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Table 1.  Attributes and scores for of quantitative weight of evidence assessment 
Score for relevance 
of response to 
adverse outcomes 

0 1 2 3 4 

Statistical 
significance for 
effects 

Not statistically 
significant 

Statistical significance inconsistent internally 
(e.g., in repeated observations within the 

study) 

Statistically 
significant 

Consistency and 
strength of 
concentration- or 
dose-response (C-R) 

None, or r2 < 
0.1 

r2 < 0.2, 
evident but not 
characterized 

r2 < 0.4 or C-R 
with 2 

concentrations 
only 

r2 < 0.6 r2 < 0.8 

Relevance of effect 
to survival, 
development, 
growth, and/or 
reproduction 

None Unexplained, 
biomarker 

response of 
low relevance 
or small non-

critical 
response (< 

5%) 

Low (e.g., 
minor changes 

in weight or 
more relevant 
biomarker (< 

10%))  

Moderate 
(e.g., 
larger 

changes in 
weight or 
relevant 

biomarker 
(10-25%)) 

High (e.g., 
any 

significant 
responses 
resulting in 

adverse 
effects at the 
level of the 
population. 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No effect, 
highly 

implausible, or 
internally 

inconsistent 

Not proposed 
or explained 

Plausible but 
not 

characterized 
in study 

Plausible 
based on 
analogous 

studies 

Plausible 
and 

characterize
d in study 

Multiplier for 
relevance of lowest 
observed effect 
concentration 
(LOEC) 

Effects 
observed only 

at ≥100 µg 
atrazine/L = 0 

Effects observed at < 100 µg atrazine/L = 1 

Overall evaluation of 
adverse outcomes 
relative to risk 

Not relevant → → → → → → → → → → → Highly relevant 
Based on the computed mean of the individual scores and the concentration 

multiplier 

Overall evaluation of 
relevance score from 
expert judgment 

A score for expert judgment (SEJ) where exceptions such as internal 
inconsistency, incorrect statistical analysis, or husbandry issues, etc. were 
identified and a score greater or less than the computed score assigned. 
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Quality of methods 
(QOM) 

0 1 2 3 4 

Experimental design 
and hypotheses 

Completely 
inappropriate 

Major 
weakness(es) 

Some 
weakness(es) 

Good Excellent 

Use of GLP and 
QA/QC 

None Some QC, on 
regular basis 
(e.g., some 
measured 
exposures) 

More QC (e.g., 
exposures 

measured on a 
regular basis) 

Spirit of 
GLP with 
QA/QC 

GLP with 
QA/QC 

Transparency of data Critical data 
not provided 

Summary and aggregate data provided All raw data 
available for 

review 

Concentrations of 
atrazine tested 

1 2 3 or field study 
≥3 sites 

4 ≥5 

Use of realistic 
atrazine 
concentrations 

All > 100 µg/L All > 20 µg/L 1 < 20 µg/L 2 < 20 
µg/L 

≥ 3 values 
< 20 µg/L or 
a field study 

Overall evaluation of 
the quality of the 
methods 

Weak methods→ → → → → → → → → → → Strong methods 
Based on the computed mean of the individual scores 

 

 
 
The following three pages show the legends for responses based on physiological and 
biochemical responses in fish, amphibians, and reptiles exposed to atrazine. 
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SI Figure 1. Key to the response numbers for the QWoE analysis of the effects of atrazine on 
physiological responses in fish and amphibians (A).   
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SI Figure 2. Key to the response numbers for the QWoE analysis of the effects of atrazine on 
physiological responses in fish and amphibians (B).   
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SI Figure 3. Key to the response numbers for the QWoE analysis of the effects of atrazine on 
physiological responses in fish and amphibians (C). 
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(Ali et al. 2018a) 
Paper: Toxic effect of atrazine herbicide on the hematological indices of snow 
carp (Schizothorax plagiostomus): An indigenous fish species of economic 
importance.  Fresenius Environmental Bulletin 27:3075-3080 
 

Relevance - Response 1.  Toxicity of formulated atrazine at nominal concentrations of 
50,000, 100,000, and 150,000 µg/L in Schizothorax plagiostomus exposed for 24, 48, 
and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine was toxic at all concentrations and exposure durations tested. 
The results are assumed to be statistically significant. 

4 

Concentration- or 
dose-response 

Assumed to be monotonic as this was a toxicity testA direct 
proportional relationship between fish mortality and atrazine 
concentration was observed. The regression value calculated was 
0.894. 

3 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is highly relevant 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A specific mechanism was not investigated or proposed.  Causal 
relationships between blood parameters were not investigated. 

1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Hemoglobin content in blood of Schizothorax plagiostomus 
exposed to formulated atrazine at nominal concentrations of 50,000, 100,000, and 
150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; the reported decrease in 
hemoglobin was reported to be significant but no significance level was 
specified (Fig. 2).  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from the data in 
Author Table 2, itwas assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in hemoglobin. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Specific mechanism not investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3.  Red blood cell counts in blood of Schizothorax plagiostomus 
exposed to formulated atrazine at nominal concentrations of 50,000, 100,000, and 
150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; the reported decrease in 
red blood cell counts in blood was reported to be significant but no 
significance level was specified (Fig. 2). Changes at 150,000 µg 
atrazine/L might be significant.  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in RBCs. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No specific mechanism was investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4.  White blood cell counts in blood of Schizothorax 
plagiostomus exposed to formulated atrazine at nominal concentrations of 50,000, 
100,000, and 150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; the reported decrease in 
white blood cell counts in blood was reported to be significant but no 
significance level was specified (Fig. 2).  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in increase in WBCs. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Specific mechanism not investigated or proposed but could be a 
defense mechanism.   

1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance – Response 5.  Counts of neutrophils in blood of Schizothorax 
plagiostomus exposed to formulated atrazine at nominal concentrations of 50,000, 
100,000, and 150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; the reported increase in 
blood neutrophil was reported to be significant but no significance level 
was specified (Fig. 2).  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 

There was mortality, but the mode of action was not investigated, so it 
is not possible to assign mortality to changes in neutrophils. 

2 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Specific mechanism not investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6.  Lymphocyte counts in blood of Schizothorax plagiostomus 
exposed to formulated atrazine at nominal concentrations of 50,000, 100,000, and 
150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; there was no significant 
change in the percentage content of blood lymphocytes (Fig. 2).  

0 

Concentration- or 
dose-response 

A concentration response was not characterized nor observed (Table 
2). 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance to the 
response. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Specific mechanism not investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7.  Mean corpuscular volume in blood of Schizothorax 
plagiostomus exposed to formulated atrazine at nominal concentrations of 50,000, 
100,000, and 150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

The increase in corpuscular volume in blood was reported to be 
significant (Fig. 3); however, no statistical tests or significance levels 
were reported.  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in MCV. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Specific mechanism not investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 8.  Mean corpuscular hemoglobin in blood of Schizothorax 
plagiostomus exposed to formulated atrazine at nominal concentrations of 50,000, 
100,000, and 150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; there was a significant 
decrease reported for the mean corpuscular hemoglobin in blood (Fig. 
3).  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in MCH. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No specific mechanism was investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9.  Mean corpuscular hemoglobin concentration in blood of 
Schizothorax plagiostomus exposed to formulated atrazine at nominal concentrations 
of 50,000, 100,000, and 150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; there was a significant 
decrease reported for the mean corpuscular hemoglobin concentration 
in blood (Fig. 3).  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in MCHC. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A specific mechanism was not investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10.  Total proteins in blood of Schizothorax plagiostomus 
exposed to formulated atrazine at nominal concentrations of 50,000, 100,000, and 
150,000 µg/L for 24, 48, and 72 h. 

Score 

Statistical 
significance for 
adverse effects 

Statistical tests were not reported or shown; there was a significant 
decrease reported for total proteins in blood (Fig. 3).  

4 

Concentration- or 
dose-response 

A concentration response was not characterized but from data in 
Author Table 2, it was assumed to be monotonic. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was mortality, but the mode of action was not investigated so it 
is not possible to assign mortality to changes in total protein. 

2 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

No specific mechanism was investigated or proposed.   1 

Multiplier for LOEC The LOEC was >> 100 µg/L, completely unrealistic concentrations 
used. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-10 Score 
Experimental 
design and 
hypotheses 

A total of 60 snow trout (Schizothorax plagiostomus) were collected 
from the wild (potential weakness). Mean weight was 200.80 ± 10.60 g 
and mean length was 18.20 ± 1.20 cm.  The fish were divided into four 
groups and transferred to the trout race-ways (volume not stated) at the 
Alpuri Trout Hatchery (Pakistan) for acclimatization.  Fish were fed on 
algae attached to pebbles which were collected from a nearby river 
(potential weakness).  Water-quality parameters (temperature, pH, 
dissolved O2, conductivity and total hardness) were measured and 
mean values reported (author Table 1). 
 
Fish were grouped (randomization not stated) for exposure.  One group 
was kept as a control and the remaining three groups were exposed to 
nominal concentrations of 50, 100 and 150 mg atrazine/L , respectively, 
for 24, 48 and 72 hours. 
 
Formulated atrazine (brand name Premixrtra, weakness) was used to 
prepare a stock solution, which was then dissolved in river water to 
obtain the nominal exposure concentrations.  Exposure concentrations 

were not confirmed by analysis (major weakness), which is important 

as all nominal concentrations exceeded the maximum water solubility 
of atrazine.  Fish were observed at 24, 48 and 72 h and mortality was 
calculated.  Blood was sampled at 24, 48 and 72 h by using 2-mm (the 
authors might mean 2-mL) heparinized syringes to puncture the caudal 
peduncle. Blood was transferred in EDTA in vials to the laboratory for 
analysis of physiological parameters by unreported methods.  Analyses 
of blood included hemoglobin, counts of red blood cells, white blood 
cells, neutrophils, and lymphocytes, mean corpuscular volume, mean 
corpuscular hemoglobin, mean corpuscular hemoglobin concentration, 
and total proteins.  Some of these parameters are likely correlated but 
this was not tested statistically. 
 
Probit analysis was used to calculate the 24, 48 and 72 h LC50 values, 
and Multiple Analysis of Variance (MANOVA) procedures were carried 
out using the statistical package for social sciences (SPSS) version 20.  
Although data were presented as means (with unspecified variance) 
the treatments were unreplicated, so analysis was based on 
pseudoreplication of individuals in the same tank (major weakness). 
No tests for the assumption of the model were described (major 
weakness). 

1 

Use of GLP and 
QA/QC 

This was not a GLP study, raw data were not provided, and there was 
little QA/QC except for some water-quality parameters. 

1 

Transparency of 
data 

Data were presented in graphic form with unspecified variance.  Data in 
Author Table 2 were presented as mean ± SE. 

2 

Concentrations 
tested 

Three nominal concentrations of 50,000, 100,000, and 150,000 µg 
atrazine/L were tested  

2 
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Use of realistic 
exposures 

All nominal exposures were >>> 20 µg/L  0 

Overall evaluation of methods 1.2 
 
EJ Review Yes  August 7, 2018 

QA Yes August 17, 2018 
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(Ali et al. 2018b) 
Paper: Ali JM, Knight LA, D'Souza DL, Kolok AS.  2018.  Comparing the effects of 
atrazine and an environmentally-relevant mixture on estrogen-responsive gene 
expression in the northern leopard frog and the fathead minnow.  Environmental 
Toxicology and Chemistry 37:1182–1188. 
 
Note: This study was conducted with atrazine and with a mixture of atrazine, desethylatrazine 
deisopropylatrazine, acetochlor, and metolachlor.  The results from the mixture study were not 
assessed and it was not possible to assign causality, other than, at a concentration of 4.63 µg 
atrazine/L in the mixture, no effects were observed.  Effects on body mass were omitted from 
the QWoE because of the short (7-d) period of exposure. 
 

Relevance - Response 1. Gonadosomatic index in female fathead minnows exposed to 
atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences between solvent control and 
treatments (p < 0.0.301, Fig. 1A). 

0 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no effect, a mechanism was not proposed. 0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Hepatosomatic index in female fathead minnows exposed to 
atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences between solvent control and 
treatments (p =0.303, text, p 1184). 

0 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no effect, a mechanism was not proposed. 0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Relative expression of ERα in liver of female fathead 
minnows exposed to atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 
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Statistical 
significance for 
adverse effects 

There was a significant decrease in expression of ERα in liver of fish 
exposed to 5 (p = 0.001) but not 0.5 or 50 µg atrazine/L (p > 0.05, Fig. 
2A). For females, down-regulation occurred. 

4 

Concentration- or 
dose-response 

The authors suggest that this is non-monotonic response but, with only 
one concentration on either side of the inflection point, this could be 
the result of experimental error or pseudoreplication.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Expression was reduced by a factor 2 from the control which is not 
considered relevant.  There were no effects on HSI and apical 
endpoints were not measured.  Relevance not considered relevant. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not investigated nor suggested.   0 

Multiplier for LOEC LOEC < 100 µg atrazine/L 1 

Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Relative expression of Vtg in liver of female fathead minnows 
exposed to atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences between solvent control and 
treatments (p = 0.54, Fig. 2C). 

0 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no effect, a mechanism was not proposed. 0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance – Response 5. Gonadosomatic index in male Rana pipiens exposed to 
atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There was a significant decrease in GSI in frogs exposed to 0.5 µg 
atrazine/L (p = 0.0034) but not at 5 and 50 µg atrazine/L (p > 0.05, Fig. 
1B). 

4 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The decrease relative to the control was about 25%, which could be 
the result of experimental error or pseudoreplication.  Apical endpoints 
were not measured so relevance to these is uncertain. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not investigated nor suggested.   0 

Multiplier for LOEC LOEC < 100 µg atrazine/L 1 

Overall evaluation of relevance (computed) 1.25 
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Overall evaluation of relevance (SEJ)  
 

Relevance – Response 6. Hepatosomatic index in male Rana pipiens exposed to 
atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences between solvent control and 
treatments (p = 0.66, text, p 1184). 

0 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no effect, a mechanism was not proposed. 0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Relative expression of ERα in liver of male Rana pipiens 
exposed to atrazine at concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There was a significant increase in expression of ERα in liver of frogs 
exposed to 50 (p = 0.033) but not 0.5 or 5 µg atrazine/L (p > 0.05, Fig. 
2B). 

4 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Expression was increased by a factor 0.75 from the control which is not 
considered relevant.  There were no effects on HSI and apical 
endpoints were not measured.  Relevance not considered relevant. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not investigated nor suggested.   0 

Multiplier for LOEC LOEC < 100 µg atrazine/L 1 

Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Relative expression of Vtg in liver of male Rana pipiens 
exposed to atrazine at nominal concentrations of 0.5, 5, and 50 µg/L for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences between solvent control and 
treatments (p = 0.268, Fig. 2D). 

0 

Concentration- or 
dose-response 

A concentration-response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance. 0 

Mechanism and or 
mode of action of 

Since there was no effect, a mechanism was not proposed. 0 
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adverse effect 
explained 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-9 Score 
Experimental 
design and 
hypotheses 

Fathead minnows (Pimephales promelas) were obtained from a colony 
at the University of Nebraska and sexually mature male northern 
leopard frogs (Rana pipiens) were obtained from a commercial source.  
Fathead minnows and frogs were held in dechlorinated tap water (pH 
7.64 ± 0.10) at a temperature of 25.0 ± 1.0°C).  The photoperiod was 
16:8 h light:dark.  Exposures of fish were conducted in 45-L aerated 
glass tanks containing 10 female fish in 40 L of water. Fish were fed 
TetraMin flake food daily prior to and during the exposures.  One-third 
daily static renewal changes of the exposure solution were performed 
prior to and throughout the duration of experiment.  Frogs (eight per 
treatment) were randomly (methods not stated) assigned to exposure 
units where they were maintained in 7 L of dechlorinated water until the 
start of the experiment (time unstated; weakness). Exposure units 
consisted of 63-L food-grade polycarbonate storage tubs set at an 
approximately 30° incline, to provide frogs with access to water and dry 
landing zone. Arches made from 15 cm OD PVC tubing were provided 
as refuge for frogs. Frogs were fed mealworms and crickets every other 
day. Exposure solutions were totally replaced each day.  Only one tank 
was used per treatment (pseudoreplication; weakness).  Male fish and 
female frogs were not used in the experiments.  There was no positive 
control used in the study (weakness). 
 
Exposure solutions were prepared from technical atrazine of unstated 
purity and stock solutions were prepared with acetone (potential 
weakness).  Samples of exposure solution were taken on day-0 and 6 
and stored at -20 °C for an unstated time before analysis.  Storage 
blanks and spikes were not reported to be used (weakness).  Recovery 
was reported as 94 ± 7% with an LOD of 0.5 ng (presumed to be per 
litre).  Measured concentrations were within 87 to 96% of nominal.  For 
the exposures of frogs, samples for analysis should have been taken 
with every change of exposure solution (weakness). 
 
Survival in the control and treated fish was not reported so it is not 
possible to judge suitability of controls and husbandry (weakness) At 
the end of exposure period (7 d), animals were killed and dissected to 
collect liver and gonadal tissues, which were immediately weighed, 
then flash frozen in liquid nitrogen.  Gonadosomatic index (GSI) and 
hepatosomatic index (HSI) were calculated for both female fish and 
male frogs by dividing the mass of the tissue by the total respective 
body mass and multiplying by 100. 
 
Isolation of RNA and quantification of relative gene expression followed 
reverse-transcription quantitative polymerase chain reaction (RT-
qPCR) methods like those of from Knight et al. (2013) 1. Two estrogen-

2 

                                            
1
 Knight LA, Christenson MK, Trease AJ, Davis PH, Kolok AS. 2013. The spring runoff in Nebraska’s (USA) Elkhorn River 

watershed and its impact on two sentinel organisms. Environ Toxicol Chem 32:1544–1551 
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responsive genes, Vtg and ERα were measured. Ribosomal protein L8 
was used as a reference gene to normalize expression of ERα and Vtg. 
 
Data were analyzed using JMP 11 Software (SAS). All data were 
assessed for conformity to parametric assumptions, including equal 
variances by Levene’s test. Morphometric and gene expression data 
collected on fish and frogs from the atrazine dose-response exposure 
were compared by one-way analysis of variance (ANOVA) across 
treatment groups. Tukey’s test was used where significant differences 
(p < 0.05) were detected.  When the assumption of equal variances 
was not satisfied, Welch’s test was used instead of ANOVA. 

Use of GLP and 
QA/QC 

The study was not conducted under GLP; however, there were some 
measures of exposure concentrations. 

1 

Transparency of 
data 

Summary and aggregate data were provided in graphs and tables.  
Variance was illustrated with error bars or SEs in Tables. 

2 

Concentrations 
tested 

Three nominal exposure concentrations were tested (0.5, 5, and 50 µg 
atrazine/L) and the measured equivalents are summarized in Table 1. 

2 

Use of realistic 
exposures 

Two concentrations were less than 20 µg atrazine/L. 3 

Overall evaluation of methods 2 
 

SEJ Review Yes August 7, 2018 

QA Yes July 5, 2018 
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(Araújo et al. 2018) 
Paper: Araújo CVM, Silva DCVR, Gomes LET, Acayaba RD, Montagner CC, 
Moreira-Santos M, Ribeiro R, Pompêo MLM.  2018.  Habitat fragmentation caused 
by contaminants: Atrazine as a chemical barrier isolating fish populations.  
Chemosphere 193:24-31 
 

Relevance - Response 1. Avoidance of atrazine by Poecilia reticulata exposed to 
concentrations of atrazine of 0.02, 0.02, 0.3, 1.9, 11.2, and 105 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There was significant avoidance (Two-way ANOVA, p < 0.001, text 
page 28).  The concentration for 50% avoidance was calculated as 
0.065 µg/L (text page 28) but from author-Fig. 2, there appeared to an 
anomalous distribution of fish between the test and control fish in the 
zero-concentration chambers at time zero.  Biologically significant 
differences between exposed and control fish were apparent only at 
11.2 and 105 µg/L (author-Fig. 2). 

4 

Concentration- or 
dose-response 

A concentration response was observed but was not characterized. 1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the response was not tested in this part of the study, 
but differences were small and relevance to apical endpoints not 
investigated. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism of action was not specifically tested but, from the 
literature, is likely mediated by olfaction. 

2 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 2.25 
Overall evaluation of relevance (SEJ) Score was reduced because of the lack of blinding 
and inappropriate statistical analysis. 

1.12 

 

Quality of methods - Response 1.  Score 
Experimental 
design and 
hypotheses 

This part of the study was conducted to test the hypotheses that fish could 
detect and avoid atrazine dissolved in water.   
 
Larvae of P. reticulata (12 ± 3 mm) were obtained from a local source (Sao 
Paulo Agency of Agribusiness and Technology) and were acclimated in 60-
L aquaria containing charcoal-filtered well water to a 12:12h light:dark 
regime, temperature of 22–24 °C in the ecotoxicology laboratory of the 
University of Sao, Paulo (USP, Lorena, Brazil) for at least one week prior to 
the tests.  No mortalities were observed.  Fish were fed an unstated 
amount (potential weakness) of food (TetraMin Flakes) daily during the 
acclimation period, but not 24 h prior to the start and during experiments. 
Holding tanks were aerated with a 30% renewal of water every week.  
Water-quality in the holding tanks and test systems was measured daily 
(pH ca 7.0, conductivity ca 120 μS/cm, and DO > 6.0 mg/L) but values for 
the test systems were not reported other than “values were checked at the 
beginning (0 h) and end (3 h) of both the control and avoidance tests and 
no variability was observed”.  The exposure system consisted of a series of 
exposure chambers made from glass bottles open at the top and each 
containing 125 ml of water (875 ml, total).   

 

1 
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The weight of the fish was not stated but they were 12 mm long.  The 
weight of the fish was estimated to be 10 mg from published data2.  The 
maximum recommended loading of fish in toxicity tests is 1000 mg/L3.  The 
maximum number of fishes per test was 21 (= 210 mg) so the loading was 
acceptable. 
 
The atrazine use was analytical grade and 99.1% pure.  Exposure 
solutions were prepared by serial dilution from a 2-L stock solution of 10 
mg/L prepared in culture water.  The analytical methods were well-
described. The limits of detection and quantification of the method were 0.3 
and 0.9 ng/L, respectively (SI Table 2) but the recovery of the method was 
not reported (potential weakness).  Use of storage blanks and spikes was 
not reported (potential weakness). 
 

To conduct the static exposures, individual sub-chambers were isolated 
from each other with a removable plug and filled with exposure solutions 
(nominal 0, 0.01, 0.02, 0.1, 1.0, 10, and 100 µg/L, measured at the end of 
the test as 0.002 = control, 0.02, 0.02, 0.3, 1.9, 11.2, and 105 µg/L.  
Temperatures were the same as in the holding tanks. Three fish 
(randomization not reported (weakness) were added to each sub-chamber 
and the connecting tubes opened.  The fish were observed for 3 h with 
observations every 30 min under red light to reduce the influence of the 
observer on behavior.  Blinding of the observer was not reported (major 
weakness) and, as the fish were not identifiable, it is not known if and how 
far the fish moved (weakness).  It was not stated if the tests were done at 
the same time of day, just that it was dark (potential weakness). 
 
The controls were replicated four times and the exposures to atrazine were 
replicated four times.  The authors mention “(two temporal replicates 
repeated twice)” but it is not certain what this means.  No mortality was 
observed but the exposure time was so short that this response was not 
evaluated. 
 
Statistical analysis made use of a two-way ANOVA (on arcsine 
transformed data and with observation times and compartments as fixed 
factors) followed by a Tukey’s test.  A chi-square test comparing the 
expected distribution (12 organisms per compartment) with the observed 
distribution (average of organisms during the six observation periods after 
pooling the four replicates) was used in the control of the avoidance test to 
determine homogeneous distribution.  Avoidance was converted to 
percentage and calculated as avoiders (the difference between the 
expected and the observed numbers)/NE (the expected number) x 100.  
The use of ANOVA test is inappropriate.  A chi-square test should have 
been use to compare observed to expected distibutions (major 
weakness). 

Use of GLP and 
QA/QC 

The study was not conducted under GLP, but some QC was provided.  
Concentrations of ATR in the exposure chambers was measured are the 
end of each test and statistical analysis was based on the mean measured 
concentration.   

1 

                                            
2 Perdomo, L., 2008. Contribution to vital statistics of a guppy Poecilia reticulata Peters (Pisces: Cyprinodontiformes: 
Poecillidae) pond population in Santa Marta, Colombia. Pan-American Journal of Aquatic Sciences, 3:335-339. 
3 OECD.  1992.  Test No. 203: Fish, Acute Toxicity Test, OECD Guidelines for the Testing of Chemicals, Section 2: 
Effects on Biotic Systems. Paris, France: OECD. Report  http://www.oecd-ilibrary.org/content/book/9789264069961-
en. 
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Transparency of 
data 

Data were presented in summary form in Tables, text, and Figures.  Some 
raw data were presented in the SI but not for the exposure concentrations. 

2 

Concentrations 
tested 

Six concentrations were tested from 0.01 to 100 µg/L (nominal). 4 

Use of realistic 
exposures 

Five of the concentrations were < 20 µg/L. 4 

Overall evaluation of methods 2.4 
 

Relevance - Response 2. Inhibition of migration of Poecilia reticulata by atrazine at two 
concentrations, 150 and 1058 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were statistically significant differences in the number of fish in 
the uncontaminated compartment and that in the “barrier” (Fig 3. Tukey 
test; p < 0.05). 

4 

Concentration- or 
dose-response 

There was an uncharacterized concentration-response but only two 
concentrations were tested. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The responses were small (ca. 20%) and observed at large 
concentrations.  The relevance to apical endpoints was not 
investigated. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism of action was not specifically tested but, from the 
literature, is likely mediated by olfaction. 

2 

Multiplier for LOEC The concentrations tested were > 100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 2.  Score 
Experimental 
design and 
hypotheses 

This study was conducted to test the hypotheses that avoidance of 
atrazine would act as a barrier to movement.  
 
The fish and the exposures were conducted in the same way as 
described for response-1 except that the sub-chambers were set up with 
two chambers at each end containing no atrazine and the three central 
chambers containing a solution of atrazine.  Nominal concentrations of 
ATR were 100 and 1000 µg/L and measured values were 150 and 1058 
µg/L, respectively. There were four replicates for the control and four for 
the test exposures.  

 
At the start of the study, 21 fish were placed in sub-chamber #1 and the 
fish were then observed as described above with similar weaknesses.  No 
mortality was observed but the exposure duration was so short that this 
response was not evaluated. 
 
Two-way ANOVA (on arcsine transformed data and with observation 
times and compartments as fixed factors) followed by Tukey tests were 
used to determine statistically significant differences in the distribution of 
organisms among compartments (#1 to #7) over time of observation.  As 
there was no difference in response over time (p > 0.9), a one-way 
ANOVA followed by a Tukey test was used to test for differences in 

2 
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distribution across the barrier.  A chi-square test should have been use to 
compare observed to expected distibutions (major weakness)  

Use of GLP 
and QA/QC 

The study was not conducted under GLP, but some QC was provided.  
Concentrations of ATR in the exposure chambers was measured are the 
end of each test and statistical analysis was based on the mean 
measured concentration. 

1 

Transparency 
of data 

Data were presented in summary form in Tables, text, and Figures.  Some 
raw data were presented in the SI but not for the exposure 
concentrations. 

2 

Concentrations 
tested 

Only two concentrations of ATR were tested, 150 and 1058 µg/L. 1 

Use of realistic 
exposures 

No concentrations were less than 100 µg/L 0 

Overall evaluation of methods 1.2 
 

EJ Review Yes  2018-04-17 

QA Yes Jan. 19, 2018 

 
Narrative 
The experimental design had several weaknesses and it is not clear why the authors did 
not used environmentally-relevant concentrations for the “barrier” test (Response 2).  
The implication that chemical barriers, such as atrazine tested in this system, could 
cause fragmentation of habitats in the field is not justified by the data and was not 
specifically tested in the study. 
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(Baxter et al. 2015) 
Paper: Baxter L, Brain RA, Hosmer AJ, Nema M, Müller KM, Solomon KR, Hanson 
ML. 2015. Effects of atrazine on egg masses of the yellow-spotted salamander 
(Ambystoma maculatum) and its endosymbiotic alga (Oophila amblystomatis). 
Environmental Pollution 206:324-331. 
 
Note: The isolated alga and alga in the egg masses were also tested for toxicity to atrazine, but 
these responses were not scored. 
 

Relevance - Response 1. Stage at hatch of Ambystoma maculatum following up to 66 
days of exposure to a range of nominal atrazine concentrations (0, 3, 10, 30, 100, and 
300 μg/L). 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant differences in mode, maximum or minimum 
stage at hatch were observed in the Kruskal-Wallis test for atrazine 
treatments (H9 = 8.42, 5.28, 12.33; p = 0.49, 0.81, 0.20, respectively). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Length at hatch of Ambystoma maculatum following up to 66 
days of exposure to a range of nominal atrazine concentrations (0, 3, 10, 30, 100, and 
300 μg/L). See Figure 2a. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant differences were observed (MANOVA; Pillai's 
trace Approx. F15,42=1.02, p=0.455). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. Days to hatch of Ambystoma maculatum following up to 66 
days of exposure to a range of nominal atrazine concentrations (0, 3, 10, 30, 100, and 
300 μg/L). See Figure 2b. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant differences were observed (MANOVA; Pillai's 
trace Approx. F15,42=1.02, p=0.455). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Hatching success of Ambystoma maculatum following up to 
66 days of exposure to a range of nominal atrazine concentrations (0, 3, 10, 30, 100, 
and 300 μg/L). See Figure 2c. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant differences were observed (MANOVA; Pillai's 
trace Approx. F15,42=1.02, p=0.455). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Cumulative hatch of Ambystoma maculatum following up to 
66 days of exposure to a range of nominal atrazine concentrations (0, 3, 10, 30, 100, 
and 300 μg/L). See Figure 2d. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant differences were observed (MANOVA; Pillai's 
trace Approx. F15,42=1.02, p=0.455). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 
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adverse effect 
explained 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Malformations of Ambystoma maculatum following up to 66 
days of exposure to a range of nominal atrazine concentrations (0, 3, 10, 30, 100, and 
300 μg/L). 

Score 

Statistical 
significance for 
adverse effects 

No trends with treatment were observed (See SI-Table 3). 0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-6 Score 
Experimental 
design and 
hypotheses 

The purpose of the study was to characterize the response of whole 
egg masses of A. maculatum exposed to five concentrations, plus 
control, (0, 3, 10, 30, 100, and 300 μg/L) of technical grade atrazine 
(96.2% pure) in the laboratory from egg to hatch (upwards of 66 days 
exposure). 
 
Field collected egg masses of A. maculatum at stage 23-29 were 
randomly assigned to treatments (control n=5, atrazine exposures 
n=3). Exposures occurred in a controlled walk-in chamber with 
datalogger, set at 10°C, full-spectrum grow lights were set on a 14:10 h 
light:dark cycle, and measured fluence of photosynthetically active 
radiation (PAR) was 140-254 μmol/m2/s,  Test units were randomly 
positioned on four shelves and gently aerated by air stones to 10-11 
mg oxygen/L. 
 
Egg masses were placed into 1.5-L glass beakers containing 1 L of 
exposure solution (atrazine in non-chlorinated well water, no solvents). 
Exposure solutions were renewed weekly and concentrations of 
atrazine were tested pre- and post-renewal in duplicate sub-samples by 
enzyme-linked immunosorbent assay (Abraxis Atrazine Magnetic 
Particle Kit; limit of detection 0.05 μg/L). Measurements of standard 
water chemistry parameters (dissolved oxygen, pH, temperature, 
conductivity), plus ammonium were taken daily, with PAR measured 
approximately weekly at six locations on each shelf. Hardness, 
alkalinity, and phosphate were measured approximately weekly in the 
test solution source water.   
 
Hatched larvae were removed once a day using a wide-mouth 

4 
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Pipette, staged, and photographed in a Petri dish on 2-mm graph 
paper. The length of each larva was determined using ImageJ software 
and any obvious gross malformations (hemorrhage, incomplete gill 
development, spinal curvature) were noted. Time to hatch was 
calculated for each larva as the number of days from study initiation to 
hatching and averaged within each egg mass. Hatching success for 
each egg mass was calculated as the total number of hatched larvae 
divided by initial number of embryos. 
 
The assumptions for ANOVA were tested and were acceptable. 
Responses of larvae to atrazine were assessed by ANOVA to 
determine NOEC and LOEC values using time-weighted mean 
measured concentrations of atrazine. Differences in stage at hatch 
(mode, maximum, and minimum) between treatments were assessed 
by Kruskal-Wallis test (ANOVA on ranks) using SigmaPlot 11.0 for 
Windows (Systat Software). Differences in mean days to hatch, length 
at hatch, and hatching success between atrazine treatments were 
assessed by MANOVA using the STATS package in R. 

Use of GLP and 
QA/QC 

Numerous elements of QA/QC were performed.  
 
Measurements of standard water chemistry parameters (dissolved 
oxygen, pH, temperature, conductivity), plus ammonium were taken 
daily, with PAR measured approximately weekly at six locations on 
each shelf. Hardness, alkalinity, and phosphate were measured 
approximately weekly in the test solution source water.   
 
Exposure solutions were renewed weekly and concentrations of 
atrazine were tested pre- and post-renewal in duplicate sub-samples by 
enzyme-linked immunosorbent assay (Abraxis Atrazine Magnetic 
Particle Kit; limit of detection 0.05 μg/L).  
 
No detections of atrazine occurred in any untreated stock solution or 
test unit, and time-weighted mean concentrations for 3, 10, 30, 100, 
and 300 μg/L treatments were 3.34 (56 d), 12.2 (56 d), 36.9 (57 d), 123 
(61 d), and 338 μg/L (63 d), respectively, based on initial 
concentrations each week. 
 
A positive control in the form of a dark exposure was performed in 
order to demonstrate the ability of the experimental set-up to impair 
algal growth in the egg masses.  Significant inhibition of algal growth 
and egg development was observed in the dark control (see Figure 3). 

3 

Transparency of 
data 

Numerous figures with untransformed data provided the response data, 
along with water quality data (see Table 1).  Key raw data provided in 
the SI 

2 

Concentrations 
tested 

A total of five concentrations, plus control, were tested (0, 3, 10, 30, 
100, and 300 μg/L). 

4 

Use of realistic 
exposures 

Two concentrations tested (3 and 10 μg/L) were < 20 μg/L. 
 

3 

Overall evaluation of methods 3.2 
 
EJ Review Yes  Aug 29, 2016 

QA Yes Jan 19, 2018 
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(Chang et al. 2005) 
Paper: Chang LW, Toth GP, Gordon DA, Graham DW, Meier JR, Knapp CW, 
deNoyelles FJ, Campbell S, Lattier DL.  2005.  Responses of molecular indicators 
of exposure in mesocosms: common carp (Cyprinus carpio) exposed to the 
herbicides alachlor and atrazine.  Environmental Toxicology and Chemistry 
24:190-197. 
 

Relevance - Response 1. Genetic damage in the erythrocytes of Cyprinus carpio 
following exposure to atrazine at concentrations of 0, 7, 35, 108, and 277 µg/L for 1, 4, 
and 30 d.  

Score 

Statistical 
significance for 
adverse effects 

Electrophoretic tail length measured as an index of DNA damage was 
increased in erythrocytes after exposure to atrazine. BaP (0.76 mg/L), 
used as a positive control also induce DNA damage by day-1. 

4 

Concentration- or 
dose-response 

There was a time and dose dependent increase in DNA damage with 
significant effect seen as early as 1 day after treatment and with a peak 
response at day-4. A slight decrease was noted at day-30 (Fig. 4). 

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no evidence that the increases in DNA strand breaks in red 
blood cells of carp as measured by the single-cell gel electrophoresis 
technique were related to effects on survival and/or reproduction.  
Apical endpoints were not reported.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed or investigated.  0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 2.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Incidence of micronuclei in erythrocytes of Cyprinus carpio 
following exposure to atrazine at concentrations of 0, 7, 35, 108, and 277 µg/L for 1, 4, 
and 30 d. 

Score 

Statistical 
significance for 
adverse effects 

No micronuclei were found in any atrazine treated fish. Similarly, no 
micronuclei were observed in BaP treated fish. 
 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Induction of vitellogenin mRNA in liver of male Cyprinus 
carpio following exposure to atrazine at concentrations 0, 7, 35, 108, and 277 µg/L for 
1, 4, and 30 d. 

Score 
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Statistical 
significance for 
adverse effects 

Atrazine had no effect on the expression of vitellogenin in the livers of 
male fish.  

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance – Response 4.  Induction of P4501a1 mRNA in liver of male Cyprinus carpio 
following exposure to atrazine at concentrations 0, 7, 35, 108, and 277 µg/L for 1, 4, and 
30 d. 

Score 

Statistical 
significance for 
adverse effects 

Male carp exposed to atrazine showed a significant increase (p < 0.05) 
in the expression of P4501A1 on day-4 but not days-1 or -30 (Fig. 7).  
 

2 

Concentration- or 
dose-response 

A concentration response was observed on d-1 and -30 but not on d-4.  
This response was not characterized.   

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no evidence that the increases in P4501a1 mRNA 
expression were related to effects on survival and/or reproduction. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed. 0 

Multiplier for LOEC LOEC = 7 µg/L (unbounded) 1 

Overall evaluation of relevance (computed) 0.75 
Overall evaluation of relevance (SEJ) A reduced SEJ score was assigned because the 
effect was seen only on one day of three at concentrations < 100 µg/L. 

0.4 

 

Quality of methods - Responses 1-4 Score 
Experimental 
design and 
hypotheses 

The mesocosms at the Nelson Environmental Field Station at the 
University of Kansas were made of fiberglass (diameter, 3.2 m; depth, 
1.4 m) and contained five small trays of sediment collected from a 
protected pond in the bottom to provide a microbial inoculum and to 
provide a bed zone for macrophyte growth. Noncontaminated water 
from a protected pond on-site was pumped into the tanks (11.3 
m3/tank) for test medium. The specific tanks used in these experiments 
had never been previously exposed to atrazine; background atrazine 
levels were monitored routinely to verify that the target compound was 
not present in the unamended tanks. The contents of the tanks were 
allowed to acclimate for five weeks before pesticides and fish were 
added. Typically, two mesh cages for holding fish were placed into 
each tank. 
 

2 
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The atrazine experiment was performed from April through May 1999 
and used three mesocosms per treatment level. Tested concentrations 
of atrazine were 0, 7, 35, 108, and 277 µg/L. Atrazine was added as a 
dispersed, emulsified slurry to each randomly assigned mesocosm 
using a flexible hose that moved slowly inside the tank to ensure even 
distribution throughout the water. Fish were added 24 h later. Water 
samples were analyzed 5 times during the experiment for dissolved 
oxygen, temperature, pH, and conductivity, and water chemistry 
including total nitrogen (TN), total phosphorus (TP), dissolved organic 
carbon (DOC). Atrazine was measured using solid-phase extraction 
followed by gas chromatography on days 1, 2, 5, 17, 25, and 31 d; 
methods were cited. There were three mesocosms per treatment level; 
benzo[a]pyrene was used as a positive control. 
 
Sexually mature male and female common carp (C. carpio), ranging in 
size from 12 to 19 cm for females and from 13 to 21 cm for males, were 
acquired commercially and the source was identified. The fish were 
maintained in untreated tanks for 7 d before the test chemicals were 
added. The fish were tagged, weighed, and assigned to treatment 
groups based on weight. This experimental design ensured that each 
tank started with an equal biomass of fish. Seven fish were placed into 
each cage; each tank had two cages and each treatment level had 3 
tanks. At 0, 1, 4, and 30 d, two fish from each cage (for total of 12 
fish/treatment level) were randomly chosen, and sex, weight, and 
length were measured. The fish were then killed, and the livers were 
removed and immediately frozen in liquid nitrogen for analyses of Vg 
and cytochrome P4501A1 gene expression; methods were cited or 
provided or both. In addition, six to eight fish were killed and used as a 
background control at the beginning of both experiments. At each time 
point, blood samples (two fish/tank, for a total of six fish/dose group) 
(potential weakness because of small sample size.) were collected by 
caudal puncture into a heparinized syringe for single-cell gel and 
micronucleus assays which were run using established techniques.  
 
Vitellogenin (Vg) expression was measured in only the male fish. 
Amplified products were separated electrophoretically, then stained in 
buffer containing SYBRt Green and scanned digitally.  Relative band 
intensities for the PCR amplification products of either the Vg or 
P4501A1 band and 18S rRNA were analyzed using an ImageQuant 
software (Molecular Dynamics). Detailed methods were either cited or 
provided. The ratio of the Vg or P4501A1 band to the 18S rRNA band 
was used to represent relative gene expression. (Weakness, the 
method is not robust). Statistical analysis was performed by applying 
two-way ANOVA procedures followed by Dunnett’s multiple-group 
mean comparison test to determine which treatment means were 
significantly different. 

Use of GLP and 
QA/QC 

Testing was conducted in the spirit of GLP with QA but no QC. 
Exposure concentrations were measured. Water quality was monitored.  

3 

Transparency of 
data 

Data were provided as means with SEs in graphs.  2 

Concentrations 
tested 

Four concentrations of atrazine; 7, 35, 108, and 277 μg/L were used. 3 

Use of realistic 
exposures 

One concentration was < 20 μg/L. 2 

Overall evaluation of methods 2.4 
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EJ Review Yes June 25, 2018 

QA Yes July 23, 2018 
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(Chen et al. 2015) 
Paper:  Chen X, Wang J, Zhu H, Ding J, Peng Y. 2015.  Proteomics analysis of 
Xenopus laevis gonad tissue following chronic exposure to atrazine. 
Environmental Toxicology and Chemistry 34: 1770-1777. 
 

