes. No histopathologi-
cal changes were found on skin, gills, and liver. We 
observed the damage to tubular system of kidneys only 
in fish exposed to the concentration of 0.6 mg L-1 of 
terbutryn. The foci of the renal tubular epithelial cells 
necrosis with dense leucocytes infiltration were found 
(Fig. 5; control group-Fig. 6).

Validity of the tests. Our tests met all the conditions 
required by OECD – the mortality in the control groups 
was below 10% (no fish died in the control tanks), the 
final weight of control fish in subchronic toxicity tests 
was higher than 150% of the initial weight, the dissolved 
oxygen concentrations were at least 60%, the water tem-
perature did not differ by more than ± 1°C among test 
aquariums, test substance concentrations were above 
80% (ranging from 82% to 88%) of the measured initial 
concentration. 

DISCUSSION

Many studies have dealt with the determination of acute 
toxic concentrations of triazine herbicides for various 
fish species. Arufe et al. (2004b) studied acute effects 
of commercial formulation containing simazine on sea-

bream (Sparus aurata L.), Kreutz et al. (2008) reported 
the acute effect of atrazine and atrazine with simazine 
on silver catfish (Rhamdia quelen), Velisek et al. (2008) 
studied the acute effect of metribuzin on rainbow trout 
(Oncorhynchus mykiss). 

Not many authors mentioned the acute effect of 
terbutryn on fish. But terbutryn have been frequently 
detected in water environments (Tolosa et al. 1996; 
Carabias-Martinez et al. 2003; Quednow & Puttmann, 
2007). Arufe et al. (2004a) found the 72hLC50 value of 
preparation containing terbutryn (59.4%) and triasul-
furon (0.6%) for seabream (Sparus aurata L.) to be 1.41 
mg L-1, which is lower than we detected in our study 
(96hLC50 terbutryn mean value was 5.71 ± 0.46 mg 
L-1 for Danio rerio). As terbutryn is relatively insoluble 
in water (Rioboo et al. 2007) we had to use a solvent 
– a dimethyl sulfoxide (DMSO), which is the most 
commonly used delivery system for water-antisoluble 
chemicals in aquatic bioassays. Hallare et al. (2006) 
reported that DMSO may be used as a carrier solvent 
in the zebrafish embryo assay at levels below 1.5 % v/v 
(for stress protein analysis of the exposed embryos 
the solvent level should be below 0.01% v/v). We used 
DMSO in quantities 0.1% and we did not find out any 
significant differences between the control groups with 
dilution water only in comparison with control groups 
with the solvent DMSO.

It is also necessary to study sublethal effects of 
triazine herbicides, because many of them (includ-
ing terbutryn) have the potential to bioaccumulate 
in organisms and act there for a long time (Rioboo et 
al. 2007). A few authors (Davies et al. 1994; Alvarez 
& Fuiman, 2005; Modra et al. 2008) studied effects of 
sublethal concentrations of triazines on fish (effects 
on growth, histopathological changes, haematological 
indices and biochemical indices). We assessed effects 
of sublethal concentrations of terbutryn on growth and 
on histopathological changes in D. rerio. We found out 
that the environmental concentration of terbutryn in 
the Czech rivers (0.02 μg L-1) had no effects on growth 
and on histopathological changes in D. rerio and this 
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Figure 5. The damage to tubular system of kidney of D. rerio exposed to the concentration of 0.6 
mg L-1 of terbutryn for 28 days (× 400).

Figure 6. Section of the kidney D. rerio from the control group (× 400).

concentration is lower than determined terbutryn 
NOEC and LOEC values. Similarly, Velisek et al. (2009) 
reported no effect of the environmental concentration 
of terbutryn in the Czech rivers on biochemical, hae-
matological and histopathological profiles of common 
carps (Cyprinus carpio L.), which were exposed to this 
concentration of terbutryn for 28 days. The concen-
tration of 0.6 mg L-1 of terbutryn (LOEC) caused the 

decrease in the fish growth and also the histopathologi-
cal changes of kidney in D. rerio.
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