Relevance - Response 1. Survival of Xenopus laevis following a 120-d exposure to 
atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

Exposure of tadpoles to atrazine reduced survival (90% for control vs 
72.73% for atrazine-exposed tadpoles; p= 0.008; Table 1).   

4 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed.  

 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Survival is an important apical endpoint.  4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was provided to explain the effects on survival.  0 

Multiplier for LOEC LOEC > 100 µg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Time to complete metamorphosis (TCM) in Xenopus laevis 
exposed to atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

The time to complete metamorphosis was increased in frogs exposed 
to atrazine (34.21±3.22 d vs 35.84±3.23 d; p = 0.001 for control and 
atrazine treatments, respectively; Table 1)  

4 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

A delay in the time of metamorphosis may affect survival. The 
magnitude of the difference, however, was not large (ca. 2 d).    

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was provided to explain the effects on the rate of 
metamorphosis. 

0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0  
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Body weight and body length in Xenopus laevis exposed to 
atrazine at 100 µg/L for 120 d.  

Score 

Statistical 
significance for 
adverse effects 

Body weight (5.35 ± 1.70 g for controls vs 3.6 ± 1.34 g for atrazine) and 
body length (33.1 ± 5.29 mm for controls vs 30.17 ± 4.36 mm for 
atrazine treatments) was significantly reduced (p = 0.001) in frogs 
exposed to atrazine (Table 1).  

4 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed.  

0 

Relevance of 
adverse effect to 

A reduction in body weight and length are significant apical endpoints   4 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was provided to explain the effects on the rate of 
metamorphosis. 

0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. The size of the fat bodies in Xenopus laevis exposed to 
atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

The proportional size of fat bodies was reduced in frogs exposed to 
atrazine (3.40 ± 0.56% versus 2.26 ± 0.70% in the control and atrazine 
treatments, respectively; p = 0.001; Table 1). 

4 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

A reduction in the proportion of fat may reflect an alteration in overall 
fitness. In this case, this change correlated with reduced survival, 
delayed development and reduced body size.  

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was provided to explain the effects on the proportion of 
body fat. 

0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Gross testicular development in Xenopus laevis exposed to 
atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no differences in gross testicular development between 
control and atrazine treated frogs (text page 1772).  

0 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Histological assessment of testicular development in 
Xenopus laevis exposed to atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

Control testes contained well developed seminiferous tubules with 
multiple stages of spermatocysts and spermatozoa, but most atrazine-
treated testes showed seminiferous tubules without or with fewer late 
stage spermatocytes (Figure 1), and the percentage of seminiferous 

4 
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tubules with sperm in atrazine-treated testes (17.51±13.82% varied 
from 5.36% to 37.04%, n= 7) was significantly lower than that in control 
(53.3±13.70%, varied from 25.00% to 67.01%, n= 7; p <0.05; Table 1). 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

A change in testicular development could affect reproductive success, 
which was not measured in this study. 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated. 0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Sexual differentiation of Xenopus laevis exposed to atrazine 
at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

There was no significant difference in sexual differentiation between 
the control and atrazine treated groups (p = 0.903). 

0 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Ovarian development in Xenopus laevis exposed to atrazine 
at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no differences in ovarian development between control and 
atrazine-treated frogs (text page 1772). 

0 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
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Overall evaluation of relevance (SEJ)  
 

Relevance - Response 9. Testicular protein expression in Xenopus laevis exposed to 
atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine altered expression of 143 proteins in the testes of males (58 
upregulated, 85 down-regulated) for details, see Supplemental Data, 
Table S1). 

4 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

An alteration in testicular protein content may translate to effects on 
development of the testis and ultimately to effects on reproductive 
success. In this case, the changes observed were associated with 
alteration in testicular development.  

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The authors stated that most of these proteins were classified as being 
involved in cellular and metabolic processes and biological regulation, 
which may partially explain the delay in development of seminiferous 
tubules and reduction in late stage spermatocytes in atrazine exposed 
X. laevis. 

1 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10. Ovarian protein expression in Xenopus laevis exposed to 
atrazine at 100 µg/L for 120 d. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine altered expression of 121 proteins in the ovaries of female X. 
laevis (50 up-regulated, 71 down-regulated; for details, see 
Supplemental Data, Table S1). 

4 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be assessed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

A change in protein expression could be related to alterations in 
ovarian development. Interestingly, these changes in proteins occurred 
despite no obvious changes in ovarian development. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The authors suggest that atrazine alters the cell cycle at the protein 
level, and as a result it disrupts cell cycle progression. 

1 

Multiplier for LOEC LOEC > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

° 

Quality of methods - Response 1-10.  Score 
Experimental 
design and 
hypotheses 

Mature female and male X. laevis were maintained separately in glass 
tanks containing dechlorinated water at 21± 2 °C with a photoperiod of 
12:12 h light:dark cycle, and they were fed chopped pork liver once per 
week. One pair of parent frogs was chosen and injected with 100 IU of 
human chorionic gonadotrophin (Sigma-Aldrich) to induce breeding.  
Fertilized eggs were incubated at 22 ± 2 °C with a photoperiod of 
12:12-h light:dark. On day 5 after fertilization, tadpoles were started on 
a daily diet of green algae and Daphnia magna and were switched to a 
commercially manufactured frog feed (Cargill Feed) when they had 
completed metamorphosis (the tail disappeared completely).  
 

2 
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Healthy tadpoles at Nieuwkoop–Faber stage 46 and 47, prior to 
gonadal differentiation, with uniform shape were randomly placed into 
1-L glass beakers. There were 22 beakers for the atrazine-treated 
group and 20 beakers for the control group (dechlorinated water alone), 
with each beaker containing 4 tadpoles; thus, there were a total of 88 
atrazine-treated and 80 control tadpoles. One liter of rearing water 
(controls) or rearing water with approximately 100 µg/L of atrazine 
(99.4% purity; Sigma-Aldrich) was placed into each beaker. The actual 
concentration of atrazine was confirmed by high-performance liquid 
chromatography (HPLC) on day 0 (105.78 ± 6.31 µg/L, n = 2) and day 
3 (104.37 ± 6.10 µg/L, n = 2 in treated water, and no atrazine was 
detected in the control. Tadpoles were fed daily, and rearing water was 
replenished every 2 d to 3 d. Water temperature was measured every 
day and ranged from 20 °C to 22 °C throughout the course of the 
experiment. To distinguish the gender of the frogs by gross gonadal 
morphology, the exposure time lasted for 120 d. During the 
experimental period, mortality was monitored daily, and dead animals 
were removed; the day on which each individual completed 
metamorphosis was recorded.  
 
Body weight and length (from the tip of the snout to the tip of cloaca) 
were measured. The gender of each individual was determined based 
on gross gonadal morphology. Because no obviously abnormal gonads 
were observed, frogs with typical ovaries were categorized as females, 
whereas frogs with typical testes were categorized as males. The first 
24 testes and 20 ovaries from each treatment were detached from the 
kidneys, washed twice in cold 0.65% NaCl (99.5% purity; Sigma-
Aldrich) to remove residual blood, frozen in liquid nitrogen, and then 
stored at –80 8C until protein extraction. Seven testes or ovaries of 
each group from the remaining gonads were randomly selected, fixed 
with 10% neutral formalin (analytical pure grade; Xilong Chemical), 
embedded in paraffin, sectioned at 6 mm, and stained with hematoxylin 
and eosin. Sections were examined with a light microscope (BX63; 
Olympus). To quantify the effect of 100 ppb of atrazine on the 
development of testis, 7 sections were selected from each treatment 
and control, and then the numbers of seminiferous tubules with or 
without sperm were recorded.  
 
The 24 testes and 20 ovaries collected from each treatment were 
divided into 2 groups (weakness) each to form 8 groups (2 groups of 12 
atrazine-treated testes, 2 groups of 12 control testes, 2 groups of 10 
atrazine-treated ovaries, and 2 groups of 10 control ovaries). The 
gonads were first ground in a mortar and pestle with liquid nitrogen and 
then precipitated several times with ice-cold trichloroacetic acid 
(TCA)/acetone or acetone (analytical pure grade; Xilong Chemical). 
 
Peptide fractionation was undertaken for proteomics analysis. The 
peptides were loaded onto a reversed-phase SCX column (Luna C18 
SCX, 4.6 mm inner diameter x 250 mm length; Phenomenex) and 
eluted by a stepwise linear elution program. Peptide identification by 
nano-reverse-phase HPLC and MS.  The peptide fractions were 
delivered onto a nano-reversed– phase column (5-μm Hypersil C18, 75 
mm x 100 mm; Agela Technologies) mounted in a Prominence Nano 
HPLC system (Ultimate 3000; Dionex), and peptides were eluted with 
an ACN gradient from 5% to 80% containing 0.1% (v/v) formic acid 
(HPLC grade; Fisher Scientific) for 65 min at 400 nL/min. The eluate 
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was directly loaded onto an LTQ Orbitrap Velos mass spectrometer set 
to the positive ion and data-dependent modes with full MS scan from 
350 m/z to 2,000 m/z, resolution of 70,000 MS/MS scan with minimum 
signal threshold of 10,000, and isolation width of 2 Da. 
Differences in survival rate and gender ratio between the atrazine-
treated and control groups were analyzed by X2 tests. Differences in 
the time to complete metamorphosis, body weight, body length, and the 
percentage of seminiferous tubules with sperm between the atrazine-
treated and control groups were analyzed by Student’s t-tests, and 
P<0.05 was considered to reflect a significant difference. Significantly 
changed pathways were analyzed by Fisher’s exact test and selected 
by the false discovery rate—corrected p value with a threshold of 0.05. 

Use of GLP and 
QA/QC 

This was not a GLP study, but detailed descriptions were provided.  
Atrazine concentrations were measured but only on two days.  

2 

Transparency of 
data 

Raw data were not provided but summary data with error bars were 
generally provided.  Raw data were available from the author. 

2 

Concentrations 
tested 

Only a single concentration was tested. 0 

Use of realistic 
exposures 

Concentrations were greater than 100 µg/L for 120 d. 0 

Overall evaluation of methods 1.2 
 

EJ Review Yes Aug 31, 2016 

QA Yes Jan. 22, 2018 
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(D'Angelo and Freeman 2017) 
Paper: D’Angelo, J. and Freeman, E. 2017. Effects of endocrine-disrupting 
chemical exposure on zebrafish ovarian follicles. BIOS 88:  9–18. 
 
Note: This study characterized the effects of atrazine and diazinon on the in vitro induction of 
oocyte maturation in zebrafish ovarian follicles.   Only the data for atrazine are included in this 
QWoE. 

 
Relevance - Response 1. The effect of in vitro exposure of zebrafish oocytes to 
atrazine at concentrations of 108, 216 and 2156 μg/L for four hours. 

Score 

Statistical 
significance for 
adverse effects 

The authors report a statistically significant reduction in the rate of 
oocyte maturation at 216 (p = 0.008) and 2156 µg atrazine/L (p = 0.11) 
but not at 108 µg/L (p = 0.101).  However, the rate of oocyte 
maturation in the controls was not stated.   

4 

Concentration- or 
dose-response 

There was a concentration dependent effect of atrazine.  4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Oocyte maturation represents the resumption of meiotic maturation 
that is a requirement to produce a haploid oocyte capable of being 
fertilized. The possible inhibition of oocyte maturation is significant in 
that this would have a direct effect on fertility and reproductive 
success. Reproductive endpoints were not tested in vivo.  

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation was provided. The likely explanation is that atrazine 
interferes with the pathway controlling oocyte maturation. This could be 
at the level of the interactions of 17, 20βP with its receptor or at some 
point in the downstream cascade leading the production and actions of 
the maturation promoting factor.  

1 

Multiplier for LOEC LOEC > 100 μg atrazine/L.   0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Quality of methods - Response 1 Score 
Experimental 
design and 
hypotheses 

Commercially acquired Zebrafish between 6-18 months old were 
maintained in tanks with a constant outflow in mixed sex groups (4-8 
fish per tank; 1-2 males for every 3-4 females) at 27-29 °C on a 14 h 
light/10 h dark cycle.  Salinity ranged from 1400-1600 μS and pH from 
6.9-7.4.  Fish were fed twice daily live brine shrimp and either freeze-
dried blood worms or flake food.  Follicles were surgically removed 
from the fish and placed into zebrafish Ringer’s solution.  Follicles were 
isolated using forceps and separated into fragments of 2-10 oocytes.  
Follicles (major weakness: the number of follicles per well was not 
stated) were then incubated at 26 °C in 24-well plates in 1.5 mL of 
Ringer’s solution with 1 or 10 µL of ethanol, 17,20βP  precise 
concentration not stated; weakness) or atrazine of unstated purity and 
unstated source (nominal exposure concentrations were 0.5, 1, or 10 
µM corresponding to 108, 218 and 2156 μg/L, respectively).  Follicles 
were then incubated for 4 hr and the numbers of opaque and matured 
(cleared) follicles were counted.  The experiments were repeated 
several times using follicles from different fish.  Data were analyzed 
using one-way ANOVA (Issue: no post hoc tests were mentioned).  It is 
not clear which comparisons were used for the statistical analysis as 
the clearance rates were neither provided for the clearing control (with 
17,20βP DHP in L-15 Ringer’s solution) nor the carrier control which 
had either 1 or 10 μL of ethanol in L-15 Ringer’s solution.  Neither the 
data nor the clearance rates for the control incubations were provided 

1 
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and there was uncertainty associated with the positive control, 
17,20βP, because no stimulatory effect was reported.  
 
There was no analytical confirmation of the exposure concentrations 
and no detection limits reported (major weakness). 

Use of GLP and 
QA/QC 

This was not a GLP study and no QA/QC was reported. 0 

Transparency of 
data 

Summary data were provided, but the carrier control data were not.   0 

Concentrations 
tested 

Three concentrations of atrazine were tested (0.5, 1 and 10 µM). These 
concentrations correspond to 107.8, 215.6 and 2156 µg/L of atrazine.  

2 

Use of realistic 
exposures 

All concentrations in the oocyte test were >100 µg/L.   0 

Overall evaluation of methods 0.6 
 

EJ Review Yes March 29, 2018 

QA Yes March 24, 2018 
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(dos Santos Mendonça et al. 2016) 
Paper: dos Santos Mendonça J, Vieira LG, Valdes SAC, Vilca FZ, Tornisielo VL, 
Santos ALQ.  2016.  Effects of the exposure to atrazine on bone development of 
Podocnemis expansa (Testudines, Podocnemididae). Ecotoxicology 25:594-600. 
 

Relevance - Response 1.  Abnormalities in the bone ontogeny of Podocnemis expansa 
embryos from the formation of the cartilaginous molds to the consolidation of the 
bones exposed to atrazine at 2, 20 or 200 µg/L) from egg to hatch. 

Score 

Statistical 
significance for 
adverse effects 

No abnormalities (n = 40 per treatment) were observed in the bone 
ontogeny of turtle   embryos from the formation of the cartilaginous 
molds to the consolidation of the bones with exposure to atrazine up to 
200 µg/L (Figures 1 and 2). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1 Score 
Experimental 
design and 
hypotheses 

This study examined the response bone development of Arrua turtle (P. 
expansa) exposed to atrazine from the embryo phase (as eggs) to 
hatch. 
 
Eggs (n = 240) of P. expansa were collected from nests in the 
Environmental Protection Area Meandros do Rio Araguaia, Brazil.  In 
the laboratory, eggs were artificially incubated at temperatures between 
28 and 31°C and relative humidity between 80 and 100%, with 
monitoring of these conditions throughout the study. Eggs were 
incubated in sand from the collection site in a total of four trays.  
Random allocation of eggs was not reported (weakness).  Light 
conditions were not reported. 
 
Atrazine treatments were (2, 20, or 200 µg/L) applied to the sand, plus 
controls, with each tray being a single replicate (n = 1) (major 
weakness).  The source and purity of atrazine was not reported 
(weakness), aside from it being technical grade.  The method of 
application was not reported.  No media changes were made to 
maintain concentrations and material was not applied directly to eggs 
(weakness). 
 
Every three days from treatment, two eggs were collected (for a total of 
40 per treatment over the study period) and euthanized (no mention of 
egg selection being random; weakness) Embryos soft tissues were 
diaphanized with potassium hydroxide (KOH), and bones and 
cartilages were stained with Alizarin red S and Alcian blue and 
analyzed for skeleton changes and abnormalities.  No mention of 

1 
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assessments being done blind was made (weakness). Survivorship 

was not reported (weakness) 
 
Atrazine in the sand (17 samples) and eggs (16 samples) was 
analyzed by a QuEChERS method using an LC–MS/MS 
chromatography system.  The LOQ was 0.0015 µg/g for both matrices.  

Actual data were not reported (weakness).  The samples analyzed 
(e.g., time or exposure level) were not reported.  No atrazine was 
detected in the eggs, which means that exposure may not have 
actually occurred (major weakness). 
 

There were no statistical methods described (weakness). 

Use of GLP and 
QA/QC 

This was not a GLP study.  Atrazine in the eggs and sand substrate 
was analyzed for, but no data were reported, except that the authors 
stated no atrazine was detectable in the eggs (LOQ of 0.0015 µg/g).  
Control performance was not reported.   

1 

Transparency of 
data 

Some images were provided, but no numerical data or raw data in the 
SI In any form. 

0 

Concentrations 
tested 

A total of three concentrations were tested (2, 20 or 200 µg/L), plus 
controls 

2 

Use of realistic 
exposures 

A total of two concentrations (2 and 20 µg/L) were < 20 µg/L. 3 

Overall evaluation of methods 1.4 
 

EJ Review Yes  August 7, 2018 

QA Yes July 28, 2018 
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(Du Gas et al. 2017) 
Paper: Du Gas LM, Ross PS, Walker J, Marlatt VL, Kennedy CJ.  2017.  Effects of 
atrazine and chlorothalonil on the reproductive success, development, and 
growth of early life stage sockeye salmon (Oncorhynchus nerka).  Environmental 
Toxicology and Chemistry 36:1354-1364. 
 
Note: Only the responses to atrazine were considered were considered in this WoE.  
 

Relevance - Response 1. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on hatching success of Oncorhynchus nerka. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on hatching success (Figure 2)  0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA NA 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on emergence of Oncorhynchus nerka from the gravel.  

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on emergence success (% of total buried eggs 
that result in swim-up fry that successfully emerge from gravel). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA NA 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance – Response 3. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on weight at hatch of alevins of Oncorhynchus nerka.  

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on alevin weight at hatch Table 2).  0 
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Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA NA 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on length at emergence of alevins of Oncorhynchus 
nerka.  
 

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on alevin length at emergence (Table 2). 0 

Concentration- or 
dose-response 

There was not a consistent concentration-response relationship.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on condition factor at emergence of alevins of 
Oncorhynchus nerka.  
 

Score 

Statistical 
significance for 
adverse effects 

There was a significant increase in the weight of alevins in high 
atrazine group for fish from the bin incubator and for the low and high 
atrazine groups from the flume incubators (Table 2). Because they are 
correlated, condition factor followed a similar pattern to weights (Figure 
3).  

4 

Concentration- or 
dose-response 

There was not a consistent exposure-concentration response 
relationship.  

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

It was judged that an increase in weight from the control (approx. 14 
mg or 7%) at emergence is an adverse effect.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated, and none proposed.  0 
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Multiplier for LOEC The LOEC was less than 100 µg/L.  1 

Overall evaluation of relevance (computed) 1.5 
Overall evaluation of relevance (SEJ) The score was reduced to 0 because the increase in 
weight was not judged adverse. 

0 

 

Relevance - Response 6. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on the rates of skeletal, craniofacial, and finfold 
deformities in swim-up fry of Oncorhynchus nerka examined from the bin incubators 
and the flume incubators. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on deformities in swim-up fry examined from the 
bin incubators or flume incubators (Figure 4, text p 1359).  

0 

Concentration- or 
dose-response 

No concentration-response observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA NA 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on the protein and triglyceride content of alevins of 
Oncorhynchus nerka at hatch or emergence. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on protein content or triglyceride levels at hatch 
or emergence (Figure 5).  

0 

Concentration- or 
dose-response 

No concentration-response observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA NA 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on testosterone concentrations in whole body 
homogenates of alevins of Oncorhynchus nerka collected at emergence.  

Score 

Statistical 
significance for 
adverse effects 

The average testosterone concentrations in whole body homogenates 
from alevins were significantly lower in the high-atrazine treatment 
compared with the low-atrazine and control treatment groups (n = 10; p 
= 0.001).  

4 
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Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism or mode of action was proposed. 0 

Multiplier for LOEC The only effect on testosterone was seen at a high concentration of 
atrazine. LOEC > 100 μg atrazine/L. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on 17β-estradiol concentrations in whole body 
homogenates of alevins of Oncorhynchus nerka collected at emergence.  

Score 

Statistical 
significance for 
adverse effects 

Whole body 17β-estradiol concentrations were not affected by either 
the low atrazine or high atrazine treatments (n = 10; p > 0.05). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism or mode of action was proposed. 0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on time to hatching in Oncorhynchus nerka.  

Score 

Statistical 
significance for 
adverse effects 

Premature hatch occurred in the high atrazine group, with time to 50% 
hatch (H50) lower than that of the controls (95% CL Control H50= 
101.5–102.5 days post fertilization (dpf), high atrazine H5 =99.5–100.4 
dpf [n = 4; P = 0.011]; Figure 7). 

4 

Concentration- or 
dose-response 

No concentration-response was observed. 2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of a small advance in the timing of hatch is unknown.  0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC The only effect on testosterone was seen at a high concentration of 
atrazine. LOEC > 100 μg atrazine/L. 

0 

Overall evaluation of relevance (computed) 0.0 
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Overall evaluation of relevance (SEJ)  
 

Relevance - Response 11. Effects of exposure to formulated atrazine (25 and 250 µg/L) 
from fertilization to emergence on time to emergence in Oncorhynchus nerka. 

Score 

Statistical 
significance for 
adverse effects 

Emergence success was not significantly different between control and 
treatment groups; however, exposure to atrazine at both low and high 
concentrations, resulted in premature emergence, with the initiation of 
emergence in the control group alevins lagging several days behind all 
atrazine-exposed alevins (95% CIs for average values across genetic 
crosses and replicates: control E50=179.1–182.1 dpf, low atrazine 
E50=172.7–175.3 dpf [n = 6; p = 0.0073], high atrazine E50= 173.5–
176.2 dpf [n = 6; p = 0.013], Figure 8). 

4 

Concentration- or 
dose-response 

Both concentrations of atrazine resulted in premature emergence 4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

While alterations in the timing of emergence could affect survival of 
individual salmonids and potentially population viability, there is no 
evidence that premature emergence has a negative impact. There is 
uncertainty associated with the interpretation given that there was no 
effect of atrazine treatment on emergence success.    

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism or mode of action was investigated or proposed. 0 

Multiplier for LOEC The LOEC was < 20 µg/L 1 

Overall evaluation of relevance (computed) 2.5 
Overall evaluation of relevance (SEJ) The score was reduced to 0.5 because a formulated 
product was used, and the components were not tested separately. 

0.5 

 

Quality of methods - Response 1-11 Score 
Experimental 
design and 
hypotheses 

Eggs and sperm were collected from four male and four female mature 
spawning sockeye salmon (O. nerka) from the late-run Weaver Creek 
population. This was limited sample of genetic pool and one of the 
crosses was not fertile (weakness).  Fertilization procedures took place 
within 24 h of gamete collection. Four unique offspring crosses were 
created using a dry fertilization protocol in which 16 grams of eggs 
(about 90–100 eggs) were combined with 0.15 mL of milt and activated 
with 30 mL of dechlorinated municipal water or a water-pesticide 
solution. After 2 min, approximately 200 mL of additional water or 
pesticide solution was added, and a further 10 min was allowed for 
water hardening of the fertilized eggs. Eggs from each container were 
counted, gently poured into three netted, cylindrical baskets, and 
placed into an exposure chamber. Each exposure chamber housed 
eggs from all four crosses. 
 
Two incubation systems were used to monitor egg development and 
survival from fertilization to hatch. Fertilized eggs were placed either in 
baskets in flow-through, open bins (to determine pesticide effects on 
hatch and growth without the need to emerge from gravel), or in a flow-
through, gravel-bed flume incubator (which simulated a natural 
streambed environment). In the bin incubators, fertilized eggs remained 
in baskets and were monitored every other day. The gravel-bed flume 
incubator design was (250 cm long, 40 cm wide, and 30 cm deep) 
contained 5 large compartments separated by plexiglass dividers to 
isolate each treatment and allow for multiple pesticide concentrations to 

2  

SI for Hanson et al. 2020 Page 44 of 237 Crit . Rev. Toxicol.  DOI



 

be used in the same flume. Eggs from each cross were unique to 
subchannels within each compartment. 
 
Water or water-pesticide solution was refreshed in the compartments 
by upwelling from multiple holes in pipes running the length of the 
bottom of each subchannel. Upwelling water exited through the front 
and top of the center subchannel. Two sizes of gravel rock, 10 mm and 
25 mm were used to bury eggs based on sizes reported for salmon 
redd sites. The gravel was combined in a 1 to 1 ratio, disinfected with a 
1% Ovadine solution, rinsed thoroughly with dechlorinated water, and 
placed into the flumes to a height of 5 cm. Flumes and gravel were 
flushed for several days with dechlorinated water to remove any 
potential residue and air pockets from the pipes and gravel. 
 
For gravel-bed incubators, fertilized eggs were placed in baskets on top 
of the gravel until they reached the eyed embryo stage. Then, eggs 
were poured out and carefully covered with gravel by hand to a depth 
of 15 cm. Black plastic was used to cover flume and bin incubators to 
protect embryos and alevins from light exposure. After hatch, the black 
plastic was removed from the tops of the flume and bin incubators, and 
room lighting was set on timers and adjusted weekly to reflect natural 
photoperiod changes. 
 
Water temperature and dissolved oxygen concentrations were 
measured and recorded every other day for the duration of the 
experiment. Ammonia concentrations were measured using SentryTM 
AQ Mardel1 Water Quality Check test strips at each developmental 
stage (i.e., eyed embryo stage, hatch completion, and prior to 
experiment termination). Measurements of pH were performed weekly. 
 
Flow rates to each bin or flume compartment were monitored and 
adjusted every 48 h to maintain a relatively constant flow rate of 750 
mL/min. A complete replacement of the volume of water in each of the 
bins or flume compartments occurred at minimum once per hour. 
 
Atrazine exposure solutions were created by diluting commercially 
available formulations (obtained from Terralink Horticulture). 
AAtrex1Liquid 480 (43.7% atrazine; formulated product was used, 
major weakness) was diluted with dechlorinated municipal water was 
added to the chamber water inflow to obtain nominal concentrations of 
25 and 250 µg/L active ingredient (a.i.). Fish were continuously 
exposed from the initiation of fertilization through to emergence in a 
dechlorinated municipal water control and the two pesticide treatment 
groups:  
 
Pesticide stock solutions were stored in large, covered, opaque 
containers and were refreshed every 48 h. All exposures were 
performed in duplicate, and the treatment locations within the incubator 
systems were randomized (e.g., exposure types and eggs from specific 
crosses were randomly placed in channels and subchannels, 
respectively) in each of the incubator types, following a randomized 
block design. To confirm actual pesticide concentrations in the gravel-
bed flume incubator system, a water sample was collected from 1 
compartment for each of the pesticide treatment groups midway 
through the exposure period (at 95 dpf); samples underwent gas 
chromatography–mass spectrometry analysis for pesticide residues at 
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a certified laboratory. Detection limits and percent recovery were not 
provided. 
 
Eggs in the bin incubators were examined for mortality using red light 
every second day until the eyed stage. When eye pigmentation was 
clearly visible and well-defined in most of eggs (at 60 dpf), eggs were 
thoroughly examined and those that were not eyed were counted and 
removed. Eggs were monitored every second day until the initiation of 
hatch, when monitoring frequency was increased to daily. Once alevin 
yolk sacs were absorbed (about 165 dpf), bin incubations were 
terminated, and swim-up fry were euthanized (with an overdose of 
neutral buffered tricaine methane sulphonate [MS-222]). Following the 
burial of eyed eggs under gravel in the flume incubators, compartments 
were monitored every other day for emerging swim-up fry that had 
successfully completed the emergence process. Following the initiation 
of emergence, compartments were monitored daily until no new fish 
emerged for at least 5 d, indicating the completion of emergence. 
Captured emerged swim-up fry were kept in baskets on top of the 
gravel in their respective compartments until experiment termination, 
when all emerged swim-up fry were euthanized with an overdose of 
neutral buffered MS-222. 
 
In the bin incubators at the time of 50% hatch (H50), alevins (n = 10) 
from each cross in each treatment group were euthanized, and wet 
weight and total length were recorded. Once the swim-up fry stage was 
reached in both the open bin and gravel-bed incubation systems, all 
fish were euthanized, and the weight and length of all swim-up fry were 
recorded.  
 
At termination, fry were euthanized, and immediately preserved in 
Davidson’s solution and examined under a dissecting microscope for 
skeletal, craniofacial, or fin-fold deformities, with the severity of 
deformities categorized based on a graduated severity index of 0 to 3 
and evaluated using a blind labeling system, and a quality check 
involving re-examination of at least 10% of all fry assessed 
 
Protein levels were measured using the Bradford assay [18], with 
bovine serum albumin as a standard, and triglyceride levels were 
measured using a Triglyceride Colorimetric Assay Kit 
(Cayman Chemical, Item No. 10010303). Whole body testosterone and 
17β-estradiol levels were measured in swim-up fry by enzyme 
immunoassay.  Only 1 or 2 crosses were examined (potential 
weakness). 
 
Differences between control and pesticide treatment groups for hatch 
and emergence success (% embryos hatched, or alevins emerged) 
were compared with a standard logistic regression model to examine 
overall treatment effects. If significant results were found (p < 0.05), 
post hoc contrasts were performed using a Bonferroni correction. Time 
to hatch and time to emergence data were analyzed with a logistic 
regression model, using percentage hatch or emergence as the 
response variable. This model was used to perform inverse predictions 
to identify time to H50 or time to 50% emergence (E50), reported with 
the 95% CI. Predicted mean H50 or E50 values were then compared 
using a randomized analysis of variance (ANOVA) followed by a 
Tukey’s post hoc test (p<0.05). Growth and biochemical parameters 
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were compared using a two-way ANOVA with interaction, with fixed 
effect factors of treatment and cross, followed by a Tukey’s post hoc 
test (p<0.05). Only overall treatment effects were presented. Hormone 
levels were compared for each cross using a Univariate General Linear 
Model (two-way ANOVA) followed by a Tukey’s post hoc test, with fixed 
effect factors of treatment and cross (p<0.05). 

Use of GLP and 
QA/QC 

Not a GLP study or QA/QC. Dissolved oxygen, pH and ammonia were 
measured at intervals and reported as means. Only 1 water sample 
was taken midway through the entire exposure period, and so some 
uncertainty might exist regarding nominal concentrations at various 
time points in the study.   

2 

Transparency of 
data 

Summary data as means and SEs as well as graphical data for 
individual sampling times were provided. Raw data were not provided. 

2 

Concentrations 
tested 

Two concentrations were tested; 25 and 250 μg/L (nominal). . 1 

Use of realistic 
exposures 

No concentrations were ≤ 20 μg/L. (based on flow rate values: Table 
1).  The highest atrazine exposure concentration was > 100 μg/L. 

1 

Overall evaluation of methods 1.6 
 

EJ Review Yes April 17, 2018 

QA Yes March 26, 2018 
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(Ehrsam et al. 2016) 
Paper: Ehrsam M, Knutie SA, Rohr JR. 2016. The herbicide atrazine induces 
hyperactivity and compromises tadpole detection of predator chemical cues. 
Environmental Toxicology and Chemistry. 35:2239–2244. 

Relevance - Response 1. Survivorship in Cuban tree frog (Osteopilus septentrionalis) 
tadpoles exposed to 178 μg/L of atrazine for 7-days. 

Score 

Statistical 
significance for 
adverse effects 

While mortality was observed in the experiment (i.e.,’ Thirteen tadpoles 
died during this experiment and thus were excluded from any statistical 
analyses.’) no significance was attributed to atrazine exposure relative 
to solvent control. 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed and there 
was no relevance to the effects, the mechanism or mode of action was 
not included. 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. SVL (Snout to Vent Length) of Cuban tree frog (Osteopilus 
septentrionalis) tadpoles exposed to 178 μg/L of atrazine for 7-days. 

Score 

Statistical 
significance for 
adverse effects 

No difference in SVL of atrazine exposed relative to solvent control 
animals was reported.  Data were not included (weakness). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed and there 
was no relevance to the effects, no mechanism or mode of action was 
provided. 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Mass of Cuban tree frog (Osteopilus septentrionalis) tadpoles 
exposed to 178 μg/L of atrazine for 7-days. 

Score 

Statistical 
significance for 
adverse effects 

No difference in mass of atrazine exposed relative to solvent control 
animals was reported. Data were not included (weakness). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Average location in test chamber of Cuban tree frog 
(Osteopilus septentrionalis) tadpoles exposed to 178 μg/L of atrazine for 7-days, 
without predator cues. 

Score 

Statistical 
significance for 
adverse effects 

No differences in average location of atrazine exposed relative to 
solvent control animals was reported (P >0.05; Table 1, Figure 1A). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Activity of Cuban tree frog (Osteopilus septentrionalis) 
tadpoles exposed to 178 μg/L of atrazine for 7-days, without predator cues. 

Score 

Statistical 
significance for 
adverse effects 

A statistically significant difference between of atrazine exposed 
relative to solvent control animals was reported (F1,67=7.84, P = 0.007; 
Figure 1B) for activity of animals (~53% versus ~39% active, 
respectively). 

4 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The increase in activity was moderate, but there were no direct impacts 
on growth or survivors 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism as elucidated or postulated. 1 

Multiplier for LOEC Effect observed only at concentrations > 100 μg/L ATR 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 6. Avoidance (location) in the first 10 minutes of exposure to a 
predator cue (Libellulidae sp.) by Cuban tree frog (Osteopilus septentrionalis) tadpoles 
following exposure to 178 μg/L of atrazine for 7-days. 

Score 

Statistical 
significance for 
adverse effects 

A statistically significant difference between atrazine-exposed relative 
to solvent control animals was reported.  Atrazine-exposed frogs did 
not avoid the predator chemical cue for the first 10 min of observations 
(Figure 2) and exhibited no statistically significant avoidance during the 
entire 20-minute exposure (Figure 1a; Table 1).  

2 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The effect on location was transient in controls, but could result in 
increased predation on exposed animals, assuming the predator’s 
ability to detect cues is not impaired. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism as elucidated or postulated. 1 

Multiplier for LOEC Effect observed only at concentrations > 100 μg/L ATR 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Activity of Cuban tree frog (Osteopilus septentrionalis) 
tadpoles following exposure to 178 μg/L of atrazine for 7-days, in the first 10 minutes 
of exposure to a predator cue (Libellulidae sp.). 

Score 

Statistical 
significance for 
adverse effects 

A statistically significant increase in activity of atrazine-exposed 
tadpoles relative to solvent-control animals following exposure to the 
predator cue was reported (F1,67=7.13, P=0.009; Figure 1B).  It should 
be noted that activity levels did not differ significantly between tadpoles 
assigned to receive the predator cue or not (Table 2). 

4 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The increase in activity was moderate in exposed animals relative to 
solvent controls (~33% versus ~22% active, respectively), with the 
trend towards decreasing activity relative to no predator cues. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism as elucidated or postulated. 1 

Multiplier for LOEC Effect observed only at concentrations > 100 μg/L ATR 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-7 Score 
Experimental 
design and 
hypotheses 

The present study was an attempt to evaluate whether a prior exposure 
to atrazine would affect the ability of Cuban tree frog (Osteopilus 
septentrionalis) to detect chemical cues from predatory dragonfly 
larvae (Libellulidae sp.) and exhibit appropriate anti-predator behaviors. 
 
Tadpoles were field-collected and brought to the lab and maintained 
22°C and a 12:12-h light-dark cycle. No other water quality measures 
reported. No aeration was provided. Light levels were not reported. 
Growth chamber conditions or placement therein were not described 
(weaknesses). 

1 
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Eighty tadpoles (Gosner stages ranging from 25 to 41) were housed 
individually in 250 mL of pond water in a standard 0.47-L glass mason 
jar.  The authors state “Half the tadpoles were then exposed to 7.81 μL 
of either acetone or a 3.26 mg/mL stock solution of atrazine dissolved 
in acetone, to achieve an estimated actual concentration of 178 μg/L of 
atrazine.  It is unclear how this was achieved; addition of 7.81 µL of a 
solution of 3.26 mg atrazine/mL (3.26 µg/µL) to 250 mL gives a 
concentration of [3.26*7.81*1000/250] =102 µg/L    No solvent-free 
control was performed (weakness). The source, type, and purity of 
atrazine are not provided (weakness). 
 
Tadpoles were exposed to solvent control or atrazine for 7 d and fed 
agarose discs containing spirulina and flaked fish food ad libitum; how 
often is not stated.  Survival was checked daily.  A total of 13 out of 80 
tadpoles died during the 7 days (approximately 16% of animals, greater 
than the OECD criteria of acceptability = 10%) (major weakness). 
 
Predator cue was obtained by housing 12 Libellulidae dragonfly larvae 
from Spectrum Pond at the University of South Florida and maintained 
them in an 11.36-L aquarium filled with 5.68 L of dechlorinated tap 
water for 24 h. As well, 12 Cuban tree frog tadpoles to provide food for 
the dragonfly larvae.  In this case, two cues maybe present; predator 
itself, as well as the outcomes of tadpole predation (weakness).  As 
well, the cues will change over time as the volume changed from 
removal of water (weakness). 
 
Size of the chambers (20 plastic shoeboxes) for behavioral responses 
was not provided (weakness).  Pond water was used for behavioural 
responses, but not characterized, and could contain predator cues 
already (weakness).  Animals, ten from each treatment, were placed 
into individual plastic shoe boxes, and “scan samples” (observations) of 
location and activity were taken.  After 8 minutes, 3 mL of cue, or 3 mL 
of control water was added to each side of the container, with half on 
the right side, and half on the left.  Environmental conditions of the 
behavioural responses were not provided (weakness).  Cues took 
approximately 8.8 min to diffuse across the entire test chamber, but it 
took at least three minutes to add cues to each test, and no actual 
number of observations by ‘scanning’ per replicate was provided 
(weakness).  No definition of ‘activity’ was provided (weakness).  
Location is defined as an animal being observed on the same side as 
the cue, but total time spent on side with cue was not determined, 
which is a more relevant and objective measure (weakness). 
 
After addition of the cue, scans of behaviours were taken for 20 min, 
again recording the location and activity of tadpoles. Only 20 animals 
could be visually assessed at a time, so three additional exposures 
were conducted over 4 h.  After observations were complete, tadpoles 
were returned to their assigned chemical treatment.  No mention is 
made of cleaning test chambers between exposures (weakness). 
 
It is stated that ‘The next day, the same procedure was repeated for all 
80 tadpoles, except that any tadpole that was exposed to the predator 
cue on day-1 received water on both sides of the arena on day 2 and 
vice versa. This experimental design allowed us to use each tadpole as 
its own internal control for both activity and locational preference.’  This 
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means there was an 8-day versus 7-day exposure (weakness), the 
predator cues would be different (weakness), and the life stage would 
be possible different (weakness). 
 
Various statistical tests were performed, but no correction for size or 
stage was conducted (weakness).  No tests for ANOVA assumptions 
were provided.  The behavioral analyses were based on transformed 
data and activity reflected the proportion of observations where a 
tadpole was moving.  

Use of GLP and 
QA/QC 

This was not a GLP study.  No water quality measures were reported 
aside from a point temperature and hours of light. Only a single stock 
solution of atrazine was reported, and this was measured only once. 
No analyses of predator cue or pond water were provided. 

1 

Transparency of 
data 

Some figures and summary statistics are provided and only 
transformed data appear to be reported. No SI was provided, but data 
are available upon request from authors. 

2 

Concentrations 
tested 

A single concentration was tested (178 μg/L). 1 

Use of realistic 
exposures 

No tested concentrations were less than 100 μg/L. 0 

Overall evaluation of methods 1 
 

EJ Review Yes Aug 29, 2016 

QA Yes Jan 22, 2018 
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(Ghodageri and Katti 2013) 
Pape: Ghodageri MG, Katti P.  2013.  In vitro induction/inhibition of germinal 
vesicle breakdown (GVBD) in frog (Euphlyctis cyanophlyctis) oocytes by 
endocrine active compounds.  Drug and Chemical Toxicology 36:217-223. 
 
Note: This study characterized the effects of atrazine on the in vitro induction of oocyte 
maturation in ovarian follicles of the frog (Euphlyctis cyanophlyctis)  

 
Relevance - Response 1. Maturation of ovarian follicle in frog (Euphlyctis 
cyanophlyctis) exposed to nominal concentrations of (1000, 5000, 10,000, 15,000 and 
20,000 µg atrazine/L in vitro. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine at nominal concentrations of (1000, 5000, 10,000, 15,000 and 
20,000 µg/L induced a significant increase in the proportion of follicles 
undergoing GVBD (Table 1 and Figure 3).   

4 

Concentration- or 
dose-response 

There was a concentration dependent effect of atrazine.   4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Oocyte maturation represents the resumption of meiotic maturation 
that is a requirement to produce a haploid oocyte capable of being 
fertilized. The possible stimulation of oocyte maturation is significant in 
that this would have a direct effect on fertility and reproductive 
success. Reproductive endpoints were not tested in vivo. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation was investigated or provided. The likely explanation is 
that atrazine stimulates the pathway controlling oocyte maturation. This 
could be at the level of the interactions of 17, 20βP with its receptor or 
at some point in the downstream cascade leading to the production 
and actions of the maturation promoting factor. 

1 

Multiplier for LOEC LOEC > 100 μg atrazine/L.   0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Quality of methods - Response 1 Score 
Experimental 
design and 
hypotheses 

Adult female E. cyanophlyctis, raised and reared in a greenhouse 
located at Karnatak University, Dharwad (weakness in that husbandry 
conditions were not reported). Ovarian fragments were surgically 
removed from the gravid females under ether anesthesia.  Fully grown 
follicles (1.2–1.3 mm in size) were isolated and defolliculated manually 
using fine forceps and needles.  The selected oocytes were 
equilibrated in medium A overnight at room temperature (23 ± 1ºC) as 
a prerequisite for the oocyte maturation assay (randomization of 
oocytes was not reported, weakness). Maturation of oocytes was 
studied in the batches of 10 oocytes in triplicate using 24-well culture 
plates.  The oocytes were then incubated in 1 mL of medium A at 23 ± 
1°C with or without hormones/test chemicals (Issue: Details on the 
negative and positive controls and solvents were not provided which 
was considered a major weakness).  The negative control was 
included and assumed to be free of chemicals; the positive control 
included oocytes exposed to 1 μM progesterone.  Rate of maturation 
was scored as the (%GVBD) every 4 hours for 24 hours.  
 
Atrazine used was a commercial formulation (50% a.i., w/w) and 
exposure concentrations were not verified analytically (major 
weakness). 
 

2 
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Data were analyzed using two-way analysis of variance, followed by 
Duncan’s multiple-range test.  A randomized block design was used 
and homogeneity of data was checked. The significance level was set 
to 5% (p = 0.05).  
 

Use of GLP and 
QA/QC 

This was not a GLP study and no QA/QC was reported.  0 

Transparency of 
data 

Summary data provided.  2 

Concentrations 
tested 

Five concentrations of atrazine were tested (1000, 5000, 10,000, 
15,000 and 20,000 µg/L. 

4 

Use of realistic 
exposures 

All concentrations in the oocyte test were > 100 µg/L.   0 

Overall evaluation of methods 1.8 
 

EJ Review Yes March 29, 2018 

QA Yes March 24, 2018 
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(Gustafson et al. 2016) 
Paper: Gustafson KD, Belden JB, Bolek MG.  2016.  Atrazine reduces the 
transmission of an amphibian trematode by altering snail and ostracod host-
parasite interactions.  Parasitology Research 115:1583-1594 
 

Relevance - Response 1.  Days of survival of snails (Physa acuta) not infected with 
cercaria of the trematode Halipegus eccentricus but exposed to 3 and 30 μg atrazine/L.  

Score 

Statistical 
significance for 
adverse effects 

There were no significant effects of atrazine on length of survival of 
snails (p > 0.05, Table 1). 

0 

Concentration- or 
dose-response 

Although only two concentrations were tested, there was no obvious 
concentration response. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant effect, there was no relevance. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no significant effect, no mechanism was proposed 0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 2.  Prevalence of trematodes in snails (Physa acuta) exposed to 
cercaria of the trematode Halipegus eccentricus and 3 and 30 μg atrazine/L.  

Score 

Statistical 
significance for 
adverse effects 

There were no significant effects of atrazine on percent of snails 
infected (p > 0.05, Table 1). 

0 

Concentration- or 
dose-response 

Although only two concentrations were tested, an uncharacterized 
concentration-response was apparent with prevalence of (±SE) 
19.8±8.7, 14.4±9.1, and 10.7±9.4 in the control, 3, and 30 μg 
atrazine/L treatments resp. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no significant effect, but the C-R suggested that exposure 
decreased the prevalence of trematodes in the snails.  This is not 
considered an adverse effect. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no significant effect, no mechanism was proposed 0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ) Since the effect was not considered adverse; an SEJ 
score of zero was assigned. 

0 

 
Relevance - Response 3.  Days of survival of snails (Physa acuta) infected with 
cercaria of the trematode Halipegus eccentricus and exposed to 3 and 30 μg 
atrazine/L.  

Score 

Statistical 
significance for 
adverse effects 

There was a significant reduction in days of survival in infected snails 
exposed to atrazine (p < 0.05, Table 1). 

4 
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Concentration- or 
dose-response 

Although only two concentrations were tested, an uncharacterized 
concentration-response was apparent with days of survival (±SE) 39.1 
± 2.1, and 33.8 ± 0.7 in the 3, and 30 μg atrazine/L treatments resp. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there were significant effects and a concentration response 
was observed, the response is not considered adverse. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC  1 
Overall evaluation of relevance (computed) 1.5 
Overall evaluation of relevance (SEJ) Since the effect was not considered adverse; an SEJ 
score of zero was assigned. 

0 

 
Relevance - Response 4.  Days that snails (Physa acuta) infected with cercaria of the 
trematode Halipegus eccentricus and exposed to 3 and 30 μg atrazine/L released 
cercaria.  

Score 

Statistical 
significance for 
adverse effects 

There was a significant reduction in days that infected snails released 
cercaria when exposed to atrazine (p < 0.05, Table 1). 

4 

Concentration- or 
dose-response 

Although only two concentrations were tested, an uncharacterized 
concentration-response was apparent for days of release of cercaria (± 
SE) 18.0 ± 1.4, and 5.5 ± 0.6 in the3, and 30 μg atrazine/L treatments 
resp. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there were significant effects and a concentration response 
was observed, the response is not considered adverse. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ) Since the effect was not considered adverse; an SEJ 
score of zero was assigned. 

0 

 
Relevance - Response 5.  Number of cercaria produced by snails (Physa acuta) 
infected with cercaria of the trematode Halipegus eccentricus and exposed to 3 and 30 
μg atrazine/L.  

Score 

Statistical 
significance for 
adverse effects 

There was a significant reduction in median number of cercaria 
released from infected snails exposed to atrazine (p < 0.05, Table 1). 

4 

Concentration- or 
dose-response 

Although only two concentrations were tested, an uncharacterized 
concentration-response was apparent for mean number of cercaria 
released (± SE) 536 ± 125, and 237 ± 153 in the 3, and 30 μg 
atrazine/L treatments resp. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there were significant effects and a concentration response 
was observed, the response is not considered adverse. 
 

0 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ) Since the effect was not considered adverse; an SEJ 
score of zero was assigned. 

0 

 
Relevance - Response 6.  Percentage of ostracods (Cypridopsis sp.) exposed to 3 and 
30 μg atrazine/L infected with the trematode Halipegus eccentricus.  

Score 

Statistical 
significance for 
adverse effects 

There was no significant reduction in percentage of infected ostracods 
(p >0.05, Table 1). 

0 

Concentration- or 
dose-response 

Only two concentrations were tested but a concentration-response was 
not evident. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there were significant effects and a concentration response 
was observed, the response is not considered adverse. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 7.  Percent survival of ostracods (Cypridopsis sp) exposed to 3 
and 30 μg atrazine/L and infected with the trematode Halipegus eccentricus.  

Score 

Statistical 
significance for 
adverse effects 

There was no significant reduction in survival of infected ostracods (p 
>0.05, Table 1). 

0 

Concentration- or 
dose-response 

Only two concentrations were tested but a concentration-response was 
not evident. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there were significant effects and a concentration response 
was observed, the response is not considered adverse. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance – Response 8.  Percent survival of ostracods (Cypridopsis sp) not exposed 
to the trematode Halipegus eccentricus but exposed to 3 and 30 μg atrazine/L.  

Score 

Statistical 
significance for 
adverse effects 

There was a significant reduction in percentage of uninfected 
ostracods exposed to 30 μg atrazine/L surviving (p <0.05, Table 1). 

4 
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Concentration- or 
dose-response 

Only two concentrations were tested and only one showed a significant 
reduction in ostracod survival (%±SE) (91.7±4.0, 93.8±3.5, and 
41.7±7.2 in the control, 3, and 30 μg atrazine/L treatments resp.)  
Thus, it was inappropriate to characterize a concentration-response. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there was a significant effect at the greatest concentration, 
the response is not considered adverse. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 1 
Overall evaluation of relevance (SEJ).  Since the effect was not considered adverse; an 
SEJ score of zero was assigned. 

0 

 
Relevance – Response 9.  Infectivity of metacercaria of Halipegus eccentricus exposed 
to 3 and 30 μg atrazine/L.  

Score 

Statistical 
significance for 
adverse effects 

There was a significant reduction in infectivity metacercaria of 
Halipegus eccentricus exposed to 30 μg atrazine/L surviving (p <0.05, 
Table 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, and both showed a significant but 
similar reduction in infectivity (%±SE) 58.3±7.5, 18.8±11.3, and 
16.7±10.7 in the control, 3, and 30 μg atrazine/L treatments resp.  
There was no obvious C-R between 3 and 30 μg atrazine/L. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Although there was a significant effect at the both concentrations 
tested, the response is not considered adverse. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed 0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 1 
Overall evaluation of relevance (SEJ).  Since the effect was not considered adverse; an 
SEJ score of zero was assigned. 

0 

 
Quality of methods - Response 1-9 Score 
Experimental 
design and 
hypotheses 

Snails (Physa acuta) were from an established colony in the laboratory, 
originally collected from Pawnee Lake, Lancaster County, Nebraska.  
Snails were held in 38-L aquaria containing dechlorinated tap water 
and aerated with under gravel filters covered with approximately 3 cm 
of gravel to which a hand full of coral gravel was added as a calcium 
source. Each aquarium contained two 70-mL plastic containers and 
one brick as egg-laying substrates. Colonies were maintained under a 
12:12 h light-dark photoperiod at room temperature (unreported). 
Snails were fed a sprinkle of Tetra Min® fish flakes every week and a 
combination of fresh and frozen green leaf lettuce ad libitum.  For the 
exposures, a total of 720 second-generation laboratory-reared snails 
were measured (shell length to the nearest 0.25 mm) with a handheld 
caliper. 
 

2 
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Three gravid adult trematodes (Halipegus eccentricus) were recovered 
from the Eustachian tubes of American bullfrogs (L. catesbeianus) 
collected from Neven’s Pond, Keith County, Nebraska.  After the 
removal of worms, frogs were released at the site of capture. The 
gravid trematodes were shredded with forceps and the eggs pooled 
and kept in a loosely covered 70-mL plastic container with 
dechlorinated water in 20° C) in a shaded environment for 3 months to 
allow for development of miracidia.  Prior to use in snail exposures, 
eggs of H. eccentricus were visually inspected under a dissecting 
microscope and only eggs containing miracidia were used for snail 
exposures.  Ostracods (Cypridopsis sp.) were obtained from laboratory 
cultures maintained in 38 L aquaria.  The original source of the 
ostracods was not reported (potential weakness). 
 
Atrazine (98% purity) was obtained from a commercial source. 
Pesticide-grade acetone was used as a solvent (weakness) at a 
concentration of 0.00003% (basis of percentage not stated).  Dilution 
water was dechlorinated (carbon filtration) Oklahoma State University 
tap water (pH 7.4–7.9, hardness 80–100 mg CaCO3/L).  The water did 
not contain ATR at concentrations >LOD (0.05 μg/L). 
 
Ammonia, DO, and water temperature) were measured in bowls 
containing snails. Twice after the longest period between water 
changes (i.e., 4 d), water temperature and dissolved oxygen were 
randomly subsampled from four bowls at each concentration using a 
YSI DO. Ammonia (NH3-N mg/L) was measured once from three bowls 
at each concentration using HACH Test ‘N Tube kits (Nessler Method 
8038) and analyzed on a HACH UV spectrophotometer. To verify 
nominal atrazine concentrations, four bowls at each concentration were 
randomly sampled once after the longest period between water 
changes (i.e., 4 d) and once immediately after a water change. An 
internal standard of 100 ng of atrazine-D5 was added to each sample. 
Extraction of ATR was well described.  Samples were analyzed on a 
gas chromatograph-mass spectrometer using internal calibration and 
select ion monitoring. Water quality measurements were not taken 
during the ostracod exposures; however, atrazine concentrations were 
measured as above.  Concentration of ATR was within 5.67 ± SD of 
2.39% of the nominal value and none was measured in the control 
treatment (< DL of 0.05 µg/L).  Mean water temperature 25.18 ± SD of 
0.36; DO was (7.07 ± 0.31 mg/L), and ammonia concentrations were 
0.17 ± 0.08.  These were consistent between atrazine concentrations. 
 
Snails 
In the experiments with snails and parasite challenge, Snails and 
parasite eggs were exposures separately to atrazine.  Parasite eggs 
were exposed in multi-well polystyrene plates (six 15-mL wells/plate) 
with 10 mL of dechlorinated tap water (solvent control; 0.00003% 
acetone), 3, or 30 μg/L atrazine for 7 d.  At the same time, 720 snails 
were exposed to atrazine in 30 3.5-L bowls (24 snails each) containing 
3 L of dechlorinated tap water that was spiked with one of three 
nominal concentrations of atrazine (0, 3, and 30 μg/L). Controls were 
treated with an equivalent acetone volume (100 μL, or 33 μg/L.  Snails 
were fed green leaf lettuce ad libitum for 5 d. After which the exposure 
solution was renewed, and all food was removed for the last 2 d of pre-
exposure to clear snail gastrointestinal tracts allowing better 
visualization to determine if snails consumed the ten-egg trematode 
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dose.  At the end of 7 d, half of the snails were moved to the wells with 
parasite eggs and half to wells with atrazine only.  Exposures were for 
48 h after which snails were moved to their respective treatment bowls.  
Before shedding of cercaria, the snails were moved back to the 
multiwell plates so that the parasite-shed could be determined.  
Feeding was daily and exposure medium was replaced each day. 
 
Ostracods and Cercariae 
There were several components to this design. The result was four 
treatment groups with multiple concentrations of atrazine tested in a 
nested design that included.  

• Ostracods not exposed to cercariae (N= 48 ostracods per treatment 
group; exposed to 0, 3, and 30 μg/L atrazine). 

• Ostracods exposed to cercariae sourced from snails from the same 
concentration of ATR (N= 48 ostracods per treatment group; 
exposed to 0, 3, and 30 μg/L atrazine). 

• Ostracods exposed to cercariae sourced from control snails (N= 48 
ostracods per treatment group; exposed to 0, 3, and 30 μg/L 
atrazine). 

• Ostracods from the atrazine control exposed to cercariae sourced 
from snails from higher atrazine concentrations (N= 48 ostracods 
per treatment group; exposed to 3 and 30 μg/L atrazine during 
parasite challenge). 

After three days, snails were fed daily with lettuce.  Exposure solutions 
were not renewed (weakness).  Twenty-eight days after the initiation of 
shedding, the number of metacercaria (called worms in the text) within 
each ostracod and the presence or absence of a skirt-like bladder on 
each metacercaria was recorded.  Percent of metacercaria that 
pinched off the skirt-like bladder in each treatment served as a proxy 
for infectivity. 
 
Data were analyzed by nested ANOVAs.  If a significant effect was 
observed, a Tukey’s unequal N HSD post hoc test was used to 
determine significant differences between groups.  The total number of 
cercariae produced per snail did not meet the assumptions of an 
ANOVA, so a nonparametric Kruskal-Wallis median test and multiple 
comparisons of mean ranks post hoc tests (z tests) was used.  
Statistical tests were conducted using STATISTICA v10. 

Use of GLP and 
QA/QC 

This study was not GLP but included a good description of the work 
and had QC, including confirmation of exposures. 

3 

Transparency of 
data 

Data were provided in Tables with variance indicated with SEs and 
95% CIs.  Some raw data was provided in the SI but some tables were 
presented as percentages of control and raw data were not provided 
(potential weakness). 

2 

Concentrations 
tested 

Two concentrations of ATR were used, 3 and 30 μg/L  1 

Use of realistic 
exposures 

One of the concentrations was < 20 μg atrazine/L. 2 

Overall evaluation of methods 2 
 

EJ Review Yes Aug 29 2016 

QA Yes Jan 22,2018 

 
Narrative: 
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Overall, atrazine was associated with a reduced life-span of snails infected with trematodes, 
number of days of release of parasites, survival of parasite-infected ostracods and infectivity of 
metacercaria.  Although statistically significant, these effects are beneficial to the definitive hosts 
(frogs) of the parasites and are not considered to be adverse. 
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(Hecker et al. 2005) 
Paper: Hecker M, Park JW, Murphy MB, Jones PD, Solomon KR, Van Der Kraak G, 
Carr JA, Smith EE, du Preez L, Kendall RJ, Giesy JP.  2005.  Effects of atrazine on 
CYP19 gene expression and aromatase activity in testes and on plasma sex 
steroid concentrations of male African clawed frogs (Xenopus laevis).  
Toxicological Sciences 86:273-280. 
 
Note: This paper was unintentionally omitted from the WoE analysis conducted in 20144 and is 
included here.  Since animals were adults and exposures were relatively short, mortality and 
condition factors were not expected to be affected and were not included in the QWoE.  
Mortality was low over the entire course of the experiment: 1, 1, and 2 from the control group, 
25, and 250 μg atrazine/L treatments, respectively. Condition indices were similar across 
treatments and ranged from (mean 0.68±0.03 for the 250 μg/L treatment and 0.73±0.02 for the 
25 μg/L treatment). 
 

Relevance - Response 1. Gonadosomatic index of male frogs exposed to 1, 25, and 250 
μg atrazine/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences between the 
treatments (p = 0.633, ANOVA, text & Fig. 1).   

0 

Concentration- or 
dose-response 

There was no consistent concentration-response observed (Fig. 1). 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant differences, there was no relevance of 
adverse effects to survival or reproduction. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant differences, a mechanism was not 
elucidated nor postulated. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Gonadal aromatase activity in male frogs exposed to 1, 25, 
and 250 μg atrazine/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences between the 
treatments (p >0.05, ANOVA, text & Fig. 2A).   

0 

Concentration- or 
dose-response 

There was no consistent concentration-response observed (Fig. 2A). 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant differences, there was no relevance of 
adverse effects to survival or reproduction. 

0 

Mechanism and or 
mode of action of 

Since there were no significant differences, a mechanism was not 
elucidated nor postulated. 

0 

                                            
4 Van Der Kraak GJ, Hosmer AJ, Hanson ML, Kloas W, Solomon KR.  2014.  Effects of atrazine in fish, amphibians, 

and reptiles: An analysis based on quantitative weight of evidence.  Critical Reviews in Toxicology 44(S5):1-
66. 
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adverse effect 
explained 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Expression of gonadal CYP19 mRNA in male frogs exposed 
to 1, 25, and 250 μg atrazine/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences between the 
treatments (p >0.05, ANOVA, text & Fig. 2B).   

0 

Concentration- or 
dose-response 

There was no consistent concentration-response observed (Fig. 2B). 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant differences, there was no relevance. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant differences, a mechanism was not 
elucidated nor postulated. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Concentration of testosterone (T) in plasma of male frogs 
exposed to 1, 25, and 250 μg atrazine/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences between the control 
and the 1, and 25 μg/L treatments (p >0.05, ANOVA, text & Fig. 3A).  
There was a significant reduction in concentration of T in plasma at 
250 μg/L (Fisher’s LSD test: p = 0.036, Fig. 3A) 

4 

Concentration- or 
dose-response 

A concentration-response was observed between 1 and 250 μg/L but 
was not characterized (Fig. 3A). 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The difference in concentration was not reflected in the GSI and was 
inconsistent with the activity and induction of aromatase.  The 
observed effect is not considered relevant at realistic environmental 
concentrations. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The decreased in T was not related to aromatase activity (which did 
not increase) but might have been the result of induction of liver 
enzymes by ATR at this large and unrealistic exposure concentration.  
Several studies using in vitro and in vivo systems have found that ATR 
has the potential to up-regulate activity of cytochrome P450; however, 
this mechanism was not investigated in this study. 

1 

Multiplier for LOEC LOEC was 250 μg atrazine/L, > 100 μg atrazine/L. 0 
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ).    

 

Relevance - Response 5. Concentration of estradiol (E2) in plasma of male frogs 
exposed to 1, 25, and 250 μg atrazine/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences between the 
treatments (p >0.05, ANOVA, text & Fig. 3B). 

0 

Concentration- or 
dose-response 

There was no consistent concentration-response observed (Fig. 3B). 0 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant differences, there was no relevance of 
adverse effect to survival or reproduction. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant differences, a mechanism was not 
elucidated nor postulated. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ).    

 

Quality of methods - Response 1-5 Score 
Experimental 
design and 
hypotheses 

Adult sexually mature male Xenopus laevis, 30–50 g, were purchased 
from a commercial supplier. Prior to use, all animals were immersed for 
3–4 h in 0.06% NaCl solution to reduce the risk of possible infections, 
as recommended by the supplier (Xenopus Express). Frogs were 
acclimatized for several weeks in the laboratory before the experiment 
was initiated. During acclimatization, animals were held in 600-L 
fiberglass tanks under flow-through conditions. Average water 
temperature was 19.6 ± 1.3 °C in all treatments over the entire course 
of the experiment. The photoperiod was 12:12 h light:dark.  Animals 
were fed Nasco frog brittle three times per week ad libitum. 
 
Atrazine (purity 97.1%) was obtained from Syngenta Crop Protection 
Inc.  Stock solutions (12 mg/L) were made up in UV-treated laboratory 
freshwater before each water renewal and diluted appropriately in 20-L 
carboys before being added to the different treatment aquaria.  A 
solvent was not used. 
 
Frogs were exposed individually in 40-L aquaria with 15 replicates per 
ATR treatment, and 20 replicates for the water-only control group. 
Volume of the exposure solution was 10 L per aquarium. Water-quality 
measurements were made and there were no differences in NO2, NH3, 
dissolved oxygen, pH, hardness, and temperature among tanks or 
treatments.  The exposures were static with renewal for 36 d, with 50% 
of the exposure solution renewed every 3 d. Feeding regimen, 
temperature, and photoperiod during the exposures were consistent 
with acclimatization conditions. Nominal exposure concentrations were 
water control, 1, 25, and 250 μg atrazine/L. 
 
Exposures were measured via random sampling from aquaria every 5–
7 d from all treatments during the exposure period.  Concentrations in 
the samples were quantified by GC/MS. The average recovery rates 
were 92 ± 7% and the limit of quantification (LOQ) for the method was 
0.025 μg atrazine/L.  Concentration of atrazine in the controls was less 
than LOQ and in the three treatments were 0.8 ± 0.11, 24.6 ± 2.1, and 
258.6 ± 29.1 μg atrazine/L, respectively. 
 
Frogs were sampled on exposure day 36 from 07:00 and 11:00 am to 
minimize diurnal effects on titers of hormones. Frogs were anesthetized 
by immersion in 250 mg/L MS-222 and, immediately thereafter, blood 
was collected by cardiac puncture with heparinized syringes, and 
plasma was separated by centrifugation at 10,000 x g for 10 min. 
Plasma was then stored at -80C until further analysis. Wet weight and 

4 
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snout–vent length was measured. Gonads were removed, measured, 
weighed, and morphological abnormalities were recorded if present. 
Each gonad was split into two equal portions, and the portions from the 
left and right gonad were mixed to capture possible effects on both 
gonads with each sample. After dissection, the gonads were 
immediately stored in liquid nitrogen for subsequent measures of 
aromatase activity and expression of the CYP19 gene. The 
gonadosomatic index and the condition index were calculated using 
standard equations. 
 
Aromatase activity was measured by use of the tritiated water release 
assay according to a published method with modifications. Between 0.3 
g and 0.5 g of gonadal tissue (one testis) were homogenized in 600 μL 
of ice-cold phosphate buffer (50 mM),1mM EDTA, and 10 mM3 
glucose-6-phosphate, pH 7.4).  The homogenate was incubated with 
300 nM 3H-androst-4-ene-3,17-dione (25.9 Ci/nmol), 0.5 IU/mL 
glucose-6-phosphate dehydrogenase, and 10 mM NADP at 37 °C and 
5% CO2 for 90 min. Tritiated water released from each sample was 
extracted, and its activity was determined by liquid scintillation. 
Aromatase activity was expressed as femtomoles of androstenedione 
converted per hour per milligram of protein. The specificity of the 
reaction for the substrate was determined by use of a competitive test 
with non-labeled androstenedione, and the use of the specific 
aromatase inhibitor fadrozole (provided as a gift by Novartis Pharma 
AG, Basel, Switzerland).  This demonstrated that the activity being 
measured was specific for aromatase. Protein concentrations were 
determined using the Bradford assay with bovine serum albumin as the 
protein standard.  The LOD for the method was 1.8 fmol/h/mg protein. 
 
CYP19 gene expression was measured using reverse transcription 
real-time PCR. Total RNA was isolated from the gonadal tissue through 
lysis in guanidine thiocyanate and β-mercaptoethanol. The 
concentration of total RNA was determined in a TD700 laboratory 
fluorometer with RiboGreen RNA quantitation reagent. Prior to reverse 
transcription, total RNAs to be reverse-transcribed were treated with 
DNAse I to remove potential chromosomal DNA.  A total amount of 500 
ng RNA was used to synthesize single-strand cDNA by reverse 
transcription.  To determine accumulation of the PCR product, SYBR 
Green I dye was used as a real-time reporter that measured double-
stranded DNA.  In the Q-RTPCR assay, the level of expression of the 
CYP19 gene was normalized to an internal control ‘‘housekeeping’’ 
gene, glyceraldehyde 3-phosphate dehydrogenase (GAPDH).  Primer 
sequences were reported (Table 1).  Reverse-transcribed samples 
were subjected to real-time PCR at dilutions of 1:4 and 1:20 for CYP 19 
and GAPDH, respectively.  All PCR reactions were performed using a 
Smart Cycler II.  Data were analyzed using the standard curve method. 
A standard curve generated from a dilution series of synthesized 
plasmid DNA standards and a linear regression model was applied to 
quantify the data. 
 
Plasma sex steroids samples (50 μL) were analyzed using ELISA.  A 
3H-labeled steroid was added to each plasma sample before extraction 
with diethyl ether as an internal recovery standard.  After the extraction 
procedure, a fraction of the final extract was quantified in a liquid 
scintillation counter to test for recoveries.  Cross-reaction of the 
antiserum was reported. 
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Data were tested for normality using a Kolmogorov-Smirnov one-
sample test.  If necessary, data were transformed (log10) to 
approximate a normal distribution, as was the case for plasma T, 
aromatase activity, and CYP19 gene expression.  When data (or log 
transformed data) were normally distributed and variance was 
homogeneous, analysis of variance (ANOVA) and Fisher’s least-
significant-difference (LSD) test were applied to test for significant 
differences among treatments.  When data violated parametric 
assumptions, as was the case for plasma E2, the non-parametric 
Kruskal Wallis test followed by the Mann-Whitney U-test were used to 
determine differences among treatments.  Possible relationships 
between the different parameters investigated were analyzed with the 
correlation model described by Spearman. 

Use of GLP and 
QA/QC 

The study was conducted in the spirit of GLP with a full protocol and 
QC.  QC for analyses was well described. 

3 

Transparency of 
data 

Data were presented in graphs with SE as indicator of variance.  All 
raw data were available to the reviewers but were not published as SI 
for the paper.  The SEs for condition and GSI in the text were 
incorrectly reported (see Fig. 1). 

3 

Concentrations 
tested 

Three concentrations; 1, 25, and 250 μg atrazine/L were tested. 2 

Use of realistic 
exposures 

One concentration was < 20 μg atrazine/L. 2 

Overall evaluation of methods 2.8 
 

EJ Review Yes  Aug 30, 2016 

QA Yes Jan 22, 2018 

 

SI for Hanson et al. 2020 Page 66 of 237 Crit . Rev. Toxicol.  DOI



 

(Hoskins and Boone 2018) 
Paper: Hoskins TD, Boone MD.  2018.  Atrazine feminizes sex ratio in Blanchard's 
cricket frogs (Acris blanchardi) at concentrations as low as 0.1 µg/L.  
Environmental Toxicology and Chemistry 37:427-435. 
 
Note: Blanchard’s cricket frogs (Acris blanchardi) were exposed to ecologically relevant 
concentrations (0, 0.1, 1, and 10 µg/L) of a commercial formulation of atrazine throughout the 
larval period to determine effects on survival, somatic growth and development (time to 
metamorphosis and mass at metamorphosis), and gonadal development (sex ratio at 
metamorphosis and the prevalence of testicular oocytes in phenotypic males).  

 
Relevance - Response 1. Survival cricket frogs exposed to atrazine at 0.1, 1 and 10 
µg/L from Gosner Stage 25 to metamorphosis (ca. 60 d). 

Score 

Statistical 
significance for 
adverse effects 

No significant differences in survival of individuals (66%,183 individuals 
were alive) at termination, survival to metamorphosis (56, 157 
individuals) (Gosner stage 42), and survival to tail reabsorption (50%, 
140 individuals (Gosner stage 46). 

0 

Concentration- or 
dose-response 

No concentration-response observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Metamorphosis in cricket frogs exposed to atrazine at 0.1, 1 
and 10 µg/L from Gosner Stage 25 to metamorphosis (ca. 60 d). 

Score 

Statistical 
significance for 
adverse effects 

No significant differences in metamorphosis among treatments (p = 
0.8420; Table 2).  Males reached metamorphosis 2.3 ± 0.7 d sooner (p 
= 0.0231) than females but there was no effect of atrazine.  

0 

Concentration- or 
dose-response 

No concentration-response observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. Sex ratio in cricket frogs exposed to atrazine at 0.1, 1 and 10 
µg/L from Gosner Stage 25 to metamorphosis (ca. 60 d). 

Score 

Statistical 
significance for 
adverse effects 

Atrazine treatment reduced the probability of becoming male (Wald χ² 
= 9.38, p = 0.0246) for both the 0.1 and 10 µg/L treatments, but not at 
the intermediate concentration of 1 µg/L (Table 3 and Figure 3). The 
probability of being male differed by block (Wald χ² =6.04, p = 0.0489; 
Table 3 and Supplemental Data, Figure S1). A 2-tailed binomial test on 
the sex ratio for the control treatment revealed a significant male bias 
(70% male, p = 0.0351), whereas no other treatment differed from a 
1:1 ratio (0.1 µg/L, p = 0.2153; 1 µg/L, p = 0.8746; 10 µg/L, p = 
0.1628).  

4 

Concentration- or 
dose-response 

There was no concentration-response; no adverse effects were 
observed in the group exposed to 1.0 μg atrazine/L; however, 
significant differences were seen at 0.1 and 10 µg/L.  

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

EDCs that affect the sex ratio could have a major effect on recruitment. 
The magnitude of the change reported here was small and it was the 
control group that showed that largest deviation from the expected 1:1 
sex ratio. There is no evidence that the sex ratio in the cricket frog 
normally differs from a 1:1 ratio.   

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was elucidated in the study and the authors cannot 
confirm that the alteration in sex ratio was the result of sex reversal.  

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 1.75 
Overall evaluation of relevance (SEJ) The sex ratio in the control frogs (70% male) differed 
significantly from 50% and none of the ratios in the treated frogs differed from 50%.  Because 
of there was an obvious problem with the control, a score of zero was assigned. 

0 

 

Relevance - Response 4. Presence of testicular ovarian follicles in cricket frogs 
exposed to atrazine at 0, 01, 1, and 10 µg/L from Gosner Stage 25 to metamorphosis 
(ca. 60 d). 

Score 

Statistical 
significance for 
adverse effects 

There were no testicular ova detected in the testis of the control or 
atrazine treated tadpoles.   

0 

Concentration- or 
dose-response 

No concentration-response observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 1-4 Score 
Experimental 
design and 
hypotheses 

Four amplexed cricket frog pairs were collected from a pond in June 
2014 at the Miami University Ecology Research Center and allowed to 
oviposit in carbon-filtered, dechlorinated water in the laboratory. 
 

3 
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Hatching occurred over a 5 day period and hatched larvae were 
transferred to new containers and held at 23°C and a 12:12-h light:dark 
cycle. Partial water changes were done daily. Larvae were fed a 50:50 
mixture of ground TetraMin® and SeraMicron® fish foods. Larvae were 
reared until they reached the free-swimming stage (Gosner stage 25).  
 
On experimental day 0 (July 7, 2014), tadpoles were combined and 
then placed individually into beakers containing 2 L of carbon-filtered, 
dechlorinated water. The experiment used a randomized block design 
with different atrazine concentrations (0.1, 1, or 10 µg/L) across 3 
spatial blocks corresponding to shelf levels. Tadpoles were randomly 
assigned to treatments (n=70 tadpoles/atrazine level; 280 tadpoles 
total) and then beakers were randomly assigned to positions within 
blocks. A stock solution of commercial-grade atrazine (Atrazine 4L, 
WinField Solutions, 42.12% purity – major weakness) was prepared in 
water and diluted to achieve nominal concentrations of 0.1, 1, and 10 
µg/L atrazine; control beakers received a dummy spike of 100 mL of 
carbon-filtered, dechlorinated water. Actual concentrations were 
confirmed on the first day of exposure using liquid chromatography–
tandem mass spectrometry but detection limits and recovery were not 
reported (potential weakness).  Four additional beakers, one per 
treatment were used for this confirmatory analysis.  Measured 
concentrations were 0.0, 0.10, 1.2, and 10.0 μg/L, respectively.  
Degradation products were measured also (Table 1). 
 
Exposures were static with full water changes performed every 48 h 
throughout the course of the experiment. The stock solution was held 
at 4°C in the dark. Experimental water used in all water changes was 
treated with Amquel1 water conditioner 24 h prior to water changes and 
this water was aerated until use during water changes to increase 
dissolved oxygen concentrations. Dissolved oxygen, temperature, and 
pH were monitored in randomly selected beakers from each treatment. 
All water quality variables were measured using described procedures 
immediately prior to water changes, to capture the effects within 48 h of 
biological loading.  Ammonium was measured in the control treatment 
only. 
 
To increase the number of animals available at metamorphosis (when 
most of the biological endpoints were measured), 9 individuals that 
died in the first 7d of the experiment were replaced with healthy 
individuals not selected during initiation (potential weakness because 
the exposure status of these animals was not defined).  As tadpoles 
approached metamorphosis, beakers were checked daily for the 
emergence of at least one forelimb (Gosner stage 42). Individuals with 
forelimbs were transferred to new containers with a small amount of 
carbon-filtered, dechlorinated water and allowed to complete 
metamorphosis, which was defined as complete tail reabsorption 
(Gosner stage 46; Issue unclear if the exposure to atrazine continued). 
The experiment was terminated on September 7. 2014 when it 
appeared that the remaining tadpoles were developmentally stalled. At 
this time, there were 26 individuals remaining in beakers. These 
individuals were Gosner staged and weighed to the nearest 0.001 g. 
The tadpoles were euthanized with a 1% solution of MS 222 and 
subjected to partial dissections to open the body cavity, and tissues 
were fixed by placing animals whole into Bouin’s fixative solution for a 
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period of 36 h, and subsequently the animals were placed into70% 
ethanol until further dissection. 
 
Sex was determined visually, and males were confirmed histologically 
using standard histological procedures and hematoxylin and eosin 
staining. The presence of testicular ova was determined by a single 
observer.  
 
All analyses were performed in SAS Ver 9.41 (SAS Institute) with 
individuals as the experimental unit.  Assumptions germane to the 
statistical procedures applied to data were met.  Survival data were 
analyzed using Cox proportional hazards models. Response curves for 
total survival (all individuals alive at termination), survival to 
metamorphosis (Gosner stage 42) and survival to tail reabsorption 
(Gosner stage 46 [36]) using separate models. To test whether 
treatments influenced somatic growth and development in a sex-
specific manner, generalized linear models with fixed effects of block, 
sex, atrazine concentration, and the interaction of sex and atrazine 
were used.  Because mass and time to metamorphosis were negatively 
and significantly correlated, they were examined together using 
multivariate analysis of variance (MANOVA)and together they 
represented the “metamorphic response.”  The MANOVA was followed 
with univariate analysis of variances (ANOVAs) to elucidate effects on 
mass and time individually.  To normalize data and homogenize 
variances, data for both mass at metamorphosis and time to 
metamorphosis were log transformed prior to analyses.  Sex ratio data 
were analyzed using logistic regression. To avoid ambiguity in sexing 
individuals with gonads that had not differentiated or sexing dead 
individuals (which were often too decomposed to sex morphologically), 
only individuals that survived to complete tail absorption were included 
in the analyses.  There were tests for the effects of block and atrazine 
treatments in the models.  When effects of treatments were detected, 
post hoc comparisons were used to compare among levels within 
treatments.  For effects of atrazine, Dunnett’s tests were used because 
the interest was primarily in how atrazine treatments diverged from 
controls.  For effects of blocks, however, all pairwise comparisons were 
assessed, and p values adjusted using the Tukey–Kramer method. The 
1:1 sex ratio generally predicted for dioecious organisms was assessed 
by applying 2-tailed binomial tests for each treatment individually. 

Use of GLP and 
QA/QC 

Not a GLP study. Concentrations of atrazine were measured and 
agreed with the nominal values.  Limits of detection were reported 
(Table 1).  Dissolved oxygen and pH did not vary among atrazine 
treatments but there were differences in temperature among atrazine 
treatments (Table 4). Total ammonia nitrogen exceeded the ammonia 
ASTM International standard of 0.25 mg/L, 11 times out of 192 
measurements (exceedance frequency 5.73%) 

2 

Transparency of 
data 

Means and SEs were provided in Tables.  Raw data were not provided. 2 

Concentrations 
tested 

Three concentrations were tested; 0.1, 1, and 10 μg/L. 2 

Use of realistic 
exposures 

Three concentrations were < 20 μg/L. 4 

Overall evaluation of methods 2.6 
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EJ Review Yes Mar 29, 2018 

QA Yes March 24, 2018 

 
Narrative 
Authors’ concluded that relevant concentrations of atrazine likely caused feminization; however, 
data were inconclusive because of an aberrant sex ratio in the control.  Because of the problem 
with the sex ratio in the control, the entire experiment should have been repeated. 
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(Jones et al. 2017) 
Paper: Jones DK, Dang TD, Urbina J, Bendis RJ, Buck JC, Cothran RD, Blaustein 
AR, Relyea RA.  2017.  Effect of simultaneous amphibian exposure to pesticides 
and an emerging fungal pathogen, Batrachochytrium dendrobatidis.  
Environmental Science & Technology 51:671-679. 
 
Note: This study examined the response of a mixture of herbicides and the responses in six 
species of frogs, with and without Batrachochytrium dendrobatidis (Bd) exposure.  Because 
atrazine was not tested separately from the mixture, causality could not be assigned. Therefore, 
the only responses that could be scored were those with no effects.  Here it was assumed that 
atrazine, even as a component had no effects. 
 

Relevance - Response 1.  Mortality of American toads (Anaxyrus americanus) exposed 
to a four-compound herbicide mixture containing atrazine (measured 3.9 μg/L) with 
and without B. dendrobatidis (Bd) over a 14-d period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
survivorship (p ≥ 0.223; Figure 1) on American toads over 14 days 
exposure.  There was no Bd-by-herbicide interaction for any species (p 
> 0.200).  

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Mortality of western toads (Anaxyrus boreas) exposed to a 
four-compound herbicide mixture containing atrazine (measured 3.9 μg/L) with and 
without B. dendrobatidis (Bd) over a 14-d period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
survivorship (p ≥ 0.223; Figure 1) on western toads over 14 days 
exposure.  There was no Bd-by-herbicide interaction for any species (p 
> 0.200). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3.  Mortality of spring peepers (Pseudacris crucifer) exposed to 
a four-compound herbicide mixture containing atrazine (measured 3.9 μg/L) with and 
without B. dendrobatidis (Bd) over a 14-d period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
survivorship (p ≥ 0.223; Figure 1) on spring peepers over 14 days 
exposure.  There was no Bd-by-herbicide interaction for any species (p 
> 0.200). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4.  Mortality of Pacific treefrogs (Pseudacris regilla) exposed to 
a four-compound herbicide mixture containing atrazine (measured 3.9 μg/L) with and 
without B. dendrobatidis (Bd) over a 14-d period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
survivorship (p ≥ 0.223; Figure 1) on Pacific treefrogs over 14 days 
exposure.  There was no Bd-by-herbicide interaction for any species (p 
> 0.200). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5.  Mortality of leopard frogs (Lithobates pipiens) exposed to a 
four-compound herbicide mixture containing atrazine (measured 3.9 μg/L) with and 
without B. dendrobatidis (Bd) over a 14-d period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
survivorship (p ≥ 0.223; Figure 1) on leopard frogs over 14 days 
exposure.  There was no Bd-by-herbicide interaction for any species (p 
> 0.200). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6.  Mortality of Cascades frogs (Rana cascadae) exposed to a 
four-compound herbicide mixture containing atrazine (measured 3.9 μg/L) with and 
without B. dendrobatidis (Bd) over a 14-d period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
survivorship (p ≥ 0.223; Figure 1) on Cascade frogs over 14 days 
exposure.  There was no Bd-by-herbicide interaction for any species (p 
> 0.200). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7.  Batrachochytrium dendrobatidis (Bd) load in American toads 
(Anaxyrus americanus) exposed to a four-compound herbicide mixture containing 
atrazine (measured 3.9 μg/L) and B. dendrobatidis (Bd) spores over a 14-d period 
under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
Bd load (p ≥ 0.126; Figure 2) on American toads over 14 days 
exposure.   

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 8.  Batrachochytrium dendrobatidis (Bd) load in western toads 
(Anaxyrus boreas) exposed to a four-compound herbicide mixture containing atrazine 
(measured 3.9 μg/L) and B. dendrobatidis (Bd) spores over a 14-d period under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
Bd load (p ≥ 0.126; Figure 2) on western toads over 14 days exposure.   

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9.  Batrachochytrium dendrobatidis (Bd) load in spring peepers 
(Pseudacris crucifer) exposed to a four-compound herbicide mixture containing 
atrazine (measured 3.9 μg/L) and B. dendrobatidis (Bd) spores over a 14-d period 
under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
Bd load (p ≥ 0.126; Figure 2) on spring peepers over 14 days 
exposure.   

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10.  Batrachochytrium dendrobatidis (Bd) load in Pacific 
treefrogs (Pseudacris regilla) exposed to a four-compound herbicide mixture 
containing atrazine (measured 3.9 μg/L) and B. dendrobatidis (Bd) spores over a 14-d 
period under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
Bd load (p ≥ 0.126; Figure 2) on Pacific treefrogs over 14 days 
exposure.   

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 11.  Batrachochytrium dendrobatidis (Bd) load in leopard frogs 
(Lithobates pipiens) exposed to a four-compound herbicide mixture containing 
atrazine (measured 3.9 μg/L) and B. dendrobatidis (Bd) spores over a 14-d period 
under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
Bd load (p ≥ 0.126; Figure 2) on leopard frogs over 14 days exposure.   

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 12.  Batrachochytrium dendrobatidis (Bd) load in Cascades 
frogs (Rana cascadae) exposed to a four-compound herbicide mixture containing 
atrazine (measured 3.9 μg/L) and B. dendrobatidis (Bd) spores over a 14-d period 
under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no statistically significant effect of the herbicide mixture on 
Bd load (p ≥ 0.126; Figure 2) on Cascade frogs over 14 days exposure.   

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Quality of methods - Responses 1-12 Score 
Experimental 
design and 
hypotheses 

This study examined the effects of exposure to a mixture of herbicides 
on amphibian survival with and without exposure to Batrachochytrium 
dendrobatidis (Bd) on six amphibian species. BD infection loading 
following the exposure to the herbicide mixture was also characterized. 
 
A total of six species from three families were examined.  These were 
American toads (Anaxyrus americanus), western toads (A. boreas), 
spring peepers (Pseudacris crucifer), Pacific treefrogs (P. regilla), 
leopard frogs (Lithobates pipiens) Cascades frogs (Rana cascadae). 
 
Animals were collected as egg masses or clutches from Pennsylvania 
and Oregon.  Oregon species were shipped overnight to Pennsylvania. 
Animals were raised outdoors under ambient conditions in 300-L pools 
containing 200 L of aged well water, at which time initial masses were 
taken.  Animals were reared at different densities to reflect their relative 
sizes. Tadpoles were fed rabbit chow ad libitum before being 
transferred to 60 100-L common-garden pools filled with approximately 
85 L of aged well water, covered with a 65% shade cloth. They were 
then raised to metamorphosis.  Rabbit chow (5 g) and dried oak leaves 
(100 g) were added to pools as nutrient sources. Water was collected 
from local ponds and added to each pond to introduce zooplankton and 
phytoplankton two weeks prior to introduction of the metamorphs. No 
water quality monitoring in the holding tanks was reported (weakness). 
 
Inspections were made daily to collect metamorphosing animals. 
Collected metamorphs were held together in 15-L plastic containers 
with moist sphagnum moss (changed 2 x per week) and fed pin-head 
crickets ad libitum. Metamorphs were shipped overnight to Oregon 
once all had been collected. Upon arrival, each species was held for a 
four-day acclimation period (14:10 light/dark in 37.8-L glass aquaria at 
13.5°C and fed crickets ad libitum). 
 
A 14-d time-to-death (TTD) assay was conducted under laboratory 
conditions. The study was a randomized design with two 
Batrachochytrium dendrobatidis treatments [Bd present (Bd+), Bd 
absent (Bd−)] combined with four other treatments (no-pesticide 
control, ethanol solvent control, herbicide mixture, and insecticide 
mixture). Ethanol was used to dissolve the pesticides (volume and 
concentration not reported; weakness) and so a solvent control was 
also examined. There were two pesticide mixtures examined.  A 
mixture of herbicides containing atrazine, glyphosate, 2,4-D, and 
acetochlor and a mixture of insecticides consisting of carbaryl, 
chlorpyrifos, endosulfan, and permethrin.  All compounds had a 
nominal concentration of 5 μg/L. 
 
At three days post-arrival mass and snout−vent length of animals was 
recorded.  Individual animals were randomly assigned to a treatment, 
which was contained in a clear, sterile polystyrene culture dishes (150 
by 25 mm) with 25 mL of solution media.  Exposure solutions consisted 
of 5 mL of pesticide-treated water, 10 mL of Bd-treated water or non-Bd 
treated water, and 10 mL of no-pesticide, no-Bd control water). Source 
water not reported or characterized (weakness).  Solutions were 
refreshed at day-7 of the 14-day assay. Pesticide stock solutions were 
created by dissolving active ingredient (Sigma-Aldrich, Pestanal 
analytical standards; assumed to be > 95% pure for each) in 5 mL of 

2 
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ethanol, and then dissolved in water (source and characteristics not 
reported, weakness).  The actual test conditions (light, temperature) 
are unclear, and there is no reported use of an environmental chamber 
(weakness). 
 
Bd was cultured on 1% tryptone agar Petri plates (strain JEL 274 
isolated from A. boreas). Bd plates were incubated for 9 to 15 days at 
20° C. Prior to inoculation, a subset of plates was flooded with 10 mL of 
filtered water and after 15 minutes zoospores and zoosporangia were 
harvested from the agar and the BD slurry from each flooded plate was 
pured into a 1-L glass beaker to create a homogenized sample. 
Zoospore concentration was determined using a hemocytometer and 
samples diluted as need to obtain a final inoculum of 10,000 zoospores 
per mL. In total, Bd exposures were 100 000 zoospores per mL in each 
replicate with a total volume of 15 mL (10 mL of Bd-treated water + 5 
mL of pesticide-treated water. The Bd-absent treatment had 10 mL of 
BD-free water.  An additional amount of filtered water was added to 
each dish for a total volume of 25 mL to completely cover the bottom of 
the pertri plate (experimental unit.  
 
During the TTD assay, animals were fed on days 2, 5, 9, and 12; 
individuals were fed 0.1 g of cricket per 1 g of frog mass (approximately 
two or three crickets per frog). A full exposure renewal was conducted 
on day-7, but Bd was not re-introduced at this time. Survival was 
monitored daily and surviving animals were euthanized and preserved 
in 95% ethanol. 
 
Quantitative polymerase chain reaction (qPCR) was used to determine 
the mean Bd load for a subset of individuals (treated and control) 
following previously published methods. Up to 12 Bd-exposed 
individuals per pesticide treatment per species were selected for 
analysis (no mention is made of animals being selected randomly; 
weakness) along with three unexposed metamorphs from the Bd-
absent treatment (total number of animals analyzed was 358).  Most 
individuals analyzed were from collected at day 14 of the exposure to 
reduce variation.  
 
Samples were run in triplicate and averaged to determine the Bd load. 
If a replicate tested negative, a second triplicate was run. A sample 
was deemed positive if four of six replicates tested Bd-positive. 
 
Pesticide stock concentrations from four stocks were confirmed using 
ultra-performance liquid chromatograph coupled to a tandem mass 
spectrometer. The LOD was 0.05 μg/L.  Blanks and controls were 
below the LOD.  It is unclear how many samples were actually 
analyzed, and how many stocks were actually prepared.  
 
Cox’s proportional hazards model (with Bd and pesticide treatments as 
main effects, the interaction term, and snout−vent length as a 
covariate) was used to analyze survival. Snout−vent length was 
included in the model to assess the influence of animal size on 
mortality (and was found to be insignificant). Analyses of variance 
procedures were applied to the data followed by Tukey’s tests to 
determine if Bd load differed among treatments. Bd load data were log-
transformed (data +1) for all species except Cascades frogs, which was 

SI for Hanson et al. 2020 Page 78 of 237 Crit . Rev. Toxicol.  DOI



 

rank-transformed. Assumptions of the model were tested but not 
described.  

Use of GLP and 
QA/QC 

This was not a GLP study.  There was some analytical confirmation of 
the stock solutions.  Bd additions were confirmed with a 
hemocytometer.  There were some water quality measures taken (i.e, 
chloride and pH), but other water quality parameters were not 
measured (e.g., temperature, ammonia, conductivity, hardness). 

1 

Transparency of 
data 

Data on mortality were provided in the form of graphs, but without error 
terms, and ethanol control was not reported (Figure 1).  Bd loadings 
were reported in the form of graphs (Figure 2).  Snout-vent lengths 
were reported in SI.  Raw data were not provided. 

2 

Concentrations 
tested 

There was only one atrazine concentration tested (5 µg/L nominal, 3.9 
µg/L measured) 

0 

Use of realistic 
exposures 

The one tested concentration (5 µg/L nominal, 3.9 µg/L measured) was 
< 20 µg/L . 

2 

Overall evaluation of methods 1.4 
 

EJ Review Yes  August 7, 2018 

QA Yes August 17, 2018 
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(Khalil et al. 2017) 
Paper: Khalil SR, Reda RM, Awad A.  2017.  Efficacy of Spirulina platensis diet 
supplements on disease resistance and immune-related gene expression in Cyprinus 
carpio L. exposed to herbicide atrazine.  Fish & Shellfish Immunology 67:119-128. 
 

Note: This study reported on efficacy of a dietary supplement on disease resistance and 
immune responses with to atrazine, alone and in combination with the supplement.  Only those 
data related to atrazine alone are evaluated below. 
 

Relevance - Response 1.  Mortality in common carp (Cyprinus carpio) exposed to 
atrazine (428 μg/L) for 40 days. 

Score 

Statistical 
significance for 
adverse effects 

No mortality reported with atrazine exposure. 0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Mortality in common carp (Cyprinus carpio) after 14 days 
post-injection with Aeromonas sorbia after a prior exposure to atrazine (428 μg/L) for 
40 days (Figure 5). 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant increase in mortality reported in carp with 
previous atrazine exposure. 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. Hematological variables (erythrogram and leukogram) in 
common carp (Cyprinus carpio) after exposure to atrazine (428 μg/L) for 40 days (Table 
2). 

Score 

Statistical 
significance for 
adverse effects 

For erythrogram parameters, red blood cell count (RBC count), 
hematocrit value (PCV), hemoglobin concentration (Hb) and mean cell 
volume (MCV) were statistically different from controls (p < 0.05, Table 
2). 
 
For leukogram parameters, white blood cells, lymphocytes, neutrophils, 
monocytes were significantly different from controls.  Eosinophils and 
basophils were not significantly different from controls (p > 0.05, Table 
2). 

4 

Concentration- or 
dose-response 

No concentration-response due to the use of a single exposure. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes in various blood parameters could indicate increase 
immunosensitivity, but no impacts on morality, growth, or reproduction 
were noted or measured.  When challenged with a pathogen 
(Response 2) the resulting morality was not statistically different from 
control. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A putative mechanism by which atrazine would impair immune function 
was examined through gene expression of select immune-related 
genes and cytokines in the head kidney and spleen. 

2 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Lymphocyte viability (Figures 1 and 2) and non-specific 
immune parameters (Figure 2) in common carp (Cyprinus carpio) after exposure to 
atrazine (428 μg/L) for 40 days. 

Score 

Statistical 
significance for 
adverse effects 

Lymphocyte viability, lysozyme activity of sera, and the serum killing 
percentage were reduced significantly (p < 0.05) in exposed fish 
relative to control (38%, 26%, and 64% reductions, respectively) (Figs. 
1 & 2). 

4 

Concentration- or 
dose-response 

No concentration-response due to the use of a single exposure. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes in various blood parameters could indicate increase 
immunosensitivity, but no impacts on morality, growth, or reproduction 
were noted or measured.  When challenged with a pathogen 
(Response 2) the resulting morality was not statistically different from 
control. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A putative mechanism by which atrazine would impair immune function 
was examined through gene expression of select immune-related 
genes and cytokines in the head kidney and spleen. 

2 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
 

Relevance - Response 5. Serum protein profile (Table 3) in common carp (Cyprinus 
carpio) after exposure to atrazine (428 μg/L) for 40 against A. sobria. 

Score 

Statistical 
significance for 
adverse effects 

Total protein, globulin, α globulin-1, α globulin-2, ß globulin, ɣ globulin, 
and A/G ratio were significantly different from control in exposed fish. 
Albumin and ß globulin were not significantly different from controls. 

4 
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Concentration- or 
dose-response 

No concentration-response due to the use of a single exposure. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes in serum profiles could indicate increase immunosensitivity, 
but no impacts on morality, growth, or reproduction were noted or 
measured.  When challenged with a pathogen (Response 2) the 
resulting morality was not statistically different from control. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A putative mechanism by which atrazine would impair immune function 
was examined through gene expression of select immune-related 
genes and cytokines in the head kidney and spleen. 

2 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Relative expression of immune-related genes (Figures 3 and 
4) in common carp (Cyprinus carpio) after exposure to atrazine (428 μg/L) for 40 days. 

Score 

Statistical 
significance for 
adverse effects 

Mean mRNA expression levels of IgM and LYZ genes were down-
regulated in a statistically significant manner (P = 0.002 and 0.007 
respectively) in the spleen of fish exposed to ATZ (0.30 and 0.73-fold, 
respectively), but the C3 gene was not. 
 
In head kidney, ILe1b expression was up-regulated (3.15-fold) in a 
statistically significant manner in fish with atrazine exposure.  There 
was a statistically significant decrease in the ILe10 mRNA expression 
level (0.45-fold) compared with the control in fish exposed to atrazine. 

4 

Concentration- or 
dose-response 

No concentration-response due to the use of a single exposure. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes in gene expression could indicate increase 
immunosensitivity, but no impacts on morality, growth, or reproduction 
were noted or measured.  When challenged with a pathogen 
(Response 2) the resulting morality was not statistically different from 
control. There were differences in blood parameters that indicate a 
linkage to higher levels of biological organization (Responses 3 to 5). 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The measures taken are related to possible mode of action, but actual 
binding and temporally consistent changes were not assessed (only 
observed at a single time point)  

3 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Clinical symptoms (abnormal swimming, loss of appetite, 
loss of reflexes, lesions, and postmortem changes) in common carp (Cyprinus carpio) 
after 14 days post-injection with Aeromonas sorbia after a prior exposure to atrazine 
(428 μg/L) for 40 days. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant increases in clinical symptoms reported in 
carp with previous atrazine exposure (p > 0.05, Table 4). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
  

 

Quality of methods - Responses 1-7 Score 
Experimental 
design and 
hypotheses 

This study examined the response of common carp (Cyrinus carpio) to 
atrazine exposure for 40 days, with and without a dietary supplement, 
with a subsequent pathogen exposure (Aeromonas sobria) to assess 
disease resistance for an additional 14 days. 
 
Carp (n=120, average weight 118 ± 402 g) were obtained from a fish 
hatchery (Egypt) and maintained in 60 L glass aquaria (mean of 1.18kg 
biomass per tank), maintained in dechlorinated tap water at 25°C, pH 
of 6.9, dissolved oxygen of 7.4 mg/L and ammonia of 0.035 mg/L for 15 
days prior to start of test.  Light was 10h light:14h dark.  Fish were fed 
twice a day at 3% biomass, with dietary composition provided.  The 
biomass loading rate was an average of 18.6 g/L which significantly 
exceeds standard guideline recommended (5 g/L5) for static renewal 
tests (weakness). 
 
Experimental design was three replicates, with 10 fish randomly 
assigned per replicate (n=3).  It is assumed that the same size aquaria 
and holding conditions as the acclimation period were used during the 
actual exposure phase as no further details are provided. No mention 
of active aeration is made (potential weakness).   
 
Atrazine (98% purity) was purchased from Sigma-Aldrich Co and 
dissolved in dimethyl sulfoxide (DMSO), the exact volume is not 
provided.  The controls were treated with DMSO (0.02 mL/L), and there 
was no true negative control (major weakness).   Fish were exposed 
to atrazine at 428 μg/L (1/5 96 h LC50 value) for 40 days, with 
complete water changes every two days.  There was no analytical 
confirmation of exposures (major weakness). 
 
At the end of the 40-day exposure, three fish were sacrificed for blood 
analysis, but the way this was performed, both in terms of selection of 
fish (random?) and manner of euthanasia were not reported 
(weakness).  The blood samples were collected at the end of the 
experimental period (40 days) by puncturing the caudal vessels using a 
1 mL heparinized syringe (three samples/replicate; n = 9 fish/group) for 
the hematological indices and lymphocyte viability evaluation. Another 
blood sample was collected without anticoagulant to obtain the serum 
by centrifugation at 3000 rpm/15 min for the estimation of non-specific 
immune parameters. 
 

1 

                                            
5 OECD.  2010.  Test No. 229: Fish Short Term Reproduction Assay, OECD Guidelines for the Testing of Chemicals, 
Section 2: Effects on Biotic Systems. Paris, France: OECD. 
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Endpoints were measured once at the end of the 40-day exposure, with 
no temporal element to ascertain trends, if any, or consistency of 
response (weakness). 
 
Hematological indices and MTT cell viability assays were carried out on 
blood samples using standard methods.  The serum non-specific 
immune parameters and protein profile were assessed using previously 
published methods following exposure to A. sobria suspension.  No 
details are provided as to the concentration of A. sobria, confirmation of 
exposure, or relevance of the exposure to actual exposures (major 
weakness). 
 
Kidney and spleen were collected from the three sacrificed fish and 
stored at -80°C until quantitative real-time polymerase chain reaction 
(RT-qPCR) analysis. The expression levels of immune-related genes 
(LYZ, IgM, and C3 in spleen and ILe1b and ILe10 in the head kidney) 
was performed using kits and following manufacturers’ 
recommendations. The carp 40 S ribosomal gene was used as the 
internal standard. 
 
Statistical comparisons were performed by applying one-way analysis 
of variance procedures to the data using the SPSS 16.0 and a 
significance level of p < 0.05. Tukey's test was performed to compare 
mean values between different treatments. The data were tested for 
normality using Shapiro-Wilk W test and homogeneity of variances.  It 
is unclear what the actual n-value used was in each analysis. This is 
underscored by mortality rate as reported in Figure 5, and the number 
of survived fish.  For example, atrazine exposed fish with subsequent 
A. sobria injection are reported as having 92% mortality, but 10 out of 
21 fish across three replicates survived the challenge (weakness). 
 
Following the 40-day exposure, seven fish per replicates (or 21 fish/ 
group) were injected intraperitoneally with pathogenic A. sobria at a 
dose of 1.5 ± 107 cells/mL.  Fish were monitored for 14 days during 
which time mortality, clinical signs, swimming activity and fish reflexes 
were scored, but it is not reported if this was done without bias (i.e., 
blinded) (weakness). 

Use of GLP and 
QA/QC 

This was not a GLP study.  There was no analytical confirmation of 
exposure concentrations.  Some water quality measures are reported 
as being taken during acclimation period (temperature, pH, DO, 
ammonia), but frequency of measurements is not provided, and it is 
unclear if these were the same as test conditions.  Fish were 
transferred to new media every second day to ensure water quality and 
exposure conditions. 

1 

Transparency of 
data 

Summary data are provided in the form of Tables and Figures for the 
majority of responses.  No raw data or other information are provided 
through SI or other mechanisms. 

2 

Concentrations 
tested 

A single concentration was tested (428 μg/L). 0 

Use of realistic 
exposures 

The concentration tested (428 μg/L) was > 100 μg/L. 0 

Overall evaluation of methods 0.8 
 

EJ Review Yes  August 7, 2018 

QA Yes July 26, 2018 
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(Knutie et al. 2018) 
Paper: Knutie SA, Gabor CR, Kohl KD, Rohr JR.  2018.  Do host-associated gut 
microbiota mediate the effect of an herbicide on disease risk in frogs?  Journal of 
Animal Ecology 87:489–499. 
 

Relevance - Response 1. In vivo effects of exposure to 178 µg atrazine/L for 6 d on the 
microbiota of tadpoles of Osteopilus septentrionalia.  

Score 

Statistical 
significance for 
adverse effects 

Atrazine did not significantly affect bacterial alpha diversity (Figure 3a; 
Tables S1 and S2), community structure or community membership in 
tadpoles in vivo. Atrazine and the interaction between atrazine and 
metyrapone did not significantly affect abundances of microbial taxa in 
tadpoles (all p > 0.05). 

0 

Concentration- or 
dose-response 

As only one concentration was tested, there was no evidence of a 
concentration response. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC Effects were not tested at environmentally relevant levels  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. In vitro effects of exposure to atrazine at a nominal 
concentration of 200 µg/L on the microbiota of tadpoles of Osteopilus septentrionalia.  

Score 

Statistical 
significance for 
adverse effects 

There was no effect of atrazine on bacterial diversity (Tables S3 and 
S4; χ2 = 0.37, df = 1, p = 0.54) or an effect of the interaction between 
time and treatment on diversity (χ2 = 0.09, df = 1, p = 0.76). Atrazine 
also did not affect abundances of microbial taxa (one-way ANOVA, all 
p > 0.05), community structure (PERMANOVA, F1,8 = 1.40, p = 0.19) or 
community membership (F 1,8 = 1.05, p = 0.36) after 6 days of atrazine 
treatment. 

0 

Concentration- or 
dose-response 

As only one concentration was tested, there was no evidence of a 
concentration response. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC Effects were not tested at environmentally relevant levels. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Quality of methods - Response 1-2 Score 
Experimental 
design and 
hypotheses 

Multiple clutches of tadpoles of Osteopilus septentrionalis were 
collected in August 2014 from the Botanical Gardens of the University 
of South Florida. They were maintained in the laboratory for at least a 
week until the majority reached Gosner stage 35 (Gosner, 1960). 

2 
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Tadpoles were fed a mixture of fish food and spirulina suspended in 
agar ad libitum and were maintained at 21°C with a 12:12 h light:dark 
cycle.  
 
Tanks were filled with 8L of water from a pond at Trout Creek Park, FL 
which was not exposed to agricultural run-off (i.e., no measurable level 
of atrazine; see below). Then 16 tadpoles were assigned to each tank 
as part of 4 exposure treatments (n = 10 tanks each): (1) atrazine (200 
μg/L; technical grade, purity more than 98% in ethanol); (2) 110 μM of 
metyrapone (Sigma) dissolved in ethanol, (3) atrazine and metyrapone 
jointly dissolved in of ethanol (n = 11) and (4) only 120 μl of ethanol (n 
= 10) as a control. The concentration of metyrapone has been shown to 
reduce whole-body corticosterone in tadpoles by > 50%6. Tadpoles 
were exposed to these treatments for 6 days.  
 
Water samples were collected from each of the 40 tanks 1 hr after 
dosing, and atrazine was quantified in these samples using the Abraxis 
ELISA microtiter plate kit. Mean ± SE atrazine concentration was 178.2 
± 7.8 μg/L. All atrazine values for the non-atrazine exposed tanks were 
below the detection limit of 0.06 μg/L (this was the level in the pond 
water). Each tank in the metyrapone group was re-dosed every third 
day.  There was no negative water-control (weakness) 
 
Snout-vent length (SVL; mm) and body mass (to the 0.001 g) of one 
tadpole from each tank (41 total). The digesta (guts) of each tadpole 
was removed using sterile technique and were frozen at −80°C until 
DNA extraction. Water was collected from tanks for from two tadpoles 
per replicate to measure waterborne corticosterone (80 total). Briefly, 
tadpoles were placed individually in 250-mL beakers filled with 75 mL 
of water for 1 h then measured their body mass and SVL. Water 
samples were frozen at −20°C immediately.  
 
A subset of eight tadpoles from each replicate was exposed to either 
Bd (SRS812 isolate7); or a solvent control. Briefly, tadpoles were 
removed from each tank and divided between two 6-L plastic 
shoeboxes with 2 L of fresh pond water (n = 4 tadpoles per tank and 80 
total tanks); one of the pairs of shoeboxes received a 6-mL inoculum 
containing 7 × 104 Bd zoospores /mL in deionized (DI) water, and the 
other received an inoculum that was identical to the Bd inoculum but 
was free of Bd (i.e. washed clean agar plates with DI water). All 
tadpoles were re-exposed to Bd (2 mL of 3 × 105 zoospores/mL) or DI 
water 3 days later and maintained the tadpoles in these boxes for a 
total of 21 days. They then euthanized tadpoles with an overdose of 
MS-222 and measured their mass and SVL. They used established 
quantitative PCR procedures to quantify Bd samples taken from up to 
two tadpoles per Bd-exposed tank (depending on survival, n = 69 total), 
and a total of 10 tadpoles (each from separate tanks) that were not 
exposed to Bd. 
 

                                            
6 Glennemeier, K. A., & Denver, R. J. (2002). Role for corticoids in mediating the response of Rana 
pipiens tadpoles to intraspecific competition. Journal of Experimental Zoology, 292, 32–40. 
7 McMahon, T. A., Romansic, J. M., & Rohr, J. R. (2013). Nonmonotonic and monotonic effects of 
pesticides on the pathogenic fungus Batrachochytrium dendrobatidis in culture and on tadpoles. 
Environmental Science and Technology, 47, 7958–7964 
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The remaining subset of tadpoles was reared through metamorphosis. 
Their water was changed after the 6-day chemical treatment, and water 
was subsequently changed every 2 weeks until all tadpoles 
metamorphosed. When frogs had all four limbs, individuals were 
removed from the tanks and placed into cups (6 cm high × 12 cm 
diameter) with moist Sphagnum sp. moss. The post-metamorphic frogs 
were maintained in the laboratory (12 h light cycle, 22°C) and fed ad 
libitum vitamin- and mineral-dusted crickets twice per week. Eighty-four 
days after the start of the experiment and circa 1 month after most of 
the tadpoles metamorphosed, adult frogs were randomly assigned to 
receive an inoculum of either Bd (isolate SRS812) or solvent control 
(each tank had one to two frogs exposed to each treatment depending 
on survival). Adult frogs were weighed then exposed to Bd by pipetting 
1 mL of 6 × 104 zoospores/mL onto the frog’s dorsal side. Excess 
inoculum remained in each frog’s plastic container, which contained 
moist sterile Sphagnum moss. Control frogs received the inoculum 
without Bd. Survival was monitored daily for 5 weeks. Frogs were also 
weighed weekly and swabbed at 2 and 3 weeks after Bd exposure. Bd 
from the swabs was quantified using the qPCR methods described 
above. Frogs were then euthanized using an overdose of Anbesol®, 
which was applied to the dorsal side of the frog. Frogs were then 
weighed, their SVL was measured, and their guts were removed using 
sterile technique. The guts were then frozen at −80°C until DNA 
extraction. 
 
Waterborne corticosterone was measured by enzyme immunoassay 
using a commercial kit.   
 
For bacterial DNA extraction and sequencing, total DNA was isolated 
from frog guts using a MoBio PowerFecal DNA Isolation Kit; DNA 
extracts were then sent to Argonne National Labs for sequencing.  
Sequences were grouped into operational taxonomic units (OTUs) 
using pick_open_reference_otus.py with a minimum sequence identity 
of 97%. The most abundant sequences within each OTU were 
designated as a “representative sequence” and aligned against the 
Greengenes core set8 (DeSantis et al., 2006) using PyNAST9 with 
default parameters set by QIIME.  
 
Several measurements of alpha diversity were calculated including the 
calculated the number of observed OTUs (species richness), 
equitability (species evenness), the Shannon index and Faith’s 
phylogenetic diversity, The unweighted and weighted UniFrac 
distances between samples in QIIME for bacterial community 
composition analyses. 
 
Multiple approaches were used to analyze the data. A GLM was used 
to determine the effect of water treatments (atrazine and metyrapone) 
on gut bacterial diversity of tadpoles (in vivo). A GLMM was used to 
determine the direct effect of atrazine on gut bacterial diversity of 
tadpoles (in vitro) with bottle (i.e. replicate) as a random effect. Tadpole 

                                            
8 DeSantis, T. Z., Hugenholtz, P., Larsen, N., Rojas, M., Brodie, E. L., Keller, K., … Andersen, G. L. 
(2006). Greengenes, a chimera-checked 16S rRNA gene database and workbench compatible with ARB. 
Applied and Environmental Microbiology, 72, 5069–5072 
9 Caporaso, J. G., Bittinger, K., Bushman, F. D., DeSantis, T. Z., Andersen, G.L., & Knight, R. (2010). 
PyNAST: A flexible tool for aligning sequences to a template alignment. Bioinformatics, 26, 266–267. 
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and adult samples were collected from different individuals within the 
same replicate (tank) because tadpole sampling required destructive 
sampling. GLMM with Gaussian errors and tank as a random effect 
was used o determine the effect of tadpole water treatment on gut 
bacterial diversity of adults. Tank was used as a random effect for 
analyses with adults because often there was more than one individual 
per tank, whereas only one tadpole per tank was sampled.  
 
Faith’s phylogenetic diversity was used as a measure of alpha 
diversity. Gaussian analyses without and with random effects were 
conducted using the glm (GLM) and lme4 (GLMM) functions in the 
lme4 package. ANOVA tables were generated using the ANOVA 
function in the car package in RStudio (version 0.98.1062). The effects 
of tadpole water treatment on gut bacterial community membership 
(unweighted) and structure (weighted) were evaluated with 
PERMANOVAs (with 999 permutations) using the PERMANOVA add-
onto the software PRIMER. For adults, tank was included as a random 
effect. Unweighted scores represent bacterial community membership, 
which is based on the presence or absence of bacterial taxa, whereas 
weighted scores represent bacterial community structure, which also 
considers relative abundance of bacterial taxa. 
 
To compare relative abundances of microbial taxa across treatments, 
any phyla that were present in less than 25% of samples were 
removed10. The relative abundances of bacteria in tadpoles and adult 
frogs were examined separately. The effect of tadpole water treatment 
(atrazine and metyrapone) on relative abundances (arcsine square root 
transformed;11 12 of bacterial phyla in tadpoles and adults were 
determined using ANOVAs in JMP (version 12) with water treatment as 
an independent variable and for adults, tank as a random effect. For 
these analyses, p-values were corrected using the Benjamini–
Hochberg.  No tests for the model assumptions were described 
(weakness). 

Use of GLP and 
QA/QC 

The study was not done under GLP. Atrazine exposure concentrations 
were measured, water quality was not reported (weakness). 

2 

Transparency of 
data 

Data were provided as means with SEs in graphs 2 

Concentrations 
tested 

Only one concentration of atrazine was tested (measured concentration 
178 µg/L).  

0 

Use of realistic 
exposures 

No concentrations were less than 20 µg/L. 0 

Overall evaluation of methods 1.2 
 

                                            
10 White, J. R., Nagarajan, N., & Pop, M. (2009). Statistical methods for detecting differentially abundant 
features in clinical metagenomic samples. PLoS Computational Biology, 5, e1000352 
11 Kumar, P. S., Mason, M. R., Brooker, M. R., & O’Brien, K. (2012). Pyrosequencing reveals unique 
microbial signatures associated with healthy and failing dental implants. Journal of Clinical 
Periodontology, 39, 425–433 
12 Shchipkova, A. Y., Nagaraja, H. N., & Kumar, P. S. (2010). Subgingival microbial profiles of smokers 
with periodontitis. Journal of Dental Research, 89, 1247–1253 
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Relevance - Response 3. In vivo effects of atrazine treatment (exposure concentration 
of 178 μg/L) on microbiota of adults and tadpoles of Osteopilus septentrionalia. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine and the interaction between metyrapone and atrazine did not 
significantly affect bacterial alpha diversity (Figure 3b; Tables S1 and 
S6), community structure (atrazine: F1,49 = 0.81, p = 0.52; interaction: 
F1, 49 = 0.98, p = 0.38) or community membership (atrazine: F1, 49 = 
0.89, p = 0.79; interaction: F1, 49 = 1.16, p = 0.12). However, exposure 
to atrazine as tadpoles significantly increased the relative abundance 
of the genus Desulfovibrio (one-way ANOVA, F = 12.99, p = 0.008) 
and decreased the abundance of Delftia (F = 11.51, p = 0.01) in adults. 

1 

Concentration- or 
dose-response 

As only one concentration was tested, there was no evidence of a 
concentration response. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Apical endpoints were not characterized. Since no relevant or 
consistent response was observed, there was no relevance to the 
effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC Effects were not tested at environmentally relevant levels. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 3.  Score 
Experimental 
design and 
hypotheses 

The direct effect of atrazine on gut bacteria of tadpoles was tested 
using in vitro methods. Ten tadpoles (that were not used in the in vivo 
experiment) were staged and measured before they were euthanized; 
their whole guts were then placed into a sterile 200-mL Nalgene glass 
bottle containing either atrazine in an ethanol solvent (n = 5) or solvent 
only (n = 5). There was no water-only control (potential weakness). 
Bottles from the atrazine treatment contained 50 mL of sterile deionized 
water and atrazine (200 μg/L) dissolved in 0.1 mL of ethanol, and 
bottles from the control treatment contained 50 mL of sterile deionized 
water with only 0.1 mL of ethanol. The solution was swabbed after the 
guts were added to the bottles but immediately (< 1 min) before the 
atrazine was added and 24 and 144 h (6 days) after the atrazine was 
added to collect a subsample of the bacteria. Swabs were swirled n the 
solution for 3 s then placed in a 1.5-mL tube and immediately frozen at 
−80°C until the DNA extraction. 

2 

Use of GLP and 
QA/QC 

The study was not done under GLP. Atrazine exposure concentrations 
were not measured. 

1 

Transparency of 
data 

Data were provided as means with SEs in graphs 2 

Concentrations 
tested 

Only one concentration of atrazine was tested.  0 

Use of realistic 
exposures 

No concentrations were less than 20 µg/L. 0 

Overall evaluation of methods 1.0 
 

EJ Review Yes June 25, 2018 

QA Yes July 23, 2018 
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(Liu et al. 2016) 
Paper: Liu Z, Wang Y, Zhu Z, Yang E, Feng X, Fu Z, Jin Y.  2016.  Atrazine and its 
main metabolites alter the locomotor activity of larval zebrafish (Danio rerio).  
Chemosphere 148:163-170. 
 
Note: This study was conducted with atrazine (ATR) and its degradates, diaminochlorotriazine 
(DACT), deisopropylatrazine (DIA), and deethylatrazine (DEA). 
 

Relevance - Response 1. Hatchability of zebrafish larvae exposed to ATR, DIA, DEA, 
and DACT at concentrations of 30, 100, and 300 μg/L for 72 h. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant effects on hatchability (Table 1). 0 

Concentration- or 
dose-response 

No consistent concentration response was observed; hatchability in the 
treatment with 30 μg atrazine/L was greater than control.  No 
concentration responses were determined for the degradates  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant effects were observed there was no relevance to 
apical endpoints 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no significant effect, a mechanism was not proposed. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Heartbeat in zebrafish larvae exposed to ATR, DIA, DEA, and 
DACT at concentrations of 30, 100, and 300 μg/L for 48 h. 

Score 

Statistical 
significance for 
adverse effects 

There was no significant response for atrazine.  There were significant 
reductions in rate of heartbeat in DACT at 100 but not 300 μg/L, DIA 
and DEA at 100 and 300 μg/L (Table 1).  Reductions were < 18%. 

2 

Concentration- or 
dose-response 

No consistent concentration responses were observed for the 
degradates or ATR 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Differences for DACT, DIA, and DEA were small (<18%) and had no 
effect on the apical endpoints of hatchability. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed 0 

Multiplier for LOEC Effect observed only at concentrations stoichiometrically equivalent to 
>100 μg/L ATR 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. Malformations in zebrafish larvae exposed to ATR, DIA, DEA, 
and DACT at concentrations of 30, 100, and 300 μg/L for 120 h 

Score 

Statistical 
significance for 
adverse effects 

There were no malformations in fish exposed to ATR.  There was a 
significant increase in malformation in fish exposed to DACT at 300 
μg/L (p < 0.05, Table 1). 

4 

Concentration- or 
dose-response 

The malformation in the DACT-exposed fish increased with increasing 
concentration but the concentration response was not characterized. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Relevance was not tested in terms of apical endpoints but assumed to 
affect survival. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not elucidated or proposed. 1 

Multiplier for LOEC Effect observed only at concentrations stoichiometrically equivalent to 
>100 μg/L ATR 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Length of the body of zebrafish larvae exposed to ATR, DIA, 
DEA, and DACT at concentrations of 30, 100, and 300 μg/L for 120 h 

Score 

Statistical 
significance for 
adverse effects 

There were no significant effects of ATR on body length.  There was a 
significant decrease (3%) in body length of fish exposed to DACT at 
300 μg/L (p < 0.05, Table 1). 

4 

Concentration- or 
dose-response 

There were no obvious and consistent concentration-responses. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Relevance was not tested in terms of apical endpoints but assumed to 
affect survival.  Response was 3% but the increase was not considered 
adverse. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not elucidated or proposed. 0 

Multiplier for LOEC Effect observed only at a concentration stoichiometrically equivalent to 
>100 μg/L ATR 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-4 Score 
Experimental 
design and 
hypotheses 

ATR and metabolites were purchased from commercial suppliers. The 
purity of the ATR was >97%; DEA, >97%); DIA, >97.5%; and DACT 
>99.5%.  Stock solutions (10 mg/mL) were prepared in DMSO of 
unstated purity (potential weakness) – all products are soluble in water 
and a co-solvent is not needed) and stored in a refrigerator at unstated 
temperature.  Exposure solutions were prepared with dechlorinated 
water that had been filtered through activated carbon. 
 
Zebrafish were obtained from an unstated source (weakness) and were 
maintained in dechlorinated water in glass tanks at ambient 
temperature 27 ± 1 °C with a 14:10 h light-dark photoperiod.  Fish were 
fed twice each day with brine shrimp.  To obtain eggs, ten male and ten 
female fish were randomly selected and placed into a tank of unstated 

2 
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volume.  Replication was not stated but the eggs were mixed prior to 
use in the tests.  Exposures were initiated within one h of spawning.  
Unfertilized eggs were removed.  Test and control animals were 
exposed in glass beakers in 100 mL of exposure solution in a 250-mL 
beaker.  The controls were treated with 10 μL of DMSO and treatment 
solutions received the same volume of DMSO prepared by dilution of 
the stock solution to generate concentrations of 30, 100, and 300 μg/L.  
Exposures were carried out at 28 ± 1 °C) with 14:10 h light-dark cycle 
in an incubator. Exposure solutions were exchanged daily.  
Concentrations of degradates were not stoichiometrically equivalent to 
atrazine.  Randomization of the exposure units was not reported 
(potential weakness).  Water-quality parameters were not reported 
(weakness). 
 
Eighty fertilized eggs were exposed at each concentration and there 
were four replicates of 20 eggs each.  Observations were made at 48, 
72, and 120 h.  Heartbeat was measured using a Zebralab Video-Track 
system and a video-camera.  Malformations included crooked body; 
spinal, deformities; and pericardial edema; these were not analyzed 
separately. 
 
Normality and homogeneity of variance of data were checked using the 
Kolmogorov-Smirnov one-sample test and Levene's test, respectively.  
Where necessary, data were log-transformed.  Intergroup differences 
were assessed by one-way analysis of variance (ANOVA) followed by 
Dunnett's post hoc test.  All statistical analyses were carried out using 
SPSS 13.0. 

Use of GLP and 
QA/QC 

The study was not GLP but the protocol was moderately well 
described.  There was no analysis of exposure solutions to verify 
concentrations (major weakness).  Water quality parameters were not 
reported. 

1 

Transparency of 
data 

Raw data were not provided.  Means were presented in Tables and 
Figures with SD or SE as an indicator of variance. 

2 

Concentrations 
tested 

Three concentrations were tested, 30, 100, and 300 μg/L. 2 

Use of realistic 
exposures 

All concentrations were > 20 μg/L. 1 

Overall evaluation of methods 1.6 
 

Relevance - Response 5.  Locomotory activity of zebrafish larvae exposed to ATR, DIA, 
DEA, and DACT at concentrations of 30, 100, and 300 μg/L for 120 h 

Score 

Statistical 
significance for 
adverse effects 

Several tests were carried out.  Results of these are summarized in the 
following Table.  Numbers are concentrations above which there were 
p-values < 0.05.  Data from Figs 1 & 2. 

Chemical Swim 20 min L 
Fig. 1 

Swim 10 min 
D1 Fig. 2 

Swim 10 min 
L1 Fig. 2 

Swim 10 min 
D2 Fig. 2 

Swim 10 min 
L2 Fig. 2 

ATR 100  100 300 100 100 

DACT 30   >300 30 100 30 

DIA 100 >300    100 30 100 

DEA 30 >300  300  >300  30 
 

4 

Concentration- or 
dose-response 

Concentration-responses were not characterized and were 
inconsistent.  

0 

Relevance of 
adverse effect to 

The relevance of effects on swimming a specific distance in 20 or 10 
min was not specifically investigated but could be relevant to increased 
potential for predation 

2 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

It was suggested that effects on locomotion could be related to 
decreased activity of AChE (see response 5) and that the response to 
a dark-light and light-dark transition was related to neurotoxicity; 
however, AChE was not measured in the fish after the swimming 
activity, so it is not known if this was changed in the animals during the 
swim test.  In Response 6, AChE activity was measured and was 
observed to decrease.   

2 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 2 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 5 Score 
Experimental 
design and 
hypotheses 

The methods of rearing and the exposure were similar to those for 
responses 1-4. 
 
Twenty-four eggs were exposed at each concentration and there were 
four replicates of 6 eggs.  Exposures were in a 96-well plate of 
unstated volume and aeration was not reported (potential weakness).  
After 120 h, the larvae were removed to another container and free 
swimming was monitored using a Zebralab Video-Track system and a 
video-camera.  Swimming activities were quantified during 20 min of 
visible light and in response to a 10 min light-to-dark stimulation.  
Speed of swimming was classified in two categories; 2-7 cm/sec and 
>7 cm/sec.  These data were not analyzed.  Distance swam in 20 min 
was used as one criterion of effect.  Another metric was distance swam 
per minute after a change from dark to light.   
All statistical analyses were carried out using SPSS 13.0 as before.  
The effects of exposures and light type vs distances, as well as any 
interactions between these were analyzed using two-way or three-way 
ANOVA. 

2 

Use of GLP and 
QA/QC 

The study was not GLP but the protocol was moderately well 
described.  There was no analysis of exposure solutions to verify 
concentrations (major weakness). 

1 

Transparency of 
data 

Raw data were not provided.  Means were presented in Tables and 
Figures with SD or SE as an indicator of variance. 

2 

Concentrations 
tested 

Three concentrations were tested, 30, 100, and 300 μg/L. 2 

Use of realistic 
exposures 

All concentrations > 20 μg/L. 1 

Overall evaluation of methods 1.6 
 

Relevance - Response 6.  Activity of whole-body acetylcholinesterase in zebrafish 
larvae exposed to ATR, DIA, DEA, and DACT at concentrations of 30, 100, and 300 μg/L 
for 120 h. 

Score 

Statistical 
significance for 
adverse effects 

There were statistically significant decreases in activity of whole-body 
AChE in fish exposed to ATR and degradates at concentrations ≥100 
μg/L (Fig. 3, p <0.05).  Decreases were of the order 25% relative to 
control. 

4 

Concentration- or 
dose-response 

A concentration response was observed between 30 and 100 μg/L but 
was not characterized. 

1 

Relevance of 
adverse effect to 

Relevance to apical endpoints was not specifically tested but AChE is 
a relevant enzyme in the nervous system.  Decrease was about 25%. 

3 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Contrary to the suggestion of the author, AChE is not inhibited by ATR 
as it does not have the appropriate functional groups.  mRNA for AChE 
was not significantly downregulated by exposure to ATR (Fig. 4A) but 
there was significant depression of mRNA for AChE by DIA and DEA 
at ≥100 μg/L (Fig. 4, p <0.05). 

1 

Multiplier for LOEC Effect observed only at a concentration stoichiometrically equivalent to 
> 100 μg/L ATR. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods Response 6 Score 
Experimental 
design and 
hypotheses 

The methods of rearing and the exposure were similar to those for 
responses 1-4. 
 
Twenty-five fertilized eggs selected and exposed to ATR and 
degradates in 100-mL of exposure solution for 120 h.  There were four 
replicates at each concentration.  Prior to sampling, the fish were 
anesthetized on ice. After the exposure, approximately 20 larval fish in 
each treatment were defrosted (it is not clear if the fish were frozen or 
not) and homogenized on ice with 180 μL ice-cold saline solution. The 
homogenate was centrifuged at 4000 x g and 4 °C for 15 min. AChE 
and protein were determined using commercially available kits. 
 
The supernatant was used to determine the AChE activities according 
to manufacturer's protocol and previous studies (Xing et al., 2010; Jin 
et al., 2015b)13.  Concentration of protein in the supernatant was 
determined using bicinchoninic acid method according to the protocol 
provided with the kit. Measurements were made on a microplate reader 
according to the manufacturer's instructions. 
 
All statistical analyses were carried out using SPSS 13.0 as described 
before. 

2 

Use of GLP and 
QA/QC 

The study was not GLP but the protocol was moderately well 
described.  There was no analysis of exposure solutions to verify 
concentrations (major weakness). 

1 

Transparency of 
data 

Raw data were not provided.  Means were presented in Tables and 
Figures with SD or SE as an indicator of variance. 

2 

Concentrations 
tested 

Three concentrations were tested, 30, 100, and 300 μg/L. 2 

Use of realistic 
exposures 

All concentrations >20 μg/L. 1 

Overall evaluation of methods 1.6 
 

Relevance - Response 7.  Expression of the AChE and other genes in zebrafish larvae 
exposed to ATR, DIA, DEA, and DACT at concentrations of 30, 100, and 300 μg/L for 
120 h. 

Score 

Statistical 
significance for 
adverse effects 

Several genes were measured but the most relevant to the question 
being addressed is AChE.  Results are summarized in the following 
Table.  Numbers are concentrations at and above which there were p-

4 

                                            
13 Jin, Y., Liu, Z., Tao, P., Fu, Z., 2015. The toxicity of chlorpyrifos on the early life stage of zebrafish: a survey on the 
endpoints at development, locomotor behavior, oxidative stress and immunotoxicity. Fish. Shellfish Immunol. 43, 405-
414 
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values < 0.05 and plus minus signs indicate up-regulation and down-
regulation.  Data are from Fig. 4.  Except for neurogenin1, Ngn1, at 
300 μg DACT/L, the changes in gene expression for the statistically 
significant responses were all less than a factor of two different from 
the control and thus not considered biologically significant (the authors 

did not report screening for false positives by using the 2-CT method). 

 
 

Chem AChE Gfap Mbp Gap43 Elavl3 Ngn1 Nestin Shha Syn2a 

ATR >300 100- 100+ >300 >300 100- 100- 300- 100- 

DACT >300 30- 30+ >300 >300 30- 30- 30- 30- 

DIA 100- >300 100- 100+ >300 30+ 30- 300 >300 

DEA 100- >300 >300 >100 >300 >300 >300 30- 300 

  

Concentration- or 
dose-response 

For AChE, CRs were not characterized but were observed for DIA and 
DEA but not for ATR and DACT.  Inconsistent C-Rs were observed for 
some of the other genes. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Relevance to apical endpoints was not specifically tested other than as 
an explanation for changes in activity of AChE (see response 6).  
Changes in expression of other genes were observed at lower 
concentrations but the relationship of these to apical endpoints or other 
responses observed in this study were not reported. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A specific mode of action was not investigated or postulated. 0 

Multiplier for LOEC Effect on mRNA for AChE observed only at a concentrations 
stoichiometrically equivalent to >100 μg/L ATR. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods Response 7 Score 
Experimental 
design and 
hypotheses 

The methods of rearing and the exposure were similar to those for 
responses 1-4. 
 
Twenty fertilized zebrafish embryos were exposed to 30, 100, 300 
μg/L1 ATR, DACT, DIA and DEA at 120 hpf in 100 mL of each of the 
above solutions in glass beakers, with four replicates. Total RNA was 
isolated from approximately 15 larval fish using the TRIzol reagent 
(Takara), and then a cDNA synthesis and real time PCR were 
performed with kits (Toyobo) according to the manufacturer's protocol 
(Toyobo, Tokyo, Japan).  Information on the primers of β-actin, Glial 
fibrillary acidic protein (Gfap), Myelin basic protein (Mbp), Growth 
associated protein 43 (Gap43), Elavl3, neurogenin1 (Ngn1), nestin, 
sonic hedgehog a (Shha) and Synapsin IIa (Syn2a) were references to 
a previous paper1. The housekeeping gene was β-actin. PCR was 
performed with Eppendorf MasterCycler® ep realPlex2 (Wesseling-
Berzdorf, Germany). The main PCR protocol was described and 
referenced.  Procedures to screen out false positives and standard 

1 
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procedures such as the 2-CT method14 were not reported and the use 

of the MIAME protocol15 was not reported (major weakness). 
 
All statistical analyses were carried out using SPSS 13.0 as before. 

Use of GLP and 
QA/QC 

The study was not GLP but the protocol was moderately well 
described.  There was no analysis of exposure solutions to verify 
concentrations (major weakness).   

1 

Transparency of 
data 

Raw data were not provided.  Means were presented in Tables and 
Figures with SD or SE as an indicator of variance. 

2 

Concentrations 
tested 

Three concentrations were tested, 30, 100, and 300 μg/L. 2 

Use of realistic 
exposures 

All concentrations > 20 μg/L. 1 

Overall evaluation of methods 1.4 
 

EJ Review Yes Aug 30 2016 

QA Yes Jan 22. 2018 

 

                                            
14 Livak KJ, Schmittgen TD.  2001.  Analysis of relative gene expression data using real-time quantitative 
PCR and the 2−ΔΔCT method.  Methods 25:402-408 
15 Brazma A, Hingamp P, Quackenbush J, Sherlock G, Spellman P, Stoeckert C, Aach J, Ansorge W, Ball 
CA, Causton HC.  2001.  Minimum information about a microarray experiment (MIAME)—toward 
standards for microarray data.  Nature Genetics 29:365-371 
 

SI for Hanson et al. 2020 Page 96 of 237 Crit . Rev. Toxicol.  DOI



 

(McMahon et al. 2017) 
Paper: McMahon TA, Boughton RK, Martin LB, Rohr JR.  2017.  Exposure to the 
herbicide atrazine nonlinearly affects tadpole corticosterone levels.  Journal of 
Herpetology 51:270-273. 
 

Relevance - Response 1. Effect of exposure of Cuban Treefrog tadpoles to nominal 
concentrations of 0.1, 10.2, 56, and 102 µg atrazine/L for 4, 28 or 100 h on whole-body 
concentration of corticosterone. 

Score 

Statistical 
significance for 
adverse effects 

It appears from the Fig. 1 that there was no statistically significant 
difference between the treatments; however, this was not tested.   

0 

Concentration- or 
dose-response 

The concentration-response was non-monotonic but fitted a 3rd order 
polynomial model. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There were no significant responses and apical endpoints were not 
measured in the study. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism of action was not investigated or proposed for the 
observation of the non-monotonic response.   

0 

Multiplier for LOEC A LOEC could not be identified from the data so was assumed to be > 
102 µg/L. 

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1 Score 
Experimental 
design and 
hypotheses 

Eggs of the Cuban Treefrog (Osteopilus septentrionalis) eggs were 
collected from outdoor wading pools (1.5 m diameter, 30 cm deep) at 
the University of South Florida (USF) Botanical Gardens.  Ponds were 
stated as pesticide-free but analytical data were not provided.  
Tadpoles from these eggs were placed in individually in 500-mL glass 
jars filled with 300 mL of artificial spring water until all tadpoles reached 
Gosner stage 25.  Housing conditions were not reported but assumed 
to be in the laboratory.  Water-quality parameters were not reported.  
Feeding of the tadpoles was not reported.  Tadpoles were randomly 
assigned to treatment concentrations.  Initial numbers in each 
treatment were not reported but were assumed to be equal.  The 
authors reported that mortality occurred before sampling of tadpoles, 
especially in the longer exposures.  From final numbers (Table 1) it 
appears that some treatments suffered large mortality (2 of 3) which 
questions the husbandry and the small number of replicates used 
(major weakness). 
 
Atrazine was technical grade, purity >98% but source was not stated 
(potential weakness).  Atrazine was dissolved in acetone (weakness) 
which was not necessary (water solubility = 30 mg/L). Two controls 
(water and acetone) were used but pooled in the analysis.  The 
acetone concentration was stated as 500 ng/L but might be in error as 
this would be difficult to measure for a volatile material.  Measured 
concentrations (commercial ELISA test-kit) were reported for the 
highest concentration only (also the stock solution), which, in view of 
the claimed non-monotonic response is a major weakness as there 
was no verification of the lesser exposures.  Treatments were exposed 

1 
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for 4, 28 and 100 h.  Because of a lack of effect of duration on 
responses (p = 0.55), data across time were pooled by concentration.  
This might have been the result of small number of replicates (1 for 
some time-duration combinations, Table 1 (weakness)).  By pooling 
the data across exposure times they invalidated the original hypothesis 
that they set out to test. 
 
At the end of the exposure, the tadpoles were euthanatized by placing 
them directly into a beaker of 10% benzocaine held in dry ice. This 
process immediately euthanatized and flash froze the animals with a 
handling time of less than 5 seconds.  This explanation is unclear as 
the benzocaine solution would have been frozen solid.  The extraction 
and analysis of the corticosterone was described in sufficient detail and 
quantitation was by a commercial ELISA kit.  Recovery of a tritiated 
internal standard of corticosterone was 48 ± SE of 0.03%, which seems 
low (weakness).  Results were adjusted for recovery. 
 
Statistical analysis was by regression analysis using the ‘‘MuMIn’’ 
package of R statistical software.  The inclusion of the control data in 
the regression (log of µg atrazine/L+1) is inappropriate for regression 
analysis; the control response should have been used as reference. It 
is stated that an ANOVA analysis was conducted but results were not 
presented.  From the variance of the data presented in author Figure 1, 
it is doubtful that the responses at the four tested concentrations were 
statistically significantly different from that of the water control 
(weakness).  Power to detect an effect of exposure duration was low 
(34%) because sample size was insufficient. 

Use of GLP and 
QA/QC 

This was not a GLP study.  Water quality, oxygen concentration, pH, 
temperature and daylength were not reported.  Concentration of 
atrazine in the 102 µg/L stock was measured but the lesser 
concentrations not.  It is assumed that serial dilutions were used to 
prepare the other treatment solutions. 

1 

Transparency of 
data 

Raw data were not provided.  Mean responses with SE were presented 
graphically.  The graphical presentation use of a truncated scale rather 
and the log transformed axis was obtuse; an exponential scale would 
have provided greater clarity. 

1 

Concentrations 
tested 

Four concentrations were tested (0.1, 10.2, 56, and 102 µg/L). 3 

Use of realistic 
exposures 

Two exposures were < 20 µg/L. 3 

Overall evaluation of methods 1.8 
 

EJ Review Yes 2018-03-29 

QA Yes Feb. 6, 2018 
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(Olker 2014) 
Thesis: Olker, J.H. 2014. Effects of atrazine and climate change on amphibian 
larval development and growth. PhD thesis University of Minnesota.  
 
Note: Chapter 1 and 3 were reviewed.  Experimental mesocosms were used to test the effects 
of accelerated pond-drying in combination with larval exposure to atrazine concentrations on 
survival, growth, and development of the northern leopard frog (Rana pipiens) and wood frog 
(Rana sylvatica). 
 

Relevance - Response 1. Survival in Rana pipiens exposed to atrazine (0.1, 20, 200 
μg/L) from Gosner stage 26 until the end of metamorphosis.  

Score 

Statistical 
significance for 
adverse effects 

Survival until the end of the experiment was 94.2 % across all 
treatments (Table 1, Figures 1 C and D, Appendix A Figures S2 and 
S4). There were no effects of atrazine on survival at the end of the 
experiment (p = 0.3616).  

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Metamorphosis in Rana pipiens exposed to atrazine (0.1, 20, 
200 μg/L) starting from Gosner stage 26.   

Score 

Statistical 
significance for 
adverse effects 

Only 47.6% of R. pipiens completing metamorphosis during the 
experiment. The proportion of R. pipiens larvae reaching metamorphic 
climax (forelimb emergence, Gosner stage 42) and completing 
metamorphosis (Gosner stage 45) was significantly different across 
atrazine treatments (Table 2, Figure 1B, Appendix A Figure S4, α = 
0.05), with fewer reaching and completing metamorphosis in the high 
atrazine concentration treatment.  Responses varied on whether they 
were assessed on an individual basis or at the level of the mesocosm.  

4 

Concentration- or 
dose-response 

The effect was most pronounced at the highest atrazine treatment.  2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Delayed metamorphosis may have an adverse effect on development 
and survival.  

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

It was argued that atrazine might have affected the synthesis of thyroid 
hormones or stress hormones, but no data are provided to support 
these contentions.  

1 

Multiplier for LOEC LOEC >100 μg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. Growth in Rana pipiens exposed to atrazine (0.1, 20, 200 μg/L) 
from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

There were no effects of atrazine on growth as measured by snout-to-
vent length, body weight or BCI = Weight/ Snout-to-vent length.  

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Sex ratio in Rana pipiens exposed to atrazine (0.1, 20, 200 
μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

Sex ratios did not differ from the expected 1:1 ratio for the entire 
experiment (0.87 F:M) or by atrazine treatment (Table 4, ɑ=0.05). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Ovarian development in Rana pipiens exposed to atrazine 
(0.1, 20, 200 μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

Ovarian development was not delayed in any experimental R. pipiens 
(Page 89). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 
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Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Testicular oocytes in Rana pipiens exposed to atrazine (0.1, 
20, 200 μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

There was no significant effect of atrazine treatment on prevalence of 
TOs (Fisher’s Exact Test, p = 0.078); however, pairwise comparisons 
showed that specimens from the 20 μg/L treatment had a significantly 
lower TO prevalence (33%, 3/9) than those from the acetone control (p 
< 0.001). This was not considered an adverse effect (Page 90) 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Survival in Rana sylvatica exposed to atrazine (0.1, 20, 200 
μg/L) from Gosner stage 26 until the end of metamorphosis.  

Score 

Statistical 
significance for 
adverse effects 

Survival was 87.8% (253/288) for R. sylvatica (Table 1, Figures 1C and 
D, Appendix A Figures S2 and S4). Atrazine had a significant negative 
effect on survival (F3,44 = 5.71, p = 0.0022), with lowest survival 
among individuals exposed to the highest atrazine concentration (200 
μg/L). 

4 

Concentration- or 
dose-response 

The effect was most pronounced at the highest atrazine treatment.  2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Survival is a significant apical endpoint.  
 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed.  0 

Multiplier for LOEC LOEC >100 μg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Metamorphosis in Rana sylvatica exposed to atrazine (0.1, 
20, 200 μg/L) starting from Gosner stage 26.   

Score 

Statistical 
significance for 
adverse effects 

Eighty-eight percent of R. sylvatica individuals completed 
metamorphosis (Table 1, Figure 1A); however, development was 
negatively correlated with atrazine concentration, evidenced by longer 
larval period (days to reach Gosner stage 42 and 45).  

4 

Concentration- or 
dose-response 

The effect was most pronounced at the highest atrazine treatment. 2 

Relevance of 
adverse effect to 

Delayed metamorphosis may have an adverse effect on development 
and survival. 

2 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

It was argued that atrazine might have affected the synthesis of thyroid 
hormones or stress hormones, but no data are provided to support 
these contentions. 

1 

Multiplier for LOEC LOEC >100 μg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9.  Growth in Rana sylvatica exposed to atrazine (0.1, 20, 200 
μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on snout-to-vent length there was a significant 
reduction in body weight (only at 20 and 200 µg atrazine/L; F3,215 = 
3.76, p = 0.0117, Table 2) and BCI = Weight/Snout-to-vent length 
(F3,215 = 4.88, p = 0.0026, Table 1-2) at all concentrations tested.  

3 

Concentration- or 
dose-response 

There was evidence of a dose response, which was not characterized.  3 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Reduced size is significant and may affect survival or reproduction  3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation was provided.  1 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 2.5 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10. Sex ratio in Rana sylvatica exposed to atrazine (0.1, 20, 200 
μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

Sex ratios did not differ from the expected 1:1 ratio for the entire 
experiment (1.01 F:M) or by atrazine treatment (Table 4, ɑ = 0.05). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance – Response 11. Ovarian development in Rana sylvatica exposed to atrazine 
(0.1, 20, 200 μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

In R. sylvatica, 3% (4/131) of the females showed delayed ovary 
development, with reduced ovary size and delayed cellular 
development within the ovary (Figure 1D). Delayed gonadal 

0 
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development was observed in females found in multiple atrazine 
treatments (0, 0.1, and 20 μg/L) as well as both normal and 
accelerated drawdown treatments. In addition, all were within one 
standard deviation for size and development rate (and this was 
assumed to not be a significant response. (Page 89). 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 12. Testicular oocytes in Rana sylvatica exposed to atrazine 
(0.1, 20, 200 μg/L) from Gosner stage 26 until the end of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

There was a low incidence of TOs in Rana sylvatica (1/41 individuals) 
and this was in the control group. Other specimens (including the 
outliers for size and developmental rate) including 28 unexposed (0 
μg/L atrazine) specimens and 21 from atrazine exposure treatments 
(see Table 3 footnotes for details), were evaluated histologically, and 
none had TOs.  

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 1-6 Studies with Rana pipiens  Score 
Experimental 
design and 
hypotheses 

A fully-crossed randomized block design was used to test the effects of 
atrazine concentration and drawdown rate using a static, nonrenewal 
exposure.  Mesocosms were constructed from 37-gallon (140 L) low-
density polyethylene (LPDE) stock tanks with mesh screen covers and 
filled with 100 L of conditioned water (held for 14 days in 700-gallon 
polyethylene tanks with a mixture of plant material, including aquatic 
detritus and oak leaves from an uncontaminated source).  
 
Developing larvae were exposed from hatch through to metamorphosis 
to combinations of two pond-drying rates (normal and accelerated, 
hereafter called drawdown rates) and atrazine at (0.1, 20, 200 μg/L). 
Source of the atrazine was not specified (weakness).  Water was 
removed from mesocosms at two rates: normal, in which depth was 

2 
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decreased by 2 cm or 8% of initial levels per week) or accelerated, 
depth decreased by 4 cm (16%) per week. Atrazine was measured by 
ELISA at the start and end of the experiment.  
  
The studies with R. pipiens included six treatments (three atrazine 
concentrations X two drawdown rates), plus control (normal drawdown 
only) and acetone (solvent) control for both normal and accelerated 
drawdown, with five replicate mesocosms each starting with five 
tadpoles (weakness: numbers of replicates in each mesocosm is 
small). R. pipiens were collected as eggs on May 11, 2006 from 
Douglas County, WI, hatched in outdoor aquaria, and distributed to pre-
dosed mesocosms when they reached free-swimming, Gosner stage 
26, and 15 days after collection. 
 
Tadpole survival was monitored weekly (with daily checks after forelimb 
emergence), length and weight at the completion of metamorphosis 
(Gosner stage 46), and development with time to forelimb emergence 
as evidence of metamorphic climax and tail resorption as completion of 
metamorphosis. Additionally, body condition index (BCI) was used to 
evaluate the relationship between weight and snout-to-vent length 
relative to treatment. The experiment ended when ice formed on the 
mesocosms (November 3, 2006 for R. pipiens). 
 
Sex was determined via gross gonadal morphology. For all males or 
specimens with undistinguishable or gross anomalies, 
gonads were removed with kidneys attached for histological analysis. 
Only specimens that had completed metamorphosis were examined 
(Page 89, potential weakness). Both gonads and attached kidneys 
were embedded in paraffin and were step-sectioned (5 μm thick 
longitudinal sections every 50 μm) in their entirety, stained using 
standard H&E (hematoxylin and eosin) methods, and examined using 
an Olympus BH-2 compound microscope. Assessment endpoints 
included the occurrence of gross gonadal anomalies along with the 
presence and abundance of testicular oocytes (TOs), defined as 
oocytes containing an intact nucleus with nucleoli found in males with 
some normal testicular tissue. TOs were identified and counted in all 
sections of all male specimens. TO severity was assessed based on a 
scoring system developed in Chapter 2 of the thesis.  
 
General water quality (pH, temperature, dissolved oxygen, conductivity) 
was assessed weekly in all mesocosms (YSI model 63, YSI 
Incorporated, Yellow Springs, OH). Water temperature 
was also measured continuously at 30-minute intervals with HOBO 
data loggers in a subset of non-atrazine exposed mesocosms. 
 
Specimen-level endpoints (e.g., snout-to-vent length, days to reach 
metamorphosis) were analyzed with mixed models that included fixed 
effects (atrazine, drawdown rate, interaction of atrazine and drawdown 
rate) and random effects (mesocosm, block, atrazine 
concentration*block and drawdown rate*block). Block effect was not 
significant (ɑ = 0.05), and therefore was excluded from analyses, 
keeping mesocosm as a random effect to account for correlation 
across specimens from the same mesocosm. Mesocosm-level 
endpoints (e.g., average weight, variation of weight, proportion to reach 
metamorphosis, survival) with analysis of variance (GLM model) with 
fixed effects (atrazine, drawdown rate, interaction of atrazine, and 
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drawdown rate) and block as a random effect. Block effect was not 
significant (ɑ = 0.05) and therefore was excluded from ANOVA models. 
Significant fixed effects were identified based on α = 0.05. The 
Bonferroni adjustment for multiple tests was not applied (weakness).  
For significant fixed or interaction effects, pairwise comparisons were 
made with the Tukey-Kramer post-hoc test which includes an 
adjustment for multiple comparisons within each model (ɑ = 0.05). The 
effect of treatment on the relationship of weight to snout-to-vent length 
and weight to time to complete metamorphosis was evaluated with 
analysis of covariance (ANCOVA), assuming equal slopes.  
 
Sex ratios across treatments were compared using a binomial using 
the null hypothesis of equal numbers of males and females. The effect 
of atrazine concentration on TO prevalence was tested with Fisher’s 
Exact Test to compare treatments to control. Abundance of TOs per 
specimen was analyzed with mixed-models analysis of variance that 
included fixed effects (atrazine, drawdown rate, interaction of atrazine 
and drawdown rate) and random effects (mesocosm, block, atrazine 
concentration*block and drawdown rate*block), with the total number of 
TOs normalized before analysis with the square root transformation. 
TO severity in representative mid-sections and maximum TO per 
specimen were also analyzed.   

Use of GLP and 
QA/QC 

This was not a GLP study. Atrazine concentrations were measured. 
There was extensive measurement of water quality parameters.  

2 

Transparency of 
data 

Data were provided as means with SEs in graphs. 2 

Concentrations 
tested 

Three concentrations of atrazine were tested (0.1, 20, and 200 μg/L) 2 

Use of realistic 
exposures 

One concentration was less than ≤ 20 μg/L. The second concentration 
of atrazine tested was 22.3 μg/L 

2 

Overall evaluation of methods 2.0 
 

Quality of methods - Response 7-12 Studies with Rana sylvatica  Score 
Experimental 
design and 
hypotheses 

The methods followed the same approach as for the studies with Rana 
pipiens.  
 
The studies with R. sylvatica were conducted in 2009 and included six 
treatments (three atrazine concentrations X two drawdown rates), plus 
the control for both normal and accelerated drawdown, with six 
replicate mesocosms each starting with six tadpoles. No solvent control 
was necessary because atrazine was dissolved in deionized water. 
Because collected eggs had low hatching rates, free swimming R. 
sylvatica tadpoles (Gosner stage 26, 22 days after fertilization) were 
collected directly from a wetland in St. Louis County, MN, on May 16, 
2009 and distributed to pre-dosed mesocosms. The experiment ended 
when all specimens had completed metamorphosis (July 31, 2009).  
  

2 

Use of GLP and 
QA/QC 

This was not a GLP study. Atrazine concentrations were measured. 
There was extensive measurement of water quality parameters.  

2 

Transparency of 
data 

Data were provided as means with SEs in graphs 2 

Concentrations 
tested 

Three concentrations of atrazine were tested (0.1, 20, 200 μg/L 
nominal).  

2 

Use of realistic 
exposures 

One concentration was ≤ 20 μg/L. The second concentration of 
atrazine tested was 22.3 μg/L 

2 
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Overall evaluation of methods 2.0 
EJ Review   

QA   
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(Persch et al. 2017) 
Paper: Persch TSP, Weimer RN, Freitas BS, Oliveira GT.  2017.  Metabolic parameters 
and oxidative balance in juvenile Rhamdia quelen exposed to rice paddy herbicides: 
Roundup®, Primoleo®, and Facet®.  Chemosphere 174:98-109. 
 
Note: This paper reports on response to exposure to three pesticides.  Only the data for atrazine 
(as a formulated product) are included in this QWoE. 
 

Relevance - Response 1. Total protein in gills, liver, kidneys, and muscle of R. quelen 
exposed to 2.5, 5, 10 and 15 µg/L of formulated atrazine for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant changes in total protein in liver, 
kidneys, and muscle (p > 0.05, Fig 1).  Total protein was significantly 
decreased in gills of fish exposed to 2.5, 10 and 15 µg/L (p < 0.05, Fig 
1) but not 5 µg/L.  Protein concentrations in the kidney of fish exposed 
to 15 µg/L were 8-fold greater than the control (Fig 1C) but were 
(strangely) not significant. 

4 

Concentration- or 
dose-response 

Concentration-response was not characterized and no obvious 
relationship was observed (Fig 1). 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Apical endpoints were not assessed in the study but the differences 
from the control were of the order of 50%.  Because there was no 
consistent concentration-response, a score of zero was assigned. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Although not specifically tested it was proposed that the decrease in 
total protein in the gills was “indicative of a compensatory physiological 
strategy in response to stress”.  Whether this was caused by the active 
ingredient or the formulants was not discussed. 

2 

Multiplier for LOEC LOEC was less than 100 µg/L 1 

Overall evaluation of relevance (computed) 1.5 
Overall evaluation of relevance (SEJ).  Because the exposures were to formulated material 
with only 50% active ingredient, responses could not be causally linked to atrazine.  Because 
of this, an SEJ of zero was assigned. 

0 

 

Relevance - Response 2. Glycogen concentrations in gills, liver, kidneys, and muscle 
of R. quelen exposed to 2.5, 5, 10 and 15 µg/L of formulated atrazine for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant changes in glycogen content in 
gills and liver (p > 0.05, Fig 2).  Glycogen content in kidneys was 
significantly decreased in fish exposed to 2.5 and 15 µg/L (p < 0.05, 
Fig 2) but not 5 and 10 µg/L.  Concentrations in muscle were 
significantly increased in fish exposed to 5 µg/L (p < 0.05, Fig 2) only.  
Glycogen content in muscle of fish exposed to 15 µg/L was 8-fold 
greater than the control (Fig 2D) but was (strangely) not significant 
despite small SEs. 

4 

Concentration- or 
dose-response 

Concentration-response was not characterized and no obvious 
relationship was observed (Fig 2). 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Apical endpoints were not assessed in the study but the differences 
from the control were of the order of 40% for kidney and 600% for 
muscle.  Because there was no consistent concentration-response, a 
score of zero was assigned. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No specific mechanisms were observed and no plausible ones were 
suggested.  Whether the effects observed were caused by the active 
ingredient or the formulants was not discussed. 

1 

Multiplier for LOEC LOEC was less than 100 µg/L 1 

Overall evaluation of relevance (computed) 1.25 
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Overall evaluation of relevance (SEJ) Because the exposures were to formulated material 
with only 50% active ingredient, responses could not be causally linked to atrazine.  
Because of this, an SEJ of zero was assigned. 

0 

 

Relevance - Response 3. Concentration of total lipids in gills, liver, kidneys, and 
muscle of R. quelen exposed to 2.5, 5, 10 and 15 µg/L of formulated atrazine for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant changes in content of total lipids 
in gills (p > 0.05, Fig 3).  Content of total lipid was significantly 
decreased (p < 0.05, Fig 3) liver of fish exposed to 5 µg/L only in 
kidneys at 10 µg/L only, and muscle at 5 and 10 µg/L only.  Total lipids 
in muscle of fish exposed to 2.5 µg/L were 9-fold greater than the 
control (Fig 3D) but was (strangely) not significant despite small SEs. 

4 

Concentration- or 
dose-response 

Concentration-response was not characterized and no obvious 
relationship was observed (Fig 3). 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Apical endpoints were not assessed in the study but the differences 
from the control were of the order of 50% for liver and kidney and 80% 
for muscle.  Because there was no consistent concentration-response, 
a score of zero was assigned. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Although not specifically tested, it was proposed that the decrease in 
total protein in the gills was “indicative of a compensatory physiological 
strategy in response to stress”.  Whether this was caused by the active 
ingredient or the formulants was not discussed. 

2 

Multiplier for LOEC LOEC was less than 100 µg/L 1 

Overall evaluation of relevance (computed) 1.5 
Overall evaluation of relevance (SEJ) Because the exposures were to formulated material 
with only 50% active ingredient, responses could not be causally linked to atrazine.  Because 
of this, an SEJ of zero was assigned. 

0 

 

Relevance - Response 4. Concentrations of triacylglycerol in gills, liver, kidneys, and 
muscle of R. quelen exposed to 2.5, 5, 10 and 15 µg/L of formulated atrazine for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were statistically significant increases in content of 
triacylglycerol (TAG) in gills, liver, kidneys, and muscle (p < 0.05, Fig 
4) at all concentrations except for gills, liver and kidneys in fish 
exposed to 15 µg/L. 

4 

Concentration- or 
dose-response 

Concentration-response was not characterized and no obvious 
relationship was observed except for a consistent decrease in 
response with increasing concentration in muscle (Fig 4D). 

3 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Apical endpoints were not assessed in the study but the differences 
from the control were of the order of 400–1000% for gill, 800–16000% 
for liver, 600% for kidney and 1900–3500%.  Because there was a 
consistent concentration-response for muscle a score of 1 was 
assigned. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No specific mechanisms were investigated but the authors suggested 
that increase in TAG in muscle was related to a decrease in total lipids 
but this was not consistent at 2.5 µg/L.  Whether the effects observed 
was caused by the active ingredient or the formulants was not 
discussed. 

1 

Multiplier for LOEC LOEC was less than 100 µg/L 1 

Overall evaluation of relevance (computed) 2.25 
Overall evaluation of relevance (SEJ) Because the exposures were to formulated material 
with only 50% active ingredient, responses could not be causally linked to atrazine.  Because 
of this, an SEJ of zero was assigned. 

0 
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Relevance - Response 5. Activity of superoxide dismutase (SOD), catalase (CAT), and 
concentration of thiobarbituric acid reactive substances (TBARS) in gills, liver, 
kidneys, and muscle of R. quelen exposed to 2.5, 5, 10 and 15 µg/L of formulated 
atrazine for 7 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant changes any of these indicators 
of oxidative stress (p > 0.05, Table 1) other than TBARs in kidney at 15 
µg atrazine/L (p < 0.05, Table 1) 

1 

Concentration- or 
dose-response 

Concentration-response was not characterized and no obvious 
relationship was observed (Table 1). 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Because there was only one significant effect at the highest exposure 
concentration, relevance was assumed to be zero. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A specific mechanism was not investigated and other than the 
implication that exposure to atrazine affected markers of oxidative 
balance, no mechanism was proposed. 

0 

Multiplier for LOEC LOEC was less than 100 µg/L 1 

Overall evaluation of relevance (computed) 0.25 
Overall evaluation of relevance (SEJ) Because the exposures were to formulated material 
with only 50% active ingredient, responses could not be causally linked to atrazine.  Because 
of this, an SEJ of zero was assigned. 

0 

 

Quality of methods - Responses 1-5 Score 
Experimental 
design and 
hypotheses 

This study was designed to assess the effect of acute exposure of 
juvenile Rhamdia quelen to formulated atrazine. 
 
Juvenile fish (6-8 cm, weight not stated) were obtained from a fish 
farm. They were acclimated for 7 days, with a photoperiod of 12:12 h 
light:dark cycle, in fresh water of unstated origins with constant aeration 
(DO not reported), pH of 6.7–7.2, and temperature of 23 ± 1°C.  Fish 
were fed once daily (ad libitum) with the same commercially available 
feed (composition provided in the paper) used at the fish farm. 
 
The atrazine was a formulated product (major weakness) Primoleo® 
(manufactured in Brazil by Syngenta and containing 50% technical 
atrazine).  It is assumed that the concentrations reported in the paper 
were for atrazine in the formulation but there was no analytical 
confirmation of the exposures. 
 
The exposures of the fish (24 per treatment) were for seven d but no 
further details were provided (major weakness).  The exposure 
concentrations for the formulated product were 2.5, 5, 10, and 15 μg/L.  
It is not clear if there were replicated exposures or if the study was 
pseudoreplicated. Mortality was not reported and was assumed to have 
not occurred.  At the end of exposure, fish were killed by spinal 
transection, weighed and length measured.  Sample of gills, liver, 
kidneys, and tail muscle were removed and were frozen at -20°C 
weighed, and pooled (three specimens) for analysis. These pooled 
samples were then processed as necessary for biochemical and 
enzymatic analysis.  Methods for these analyses were reported in 
detail.  All reagents and other chemicals used were “high grade of 
purity” (actual purity unstated).  Metabolic parameters included: total 
protein (TP), glycogen (GG), lipid content, triacylglycerols, oxidative 
balance, superoxide dismutase (SOD, catalase (CAT), lipid 

1 
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peroxidation (LPO) and thiobarbituric acid reactive substances 
(TBARS). 
 
Statistical analyses were performed in SPSS Statistics for Windows, 
Version 20.0, and BioEstat Version 5.0. The Kolmogorov-Smirnov 
test was used to assess normality. If the null hypothesis was confirmed, 
this was followed by one-way analysis of variance (ANOVA).  Levene's 
test was used to test for equal variances and define the supplemental 
test to follow, either the least significant difference test (when assuming 
equal variances) or the Games-Howell test (if equal variances not 
assumed).  When the assumption of normality was rejected, the 
nonparametric Kruskal-Wallis test followed by the Student-Newman-
Keuls procedure.  A table of statistical data was provided in the SI.  
Visual examination of the mean and SEs for some of the differences 
described as statistically significant in the Figures were inconsistent 
with reported significance (major weakness).  The remarkable 
uniformity of the error bars in the graphs calls the statistical analysis 
into question.  With the lack of raw data, it was not possible to check 
these. 

Use of GLP and 
QA/QC 

This study was not GLP.  Details of the methods were sparse and the 
exposures concentrations were not confirmed by analysis.  There was 
no QA or QC reported in the study 

0 

Transparency of 
data 

Raw data were not provided and the results were presented as graphs 
with variance shown as SEs. 

1 

Concentrations 
tested 

Four concentrations were tested, 2.5, 5, 10, and 15 µg/L.   3 

Use of realistic 
exposures 

All concentrations tested were < 20 µg/L 4 

Overall evaluation of methods 1.8 
 

EJ Review Yes  2018-04-17 

QA Yes Jan 23, 2018 

 
Narrative 
The other components in the formulation were not reported so it is not known if the 
responses were due to the active ingredient or the formulants.   
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(Richter et al. 2016) 
Paper: Richter CA, Papoulias DM, Whyte JJ and Tillitt DE, 2016. 2016. Evaluation 
of potential mechanisms of atrazine-induced reproductive impairment in fathead 
minnow (Pimephales promelas) and Japanese Medaka (Orizias latipes). 
Environmental Toxicology and Chemistry 35:2230–2238 
 
This paper describes the results of selected gene expression analysis of samples of 
brain, liver, and gonad from what appear to be two previous experiments conducted to 
examine the effects of long-term exposure to atrazine on reproductive success in the 
medaka and the fathead minnow (Tillit et al. 20101; Papoulias et al, 20142). 
 

Relevance - Response 1. Expression of selected genes in the liver, brain and ovary of 
female Orizias latipes exposed to 0, 0.5, 5, and 50 µg/L of atrazine for 14 d or 30 and 38 
d.  

Score 

Statistical 
significance for 
adverse effects 

Expression of 10 different genes related to reproduction were 
measured in female medaka exposed to the solvent control or 
atrazine (Table 1).  Significant changes were seen in only 3 (30%) of 
gene-atrazine comparisons relative to the solvent control fish.  There 
was a significant elevation of cyp 19a1b in the brain of medaka 
exposed to 0.5 µg/L but not 5 and 50 µg/L atrazine.  There was a 
significant reduction in vtg1 and zp3.1 in the livers of fish exposed to 
0.5 and 5 µg/L but not 50 µg/L atrazine.  

 

4 

Concentration- or 
dose-response 

There was no evidence of a concentration-response relationship and 
the expression of the genes was inconsistent between species.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no evidence provided to indicate that the expression of the 
genes in question were related to adverse effects on reproduction. The 
magnitude of the changes was modest with no genes showing more 
than a two-fold change in expression relative to the solvent control fish.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism responsible for the changes in gene expression was 
not investigated nor proposed.  

0 

Multiplier for LOEC LOEC was < 100 µg/L 1  
Overall evaluation of relevance (computed) 1.00 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 2. Expression of selected genes in the liver, brain and ovary of 
female Pimephales promelas exposed to 0, 0.5, 5, and 50 µg/L of atrazine for 14 d or 30 
and 38 d.  

Score 

Statistical 
significance for 
adverse effects 

Expression of 16 different genes related to reproduction were 
measured in female fathead minnow exposed to the solvent control 
or atrazine (Table 1).  Significant changes were seen in only 3 (19%) 
of the gene-atrazine comparisons relative to the solvent control fish.  
There was a significant elevation of esr1 in the ovary and of lhcgr in 
the brain of the fathead minnow exposed to 50 µg/L atrazine, as well 
as a significant reduction in the expression of cyp11a in the fish 
exposed to 5 µg/L but not 0.5 or 50 µg atrazine/L. 

 

4 

Concentration- or 
dose-response 

There was no evidence of a concentration-response relationship and 
the expression of the genes was inconsistent between species.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no evidence provided to indicate that the expression of the 
genes in question were related to adverse effects on reproduction. The 
magnitude of the changes was modest with no genes showing more 
than a two-fold change in expression relative to the solvent control fish.   

0 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism responsible for the changes in gene expression was 
not investigated nor proposed.  

0 

Multiplier for LOEC LOEC was < 100 µg/L 1  
Overall evaluation of relevance (computed) 1.00 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 3. Expression of selected genes in the liver, brain, and gonad of 
male Orizias latipes exposed to 0, 0.5, 5, and 50 µg/L of atrazine for 14 d or 30 and 38 d.  

Score 

Statistical 
significance for 
adverse effects 

Expression of 10 different genes related to reproduction were 
measured in male medaka and fathead minnow exposed to the solvent 
control or atrazine (Table 2). Significant changes were seen in 4 (40%) 
of gene-atrazine comparisons relative to the solvent control fish.  There 
was a significant increase in the expression of cyp17a1 in the testis of 
medaka exposed to all three concentrations of atrazine (time not 
specified), cyp11a1 in the testis of medaka exposed to 0.5 and 5.0 
µg/L of atrazine. A significant reduction in the expression of vtg1 and 
zp3.1 in the liver of fish exposed to 5 µg/L but not 0.5 or 50 µg 
atrazine/L. 

4 

Concentration- or 
dose-response 

There was no evidence of a concentration-response relationship.  In 
the case of cyp171a1, there was no concentration-response and the 
effects seen in the one experiment were not verified. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no evidence provided to indicate that the expression of the 
genes in question were related to adverse effects on reproduction.  
The magnitude of the changes was modest as most genes showed a 
less than a two-fold change in expression relative to the solvent control 
fish.  The expression of the genes was not consistent between species. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism responsible for the changes in gene expression was 
not investigated nor proposed. 

0 

Multiplier for LOEC LOEC was < 100 µg/L 1 

Overall evaluation of relevance (computed) 1.00 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 4. Expression of selected genes in the liver, brain, and gonad of 
male Pimephales promelas exposed to 0, 0.5, 5, and 50 µg/L of atrazine for 14 d or 30 
and 38 d.  

Score 

Statistical 
significance for 
adverse effects 

Expression of 16 different genes related to reproduction were 
measured in male fathead minnow exposed to the solvent control or 
atrazine (Table 2). Significant changes were not observed in gene 
expression for any of the 16 genes. 

0 

Concentration- or 
dose-response 

A concentration response was not characterized, and none was 
observed.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no evidence provided to indicate that the expression of the 
genes in question were related to adverse effects on reproduction.  The 
magnitude of the changes was modest as most genes showed a less 
than a two-fold change in expression relative to the solvent control fish.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism responsible for the changes in gene expression was 
not investigated nor proposed. 

0 

Multiplier for LOEC LOEC was < 100 µg/L 1 

Overall evaluation of relevance (computed) 0.00 
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Overall evaluation of relevance (SEJ)  
 

Relevance - Response 5.  Percentage of female Orizias latipes with high expression 
of the egg protein transcripts zp3.1 and/or vtg1 (high EPE) per tank compared to total 
egg production in fish exposed to 0, 0.5, 5, and 50 µg/L of atrazine for 14 d or 30 and 
38 d.   

Score 

Statistical 
significance for 
adverse effects 

With atrazine treatment, the proportion of high EPE medaka females 
declined from about 60% in the control to approximately 40% in the 
treated groups (Fig 3A).  When the data were combined for all 
atrazine treated groups, the proportion of fish with high EPE values 
was significantly reduced from about 58% to about 40% (p > 0.05, Fig 
3B).  A score of 1 was assigned because the significance was only 
observed when data from all treatments were pooled. 

1 

Concentration- or 
dose-response 

A concentration response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The authors provide no evidence that the change in EPE gene 
expression is related to an alteration in reproductive output. There 
was a small change in the proportion of fish having a high EPE but 
was not functionally related to alterations in egg production with high 
EPE despite a claimed reduction in egg production.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The authors propose several mechanisms for the adverse effects of 
atrazine (alterations in brain gene expression, interaction with 
membrane progesterone receptors) but no evidence was reported to 
support these mechanisms of action.  

2 

Multiplier for LOEC LOEC was < 100 µg/L 1 

Overall evaluation of relevance (computed) 0.75 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6.  Percentage of Pimephales promelas minnow with high 
expression of the egg protein transcripts zp3.1 and/or vtg1 (high EPE) per tank 
compared to total egg production in fish exposed to 0, 0.5, 5, and 50 µg/L of atrazine 
for 14 d or 30 and 38 d.   

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences in the proportion of females with 
high EPE either per atrazine treatment group or for all atrazine 
treatments combined (Fig 3C and D).  

0 

Concentration- or 
dose-response 

A concentration response was not characterized, and none was 
observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

AS there was no significant effect, there is no evidence that the 
change in EPE gene expression is related to an alteration in 
reproductive output.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The authors propose several mechanisms for the adverse effects of 
atrazine (alterations in brain gene expression, interaction with 
membrane progesterone receptors) but no evidence was reported to 
support these mechanisms of action.  

0 

Multiplier for LOEC LOEC was < 100 µg/L 1 

Overall evaluation of relevance (computed) 0.00 
Overall evaluation of relevance (SEJ)  
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Quality of methods - Response 1-6 Score 
Experimental 
design and 
hypotheses 

Although not completely clear, it appears that this study was 
conducted on animals used in two previously published papers16,17.   
Stock solutions of atrazine (98% purity, Fluka) were made in a 40% 
acetone/60% filtered well water (v/v) as solvent (weakness) and 
diluted for final nominal atrazine concentrations in the tanks of 0, 0.5, 
5.0, and 50 µg/L (2.3, 23, and 230 nM) with solvent concentrations 
<0.02 %. The use of a water-only control was not reported 
(weakness).  Concentrations were checked weekly using enzyme-
linked immunosorbent assay (ELISA) kits from Abraxis, and selected 
samples were subjected to gas chromatography–mass spectrometry 
analysis as a validation check on the ELISA. Plumbing and tank 
materials were made of glass or Teflon, with a minimum of other 
materials to reduce chemical interferences or atrazine loss due to 
adsorption. 
 
The present study was designed to test for significant differences in 
gene expression and reproductive parameters between the control 
fish exposed to solvent only and fish exposed to 0.5, 5.0, or 50 µg/L 
atrazine.  For reproduction endpoints, the experimental unit was 
considered to be a tank (6.5 L, flow through).  However, for 
assessment of expression of genes, the animal was the test unit.  
Since it was not possible to determine egg-laying in the individual 
organisms, it was not possible to link responses in genes to 
reproductive endpoints in individual fish and the gene-expression 
responses were pseudoreplicated (weakness).  Source of fish was 
identified.  There were 6 replicate tanks per treatment and time point 
(0 14, 30 or 38 d).  Animals were sacrificed at three time points: just 
prior to the beginning of atrazine exposure (Time 0), after 14 d of 
atrazine exposure (Time 1), and after 30 d (fathead minnow) or 38 d 
(medaka) of atrazine exposure (Time 2). Tanks were monitored daily 
for mortality and egg production.  All eggs were collected daily and 
placed into exposure water in an incubator at 25°C overnight, and 
counted and inspected for viability the following day.  Fish were 
sampled 6 h to 10 h before the onset of the light cycle, when the daily 
cycle of aromatase production is predicted to be at its lowest point, to 
minimize variation due to circadian cycles.  Fish were euthanized with 
an overdose of 200 mg/L MS- 222 (tricane) and weighed to the 
nearest 0.001 g.  Nuptial pads (tubercles) on the heads of male 
fathead minnows were counted.  Brains, livers, and gonads were 
removed and preserved as appropriate for the intended assay (see 
Quantitative PCR (qPCR) and Physiology sections).  It appears that 
these samples were stored for some time (several years) which may 
have compromised the results (weakness) and there were storage 
spikes included in the analyses to determine if there was degradation 
of material.  No details of storage or dates of analysis of gene 
expression were provided.  Gonads and brains were weighed to the 
nearest 0.0001 g.   
 
Expression of a set of genes selected based on importance to 
reproduction and hypothesized involvement in the response to 

1 

                                            
16 Tillitt DE, Papoulias DM, Whyte JJ, Richter CA. 2010. Atrazine reduces reproduction in fathead minnow 
(Pimephales promelas). Aquat Toxicol 99:149–159 
17 Papoulias DM, Tillitt DE, Talykina MG, Whyte JJ, Richter CA. 2014. Atrazine reduces reproduction in 
Japanese medaka (Oryzias latipes). Aquat Toxicol 154:230-239 
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atrazine exposure was measured in the brain, liver, or gonad.  Total 
RNA was isolated with the RNeasy kit (Qiagen) or the AutoGenprep 
245 automated RNA extraction system (AutoGen) according to the 
manufacturer's instructions.  Total RNA was quantified by absorbance 
at 260 nm, purity was assessed by 260/280 absorbance ratios, and 
quality was assayed by agarose gel electrophoresis of selected 
samples.  Expression levels of specific mRNAs were measured by 
quantitative PCR (qPCR) via the SYBR Green method or by the 
TaqMan method.  Selected mRNAs (cyp19a1a in gonad and fshb and 
lhb in brain) were measured by both methods as a quality control 
check.  
 
The steroid hormones 17β-estradiol (E2) and testosterone were 
measured by radioimmunoassay (RIA) in homogenates of whole 
eviscerated carcasses, without heads, as described previously18.  
Briefly, carcasses were minced and homogenized in methanol, and 
steroid hormones were double extracted in methanol, dried under 
nitrogen, and resuspended in assay buffer for RIA.  Gonads of a 
subsample of females and males were preserved in Bouin’s.  Ovaries 
were evaluated for the percentage of germ cells at each stage, and 
for pathologies (e.g., necrosis, atresia)1,2.   For aromatase activity 
assays, brain and ovary tissues were snap frozen in liquid nitrogen 
and stored at -80°C, and aromatase activity was measured in the 
brain and ovary of a subsample of female fish from each replicate for 
each treatment using the tritiated water release assay, following 
Orlando19. 
 
Linear regressions and histograms were performed in Excel; all other 
statistical analyses were performed in SAS statistical software (SAS). 
Statistical significance was set at p < 0.05.  Results for qPCR 
measurements by treatment group were evaluated by analysis of 
variance (ANOVA) followed by least-squares means tests for 
differences from the control.  No tests for ANOVA assumptions were 
reported (weakness).  Correlations were evaluated by linear 
regression. Histograms were binned manually with log-transformed 
data to allow visualization of the entire range of data.  Comparisons of 
gene expression, physiological measurements, and egg production 
by categories were conducted using general linear modelling (GLM) 
procedures with least square means comparisons. 
 
The reason for pooling of data across time periods and across 
atrazine concentrations (captions for Figs 2-4 and Tables 1 & 2) was 
not clearly justified (weakness). 

Use of GLP and 
QA/QC 

Standard OECD protocol was not followed.  Testing was conducted in 
the spirit of GLP with QA but no QC. Exposure concentrations were 
measured. 

3 

Transparency of 
data 

Some raw data were provided in the SI but complete raw data were 
not provided.  The numbers of animals in each of the groups were not 
provided and data were presented as percentages, not raw numbers 
(potential weakness). 

1 

                                            
18 Craig JM, Papoulias DM, Thomas MV, Annis ML, Boase J. 2009. Sex assignment of lake sturgeon 
(Acipenser fluvescens) based on plasma sex hormone and vitellogenin levels. J Appl Ichthyol 25:60-67. 
19 Orlando EF, Davis WP, Guillette LJ, Jr. 2002. Aromatase activity in the ovary and brain of the eastern 
mosquitofish (Gambusia holbrooki) exposed to paper mill effluent. Environ Health Perspect 110:429-433. 
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Concentrations 
tested 

Three concentrations were tested - 0.5, 5, and 50 μg/L. 2 

Use of realistic 
exposures 

Two concentrations were < 20 μg/L. 3 

Overall evaluation of methods 2 
 

EJ Review Yes 2018-04-17 

QA Yes Jan. 23, 2018 
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(Rimayi et al. 2018) 
Paper: Rimayi C, Odusanya D, Weiss JM, de Boer J, Chimuka L, Mbajiorgu F.  
2018.  Effects of environmentally relevant sub-chronic atrazine concentrations on 
African clawed frog (Xenopus laevis) survival, growth and male gonad 
development.  Aquatic Toxicology 199:1-11 
 
Note: Tissues of frogs were analyzed for atrazine and metabolites.  These data were not 
included in the QWoE. 
 

Relevance - Response 1.  Mortality of adult male Xenopus laevis exposed to 0.01, 200, 
and 500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

There was no mortality observed at any concentration. 0 

Concentration- or 
dose-response 

Since no adverse effects were observed, a concentration-response 
relationship was not observed. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no effects were observed, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no adverse effects were observed, a mechanism was not 
investigated or postulated. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Mortality of Xenopus laevis tadpoles exposed to 0.01, 200, 
and 500 µg atrazine/L for 90 d 

Score 

Statistical 
significance for 
adverse effects 

There was 70% mortality in the tadpoles exposed to 500 µg atrazine/L 
(Fig. 1) and only 3.3% at 200 µg atrazine/L.  The effect at 500 µg/L 
was statistically significant (p < 0.05, Table 1) but how this was 
determined with pooled data from only two replicates is unclear.  The 
90-d LC50 was estimated to be 343.7 μg/L (precision was not justified, 
and CI not provided). 

4 

Concentration- or 
dose-response 

A concentration response was observed but neither the slope nor r2 
value was not reported. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a biologically significant response 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not investigated but, given the relatively high 
exposure concentration, the toxicity is probably non-specific. 

1 

Multiplier for LOEC Effect was only observed at a concentration > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

SI for Hanson et al. 2020 Page 117 of 237 Crit . Rev. Toxicol.  DOI



 

Relevance - Response 3.  Mass of adult male Xenopus laevis exposed to 0.01, 200, and 
500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

The final masses of the frogs in all treatments were significantly 
different (Table 1) but the initial and final mean values ± SD in Table 
S1 do not support significant differences in this pseudoreplicated test.  
No significance assumed.  The authors state that there was a 
significant decrease in mass in frogs exposed to 500 µg atrazine/L (Fig 
SI 1) 

4 

Concentration- or 
dose-response 

A monotonic concentration-response was not characterized but was 
one observed in the data from Table S1 (control exclude). 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant effects were observed, there was no relevance. 3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not investigated or postulated. 0 

Multiplier for LOEC LOEC was > 100 µg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Mass of Xenopus laevis tadpoles exposed to 0.01, 200, and 
500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

Mass of tadpoles was greatest in the treatment at 0.01 µg atrazine/L.  
Mass was significantly less in the treatment at 500 µg atrazine/L (p < 
0.05; Fig. S1 & Table 1). 

4 

Concentration- or 
dose-response 

A monotonic concentration response was not characterized but was 
observed between 0.01 and 500 µg atrazine/L (Fig. S1). 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Relative to the control, the differences in mass were ca +20%, -25%, 
and -70% for the treatments at 0.01, 200, and 500 µg atrazine/L.  That 
at 500 µg/L is likely biologically relevant although these animals took 
less time to reach metamorphosis. 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not investigated but, given the elatively high 
concentration resulting in adverse effects, the observed toxicity  is 
probably non-specific. . 

1 

Multiplier for LOEC Effect was only observed at a concentration > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Length of Xenopus laevis tadpoles exposed to 0.01, 200, and 
500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences observed between any 
treatments at any time during the exposure (p > 0.05; Fig. S2 & Table 
1). 

0 

Concentration- or 
dose-response 

A concentration-response relationship was not characterized but one 
was observed (Fig. S2). 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no adverse effects were observed, there was no relevance 0 

Mechanism and or 
mode of action of 

Since no effects were observed, a mechanism was not investigated or 
postulated. 

0 
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adverse effect 
explained 

Multiplier for LOEC NA. 1 

Overall evaluation of relevance (computed) 0.25 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Mass and volume of testes in adult Xenopus laevis exposed 
to 0.01, 200, and 500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences reported for either of these 
parameters (p > 0.05; Table 1). 

0 

Concentration- or 
dose-response 

A monotonic concentration-response relationship was not 
characterized but one was observed, at least for volume (Fig. 3). 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant effects were observed, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no effects were observed, a mechanism was not investigated or 
postulated. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.25 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Diameter of the seminiferous tubules in adult Xenopus laevis 
exposed to 0.01, 200, and 500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no significant differences reported for this parameter (p > 
0.05; text, page 7) although the authors reference Table 1. 

0 

Concentration- or 
dose-response 

As no raw data were provided, it was not possible to assess a 
concentration response, if any. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant effects were observed, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no effects were observed, a mechanism was not investigated or 
postulated. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Presence of ovarian follicles (TOFs) in testes of adult 
Xenopus laevis exposed to 0.01, 200, and 500 µg atrazine/L for 90 d. 

Score 

Statistical 
significance for 
adverse effects 

No TOFs were observed in any frog (text, page 7). 0 

Concentration- or 
dose-response 

No effects were observed. 0 

Relevance of 
adverse effect to 

Since no effects were observed, there was no relevance 0 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no effects were observed, a mechanism was not investigated or 
postulated.  However, the authors did speculate in the finding of TOFs 
in other studies but appear to be completely oblivious of the 
relationship between TOFs and the two clades of X. laevis found in 
South Africa20. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9. Concentration of testosterone in serum of adult Xenopus 
laevis exposed to 0.01, 200, and 500 µg atrazine/L for 90 d 

Score 

Statistical 
significance for 
adverse effects 

Although there were differences in concentration of testosterone 
between treatment groups, they were not stated to be significant, if this 
was indeed tested (Table 2 and text, p 9, 3.6, Biochemical analysis).  

0 

Concentration- or 
dose-response 

No significant effects were observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no effects were observed, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no effects were observed, a mechanism was not investigated. 0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-9 Score 
Experimental 
design and 
hypotheses 

Adult male African clawed frogs (X. laevis, 263 d-old) were procured 
from the African Xenopus Facility (“Knysner” [sic], South Africa) for 
each duplicate exposure. The genotype of the frogs was not analyzed 
to determined clade .(potential weakness). Frogs were acclimatized for 
7 d before being randomly (method not described; weakness) 
distributed in groups of 15 to water control, 0.01, 200, and 500 µg 
atrazine/L (50 L) in 200 L stainless-steel tanks. It appears that there 
was no attempt to ensures that the distribution of weights was similar 
for each exposure.  Frogs were fed ad libitum with fish pellets (Koi 
food) and portions of beef liver once a week. Exposures were for 90 d.  
The authors only used the data from the second study.  They did not 
report why the data from the first exposure were not used (weakness) 
so analyses are based on only one replicate tank containing pseudo-
replicated individuals (major weakness). 
 
Tadpoles were obtained by breeding one male and one female frog in 
the laboratory. The hatched tadpoles were acclimatized up to 10 d-old 
(NF stage 48), randomly distributed (method not described; potential 
weakness) into 8 groups of 15 and exposed in duplicate to water 
control, 0.01, 200, and 500 μg atrazine/L (50 L) in 80 L glass tanks. 

1 

                                            
20 Du Preez HH, Kunene N, Hanner R, Giesy JP, Hosmer AJ, Solomon KR, Van Der Kraak GJ.  2009.  Population-

specific incidence of testicular ovarian follicles in Xenopus laevis from South Africa: A potential issue in endocrine 
testing.  Aquatic Toxicology 95:10-16. 
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Tadpoles were fed ad libitum with fish micro flakes until 75 d and then 
crushed nutritious commercial fish as for the adults. Exposures were 
for 90 d.  Only two replicates (tanks) were used per treatment (major 
weakness).  
 
Holding conditions. All experiments were performed in accordance 
with the regulations of the Animal Ethics and Control Committee. 
Activated carbon filtered and dechlorinated water was used to hold the 
animals and to prepare the control and atrazine exposure solutions. 
Light cycle was 12-h light: 12-h dark.  Average water temperatures 
were 20°C for adults and 22°C for tadpoles.  Adults were weighed 
weekly and inspected for signs of stress or ill-health. Tadpole 
exposure-solutions were aerated.  For adults, exposure-solutions were 
replaced three times per week after feeding. Exposure-solutions for 
tadpoles were changed weekly; 40% change for the first 4 weeks and 
100% thereafter. Length of tadpoles at 41-d old was measured from 
snout to tail and from d-41 onwards, from snout to vent.  Mass at 41-d 
old was measured by water volume displacement and from age 54 
using a balance.  Although it was stated that motility was observed, no 
data were provided so this response was not assessed in the QWoE.  
The intervals between observations of number of tadpoles reaching 
metamorphosis were too great (6–8 d, see Fig. 2) to properly assess 
this response (major weakness).  For this reason, this response was 
omitted from the QWoE.  Testicular volume (both testes) of the adult 
frogs was measured by water volume displacement and testicular mass 
(both testes) was measured using a balance.  It is not clear how the 
water-displacement estimates were conducted as the volumes were 
small (0.2 cm3, Fig. 3). At the end of the study, frogs and tadpoles were 
euthanized in 0.2% benzocaine solution before sampling of tissues. 
 
Histology. Preparation of tissues for staining and microscopy was 
adequately described. Even though it appears that the histological 
examinations were assessed “Quantitative TEM imaging work on 
testes of the second duplicate set of X. laevis was done at the Vrije 
University, Amsterdam (VU/VUmc) Electron Microscopy Facility” there 
was no description as to exactly how this was done.  There is also no 
indication as to whether the histopathology was blinded or not 
(weakness).  Because of the lack of quantification, most of the 
histology was omitted from the QWoE. 
 
Exposure solutions were prepared from a stock solution of 30 mg/L 
atrazine (99.5% in) in Milli-Q water.  Concentrations of atrazine in the 
exposure tanks were measured weekly by GC–MS.  Standards were ≥ 
97.5% pure, except deethylatrazine (96%). Fifty-mL water samples 
were sampled before and after water change/recycle. The samples 
were extracted by passing through a solid phase extraction cartridge.  
The analytical conditions were described appropriately and the LOD 
was 0.002 μg/L and LOQ was 0.007 μg/L. Concentrations of atrazine in 
the exposure solutions were within 6% for 0.01 μg/L, ± 3.1% for 200 
μg/L and ± 1.6% for 500 μg/L.  Atrazine was not detected in the control 
water.  Analysis of testosterone, 17-β estradiol, 17-α estradiol, and 
atrazine metabolites in serum and liver extracts was performed on an 
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LC-ESI–MS/MS using published methods21, 22.  Appropriate analytical 
detail was provided.  
 
Statistical analysis was performed using SPSS. One-way ANOVA 
procedures were applied to tadpole mass, length, and mortality data.  
Tukey Honestly Significant Difference (HSD) post-hoc analysis was 
used to identify significant responses.  The Shapiro-Wilk test was 
applied to test for normality of data and the Levene’s test for was used 
to test for equality of variances.  No details were included on which 
procedures were used in the face of violated assumptions (major 
weakness).  A one sample t-test was used to analyze the data from the 
histology component of the study. Probit analysis software (PriProbit) 
was used to estimate LC50 values within the 90-d exposure period.  
Data from the duplicate tests on tadpoles were pooled for analysis but 
is not clear how this decision was justified with so few replicates 
(weakness).  Histological observations were apparently quantified (see 
above) and data are shown in Fig. 7 A–D; however, the significance of 
most of these data were not tested statistically.  They are merely 
discussed qualitatively in the text of the paper i.e., sections 3.5.1, Adult 
X. laevis germ cell line; 3.5.3, Adult X. laevis Sertoli cell ultrastructure; 
3.5.4, Adult X. laevis Leydig cell ultrastructure; and 3.5.5, Rough 
endoplasmic reticulum (RER). 

Use of GLP and 
QA/QC 

This study was not conducted under GLP.  Exposures solutions were 
analyzed weekly and LOD and LOQ of the method were reported. 
Exposure concentrations were measured frequently, and detection 
limits of the method reported.   

2 

Transparency of 
data 

Other than a table of mean masses of adult frogs (Table S1), no raw 
data were provided.  Data were shown in graphs with SD as an 
indicator of variance.   

2 

Concentrations 
tested 

Three concentrations, 0.01, 200 and 500 µg/L were tested. 2 

Use of realistic 
exposures 

One concentration, 0.01 µg/L, was less than 20 µg/L. 2 

Overall evaluation of methods 1.6 
 

EJ Review Yes  April 20, 2018 

QA Yes April 28, 2018 

 
Narrative 
This paper has many weaknesses in the experimental design and the conduct of the 
study.  Most critical of these are the lack of replication, the lack of quantification of many 
of the responses, the lack of knowledge of the literature especially the issue of the 
background incidence of TOFs in the two clades of X. laevis and the use of only three 
test concentrations that span a 5000-fold range.  The choice of the lower two 
concentrations of 0.01 and 200 µg atrazine/L omits any realistic concentration that the 
first author of this paper reported in a previous publication22 (maximum value was 1.57 
µg atrazine/L in 24 samples) 

                                            
21 Rimayi C, Odusanya D, Weiss JM, de Boer J, Chimuka L.  2018.  Contaminants of emerging concern in the 
Hartbeespoort Dam catchment and the uMngeni River estuary 2016 pollution incident, South Africa.  Science of the 
Total Environment 627:1008-1017. 
22 Rimayi C, Odusanya D, Weiss JM, de Boer J, Chimuka L.  2018.  Seasonal variation of chloro-s-triazines in the 
Hartbeespoort Dam catchment, South Africa.  Science of the Total Environment 613-614:472-482 
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(Rutkoski et al. 2018) 
Paper: Rutkoski CF, Macagnan N, Kolcenti C, Vanzetto GV, Sturza PF, Hartmann 
PA, Hartmann MT.  2018.  Lethal and sublethal effects of the herbicide atrazine in 
the early stages of development of Physalaemus gracilis (Anura: 
Leptodactylidae). Archives of Environmental Contamination and Toxicology 
74:587-593 
 

Relevance - Response 1.  Acute toxicity of formulated atrazine to early larval stages of 
Physalaemus gracilis. 

Score 

Statistical 
significance for 
adverse effects 

The 96-h LC50 value was 229,430 µg/L (95% CI = 216,000–244,000 
µg/L).   

4 

Concentration- or 
dose-response 

A monotonic concentration response was observed (except for 85 and 
245,000 µg/L), Table 1 but not characterized. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is very relevant. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Not specifically investigated or proposed but could have been the 
result of formulants present in the commercial formulation. 

1 

Multiplier for LOEC All adverse effects were observed at concentration > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Chronic toxicity (168 h) of formulated atrazine to early larval 
stages of Physalaemus gracilis. 

Score 

Statistical 
significance for 
adverse effects 

All larvae died in concentrations ≥ 135,000 µg/L.  LC50 was not 
calculated, assumed to be statistically significant. 

4 

Concentration- or 
dose-response 

Mortality data were not presented but monotonic concentration 
response assumed. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is very relevant. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Not specifically investigated or proposed but could have been the 
result of formulants present in the commercial formulation. 

1 

Multiplier for LOEC All adverse effects were observed at concentration > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Effects of 168 h exposure to formulated atrazine on mobility 
and spasmodic contractions in early larval stages of Physalaemus gracilis. 

Score 

Statistical 
significance for 
adverse effects 

The NOEC for mobility was 10,000 µg/L (F16.94 = 23.66; p<0.01) and 
the LOEC was 25,000 µg/L. 

4 

Concentration- or 
dose-response 

A monotonic concentration-response was observed (Fig. 1) but not 
characterized. 

1 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Relevance to apical endpoints was not investigated, assumed to be 
moderate. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Not specifically investigated or proposed but could have been the 
result of formulants present in the commercial formulation. 

1 

Multiplier for LOEC All adverse effects were observed at concentration > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Effects of 168 h exposure to formulated atrazine on 
malformations in early larval stages of Physalaemus gracilis. 

Score 

Statistical 
significance for 
adverse effects 

The NOEC for the number of larvae with malformations (mouthparts) 
was 1000 µg/L and the LOEC was 1700 µg/L. 

4 

Concentration- or 
dose-response 

Non-monotonic concentration-responses were observed (Table 2) but 
not characterized. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Relevance to apical endpoints was not investigated, assumed to be 
moderate. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Not specifically investigated or proposed but could have been the 
result of formulants present in the commercial formulation. 

1 

Multiplier for LOEC All adverse effects were observed at concentration > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-4 Score 
Experimental 
design and 
hypotheses 

Foam nests of Physalaemus gracilis were collected between October 
2015 and March 2016 from a reference field site (Rio Grande do Sul, 
Brazil) within 24 h of oviposition and transported to the laboratory 
where they were placed into 15-L aquaria containing well water 
(volume unspecified).  Water-quality parameters (dissolved oxygen 5.0 
± 1.0 mg/L, turbidity < 5, conductivity 160 ± 10 μS/cm, and alkalinity 
9.74 mg CaCO3/L), were reported.  Organisms were maintained at 20 
°C ± 2 °C with a photoperiod of 12:12 h light:dark.  
 
This water used in all tests and to dilute atrazine was from the same 
source (well water).  The atrazine was a commercial formulation 
Siptran ®SC 500 g/L (major weakness).  The testing method was 
adapted from the OECD guideline (2013) for fish embryo acute toxicity 
and was used for acute and chronic tests. 
 
Twenty-four embryos (Gosner stage 19–25) were randomly selected 
(method not reported; potential weakness) and to 24-well plates 
(material not stated) filled with 2 mL of freshly prepared test solutions 
or control water.  There was one embryo per well, but it appears that 
the exposure solution was from a single batch.  There were 20 wells, 
each with an embryo per concentration and four “internal” negative 
controls (water) per plate.  Two plates were used per concentration 
including two control-only plates (n=40 per treatment), but the study 

2 
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was pseudoreplicated (weakness).  It is stated that “we combined the 
embryos from the different clutches to distribute potential genetic 
effects” but it is unclear how this was done. 
 
The acute toxicity test was 96 h in duration and used 10 concentrations 
of atrazine (45,000, 65,000, 85,000, 115,000, 145,000, 195,000, 
245,000, 295,000, 355,000, and 475,000 µg/L).  Lethal effects were 
evaluated every 24 h. At the start of the test, the embryos were at 
stage-19 and after 96 h they were at stage-23.  The chronic test was 
for 168 h and encompassed stages-19 to -25 and used 16 
concentrations (450, 1000, 1700, 8500, 10,000, 25,000, 50,000, 
60,000, 70,000, 80,000, 115,000, 125,000, 13,5000, 145,000, 155,000, 
165,000 µg/L).  Many of these exposures exceeded the solubility limit 
of atrazine in water, 33,000 µg/L (weakness). Lethal and sublethal 
effects were evaluated each 24 h.  Mobility was recorded as less than, 
equal to or more than the control as well, spasmodic contractions were 
recorded.  Morphological differences (mouthpart changes, intestinal 
changes, edema) between control and exposed larvae were also 
assessed. 
 
LC50 (95% CIs) were statistically estimated by Trimmed Spearman–
Karber method. ANOVA was used to evaluated lethal and sublethal 
responses with Dunnets and Tukey’s post hoc test (p < 0.05).  NOEC 
and LOEC were estimated for mobility and malformations. 

Use of GLP and 
QA/QC 

The study was not conducted under GLP guidelines.  Little QA and QC 
was reported in the study and exposures to the commercial formulation 
were not verified by analysis; however, controls appropriate 

1 

Transparency of 
data 

All raw data were not provided but some raw data were provided in 
graphs and Tables. 

3 

Concentrations 
tested 

Ten and 16 concentrations were tested, and nominal values ranged 
450 to 475,000 µg/L.  It is not clear if these concentrations were of the 
active ingredient or the entire formulation.  It was assumed that they 
were concentrations of the active ingredient.  

4 

Use of realistic 
exposures 

All concentrations were greater than 100 µg/L. 0 

Overall evaluation of methods 2 
 

EJ Review Yes March 29, 2018 

QA Yes March 27, 2018 
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(Sai et al. 2015) 
Paper: Sai, L., Wu, Q., Qu, B., Bo, C., Yu, G., Jia, Q., Xie, L., Li, Y., Guo, Q., Ng, 
C.J., Peng, C., 2015. Assessing atrazine-induced toxicities in Bufo bufo 
gargarizans Cantor. Bulletin of Environmental Contamination and Toxicology 94, 
152-157. 
 

Relevance - Response 1. Mortality in tadpoles of Bufo bufo gargarizans exposed to 0, 
0.1, 1, 10 or 100 µg/L of atrazine for 85 days. 

Score 

Statistical 
significance for 
adverse effects 

 Atrazine treatment caused a significant increase (p < 0.01) in mortality 
at all concentrations tested (Fig 1). 

4 

Concentration- or 
dose-response 

Mortality generally increased with increasing concentration, but the 
authors suggest that there is a U-shaped relationship been mortality 
and atrazine concentration, but this is based on lower mortality at only 
one concentration, 1 µg/L. 

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Survival is a relevant apical endpoint.  4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation is offered for the effects of atrazine on survival.  It was 
not possible to assess husbandry but 10% mortality in the control is 
close to unacceptable. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 3.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2-3. Body size and weight in tadpoles of Bufo bufo gargarizans 
exposed to 0, 0.1, 1, 10 or 100 µg/L of atrazine for 49 and 85 days. 

Score 

Statistical 
significance for 
adverse effects 

 No significant difference in the size and weight of tadpoles was 
observed between the control and treatment groups on day 49 and day 
85, respectively  

0 

Concentration- or 
dose-response 

In the absence of an effect there was no exposure concentration-
response relationship. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance of adverse effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed.  
 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)   

 

Relevance - Response 4. Forelimb emergence in Bufo bufo gargarizans exposed to 0, 
0.1, 1, 10 or 100 µg/L of atrazine for 46, 48, 50 and 52 days. 

Score 

Statistical 
significance for 
adverse effects 

 Atrazine had no significant (p = 0.05) effect on the percentage of 
tadpoles with forelimb emergence at days 46, 48, 50 and 52 

0 

Concentration- or 
dose-response 

In the absence of an effect there was no exposure concentration-
response relationship. 

0 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there 
was no relevance of adverse effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was investigated but effects to thyroid 
hormone (not measured) was proposed. 
 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)   

 

Relevance - Response 5. Development of hindlimb movement in Bufo bufo gargarizans 
exposed to 0, 0.1. 1, 10 or 100 µg/L of atrazine for 85 days. 

Score 

Statistical 
significance for 
adverse effects 

Atrazine at 10 and 100 µg/L contributed to a significant delay in the 
time (days) when 70 % of the animals displaying hindlimb extension 
(Fig. 2). 

4 

Concentration- or 
dose-response 

There was an exposure concentration-response relationship in 
hindlimb extension  

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

It is unclear how a change in 70% of the tadpoles experiencing a delay 
in hindlimb emergence relates to apical endpoints. The differences in 
numbers were small (3%). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation is offered for the effects of atrazine on hindlimb 
development.  

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 2.3 
Overall evaluation of relevance (SEJ)   

 

Relevance - Response 6. Metamorphosis in Bufo bufo gargarizans exposed to 0, 0.1. 1, 
10 or 100 µg/L of atrazine for 85 days.   

Score 

Statistical 
significance for 
adverse effects 

 Atrazine at 10 and 100 µg/L caused a significant (p < 0.05) reduction 
in the percentage of animals completing metamorphosis compared to 
that of the control group (Fig. 3).  There were no error bars on the 
control values in Fig. 3 and it is not clear how the controls could have 
100% successful when there was 10% mortality (Fig. 1). 

4 

Concentration- or 
dose-response 

The graph shows an exposure concentration-response relationship as 
it relates to effects on metamorphosis.  

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Metamorphosis is a relevant apical endpoint but the differences from 
the control were small (about 5% at 100 µg/L). 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation is offered for the mechanism by which atrazine affects 
metamorphosis.  

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 2.5 
Overall evaluation of relevance (SEJ)     
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Relevance - Response 7. Testicular histopathology in Bufo bufo gargarizans exposed 
to 0, 0.1. 1, 10 or 100 µg/L of atrazine for 49 and 85 days.   

Score 

Statistical 
significance for 
adverse effects 

Alterations in testicular morphology were reported (Fig. 4). This 
included reductions in the numbers of primordial germ cells and 
reproductive cells at Stage 31-33. (Fig. 4. b2). In stage 39-42 frogs, 
only one gonad was found in several toads treated with 10 µg/L 
atrazine (Fig. 4b3) and delayed development with reduced 
reproductive cells (Fig. 4b4) was observed. 

4 

Concentration- or 
dose-response 

An exposure concentration-response relationship was not 
characterized.   

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Alterations in testicular morphology and development is a relevant 
apical endpoint.  

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No explanation is offered for the effects of atrazine on testicular 
development. 

1 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 2.3 
Overall evaluation of relevance (SEJ) The examination of testicular development was not 
quantitative and as such the incidence of abnormalities could not be assessed.  

0 

 

Relevance - Response 8. Ovarian histomorphology in Bufo bufo gargarizans exposed 
to 0, 0.1. 1, 10 or 100 µg/L of atrazine for 49 and 85 days.   

Score 

Statistical 
significance for 
adverse effects 

Atrazine had no effect on ovarian morphology in tadpoles at days 49 or 
85.  

0 

Concentration- or 
dose-response 

In the absence of an effect there was no exposure concentration-
response relationship. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there 
was no relevance to the effects.  
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed.  

0 

 Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)   

 

Relevance - Response 9. Sex ratio in Bufo bufo gargarizans exposed to 0, 0.1. 1, 10 or 
100 µg/L of atrazine for 85 days.   

Score 

Statistical 
significance for 
adverse effects 

 Atrazine had no effect on sex ratio in frogs at day 85 (Fig. 5).  0 

Concentration- or 
dose-response 

In the absence of an effect there was no exposure concentration-
response relationship. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there 
was no relevance to the effects.  
 

0 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed.  
 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)   

 

Quality of methods - Responses 1-9 Score 
Experimental 
design and 
hypotheses 

Three paired native sexually mature B. bufo gargarizans were collected 
during the breeding season (from Jinan Xiao Qing River, Shandong, 
China) and transferred to the lab. There was no history of exposures to 
other substances in the source-water (weakness). The spawns were 
collected on a single night and cultured in several tanks (25 x 20 x 20 
cm). The offspring were kept in static dechlorinated tap water at pH 7.5 
and 22 ± 2˚C under natural light and fed on newly hatched brine shrimp 
spawns (Artemia nauplii) daily.  
 
At Gosner stage 25–26, tadpoles from the same pair of brood stock 
(Weakness: No replication of frogs) were exposed to atrazine (98 % 
purity) at four concentrations (0.1, 1, 10 and 100 µg atrazine/L). Stock 
solutions of atrazine were made with the reagent vehicle DMSO (0.05 
%). Control groups were treated with the reagent vehicle DMSO (0.05 
%) only; there was no negative control (weakness). Each group had 
200 tadpoles which were divided into eight replicate tanks (25 tadpoles 
per tank, each with 10 L of water at 22 ± 2˚C and pH 7.5). Animals 
were maintained on 12-h light/12-h dark cycles and treated for 85 days. 
Test materials were applied in a static-renewal exposure regime. 
Exposure concentrations were 0, 0.1, 10 and 100 μg atrazine/L, Test 
solutions were renewed by 50 % replacement every 48 h. At the first 9 
days of exposure, water samples were taken immediately from each 
tank before and after exchange of the test solutions. Levels of atrazine 
measured using liquid chromatography–tandem mass spectrometry 
(LC–MS/MS).  The detection limit was 0.89 ng/L and the quantification 
limit was 2.67 ng/L. Concentrations were measured at initiation and at 
48 h only. For a chronic 85-d study the number of measurements is too 
small (weakness). 
 
Larvae were observed daily for monitoring their morphological changes 
and health status. Dead or moribund animals were removed and 
recorded. Gosner stages of animals, the time and number of tadpoles 
reaching FLE and displaying hindlimb extension in each group were 
counted daily. On day 23 (stage 31–33), tadpoles (n = 28) in each 
treatment group from eight replicate tanks were removed and 
processed for histopathological examination. The experimental design 
is unclear. There were 8 tanks with 200 tadpoles distributed among 8 
tanks (25 tadpoles per tank). Either four or five (includes control) 
treatments were assigned to these 8 tanks. So, the numbers do not 
add up. If there were two tanks per treatment and the four atrazine 
concentrations were applied to 8 tanks, then there could be 2 tanks per 
treatment (excluding controls). If this is not the case, then the numbers 
cited here do not make sense. The authors state that the tanks were 
the replicates. Only two tanks per replicate in that type of study is a 
major weakness; from Fig 1 the n is stated as 144, which must refer to 
individuals and indicates that there was pseudoreplication (weakness). 

1 
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On day 49 (stages 39–42), tadpoles from each tank were rapidly 
transferred and weighed. The body and tail length were measured. 
Animals were returned to their home tank immediately after the 
measurements. Then, tadpoles (n = 28) from each group were 
dissected and the dorsal wall of the abdominal cavity with kidneys and 
gonads attached were collected and fixed in Bouin’s solution. On day 
85, all experimental animals were euthanized for body weight and 
length measurements, morphological assessment and tissue collection. 
The dorsal wall of the abdominal cavity with kidneys and gonads from 
males and females were collected and fixed in Bouin’s solution for 
histopathological examination. The sections were cut in 5 μm and 
stained with hematoxylin and eosin (HE) for light-microscopic 
examination. Sex and gonadal morphology of B. bufo gargarizans from 
the treatment and control groups were determined by direct visual 
inspection on day 85. Sex ratios were expressed as percentage of 
male and female in each group. Intersex was referred to as gonadal 
abnormality. Each tank was set as an experimental unit. Two-way 
ANOVA procedures were used to analyze the mortality of tadpoles, 
one-way ANOVA was used to analyze the data for the number of days 
when 70 % of the animals displayed hindlimb extension, the 
percentage of animals completed metamorphosis and the body sizes 
(body length, tail length) and the body weight on day 49 and 85. All 
data were expressed as mean ± SD. Sex ratios were analyzed using a 
2-by-2 Contingency test. The percentage of B. bufo gargarizans 
reaching (forelimb emergence) FLE at different times in each group 
was calculated. 
 
These data were analyzed for evaluating AZ-related effects using 
ANOVA procedures with repeated-measures. All statistical analyses 
were performed on the STATA 10.0 software package 

Use of GLP and 
QA/QC 

This was not a GLP study. Exposures were quantified one time. No 
information is provided on husbandry or water quality.  Experimental 
controls were used. 

2 

Transparency of 
data 

Only summary data were provided. 2 

Concentrations 
tested 

Frogs were exposed to four concentrations of atrazine (0.1, 1, 10, or 
100 µg/L). 

3 

Use of realistic 
exposures 

Three of the concentrations tested were ≤ 20 µg/L. 4 

Overall evaluation of methods 2.4 
 

EJ Review Yes November 2, 2018 

QA Yes July 25, 2018 
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(Sai et al. 2016) 
Paper: Sai L, Dong Z, Li L, Guo Q, Jia Q, Xie L, Bo C, Liu Y, Qu B, Li X, Shao H, Ng 
JC, Peng C.  2016.  Gene expression profiles in testis of developing male 
Xenopus laevis damaged by chronic exposure of atrazine.  Chemosphere 
159:145-152. 
 

Relevance - Response 1. Mortality of X. laevis tadpoles exposed to 0.1, 1, 10, and 100 
µg/L of AZ for 90 days.   

Score 

Statistical 
significance for 
adverse effects 

Mortality increased significantly in AZ treatments (p = 0.027, 0.057, 
0.000, 0.006, text p 147). No actual data were provided but the authors 
reported that “The results indicated AZ at 0.1, 1, 10 and 100 mg/L for 
90 d causes pressure to survival of X. laevis.”  

4 

Concentration- or 
dose-response 

Insufficient data were provided to allow the concentration-response to 
be assessed.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Because mortality data were not provided, relevance could not be 
determined but assumed to be significant.   

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not investigated or proposed, however, with no 
information on mortality in the controls and no data on water-quality, it 
is not possible to assess the potential effects of husbandry. 

1 

Multiplier for LOEC LOEC < 100 µg/L 1 

Overall evaluation of relevance (computed) 1.75 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 2. Sex ratio of X. laevis tadpoles exposed to 0.1, 1, 10, and 100 
µg/L of AZ for 90 days.   

Score 

Statistical 
significance for 
adverse effects 

Sex ratios were not significantly different (64/54, 59/51, 59/52, 56/48, 
58/50; p > 0.05, text, p 147). 

0 

Concentration- or 
dose-response 

No concentration response was evident 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Because there were not significant effects, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Because there were not significant effects, no mechanism was 
proposed. 

0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 3. Gonadal abnormalities in X. laevis tadpoles exposed to 0.1, 1, 
10, and 100 µg/L of AZ for 90 days.   

Score 

Statistical 
significance for 
adverse effects 

None were observed (text, p 147). 0 

Concentration- or 
dose-response 

No concentration response was evident 0 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Because there were not significant effects, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Because there were not significant effects, no mechanism was 
proposed. 

0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 4. Weight and length of X. laevis tadpoles exposed to 0.1, 1, 10, 
and 100 µg/L of AZ for 90 days.   

Score 

Statistical 
significance for 
adverse effects 

The were no effects reported but the data do not appear to have been 
statically analysed (text, p 147). 

0 

Concentration- or 
dose-response 

No concentration response was evident 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Because there were not significant effects, there was no relevance 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Because there were not significant effects, no mechanism was 
proposed. 

0 

Multiplier for LOEC  1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 5. Weight of testes in X. laevis tadpoles exposed to 0.1, 1, 10, 
and 100 µg/L of AZ for 90 days.   

Score 

Statistical 
significance for 
adverse effects 

There was a significant decrease observed at 100 µg/L (p < 0.05, Fig 
1). From the graphical presentation of the SDs, it is surprising that this 
difference was statistically significant. 

2 

Concentration- or 
dose-response 

A concentration response was observed between 10 and 100 µg/L 2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The decrease was about 20% of the control but it appeared to have not 
affected other parameters measured. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not proposed. 0 

Multiplier for LOEC LOEC = 100 µg/L 0 
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 6. Hepato-somatic index of X. laevis tadpoles exposed to 0.1, 1, 
10, and 100 µg/L of AZ for 90 days.   

Score 
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Statistical 
significance for 
adverse effects 

There was no effect on HSI except a reported decrease at 100 µg/L (p 
< 0.05, Fig 2). From the graphical presentation of the SDs, it is 
surprising that this difference was statistically significant. 

2 

Concentration- or 
dose-response 

A concentration response was observed between 10 and 100 µg/L 2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The decrease was about 20% of the control but it appeared to have not 
affected other parameters measured. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not proposed but at this exposure, one would 
expect an increase in HSI, not a decrease. 

0 

Multiplier for LOEC LOEC = 100 µg/L 0 
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 7. Response of genes in the testes of frogs exposed to 100 µg/L 
of AZ for 180 days.   

Score 

Statistical 
significance for 
adverse effects 

The authors reported that of the 43,803 genes in each chip with 
balanced hybridization signal and clear background the expression of 
616 (1.4%) were significantly upregulated and 549 (1.2%) 
downregulated.  The Q-RT-PCR analysis showed upregulation in gene 
expression for acp6, gatm, cycE1, orc3, flad1, snrpb, hspa2, hmg- 
1, parp1 (2-△△CT > 1) and downregulation in expression of adc, 

cdc6, oat, spdya, ccnb1 (2-△△CT < 1). 

2 

Concentration- or 
dose-response 

As only one concentration (100 µg/L) was tested, a concentration 
response could not be observed or characterized. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The number of genes that responses was not large. 1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not characterized but this small response could be 
homeostatic rather than toxicity-related.  There were no effects on size 
and weight. 

0 

Multiplier for LOEC LOEC = 100 µg/L 0 
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 9. Response of the aromatase gene (cyp19) in the testes of 
frogs exposed to 100 µg/L of AZ for 180 days.   

Score 

Statistical 
significance for 
adverse effects 

The authors reported that the aromatase gene (cyp19) was not 
upregulated. 

0 

Concentration- or 
dose-response 

As only one concentration (100 µg/L) was tested, a concentration 
response could not be observed or characterized. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

As there was no effect, there was no relevance 0 

Mechanism and or 
mode of action of 

This was not characterized and the reasons for insensitivity of this 
gene to atrazine were not discussed. 

0 
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adverse effect 
explained 

Multiplier for LOEC LOEC = 100 µg/L 0 
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Quality of methods - Response 1-9 Score 
Experimental 
design and 
hypotheses 

Three pairs of adult male and female X. laevis were purchased from 
the Chinese Academy of Sciences (Beijing, China). The offspring were 
produced by the natural mating activities of the paired adult X. laevis. 
At Nieuwkoop-Faber (NF) stage 47 (13 d post-hatch), mixed sex X. 
laevis tadpoles from one adult pairing (it is unclear why only one pair 
were used) were randomly divided into groups (weakness, lack of 
replication). Each group (n = 160) was divided into 8 replicate tanks 
(weakness - pseudoreplication). 
 
The tadpoles were exposed to atrazine (purity of 97%, Sigma) 
dissolved in solvent vehicle DMSO, 0.01%) at 0.1, 1, 10, and 100 µg/L 
for 90 and 180 days.  The control tadpoles were treated with 0.01% 
DMSO only; a water-only control was not included (weakness).  No 
details were provided on husbandry (weakness). The exposure 
followed a static-renewal exposure regime. Test solutions were 
renewed by 50% replacement every 48 h. For measuring exposures, 
20-mL samples were taken immediately from each of the 16 treatment 
tanks before and after exchange of the test solutions. This was done 
for the first 9 d and the last 9 d of exposure (major weakness). Levels 
of AZ were measured using gas chromatography-mass 
spectrophotometry (GC-MS) (Agilent 6890N). The detection limit was 
1.49 ng/L with a quantification limit of 4.97 ng/L. Measured 
concentrations were generally within 20% of nominal concentrations. 
 
On day-90, two metamorphosed animals were collected randomly from 
each treatment group (n = 20) for the microarray analyses. The rest of 
the animals (n = 140) were collected, dissected and whole-body, liver 
and gonad weight, and body length of male froglets were measured 
and recorded. The gonadosomatic index (GSI) and the hepatosomatic 
index (HSI) were calculated as GSI = (gonad weight/body weight) x 102 
and HSI = (liver weight/body weight) x 102. Ten testicular tissues from 
each group were fixed in Bouin’s solution for routine paraffin 
embedding, sectioning and staining (HE). Although micrographs were 
presented in the paper, no numerical data were presented or analysed 
(weakness). 
 
On day 180, the remaining mixed sex animals from the control and 
treatment groups were processed. Testes were isolated and flash-
frozen in liquid nitrogen and stored at -80˚C for microarray expression 
analysis. 
 
Six male control frogs and six males from the 100 mg/L treatment only 
(weakness) were selected for gene expression analysis. Total RNAs 
from individual testis was isolated using Trizol according to 
manufacturer’s instructions and the concentration and purity was 
measured using a NanoDrop® ND-100 spectrophotometer. The 
integrity of RNA was determined by denaturing gel electrophoresis. 
RNA samples were further purified and converted to double-stranded 

1 
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cDNA for microarray analysis which was conducted according to 
Agilent® Xenopus 4 x 44K Gene Expression Microarrays protocols. 
After hybridization and washing, the chips were scanned with the Axon 
GenePix 4000B microarray Scanner. Original fluorescence data were 
read by GenePix pro V6.0 software and standardized by the Agilent 
Gene-Spring GX v11.5.1 Software for further analysis. Differentially 
expressed genes were identified by the value of fold change FC ≥ 2) 
and t-test was used in comparison with the control group. The 
microarray dataset was analyzed using the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway database 
(http://www.genome.jp/kegg/pathway.html). 
 
Microarray data were further evaluated using Quantitative RTPCR (Q-
RT-PCR) 16 genes including adc, cdc6, acp6, oat, gatm, cycE1, orc3, 
flad1, snrpb, hspa2, hmg-1, parp1, spdya, ccnb1, scpep1, pcsk4 
selected for analysis. For Q-RT-PCR analysis, total RNA was 
converted into cDNA using the Invitrogen Superscript cDNA Synthesis 
kit according to the manufacturer’s instructions. Relative mRNA 
expression was calculated according to the 2-△△CT method with the 
control group were set as calibrator. The upregulated genes were 
identified at 2-△△CT > 1, the downregulated genes were identified at 

2-△△CT < 1. 
 
Data were tested for normality (Shapiro-Wilk test) and homogeneity of 
variance (Bartlett’s test). One-way ANOVA was used to analyze for 
mortality of the tadpoles, body, organ weights, and body length. Sex 
ratios were analyzed using a 2-by-2 contingency test. All statistical 
analyses were performed using STATA 10.0 software package. Group 
differences were evaluated by Fisher’s Least Significant Difference 
test. Statistical probability of p < 0.05 was considered significant. 

Use of GLP and 
QA/QC 

This was not a GLP study.  No information is provided on husbandry or 
water quality. 

1 

Transparency of 
data 

The biometric data were provided as means and SDs in graphs.  
Genomic data were provided in SI. 

2 

Concentrations 
tested 

Four concentrations of atrazine, 0.1, 1, 10, and 100 µg/L were used.  4 

Use of realistic 
exposures 

Three concentrations, 0.1, 1, 10 µg atrazine/L were tested. 3 

Overall evaluation of methods 2.2 
 

EJ Review Yes November 2, 2018 

QA Yes July 25, 2018 
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(Sai et al. 2018) 
Paper: Sai L, Li L, Hu C, Qu B, Guo Q, Jia Q, Zhang Y, Bo C, Li X, Shao H, Ng JC, 
Peng C.  2018.  Identification of circular RNAs and their alterations involved in 
developing male Xenopus laevis chronically exposed to atrazine.  Chemosphere 
200:295-301. 
 

Relevance - Response 1. Differentially expressed circRNAs in the testes of X. laevis 
exposed to 100 µg/L of AZ for 180 days.   

Score 

Statistical 
significance for 
adverse effects 

In total, 405 circRNAs including 44 upregulated and 361 
downregulated were identified to be significantly differentially 
expressed in testis tissue samples of X. laevis from the treatment 
groups compared to controls (Fig. 2). Based on KEGG analysis of 
differentially expressed circRNAs associated target genes, the authors 
reported 19 signaling pathways that were possibly affected by atrazine 
(Table S3).  

4 

Concentration- or 
dose-response 

Only a single concentration was tested so no dose response could be 
determined.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Effects on survival or reproduction were not assessed in this study. In a 
previous study atrazine at 100 µg/L led to reductions in testis size, GSI 
and was associated with testicular degeneration in X. laevisi.   

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

This was an exploratory study that shows that atrazine affected several 
pathways that may play a role in reproductive development.  However, 
cause and effect in relation to apical endpoints was not considered.  

1 

Multiplier for LOEC LOEC ≥ 100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Quality of methods - Response 1 Score 
Experimental 
design and 
hypotheses 

At Nieuwkoop-Faber (NF) stage 47 (13 d post-hatch), mixed sex X. 
laevis tadpoles from one adult pairing were randomly divided into 
groups (weakness, lack of replication). Each group (n = 160) was 
divided into 8 replicate tanks (weakness - pseudoreplication). The 
source of the tadpoles was identified.  The tadpoles were exposed to 
atrazine (purity of 97%, Sigma) dissolved in solvent vehicle DMSO, 
0.01%) at 100 µg/L for 180 days.  The control tadpoles were treated 
with 0.01% DMSO only.  No details were provided on husbandry and 
no publications containing this information were cited (weakness). 
Analysis of the exposure concentrations was not reported (major 
weakness for a chronic study) 
 
Collection and storage of testes of developing male X. laevis were 
described in previous work23. Three male, control frogs and three male, 
100 µg/L AZ-treated frogs were selected for circRNAs analysis.  Total 
RNAs from individual testis was isolated using Trizol (Invitrogen, 
Carlsbad, CA, USA) according to manufacturer's instruction and the 
concentration and purity were measured using a NanoDrop® ND- 2000 
spectrophotometer.  The integrity of RNA was determined by 
denaturing gel electrophoresis. 

1 

                                            
23 Sai L, Dong Z, Li L, Guo Q, Jia Q, Xie L, Bo C, Liu Y, Qu B, Li X, Shao H, Ng JC, Peng C.  2016.  Gene 
expression profiles in testis of developing male Xenopus laevis damaged by chronic exposure of atrazine.  
Chemosphere 159:145-152 
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RNA libraries were constructed by using rRNA-depleted RNAs with 
TruSeq Stranded Total RNA Library Prep Kit (Illumina, San Diego, CA, 
USA) according to the manufacturer's instructions. Libraries were 
controlled for quality and quantified using the Bio- Analyzer 2100 
system (Agilent Technologies, Santa Clara, CA, USA). Libraries were 
denatured as single-stranded DNA molecules, captured on Illumina 
flow cells, amplified in situ as clusters and finally sequenced for 150 
cycles on Illumina HiSeq 4000 Sequencer (USA) according to the 
manufacturer's instructions.  Paired-end reads were harvested from 
Illumina HiSeq 4000 sequencer, and were quality controlled by Q30. 
After 3' adapto-trimming and low-quality reads removing by cut-adapt 
software (version 1.9.3).  The high-quality trimmed reads were used to 
analyse circRNAs.  The reads were aligned to the reference genome/ 
transcriptome (NCBI  xl_ref_Xenopus_laevis_v2) with Bowtie2 software 
and circRNAs were detected and identified with Find_circ software. 
Raw junction reads for all samples were normalized by total mapped 
reads and log2 transformed. Differentially expressed circRNAs were 
identified by t-test comparisons between two groups, and fold change 
between two samples. CircRNAs exhibiting fold changes ≥ 2.0 with P-
values < 0.05 were classified as significantly differentially expressed 
circRNAs. 
 
The expression of circRNAs identified by RNA-seq was validated using 
Quantitative RT-PCR (Q-RT-PCR, ViiA 7 Real-time PCR System, 
Applied Biosystems, Carlsbad, CA, USA) and RNase R treatment for 
which we selected 8 circRNAs with the divergent primers as listed in 
Table S1. The primer positions and directions in host genes of selected 
circRNAs were represented in Fig. 1. The circRNAs were chosen 
based on their functional roles and respective FC values.  For Q-RT-
PCR analysis, total RNA was converted into cDNA using the Invitrogen 
Superscript cDNA Synthesis kit (Invitrogen Corp., Carlsbad, CA, USA).  
Reactions were performed according to the manufacturer's instructions. 
For RNase R treatment, total RNA (2 mg) was treated with or without 
RNase R (20 U/mL, Epicentre) for 20 min at 37ºC.  Relative circRNAs 
expression was calculated according to the 2-△△CT method.  The 
upregulated circRNAs were identified at 2-△△CT > 1, the 

downregulated circRNAs were identified at 2-△△CT < 1. The 
expression of gene gpi.S was used as a reference for data 
normalization.  The Q-RT-PCR assays were performed in three 
replicates and the results were expressed as mean ± standard 
deviation.  Statistical analyses were conducted using the SPSS 
Statistics 18.0 software (IBM Corp., New York, NY, USA). Significant 
differences between mean values for the control and AZ-treated groups 
were compared using student t-test at p < 0.05. 

Use of GLP and 
QA/QC 

This was not a GLP study.  No information is provided on husbandry or 
water quality.  Experimental negative controls were incorporated into 
the study design. Replicates were minimal (n = 3). KEGG analysis of 
differentially expressed circRNA-associated target genes was 
completed to identify signaling pathways.  Q-RT-PCR analysis of 8 
circRNAs showed that some were upregulated, and some were 
downregulated which was consistent with the trends observed using 
circaRNA sequencing.  

1 

Transparency of 
data 

The genomic data were provided as means and SEs; as well, graphical 
data for treatments were provided.  Genomic data were provided in SI. 

2 
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Concentrations 
tested 

Only a single concertation of atrazine was tested (100 µg/L).  0 

Use of realistic 
exposures 

One concentration was tested and that was ≥ 100 µg atrazine/L. 1 

Overall evaluation of methods 1 
 
EJ Review Yes November 2, 2018 

QA Yes July 25, 2018 
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(Saka et al. 2018) 
Paper: Saka M, Tada N, Kamata Y.  2018.  Chronic toxicity of 1,3,5-triazine 
herbicides in the postembryonic development of the western clawed frog Silurana 
tropicalis.  Ecotoxicology and Environmental Safety 147:373-381. 
 
Note: Effects were reported for several herbicides; only the data for atrazine are 
included in this QWoE. 
 

Relevance - Response 1.  Acute toxicity (24- to 96-h LC50s) for western clawed frog 
(Silurana tropicalis) exposed to atrazine (2600 to 26,000 µg/L) under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

The 24-, 48-, 72- and 96-h LC50s were 19,200, 12,900, 11,000, and 
9,620 µg/L, respectively (Table 2). 

4 

Concentration- or 
dose-response 

The data were not provided in graphical form, or as model outputs with 
r2 values, but are assumed to be significant as LCx values were 
calculated.   

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  The malformations in western clawed frog (Silurana 
tropicalis) exposed to atrazine (2600 to 26,000 µg/L) for 96 h under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

No malformations were observed at the treatment concentrations after 
96 h of exposure. 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC  0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-2 Score 
Experimental 
design and 
hypotheses 

This study characterized the acute toxicity of atrazine in western 
clawed frogs (Silurana tropicalis) exposed under laboratory conditions. 
 

2 
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Adult pairs of S. tropicalis (Nigerian-H line, source identified) were 
maintained and breed according to previously published protocols. The 
test used tadpoles produced by three different pairs at Nieuwkoop and 
Faber stage (NF stage) 49 or 50 (mid-premetamorphic phase) with total 
body length of ca. 20 mm. 
 
Atrazine used was 98.0–99.9% grade (Wako Pure Chemical Industries, 
Osaka, Japan) as a 25.0 mg/mL stock solution dissolved in acetone. 
Test solutions, including controls, were adjusted to contain the same 
volume of acetone within 0.01% (v/v, for 96-h acute toxicity tests).  
There was no true negative control (weakness).  The concentrations 
tested ranged from 2600 to 26,000 µg/L in a geometric series with a 
factor of 101/4.  Exposures were renewed every 24 h and assessed for 
mortality. 
 
Tadpoles were held at 25 ± 1°C and 12-h light/12-h dark without 
feeding or additional aeration.  Each exposure vessel consisted of a 
single tadpole held in 100 mL of solution.  There were ten test vessels 
per exposure. 
 
Solutions were evaluated for pH, dissolved oxygen (DO), atrazine and 
acetone concentrations before use. Prior to water renewal three 
exposure vessels were randomly selected for pH, DO, and 
concentrations atrazine.  No mention of a growth or environmental 
chamber is made (weakness). 
 
The concentrations of atrazine in the test solutions were determined 
using a high-performance liquid chromatograph with a photodiode array 
detector. Procedures were described. 
 
LC50 values were calculated using probit analysis. 

Use of GLP and 
QA/QC 

This was not a GLP study.   There was some exposure confirmation, 
and water quality assessments, but data related to atrazine alone were 
not provided, only summary statements across all tested compounds.  
There was some analytical QA/QC, but LODs/LOQs were not reported 

(weakness). 

1 

Transparency of 
data 

No data in graphical form were presented, and there was no SI with 
raw data.  Only summary LC50 values were reported, with no model 
outputs. 

1 

Concentrations 
tested 

There were at least five concentrations of atrazine tested between 520 
and 5200 μg/L. 

4 

Use of realistic 
exposures 

All concentrations tested were > 100 μg/L. 0 

Overall evaluation of methods 1.6 
 

Relevance - Response 3.  The mortality associated with a chronic exposure to atrazine 
(at nominal concentrations of 100 and 1000 μg/L) in western clawed frogs (Silurana 
tropicalis) exposed for 26-28 days under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Mortality at test termination was 27% (8/30 individuals) at 1000 μg/L.  
There was no formal statistical test reported as being performed 
(potential weakness).  It is assumed that this response is statistically 
significant.   No mortality was reported for 100 µg atrazine/L. 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. The total body length associated with a chronic exposure to 
atrazine (at nominal concentrations of 100 and 1000 μg/L) in western clawed frogs 
(Silurana tropicalis) exposed for 26-28 days under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at 1000 μg/L exhibited a statistically 
significant decrease (approximately 25%) in total body length 
(p<0.001) relative to control (Figure 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The changed observed (~25% in body length) is a moderate change 
that could have significant implications for overall survivorship and 
reproductive success. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. The body mass associated with a chronic exposure to 
atrazine (at nominal concentrations of 100 and 1000 μg/L) in western clawed frogs 
(Silurana tropicalis) exposed for 26-28 days under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at 1000 μg/L exhibited a statistically 
significant decrease (approximately 75%) in body mass (p<0.001) 
relative to control (Figure 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The changed observed (~75% in body) is a significant change that 
could have significant implications for overall survivorship and 
reproductive success. 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 6. The developmental stage retardation associated with a 
chronic exposure to atrazine (at nominal concentrations of 100 and 1000 μg/L) in 
western clawed frogs (Silurana tropicalis) exposed for 26-28 days under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at nominal concentrations of 100 and 
1000 μg/L exhibited statistically significant lower median 
developmental stages (p<0.001) relative to control (Figure 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The control, 100, and 1000 μg/L reached median NF stages of 58, 57, 
and 53, respectively.  Delayed maturation could have implication for 
future reproductive success, but changes observed, especially 
between control and 100 μg/L, are considered minor.   

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. The hind limb length associated with a chronic exposure to 
atrazine (at nominal concentrations of 100 and 1000 μg/L) in western clawed frogs 
(Silurana tropicalis) exposed for 26-28 days under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at nominal concentrations of 100 and 
1000 μg/L exhibited statistically significant smaller hind limbs (p < 
0.001) relative to the corresponding control (Figure 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The control, 100, and 1000 μg/L reached approximate hind limb 
lengths of 10, 8, and 1 mm, respectively.  Shorter hind limbs could 
increase susceptibility to predation and overall mobility.  The changes 
observed are considered to range from moderate to high.   

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. The ratio of hind limb length to body weight (%) associated 
with a chronic exposure to atrazine (at nominal concentrations of 100 and 1000 μg/L) in 
western clawed frogs (Silurana tropicalis) exposed for 26-28 days under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at nominal concentrations of 100 and 
1000 μg/L exhibited statistically significant smaller hind limbs (p<0.001) 
relative to control (Figure 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Shorter hind limbs could increase susceptibility to predation and overall 
mobility.  The changes observed are considered to range from 
moderate to high.   

4 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9. The thyroid gland size associated with a chronic exposure to 
atrazine (at nominal concentrations of 100 and 1000 μg/L) in western clawed frogs 
(Silurana tropicalis) exposed for 26-28 days under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at nominal concentrations of 100 and 
1000 μg/L exhibited statistically significant smaller thyroids (p < 0.05 
and 0.001), respectively relative to control (Figure 1). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Reduction in thyroid was between 25 to 75% of those for the controls. 
As there were no lesions (see Response 10), it is likely that thyroid 
development is simply proportional to the overall size of the organism. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10. The histopathological lesions of the thyroid gland with a 
chronic exposure to atrazine (at nominal concentrations of 100 and 1000 μg/L) in 
western clawed frogs (Silurana tropicalis) exposed for 26-28 days under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

There no observed histopathological lesions at any tested 
concentration (data not shown) 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 11. The axial malformations following chronic exposure to 
atrazine (at nominal concentrations of 100 and 1000 μg/L) in western clawed frogs 
(Silurana tropicalis) exposed for 26-28 days under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Tadpoles exposed to atrazine at a nominal concentration of 1000 μg/L 
exhibited a statistically significant increase (approximately 20%) in 
axial malformations (p < 0.05) relative to control (Figure 2; Table 3). 

4 

Concentration- or 
dose-response 

Only two concentrations were tested, with a response at the greatest 
test concentration. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The changed observed (~20% increase in incidence of scoliosis) is a 
moderate change that could have significant implications for overall 
survivorship and reproductive success. 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 3-10 Score 
Experimental 
design and 
hypotheses 

This study characterized the chronic responses in western clawed frogs 
(Silurana tropicalis) exposed to atrazine under laboratory conditions. 
 
Adult pairs of S. tropicalis (Nigerian-H line) were maintained and breed 
according to previously published protocols. The test used tadpoles 
produced by three different pairs at the Nieuwkoop and Faber stage 
(NF stage) 49 or 50 (mid-premetamorphic phase) with total body length 
of ca. 20 mm. 
 
Atrazine used was 98.0–99.9% grade (Wako Pure Chemical Industries, 
Osaka, Japan) as a 25.0 mg/mL stock solution dissolved in acetone 
(weakness as there was no true negative control).  The test 
concentrations were 100 and 1000 μg/L and a control (not described 
but presumably pesticide free). 
 
A total of 30 tadpoles were held individually in glass beakers containing 
330 mL of test solution (n = 30).   The exposure period was for 26–28 
days at which point tadpoles in the respective controls had developed 
to late premetamorphic stages or the initial stage of metamorphic 
climax (NF stages 57–59). 
  
A 10% (w/v) solution of Sera Micron® was fed to each animal at 0.5 
mL/day for the first week, and at 1 mL/day for the rest of the test. 
 
Exposure media was renewed three times per week (Monday, 
Wednesday, and Friday) at 48- or 72-h periods. Solutions were 
evaluated for pH, dissolved oxygen (DO), atrazine and acetone 
concentrations before use. Prior to water renewal (during the 72 hr 
static period) three exposure vessels were randomly selected for pH, 
DO, and concentrations atrazine.  No mention of a growth or 
environmental chamber is made (weakness). 
 
Morphometric observations were made using an inverted digital 
microscope were conducted at 7-day intervals. For the NF stage, total 

2 
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body length, and hind limb length (to the nearest 0.1 mm) of all 
surviving tadpoles were measured. Visual inspections were made 
regarding tadpole mortality, malformations, and abnormal behavior in 
parallel with daily feeding. At test termination, all surviving tadpoles 
were euthanized ((0.2 % w/v tricaine methanesulfonate) and fixed (0.1 
% sodium carbonate) for histological assessment. All tadpoles were 
weighed to the nearest 1 mg following rinsing and blotting dry.  
Histological observations of the thyroid glands were performed using 
eight tadpoles randomly selected from each treatment. The size of the 
thyroid was estimated by measuring the cross-sectional area of a lobe 
at its largest point.  No mention of these assessments being performed 
blind is made (weakness). 
 
The concentrations of atrazine in the test solutions were determined 
using a high-performance liquid chromatograph with a photodiode array 
detector. 
 
Parametric one-way analysis of variance procedures were applied 
followed by Dunnett's test or, in the event that model assumptions were 
not met, the Kruskal–Wallis test followed by the Steel test were applied 
to assess growth and development endpoints. Mortality and 
malformations were evaluated by Fisher's exact test. Analyses were 
performed using the SYSTAT J ver. 11. Statistical significance was p = 
0.05. 

Use of GLP and 
QA/QC 

This was not a GLP study. There was some exposure confirmation, 
and water quality assessments, but data related to atrazine alone were 
not provided. Data were presented as summary statements across all 
tested compounds.  There was some analytical QA/QC, but 

LODs/LOQs were not reported (weakness). 

2 

Transparency of 
data 

Data were provided mainly in the form of Figures and Tables.  There 
was no SI, with raw, or additional data.   

2 

Concentrations 
tested 

There were two concentrations of atrazine tested (100 and 1000 μg/L) 1 

Use of realistic 
exposures 

All concentrations tested were > 20 μg/L. 1 

Overall evaluation of methods 1.6 
 

EJ Review Yes  August 7, 2018 

QA Yes August 1, 2018 
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(Scott et al. 2017) 
Paper: Scott PD, Coleman HM, Colville A, Lim R, Matthews B, McDonald JA, 
Miranda A, Neale PA, Nugegoda D, Tremblay LA.  2017.  Assessing the potential 
for trace organic contaminants commonly found in Australian rivers to induce 
vitellogenin in the native rainbowfish (Melanotaenia fluviatilis) and the introduced 
mosquitofish (Gambusia holbrooki).  Aquatic Toxicology 185:105-120. 
 
Note: Only experiments testing the effects of atrazine alone on vitellogenin induction in the two 
species of fish were considered.  
 

Relevance - Response 1. Induction of vitellogenin protein in male rainbow fish after 
seven days of exposure to atrazine at 0.34 µg/L.  

Score 

Statistical 
significance for 
adverse effects 

Vitellogenin induction in the atrazine-exposed fish was not significantly 
different from the solvent control (p > 0.05) (Figure 1A for rainbowfish). 

0 

Concentration- or 
dose-response 

No concentration-response was observed; only one concentration of 
atrazine (340 ng/L) was tested.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Induction of vitellogenin protein and mRNA in male 
mosquitofish fish after seven days of exposure to atrazine at 0.39 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

Vitellogenin induction in the atrazine-exposed fish was not significantly 
different from the solvent control (p > 0.05) (Fig. 1B for mosquitofish. 

0 

Concentration- or 
dose-response 

No concentration-response was observed; only one concentration of 
atrazine was tested. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Quality of methods - Response 1-2 Score 
Experimental 
design and 
hypotheses 

Rainbowfish were purchased from a commercial aquarium fish 
wholesaler and reared in the laboratory at 24 ± 1◦C in a 16:8 h 
light:dark regime in flow-through aquaria, while mosquitofish were 

2 
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caught using pole nets from a pristine river in a New South Wales 
national park. Adult fish (16–24 per treatment) were acclimatized in 
randomized tanks containing 30 L (for rainbowfish) and 15 L (for 
mosquitofish) of dechlorinated, carbon filtered and aerated tap water 
for 24 h.  Fish were fed 4% (w/w) body weight with frozen brine shrimp 
(rainbowfish; Hikari Bio Pure, Kyorin Co. LTD., Japan) and Nutrafin 
MaxColour Enhancing Flakes (mosquitofish; Hagen, Massachusetts, 
USA).  
 
Exposure concentration was based on analytical data from Australian 
rivers and was approx. 1.5-times the maximum measured.  The 
atrazine was obtained from a commercial source (99% pure) and was 
dissolved in ethanol (potential weakness).  Final concentrations of 
ethanol in the tanks was 0.001%.  Exposures were for 7-days with a 
photoperiod of 16:8 h light:dark at 24 ± 1◦C (rainbowfish) and 22 ± 1◦C 
(mosquitofish).  All exposures were performed in duplicate tanks (Lack 
of replication is a major weakness), and fish loading did not exceed 1 
g/L.  
 
Adult male fish were used for all exposures including solvent (negative) 
controls and positive EE2 controls. After acclimation, half of the water 
volume in each tank was renewed with fresh dechlorinated, carbon-
filtered and aerated tap water, with an additional liter added. Two tanks 
per exposure were dosed and a 1 L grab water sample was taken 30 
min after dosing on Day 0 for solid-phase extraction (SPE) and 
subsequent chemical analyses by liquid chromatography–tandem mass 
spectrometry (LC–MS/MS).  Detection limits were not reported 
(potential weakness).  Subsequent half-volume water renewals 
occurred every 48 h (on days 0, 2, 4, 6) along with appropriate re-
spiking with stock solutions. After seven days, fish were euthanized 
using 80 mg/L Aqui-S (rainbowfish) and 100 mg/L benzocaine (ethyl 4- 
aminobenzoate; mosquitofish). Wet weight, standard length and 
gonopodium length (for mosquitofish) were recorded.  
 
Rainbowfish plasma was analyzed in triplicate on two separate days for 
vitellogenin by ELISA following published protocols; no detection limit 
was reported.  Vtg protein in mosquitofish was determined by liquid 
chromatography and followed published procedures. Fish carcasses 
were homogenized in buffer using a Potter-Elvehjem tissue 
homogenizer. The protein content of the homogenate was quantified by 
the Bradford method. 
 
Mosquitofish livers were immediately removed and placed in RNAlater 
until Vtg mRNA analysis by RT-qPCR.  Mosquitofish livers were 
extracted using theRNeasy Mini Kit following procedures described in 
the Qiagen RNeasy Mini Handbook for animal tissue, with minor 
modification. The remainder of the mosquitofish carcass was snap 
frozen in liquid nitrogen and kept at −80°C until protein analysis by 
liquid chromatography. 
 
Data did not fit a Gaussian distribution and were analyzed using the 
Mann-Whitney U non-parametric test (p < 0.05). 

Use of GLP and 
QA/QC 

No GLP or QA/QC but the authors followed published methods and 
described deviations from the methods. Atrazine concentrations were 
measured. Water quality measures were not reported (weakness). 

2 
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Transparency of 
data 

Summary and aggregate data presented in Tables and Figures.  Raw 
data were not provided. 

2 

Concentrations 
tested 

Only one concentration of atrazine was tested  0 

Use of realistic 
exposures 

The concentration of atrazine tested was less than 20 µg/L. 2 

Overall evaluation of methods 1.6 
 

EJ Review Yes March 29, 2018 

QA Yes March 27, 2018 
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(Shenoy 2014) 
Paper: Shenoy K. 2014. Prenatal exposure to low doses of atrazine affects mating 
behaviors in male guppies. Hormones and behavior. 66:439-448. 
 

Relevance - Response 1. Mortality of guppies (Poecilia reticulate: adult female) 
exposed to 1 and 15 μg/L atrazine for 6 to 88 days. 

Score 

Statistical 
significance for 
adverse effects 

Mortality was recorded, and no adverse effects related to atrazine were 
reported. 

0 

Concentration- or 
dose-response 

No consistent concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Time to brood of guppies (Poecilia reticulate) exposed to 1 
and 15 μg/L atrazine for 6 to 88 days. 

Score 

Statistical 
significance for 
adverse effects 

Time to brood was recorded, and no effects related to atrazine were 
reported. 

0 

Concentration- or 
dose-response 

No consistent concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Size of brood of guppies (Poecilia reticulate) exposed to 1 
and 15 μg/L atrazine for 6 to 88 days. 

Score 

Statistical 
significance for 
adverse effects 

Size of brood was recorded, and no effects related to atrazine were 
reported. 

0 

Concentration- or 
dose-response 

No consistent concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Mortality (Poecilia reticulate) following prenatally exposure to 
atrazine at 1 and 15 μg/L. 

Score 

Statistical 
significance for 
adverse effects 

Mortality was recorded, and no effects related to atrazine were 
reported. 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, a 
mechanism was not elucidated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Likelihood and number of guppy males (Poecilia reticulate) 
performing courtship displays following prenatal exposure to atrazine at 1 and 15 μg/L 
in the absence of competitors. 

Score 

Statistical 
significance for 
adverse effects 

The likelihood of performing male courtship displays was significantly 
decreased (Figure 1: χ2 = 13.65, df = 3, p = 0.0034), but the number of 
males performing courtship displays was not (Figure 2: χ2 = 5.73, df = 
3, p = 0.13). 

2 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related to mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed, and the assessments were short (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk.  Since the mothers of the exposed 
fish were living in atrazine-contaminated water throughout gestation, 
the embryos developing within them were also constantly exposed to 
atrazine.  Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.24)  

0 

                                            
24 Giddings JM, Anderson TA, Hall LW, Jr, Kendall RJ, Richards RP, Solomon KR, Williams WM.  2005.  
A Probabilistic Aquatic Ecological Risk Assessment of Atrazine in North American Surface Waters. 
Pensacola, FL, USA: SETAC Press. 432 p 
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Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.75 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Likelihood and number of guppy males (Poecilia reticulate) 
performing gonopodium swings following prenatal exposure to atrazine at 1 and 15 
μg/L in the absence of competitors. 

Score 

Statistical 
significance for 
adverse effects 

The likelihood of performing gonopodium swings was significantly 
decreased (Figure 1: χ2 = 9.18, df = 3, p = 0.027), as well as the 
numbers (Figure 2: χ2 = 10.55, df = 3, p=0.014). 

4 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related to mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed, and the assessments were short (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed fish 
were living in atrazine-contaminated water throughout gestation, the 
embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Likelihood and number of guppy males (Poecilia reticulate) 
performing forced copulatory attempts following prenatal exposure to atrazine at 1 and 
15 μg/L in the absence of competitors. 

Score 

Statistical 
significance for 
adverse effects 

The likelihood of forced copulatory attempts was significantly 
decreased (Figure 1: χ2 = 8.59, df = 3, p = 0.035), as well as the 
numbers (Figure 2: χ2 = 16.93, df = 3, p = 0.0007). 

4 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed, and the assessments were short (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed fish 
were living in atrazine-contaminated water throughout gestation, the 
embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1.25 
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Overall evaluation of relevance (SEJ)  
 

Relevance - Response 8. Proximity of guppy males (Poecilia reticulate) to females 
following prenatal exposure to atrazine at 1 and 15 μg/L in the presence of a 
competitor. 

Score 

Statistical 
significance for 
adverse effects 

Proximity to the female (Table 2) was not influenced by the treatment 
(χ2 = 0.86, df = 2, p = 0.65), or the interaction of treatment and paired 
control male's behavior (χ2 = 3.36, df = 2, p = 0.19), but was influenced 
by the paired control male's proximity (χ2 = 17.74, df = 1, p < 0.001). 

1 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed and only a single metric changed.  As well, the assessments 
were short in duration (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed fish 
were living in atrazine-contaminated water throughout gestation, the 
embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9. Number of forced copulations by guppy males (Poecilia 
reticulate) with females following prenatal exposure to atrazine at 1 and 15 μg/L in the 
presence of a competitor. 

Score 

Statistical 
significance for 
adverse effects 

The number of forced copulations (Table 2) was not influenced by the 
treatment (χ2 = 1.06, df = 2, p = 0.59), or paired control male's 
behavior (χ2 = 3.24, df = 1, p = 0.07), but was influenced by the 
interaction of treatment with the paired control male's behavior (χ2 = 
11.84, df = 2, p = 0.0027). 

1 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed and only a single metric changed. As well, the assessments 
were short (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed fish 
were living in atrazine-contaminated water throughout gestation, the 
embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
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Overall evaluation of relevance (SEJ)  
 

Relevance - Response 10. Number of aggressive displays by guppy males (Poecilia 
reticulate) following prenatal exposure to atrazine at 1 and 15 μg/L in the presence of a 
competitor. 

Score 

Statistical 
significance for 
adverse effects 

The number of aggressive displays to the rival male (Table 2: χ2 = 
6.19, df = 2, p = 0.045) was significantly reduced (but only for the high 
dose treatment: see Table 2), but not for paired control male's 
behaviour (χ2 = 2.20, df = 1, p= 0.14) or the interaction of the 
treatment with the covariate (χ2 = 3.98, df = 2, p = 0.14). 

1 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed and only a single metric changed. As well, the assessments 
were short (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed 
fish were living in atrazine-contaminated water throughout gestation, 
the embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.5 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 11. Number of attacks by guppy males (Poecilia reticulate) 
following prenatal exposure to atrazine at 1 and 15 μg/L on rival males. 

Score 

Statistical 
significance for 
adverse effects 

The number of attacks on the rival male (Table 2) was significant for 
treatment (χ2 = 10.39, df = 2, p = 0.0055), but not for paired control 
male's behavior (χ2 = 1.99, df = 1, p = 0.16) or interaction of the 
treatment with the covariate (χ2 = 0.5, df = 2, p = 0.78). 

1 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed and only a single metric changed. As well, the assessments 
were short (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed fish 
were living in atrazine-contaminated water throughout gestation, the 
embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 12. Attractiveness of guppy males (Poecilia reticulate) following 
prenatal exposure to atrazine at 1 and 15 μg/L by females. 

Score 

Statistical 
significance for 
adverse effects 

The female's preference for the control male over the treated male was 
significantly influenced by the treatment (χ2 = 8.46, df = 2, p = 0.015; 
Fig. 3), but only for the 1 μg atrazine/L treatment. 

2 

Concentration- or 
dose-response 

No consistent concentration-response was observed or characterized. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Changes related mating behaviours could result in reduced 
reproductive success, but actual reduced mating success was not 
assessed. As well, the assessments were short in duration (10 min). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The proposed mechanisms are unlikely and unsupported.  For 
example, it is stated that “Atrazine is lipophilic (Matsui et al., 1995) and 
hence, can be stored in the yolk. Since the mothers of the exposed fish 
were living in atrazine-contaminated water throughout gestation, the 
embryos developing within them were also constantly exposed to 
atrazine. Atrazine may also be stored in the developing embryos' fat 
tissues, and be released gradually during its lifetime.”  These are not 
correct.  The log Kow = of atrazine is 2.68 and bioconcentration factors 
(BCFs) for fish and other aquatic vertebrates are small (Table 3-13 in 
Giddings et al.1) 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 1-12 Score 
Experimental 
design and 
hypotheses 

The study was designed to address the hypotheses that ‘exposure to 
environmentally relevant doses of atrazine during embryonic 
development would have the following effects at adulthood: (1) reduced 
likelihood and frequency of males performing mating behaviours such 
as courtship displays, gonopodium swings, and forced copulatory 
attempts (these were considered behaviours related to mating effort); 
(2) reduced frequency of behaviors related to mating effort and male–
male aggression in the presence of competing males; and (3) reduced 
attractiveness of exposed males in the context of female mate choice” 
in guppies (Poecilia reticulata). 
 
Treatments included a negative control (no manipulation), solvent 
control of dimethylsulfoxide (DMSO) at 83.3 μL/L, and atrazine 
exposures at 1 μg/L and 15 μg/L. Atrazine (98% purity) was purchased 
from Chem Service, Inc.  Atrazine dissolved in DMSO (weakness), but 
the initial stock concentration was not reported (if only a single stock 
was made, each atrazine treatment would have a different volume of 
DMSO added; possible weakness). 
 
Atrazine in the water column in three randomly selected jars per 
treatment once was determined by liquid phase extraction with 
methylene chloride following an adaptation of the US EPA Method 619, 
but only for the 15 μg/L exposure concentration (reported as 13.56 
μg/L); negligible loss occurred over 4 days. No LOD/LOQ reported 
(weakness).  No atrazine was measured in the control treatment.  
 
A total of 40 adult female guppies were randomly assigned to one of 
the four treatment levels at 10 fish per level.  At each treatment, 10 

1 
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females were separately housed in 3-L glass exposure vessels and 
allowed to breed (n = 10) with a new male each day for four days, after 
which a treatment was administered.  Fish were held in aged (for at 
least 24 h), pre-aerated, carbon filtered, conditioned water. Fish were 
fed tropical fish flake food once each day and brine shrimp nauplii once 
each day ad libitum.  Mortality was recorded daily with bowls checked 
twice daily for offspring. During exposures and rear-up, temperature 
was kept at “room temperature” (25 °C), but no ranges were provided, 
and the photoperiod was 12:12 h light: dark; no levels were reported, 
nor was water temperature or ammonia reported. 
 
Fish were used in three separate behaviour trials in order to 1) assess 
behaviour of males towards a female in the absence of competition 
from another male, 2) assess mating behaviours in the presence of a 
competing male, and 3) assess male attractiveness to a female. 
 
Behavioural trials were conducted within the first four hours after lights 
were turned on and during the last four hours before lights were 
extinguished. No mention is made of controlling for this factor in 
selection of animals; no statistical comparison was undertaken 
(potential weakness). 
 
Trials were conducted blind: the observer did not know the treatment 
that any of the fish had received, though double blind should be 
employed (major weakness). Trial tanks were illuminated with full-
spectrum light to ensure that all colours were perceived naturally by the 
other fish.  The observer sat in darkness at 1 m away from the tank.  
Data were recorded in real time with behavioural observations recorded 
using JWatcher v1.0 (which is a software to record keyboard inputs).  
More than a single observer was employed across exposures and 
responses, with no video imaging that would allow for objective and 
quantifiable measures of behaviour, such as actual distance or degree 
of gonopodium swings (major weakness). 
 
1. Trials without competing males 
Each male was placed in a tank (30 by 20 by 15 cm (H:L:W)) with 7.5 L 
of water, with one virgin female from the same population. The water 
used was as described for exposures; water temperature was 
maintained between 23 and 25 °C.  Following a 5-min acclimation 
period, the fish were observed for 10 min.  The total number of sigmoid 
courtship displays, gonopodium swings, and copulatory attempts was 
recorded throughout the trial period.  Only gonopodium swings greater 
than 90° were counted. 
 
2. Trials with competing males 
Male pairs consisted of one male from the control group (opponent) 
and one male (focal male) from one of the other three treatment 
groups:  DMSO and either the low or high atrazine treatment. Control-
group males were used in multiple pairs, as there were not enough 
males to be used only once (weakness).  Pairs were not size-matched 
after matching for population and brood (weakness). Each pair was 
placed with a virgin female as described for 1. Trials without competing 
males. 
 
After a 5 min acclimation period, behaviours were recorded for 
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10 min.  At each 10 second interval, the observer recorded which male 
was closer to the female.  A male had to be > one body length ahead of 
the other male to be deemed closer and receive a point. If both males 
were within one body length of each other, and within at least 
two body lengths of the female's vent, they were both recorded as 
being equally close resulting in 0.5 points each.  If both males were > 
two body lengths from the female's vent, they were both awarded 0 
points. It is unclear how accurate a visual observer from 1-m distance 
would be able to distinguish such relatively small distances between 
fish (while distinguishing fish based on colouration) within a three-
dimensional space (weakness). 
 
The observer also enumerated the total number of sigmoid courtship 
displays, forced copulatory attempts, aggressive displays to the rival 
male, and attacks on the other male by each animal. The number of 
gonopodium swings was not recorded. 
 
3. Attractiveness to females 
Males were paired as described for 2. Trials with competing males 
(with the resulting same weaknesses).  Tanks were 25.4 by 40.6 by 
20.3 cm (height, length, width, respectively) and were divided into three 
compartments with transparent plastic dividers along the length of the 
tank: two compartments 5 cm in length on either end of the tank with a 
central compartment where a virgin female was placed. Each male of a 
pair was placed randomly in one of the two end compartments to avoid 
side biases. The observer did not know which treatment either male 
had received. The central compartment was partitioned into three 
zones: two immediately adjacent to the male compartments where the 
female would spend time if she were interested in the male; the central 
portion of the tank was considered the “non-preference” where the 
female resided if she was not interested in mating. After 10 min of 
acclimation, observations of time spent by the female in each 
compartment were made for 10 min. 
 
For behavior trials, the final sample sizes were 16 males from the 
control group, 12 males from the DMSO group, 23 males from the 1 
μg/L atrazine group, and 32 males from the 15 μg/L atrazine group.  It 
appears that all males produced were used in subsequent behavioural 
studies.  It is stated that ‘males within a brood’ are correlated, with no 
explanation as to what this means (weakness) (e.g., do they will all 
behave the same?).  As well, it is stated that “Three populations – Aripo 
Upper River, Aripo Lower River, and Guanapo Upper River – were 
equally represented in all treatments to account for geographic and 
genetic variation” (major weakness).  The three populations could not 
be equally represented by 10 females, so there was some other ratio of 
the three populations employed (not reported).  While there was some 
attempt to control population of origin statistically, there was no 
reporting of which populations animals were from and considering how 
behaviours can be to population-specific, a single population of animals 
should have been used to reduce variability and possible non-treatment 
related effects (major weakness).  The influence of populations on 
results was substantial as stated: “Population of origin had a significant 
effect on proximity to the female (χ2 = 6.47, df= 2, p = 0.04), the 
number of forced copulation attempts (χ2 = 9.28, df = 2, p = 0.0097), 
and the number of attacks (χ2=7.4, df=2, p= 0.02)” and “Population of 
origin also influenced SOP (χ2= 13.44, df=2, p= 0.0012).” 
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Average age of fish used in the trials was 13 months, but absolute 
differences in ages of fish was 82 days.  Size is correlated with age, 
and neither size nor ages were seemingly accounted for in this study 
(weakness). 
 
No growth chamber/room reported as being used to reduce 
disturbances or acclimation to examiners and there was no reference 
to random placement of exposures (weakness).  
 
Extensive statistical testing (general estimating equations - GEE) and 
transformations of data were implemented using SAS 9.3 for each 
behavioural test to meet the assumptions of the statistical tests.  
Correlations between behaviours were observed, but not addressed. 
GEE uses a quasi-likelihood approach to analyzing generalized linear 
models (GLMs), such as ANOVAs, ANCOVAs, logistic regressions, 
and so forth. GEE focuses on within-group similarity of the residuals, 
and this estimated correlation is used to calculate regression 
parameters and standard errors, which makes it superior to mixed-
models for testing hypotheses from such study designs (Hanley et al., 
2003; Hubbard et al., 2010). Statistics reported for fixed effects are 
Wald χ2 statistics for Type III GEE (the Wald statistic follows a χ2 
distribution). 

Use of GLP and 
QA/QC 

This was not a GLP study. There was an attempt to confirm exposures 
initially, with three random vessels sampled (of ten) after the first four 
days of exposure.  Data for the 15 μg/L were provided, but not for 1 
μg/L due to unexplained technical issues (weakness).  Controls are 
reported as not having detectable atrazine, but no LOD/LOQ is 
provided (weakness).  Water quality was not reported (weakness). 

1 

Transparency of 
data 

Some raw data were available (Figure 1, 2, 3, and a Figure in SI), but 
mainly only reporting of statistical outcomes or transformed data. No 
independent recordings of behaviour were made. 

1 

Concentrations 
tested 

A total of two concentrations were tested (1 μg/L and 15 μg/L). 1 

Use of realistic 
exposures 

Two concentrations tested were < 20 μg/L (1 μg/L and 15 μg/L). 3 

Overall evaluation of methods 1.4 
 

EJ Review Yes Mar 28, 2018 

QA Yes Jan. 24, 2018 
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(Shukla et al. 2017) 
Paper: Shukla S, Jhamtani RC, Dahiya MS, Agarwal R.  2017.  Oxidative injury 
caused by individual and combined exposure of neonicotinoid, organophosphate 
and herbicide in zebrafish.  Toxicology Reports 4:240-244. 
 
Note: This study included three pesticides, imidacloprid, dichlorvos, and atrazine and a mixture 
of these.  Only the responses for atrazine alone were included in this QWoE.  Since it was not 
possible to assign causality, the results of the exposure to the mixtures was not included in the 
WoE assessment.  This paper does not appear to have been peer-reviewed (no submission and 
acceptance date) and there were many obvious typos in the text, suggesting that it might not 
have been edited by the journal. 
 

Relevance - Response 1. Lipid peroxidation in the liver, kidney, and brain of Danio 
rerio exposed to 3000 µg atrazine/L for 24 h. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant effects (p > 0.05, Fig 1) were observed.  0 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be characterized 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant effects, relevance was not assessed. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no significant response, a mechanism was not 
suggested nor was it investigated. 

0 

Multiplier for LOEC The LOEC was >100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Glutathione concentrations in the liver, kidney, and brain of 
Danio rerio exposed to 3000 µg atrazine/L for 24 h. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant effects (p > 0.05, Fig 2) were observed for 
liver and brain but there was a statistically significant increase in 
glutathione in kidney (p < 0.05, Fig 2).  

1 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be characterized 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the responses to apical endpoints was not assessed 
or tested in the study.  Visual inspection of the graphs suggested that 
the difference between the control and the atrazine-treatments was 
small with the increase above control estimated to be about 30%. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not suggested nor was it investigated.  
Concentrations of gly wuld be expected to change detox 

0 

Multiplier for LOEC The LOEC was >100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. Superoxide dismutase activity in the liver, kidney, and brain 
of Danio rerio exposed to 3000 µg atrazine/L for 24 h. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant effects (p > 0.05, Fig 3) were observed for 
liver and brain but there was a statistically significant decrease in 
activity of superoxide dismutase in kidney (p < 0.05, Fig 3).  

1 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be characterized 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the responses to apical endpoints was not assessed 
or tested in the study.  Visual inspection of the graphs suggested that 
the difference between the control and atrazine treatments was small 
with the decrease from control estimated to be about 20%. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not suggested nor was it investigated.   0 

Multiplier for LOEC The LOEC was >100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Catalase activity in the liver, kidney, and brain of Danio rerio 
exposed to 3000 µg atrazine/L for 24 h. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant effects (p > 0.05, Fig 4) were observed for 
kidney and brain but there was a statistically significant decrease in 
activity of catalase in kidney (p < 0.05, Fig 4).  

1 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be characterized 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the responses to apical endpoints was not assessed 
or tested in the study.  Visual inspection of the graphs suggested that 
the difference between control and treated was small with the decrease 
from control estimated to be about 30%. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not suggested nor was it investigated.   0 

Multiplier for LOEC The LOEC was >100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Glutathione peroxidase activity in the liver, kidney, and brain 
of Danio rerio exposed to 3000 µg atrazine/L for 24 h. 

Score 

Statistical 
significance for 
adverse effects 

No statistically significant effect (p > 0.05, Fig 5) was observed for 
kidney but there were statistically significant decreases in activity of 
glutathione peroxidase in liver and brain (p < 0.05, Fig 5).  

2 

Concentration- or 
dose-response 

Only one concentration was tested so concentration-response could 
not be characterized 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the responses to apical endpoints was not assessed 
or tested in the study.  Visual inspection of the graphs suggested that 
the difference between control and treated was moderate for liver 
(40%) and small for brain (20%). 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

A mechanism was not suggested nor was it investigated.   0 

Multiplier for LOEC The LOEC was >100 µg/L 0 
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Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
  

 

Quality of methods - Responses 1-5 Score 
Experimental 
design and 
hypotheses 

Adult zebrafish (Danio rerio) of length 2.8 ± 0.5 cm and weight 0.295–
0.395 g were procured from a pet shop and were certified as wild 
species.  Fish were handled in accordance with good animal practice 
guidelines at the University.  Fish were maintained in water of 
unreported origins (weakness) at 25 ± 1 °C with pH 7.0 ± 0.2, 
conductance 0.2 μohm, DO 7.2 ± 0.3 mg/L, hardness 110.0 mg Ca 
equivalents/L, and alkalinity 0.25 μg/L.  Diurnal cycle was and 12:12 h 
light: dark. Feeding regimen and source of food was not reported but 
fish were not fed 24 h prior to exposure.  The authors state that the 
study was conducted according to OECD guidelines, but these were 
not referenced (weakness).  Eighteen fish were exposed in the control 
and pesticide groups.  The volume of the exposure solution was not 
stated (weakness) so it was not possible to assess loading.  There was 
no replication.  
 
The source of the atrazine was not clearly stated but it appears to be a 
commercial (formulated) product.  The authors state that the 
concentration of atrazine was “03 mg/L” which should probably read 3 
mg/L and the authors later state that half this concentration was 1.5 
mg/L.  Exposures were not confirmed by analysis and the conditions in 
the exposure vessels were not reported (weakness).  The authors 
report semi-static exposures but provide no frequency of renewal 
(weakness).  The fish were sacrificed after a 24-h exposure period 
“under a stereo microscope” and liver, kidney and brain collected, 
minced and homogenized (2.5% w/v) with ice-cold 0.15% KCl-0.1 M 
phosphate buffer (pH 7.4).  It is assumed that responses were 
measured in individual fish (weakness because of pseudoreplication).  
Results were reported per mg tissue and there appeared to be no 
measurement of protein in the homogenates.  Mortality was not 
observed in fish exposed to 3000 µg/L for 24 h. 
 
Analysis of tissue was by photometry using colorimetric methods.  
LODs of the assays was not reported (weakness). 
 
Responses were compared to the control and statistical analysis was 
by 2-way ANOVA.  No tests for assumptions or statistical software 
were provided (weakness). 

1 

Use of GLP and 
QA/QC 

This was not a GLP study and there was no verification of exposures or 
information on the LOD of the assays conducted. 

0 

Transparency of 
data 

Raw data were not provided, only summary data in a bar-chart.  
Variance was indicated with error-bars.  Critical data, such as the purity 
of the test chemicals were not provided. 

1 

Concentrations 
tested 

Only one concentration was tested (3000 µg/L). 0 

Use of realistic 
exposures 

The one concentration tested was >>> 100 µg/L. 0 

Overall evaluation of methods 0.4 
 

EJ Review Yes  March 28, 2018 

QA Yes Jan. 24, 2018 
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(Snyder et al. 2017) 
Paper: Snyder MN, Henderson WM, Glinski DA, Purucker ST.  2017.  Biomarker 
analysis of American toad (Anaxyrus americanus) and grey tree frog (Hyla 
versicolor) tadpoles following exposure to atrazine.  Aquatic Toxicology 182:184-
193. 
 

Relevance - Response 1.  Survival of American toad (Anaxyrus americanus) tadpoles 
following 48-h exposure to atrazine at 10, 50, 250 or 1250 μg/L under laboratory 
conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no mortality observed at any of the tested concentrations 0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Survival of grey tree frog (Hyla versicolor) tadpoles following 
48-h exposure to atrazine at 10, 50, 250 or 1250 μg/L under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

There was no mortality observed at any of the tested concentrations 0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC NA 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Metabolite profile of American toad (Anaxyrus americanus) 
tadpoles following 48-h exposure to atrazine at 1250 μg/L under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Statistical analyses found significant changes in endogenous 
metabolites between control and exposed tadpoles (Table 1, Table 2; 
Figure 5). Specifically, 41 of 11766 metabolites were determined as 
affected.  Additionally, 22 metabolites were jointly perturbed in A. 
americanus and H. versicolor of 11766 and 9723, respectively.  This 
analysis seems to be for the 1250 µg/L treatment only. 

4 
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Concentration- or 
dose-response 

No concentration-response reported or evident. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Some changes in metabolite profiles are highlighted, with no linkage to 
actual effects on survivorship, growth or reproduction shown. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

As the study measured changes in processes that could reflect 
mechanisms of toxicity so there is plausibility, but many of the changes 
observed are related to detoxification pathways and these changes are 
expected.  The authors proposed that the data supported the 
hypothesis that atrazine disrupts energy metabolism.   

4 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Metabolite profile of grey tree frog (Hyla versicolor) tadpoles 
following 48 h exposure to atrazine at 1250 μg/L under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

Statistical analyses found significant changes in endogenous 
metabolites between control and exposed tadpoles (Table 1, Table 2; 
Figure 5). Specifically, 26 of 9723 metabolites were determined as 
affected.  Additionally, 22 metabolites were jointly perturbed in A. 
americanus and H. versicolor of 11766 and 9723, respectively.  This 
analysis seems to be for the 1250 µg/L treatment only. 

4 

Concentration- or 
dose-response 

No concentration-response reported or evident. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Some changes in metabolite profiles are highlighted, with no linkage to 
actual effects on survivorship, growth or reproduction were shown. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

As the study measured changes in processes that could reflect 
mechanisms of toxicity, there is plausibility, but many of the changes 
are related to detoxification pathways so such changes would be 
expected.  The authors proposed that the data supported the 
hypothesis that atrazine disrupts energy metabolism 

4 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-4 Score 
Experimental 
design and 
hypotheses 

The study examined metabolomic profiles in two species of amphibian, 
American toads (Anaxyrus americanus) and Grey treefrog (Hyla 
versicolor), following a 48-h exposure to atrazine. 
 
American toad eggs were collected in March 2014 from ponds at 
Whitehall Forest research facility. Grey treefrog eggs were collected 
from aerated artificial pools at the (Athens, GA). Eggs, tadpoles, and 
larvae were reared in aerated aquariums and fed fish food ad libitum 
after hatching. No characterization of the source environments for 
background contaminants occurred (weakness). 
 
Atrazine (≥ 98%, U.S. EPA’s National Pesticide Standard Repository) 
was dissolved in methanol at a stock concentration of 250 mg/L.  
Concentration of methanol not reported (weakness). 
 

1 
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Exposure concentrations were nominal 10, 50, 250, and 1250 µg/L for 
48 h. Analysis was by liquid chromatography coupled with mass 
spectrometry to confirm the concentrations, but no further details or 
data are provided (major weakness). 
 
It is stated that residual methanol was evaporated under nitrogen prior 
to the addition of aged pond water for all exposures.  Pond water could 
be source of other confounding contaminants (weakness) and no 
negative control in clean water was performed (weakness). 
 
Gosner stage 22–24 tadpoles were exposed in 50 mL centrifuge tubes 
(4 individuals/tube) with an n of 5 replicate tubes for each treatment.  
Random allocation of animals was not reported (weakness). No mass 
was reported, and so appropriateness of biomass loadings is not 
possible to ascertain (weakness).  No water quality measures or 
environmental conditions (light, temperature) were reported, neither 
was the use of a growth or environmental chamber reported 
(weakness).  
 
There was no positive control used in the study (potential weakness). 
There was no mention of a negative control treatment in the methods; 
however, there is reference to identification of metabolites from control 
tadpoles. 
 
Following exposure, tadpoles were euthanized, placed individually in 
centrifuge tubes for metabolite extraction, andstored < 1 year at −80°C. 
 
Tissue preparation for GC/ToF-MS analysis followed standard methods 
for the individual whole tadpoles. Samples were analyzed on a Leco 
Pegasus 4D ToF-MS interfaced with an Agilent 7890B gas 
chromatograph and equipped with a multipurpose sampler within 72 h 
of derivatization.  
 
The resulting data were analyzed using a tiered statistical approach 
(Figure 1), which was described in detail.  Ultimately, metabolites from 
the 200 top-ranked bins and biomarkers were associated with 
biochemical pathways using MetaboAnalyst 3.0 for the 1250 μg/L 

treatment only (weakness). The pathways represent potential 
mechanisms of action. As each individual tadpole was stored and 
analyzed separately, it is unclear how replication was handled.  There 
were 5 true replicates, but it appears the study treated individual 
tadpoles as the replicate (major weakness). 

Use of GLP and 
QA/QC 

This was not a GLP study. Is stated that there was one-time analytical 
confirmation of atrazine, but details were provided. No water quality 
measures were taken.  No environmental conditions were confirmed. 

1 

Transparency of 
data 

Some data presented in graphical form, but only for control and 1250 
μg/L treatment.  No raw data or SI were provided. 

1 

Concentrations 
tested 

The tested concentrations were 10, 50, 250, or 1250 μg/L of atrazine, 
plus controls. 

4 

Use of realistic 
exposures 

One of the concentrations tested (10 μg/L) was below 20 μg/L. 2 

Overall evaluation of methods 1.8 
 

EJ Review Yes  August 7, 2018 

QA Yes July 28, 2018 
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(Svartz et al. 2012) 
Paper: Svartz, GV, Herkovits J, and Perez-Coll CS. 2012. Sublethal effects of 
atrazine on embryo-larval development of Rhinella arenarum (Anura: Bufonidae). 
Ecotoxicology 21:1251-1259. 
 

Relevance - Response 1.  Mortality of South American Toad (Rhinella arenarum) 
exposed to atrazine (5,000; 10,000; 15,000; 20,000; and 30,000 µg/L) for 14 days (336 
hours) from early blastula to complete operculum stage. 

Score 

Statistical 
significance for 
adverse effects 

Lethality was observed only at concentrations > 20,000 µg/L after 7 
days (168 hours) of exposure.  No LCx values or statistics were 
reported but were assumed to be significant. Magnitude of mortality 
was not reported. 

4 

Concentration- or 
dose-response 

The data were not provided as model outputs with r2 values but is 
assumed to be monotonic. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Malformations (teratogenicity) and neurotoxic effects in 
South American Toad (Rhinella arenarum) exposed to atrazine (5,000; 10,000; 15,000; 
20,000; and 30,000 µg/L) for 14 days from early blastula to complete operculum stage. 

Score 

Statistical 
significance for 
adverse effects 

The effects on the percentage of malformed embryos is depicted 
graphically in Fig. 1. EC10 values were reported at various time points 
over the 14-day exposure (Table 1) as being 5,000 µg/L for stage S4. 
The EC50 was reported as being about 8,000 µg/L. Neurotoxic effects 
were reported as occurring, but without statistical analysis.  The 
Teratogenic Index (TI) was reported as being 3.28 after 240 h of 
exposure. 

4 

Concentration- or 
dose-response 

The response data were not provided as model outputs with r2 values, 
but the response is assumed to be monotonic. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Significant malformations are a very relevant response at the 
population-level as these animals are more susceptible to predation 
and less likely to survive to reproductive age. 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-2 Score 
Experimental 
design and 
hypotheses 

This study examined the response of the South American Toad 
(Rhinella arenarum) exposed to atrazine for 14 days from early blastula 
to complete operculum stage under laboratory conditions. 

1 
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Adult mating pairs (three in total) weighing approximately 200–250 g 
were captured from Lobos (Buenos Aires province, Argentina).  No 
mention is made of type of location or possible previous exposure to 
contaminants (weakness).  
 
Frog care, breeding, embryo acquisition, and analysis were performed 
according to AMPHITOX protocols. Ovulation was induced by 
intraperitoneal injection of a suspension of a pituitary gland in 
AMPHITOX (AS) solution. Oocytes were fertilized in vitro using fresh 
sperm suspended in AS. Once fertilized, the jelly coat at the blastula 
stage was removed chemically and embryos were allowed to develop 
in AS at 20 ± 2°C. and pH 7 ± 0.5. The AS was replaced entirely every 
three days. Embryos and larvae were staged according to previous 
guidance.  
 
Technical-grade atrazine with a purity of 98% (Chem Service, West 
Chester, PA, USA) was used in the study. 
 
Range finding tests were used to determine the sublethal 
concentrations in embryos and larvae. For exposures in the definitive 
test, ten embryos (S4-S25 stages) were randomly placed in triplicate 
into 10-cm diameter glass Petri dishes containing 40 mL of test 
solution. The final nominal test concentrations were 5,000; 10,000; 
15,000; 20,000; and 30,000 µg/L atrazine, plus a negative and 0.2% 
solvent control (weakness, solvent should not exceed 0.05% in static 
tests25).  Media was refreshed every 48 h. 
 
Exposures between 10 and 30 µg/L were prepared by directly 
dissolving atrazine into one liter of media. Solutions under 10 µg/L are 
assumed to have been created by serial dilution, as the text is unclear. 
Precipitation was observed at the greatest concentrations and so 0.2% 
acetone was added to assist dissolving. Controls with AS and AS plus 
acetone were utilized.  Acetone was not included across all exposures 
(weakness). 
 
Atrazine concentrations in test solutions were reported as verified by 
high performance liquid chromatography/mass spectrometry. The error 
between nominal and measured concentrations did not exceed 5 %.  
No other water quality measurements or monitoring were reported 
(weakness).  Actual test conditions (light, temperature) unclear, and no 
use of a growth or experimental chamber was reported (weakness). 
 
The teratogenic and neurotoxic responses were evaluated every 24 h, 
but no mentioned of blinded observes is made (major weakness). 
Embryos were fixed, observed under microscope, and identified for 
malformations. 
 
Lethal and effective concentrations (LC and EC) were determined by 
the USEPA Probit Program. The Teratogenic Index (TI) was calculated 
as LC50/EC50.  An EC10 concentration was calculated in place of a 
NOEC. LOECs are reported, but how these were calculated is not 

                                            
25 USEPA.  1996.  Ecological Effects Test Guidelines OPPTS 850.1075.  Fish Acute Toxicity Test, Freshwater and 
Marine. Washington DC: United States Environmental Protection Agency, Office of Prevention, Pesticides and Toxic 
Substances. Report EPA 712–C–96–118. 
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provided (weakness). Negative and vehicle controls did not differ 
statistically from one another and so were combined (Statistical tests 
used, and data were not reported; weakness).  

Use of GLP and 
QA/QC 

This was not a GLP study.  It was stated that exposure test solutions 
were confirmed analytically, but actual data were not provided aside 
from not differing by 5% from nominal across all treatments, and details 
around number of samples were lacking. No water quality measures 
were taken. Malformations were not assessed blind. 

1 

Transparency of 
data 

There was no SI with additional or raw data provided. Data mainly 
provided as summary tables (e.g., EC10 and NOECs). No LCx data 
were reported. Some photographs of malformations provided. 

1 

Concentrations 
tested 

Five concentrations were tested (5,000; 10,000; 15,000; 20,000; and 
30,000 µg/L). 

4 

Use of realistic 
exposures 

All concentrations tested were > 100 µg/L. 0 

Overall evaluation of methods 1.4 
 

Relevance - Response 3.  Mortality of South American Toad (Rhinella arenarum) 
exposed to atrazine (1000 to 30,000 µg/L) for 14 days (336 hours) from early complete 
operculum stage up to late complete operculum stage. 

Score 

Statistical 
significance for 
adverse effects 

Lethality was observed only at concentrations > 20,000 µg/L.  No LCx 
values or statistics are reported but are assumed to be significant. 
Magnitude of mortality was not reported. 

4 

Concentration- or 
dose-response 

The response data were not provided in graphical form, or as model 
outputs with r2 values, but is assumed to be monotonic. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Malformations (teratogenicity) and neurotoxic effects in 
South American Toad (Rhinella arenarum) exposed to atrazine (1000 to 30,000 µg/L) for 
14 days from early complete operculum stage up to late complete operculum stage. 

Score 

Statistical 
significance for 
adverse effects 

The EC10 values were reported at various time points over the 14-day 
exposure (Table 1), ranging from 2,500 to 15,000 µg/L for stage S25. 
The EC50 was not reported. Neurotoxic effects were reported as 
occurring at concentrations of 15,000 µg/L or greater, but without 
statistical analysis.  The ‘NOEC’ for sublethal effects (not stated what 
these are) was reported as 10 µg/L. 

4 

Concentration- or 
dose-response 

The response data were not provided in graphical form, or as model 
outputs with r2 values, but is assumed to be monotonic. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Significant malformations are a very relevant response at the 
population-level as these animals are more susceptible to predation 
and less likely to survive to reproductive age. 

4 

Mechanism and or 
mode of action of 

The mechanism was not characterized. 1 
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adverse effect 
explained 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 3-4 Score 
Experimental 
design and 
hypotheses 

The source of the frogs and general conditions were the same as for 
response 1-2. 
 
Range finding tests were used to determine the sublethal 
concentrations in embryos and larvae. For exposures, ten embryos 
were randomly placed in triplicate into 10-cm diameter glass Petri 
dishes containing 40 mL of test solution. The final tested 
concentrations were ranged from 1000 to 30,000 µg/L atrazine, plus a 
negative and 0.2% solvent control.  Actual test concentrations were not 
reported (weakness).  Media was refreshed every 48 hrs. 
 
Exposures between 10,000 and 30,000 µg/L were prepared by directly 
dissolving atrazine into one liter of media. Solutions under 10,000 µg/L 
are assumed to have been created by serial dilution, as the text is 
unclear. Precipitation was observed at the greatest concentrations and 
so 0.2% acetone (weakness, solvent should not exceed 0.05% in 
static tests25) was added to assist dissolving. Controls with AS and AS 
plus acetone were utilized.  Acetone was not used as a solvent in all 
exposures (weakness). 
 
Atrazine concentrations in test solutions were reported as verified by 
high performance liquid chromatography/mass spectrometry.  The error 
between nominal and measured concentrations did not exceed 5 %.  
No other water quality measurements or monitoring were reported 
(weakness).  Actual test conditions (light, temperature) unclear, and no 
use of a growth or experimental chamber was reported (weakness). 
 
The teratogenic and neurotoxic responses were evaluated every 24 h, 
but no mentioned of blinded observations is made (major weakness). 
Embryos were fixed, observed under microscope, and identified for 
malformations. 
 
Control performance was not reported (weakness). 
 
Lethal and effective concentrations (LC and EC) were determined by 
the USEPA Probit Program. The Teratogenic Index (TI) was calculated 
as LC50/EC50.  An EC10 concentration was calculated in place of a 
NOEC. LOECs are reported, but how these were calculated is not 
provided (weakness). Negative and vehicle controls did not differ 
statistically from one another and so were combined (statistical tests 
used and data were not reported; weakness).  

1 

Use of GLP and 
QA/QC 

This was not a GLP study.  It was stated that exposure test solutions 
were confirmed analytically, but actual data were not provided aside 
from not differing by 5% from nominal across all treatments, and details 
around number of samples were lacking. No water quality measures 
were taken. Malformations were not assessed blind. 

1 
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Transparency of 
data 

There was no SI with additional or raw data provided. Data mainly 
provided as summary tables (e.g., EC10 and NOECs). No LCx data 
were reported. Some photographs of malformations provided. 

1 

Concentrations 
tested 

The actual test concentrations were only reported as ranging from 1000 
to 30,000 µg/L.  It is assumed that at least 5 were tested. 

4 

Use of realistic 
exposures 

All concentrations tested were > 100 µg/L. 0 

Overall evaluation of methods 1.4 
 

Relevance - Response 5.  Mortality of South American Toad (Rhinella arenarum) 
exposed to atrazine (1000 to 30,000 µg/L) for 45 days (1080 hours) from completed 
back legs (S28) until completion of metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

Lethality was observed only at concentrations > 20,000 µg/L after 10 
days of exposure with 100% mortality by day 27.  No LCx values or 
statistics are reported but are assumed to be significant.  

4 

Concentration- or 
dose-response 

The response data were not provided in graphical form, or as model 
outputs with r2 values, but they were assumed to be significant. 

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Malformations (teratogenicity) and neurotoxic effects in 
South American Toad (Rhinella arenarum) exposed to atrazine (1000 to 30,000 µg/L) for 
45 days (1080 hours) from completed back legs (S28) until completion of 
metamorphosis. 

Score 

Statistical 
significance for 
adverse effects 

The EC10 values were reported at various time points over the 14-day 
exposure (Table 1), ranging from 10,000 to 20,000 µg/L for stage S28. 
The EC50 was not reported. Neurotoxic effects were reported as 
occurring at concentrations of 10,000 µg/L or greater, but without 
statistical analysis.  The ‘NOEC’ for sublethal effects (not stated what 
these are) was reported as 15,000 µg/L. 

4 

Concentration- or 
dose-response 

The response data were not provided in graphical form, or as model 
outputs with r2 values, but these data were assumed to be significant. 

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Significant malformations are a very relevant response at the 
population-level as these animals might not be able to eat and are 
more susceptible to predation and less likely to survive to reproductive 
age. 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Quality of methods - Responses 5-6 Score 
Experimental 
design and 
hypotheses 

This study examined the response of South American Toad (Rhinella 
arenarum) exposed to atrazine for 45 days from completed back legs 
(S28) until completion of metamorphosis under laboratory conditions.  
General methods were the same as for responses 3-4. 

1 

Use of GLP and 
QA/QC 

This was not a GLP study.  It was stated that exposure test solutions 
were confirmed analytically, but actual data were not provided aside 
from not differing by 5% from nominal across all treatments, and details 
around number of samples were lacking. No water quality measures 
were taken. Malformations were not assessed blind (weakness). 

1 

Transparency of 
data 

There was no SI with additional or raw data provided. Data mainly 
provided as summary tables (e.g., EC10 and NOECs). No LCx data 
were reported. Some photographs of malformations provided. 

1 

Concentrations 
tested 

The actual test concentrations were only reported as ranging from 1 to 
30 µg/L.  It is assumed that at least 5 were tested. 

4 

Use of realistic 
exposures 

All concentrations tested were > 100 µg/L. 0 

Overall evaluation of methods 1.4 
 

Relevance - Response 7.  Mortality of South American Toad (Rhinella arenarum) 
exposed to atrazine (1000 to 40,000 µg/L) for 24 hours at the blastula (S4), neural plate 
(S13), muscular activity (S18), gill circulation (S20), opercular folds (S23), and 
complete operculum (S25) stages and monitored for 7 days. 

Score 

Statistical 
significance for 
adverse effects 

Lethality was observed only at concentrations 20,000 µg/L 7 days 
following exposure. No LCx values or statistics are reported, but the 
results are assumed to be significant.  

4 

Concentration- or 
dose-response 

The response data were not provided in graphical form, or as model 
outputs with r2 values, but they are assumed to be significant at the 
highest concentration tested, only. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Malformations (teratogenicity) and neurotoxic effects in 
South American Toad (Rhinella arenarum) exposed to atrazine (1000 to 40,000 µg/L) for 
24 hours at the blastula (S4), neural plate (S13), muscular activity (S18), gill circulation 
(S20), opercular folds (S23), and complete operculum (S25) stages and monitored for 7 
days. 

Score 

Statistical 
significance for 
adverse effects 

The LOEC values were reported at various time points following 
exposure (Table 2), ranging from 15,000 to >40,000 µg/L for all stages 
tested. The EC50s were not reported. Neurotoxic effects were reported 
as occurring at concentrations of 20,000 µg/L or greater, but without 
statistical analysis (Table 2).  The ‘NOEC’ for sublethal effects (not 
stated what these are) were reported as 10,000 to 40,000 µg/L (Figure 
3). 

4 

Concentration- or 
dose-response 

The response data were not provided in graphical form, or as model 
outputs with r2 values, but they are assumed to be significant. 

4 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Significant malformations are a very relevant response at the 
population-level as these animals are more susceptible to predation 
and less likely to survive to reproductive age. 

4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 1 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 7-8 Score 
Experimental 
design and 
hypotheses 

This study examined the response of South American Toad (Rhinella 
arenarum) exposed to atrazine for 24 hours at the blastula (S4), neural 
plate (S13), muscular activity (S18), gill circulation (S20), opercular 
folds (S23), and complete operculum (S25) stages and monitored for 7 
days.  General methods were the same as for responses 3-4.  

1 

Use of GLP and 
QA/QC 

This was not a GLP study.  It was stated that exposure test solutions 
were confirmed analytically, but actual data were not provided aside 
from not differing by 5% from nominal across all treatments, and details 
around number of samples were lacking. No water quality measures 
were taken. Malformations were not assessed blind (weakness). 

1 

Transparency of 
data 

There was no SI with additional or raw data provided. Data mainly were 
provided as summary tables (e.g., EC10 and NOECs). No LCx data 
were reported. Some photographs of malformations provided. 

1 

Concentrations 
tested 

The actual test concentrations were only reported as ranging from 1000 
to 40,000 µg/L.  It is assumed that at least 5 were tested. 

4 

Use of realistic 
exposures 

All concentrations tested were > 100 µg/L. 0 

Overall evaluation of methods 1.4 
 
EJ Review Yes  August 7, 2018 

QA Yes August 17, 2018 
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(Syngenta 2015) 
Report: Syngenta.  2015.  Atrazine – Fish Short-Term Reproduction Assay with 
the Japanese Medaka (Oryzias latipes). Greensboro, NC: Syngenta Crop 
Protection, LLC (unpublished report). Report 528A-275.  139 p 
 
Note: There were two tests.  To test the effects of male:female ratios on reproduction, a non-
GLP initial study was conducted with groups of 1 male and 4 females (1M:4F) as used in 
Papoulias et al.26 or 5 males and 5 females (5M:5F).  Exposure was to dilution water only and 
fecundity and fertility were monitored during the 4-week reproductive trial.  Since atrazine was 
not use in this test, it is not included in the WoE but is discussed in the narrative. The second 
test was a definitive test following standard guidelines and is subject to WoE below.  This report 
was subsequently published27. 

 
Relevance - Response 1.  Survival of Japanese Medaka (Oryzias latipes) after 
exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

Survival for control and 0.6, 5.5 and 53 μg/L treatments was 100, 100, 
97.5 and 97.5%, respectively. There was no statistically significant 
difference between treatments (p >0.05; Table 5; raw data in Appendix 
13). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant effects, there was no relevance to 
apical endpoints. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant effects, no mechanism was 
investigated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 2.  Length and weight of male and female Japanese Medaka 
(Oryzias latipes) after exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

Mean total length of male fish in the negative control, 0.6, 5.5 and 53 
μg/L treatment groups were 29.2, 29.3, 29.7 and 29.4 mm, 
respectively. and 30.5, 30.7, 30.9 and 31.6 mm in the females (Table 
6).  There was no statistically significant difference between treatments 
for length of weight (Dunnett’s test p >0.05; Table 5; raw data in 
Appendix 21). 

0 

Concentration- or 
dose-response 

No concentration-response was evident (difference observed in ≤1 
contiguous concentrations). 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant effects, there was no relevance to 
apical endpoints. 

0 

                                            
26 Papoulias DM, Tillitt DE, Talykina MG, Whyte JJ, Richter CA.  2014.  Atrazine reduces reproduction in 
Japanese medaka (Oryzias latipes).  Aquatic Toxicology 154:230-9. 
27 Hosmer AJ, Schneider SZ, Anderson JC, Knopper LD, Brain RA.  2017.  Fish short-term reproduction 
assay with atrazine and the Japanese medaka (Oryzias latipes).  Environmental Toxicology and 
Chemistry 36:2327–2334. 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant effects, no mechanism was 
investigated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 3.  Cumulative number of eggs and number of eggs produced 
per day produced by Japanese Medaka (Oryzias latipes) after exposures to atrazine at 
0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

The mean cumulative number of eggs produced in the negative 
control, 0.6, 5.5 and 53 μg/L treatment groups was 7,158, 6,691, 6,883 
and 6,856 eggs, respectively (Table 5). There were no statistically 
significant differences in total egg production in any treatment groups 
in comparison to the negative control.  Mean numbers of eggs per 
female per reproductive day in the negative control, 0.6, 5.5 and 53 
μg/L treatment groups were 40.9, 38.2, 40.2 and 39.2 eggs/d, 
respectively (Table 5). There were no statistically significant 
differences in egg production in any treatment groups in comparison to 
the negative control (Jonckheere-Terpstra trend test and Dunnett’s test 
p >0.05, Table 5; raw data in Appendix 18). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant effects, there was no relevance to 
apical endpoints. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant effects, no mechanism was 
investigated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 4.  Fertility of eggs of Japanese Medaka (Oryzias latipes) after 
exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

Mean percent fertility in the negative control, 0.6, 5.5 and 53 μg/L 
treatment groups were 91.7, 90.5, 93.0 and 92.9%, respectively (Table 
5).  There were no statistically significant differences in percent fertility 
in any treatment groups in comparison to the negative control 
(Jonckheere-Terpstra trend test and Dunnett’s test, p >0.05; Table 5; 
raw data in Appendix 18). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant effects, there was no relevance to 
apical endpoints. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant effects, no mechanism was 
investigated or proposed. 

0 

Multiplier for LOEC NA   
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Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 5.  Expression of VTG in male and female Japanese Medaka 
(Oryzias latipes) after exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

Mean VTG fold change compared to the reference gene, RPL7 in 
males in the negative control, 0.6, 5.5 and 53 μg/L treatment groups 
were 1.4, 1.6, 6.9 and 3.7, respectively (Table 8).  There was a 
statistically significant increase (Dunnett’s test, p <0.05) in VTG gene 
expression among male fish exposed to the 5.5 μg/L (raw data in 
Appendix 20).  Mean VTG fold change in females in the negative 
control, 0.6, 5.5 and 53 μg/L treatment groups were 1.4, 1.7, 0.75 and 
1.5, respectively (Table 8).  There were no statistically significant 
differences in VTG among females in any treatment group in 
comparison to the negative control (Jonckheere-Terpstra trend test and 
Dunnett’s test p >0.05; raw data in Appendix 20). 

1 

Concentration- or 
dose-response 

No monotonic concentration-response was observed and there were 
too few concentrations tested to characterize a non-monotonic 
response.  Increases in expression were small and much less than the 
hundreds of fold observed in male fish environmentally exposed to 
estrogens28. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no relevance to apical endpoints such as number of eggs 
produced or fertility. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated or proposed. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.5 
Overall evaluation of relevance (SEJ).  Because of the small increases in expression, the 
lack of monotonic response observed, and lack of effects observed in production of eggs and 
fertility, a score for expert judgment of zero was assigned. 

0 

 
Relevance - Response 6.  Occurrence and number of anal fin papillae in Japanese 
Medaka (Oryzias latipes) after exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

Mean anal fin papillae count in the negative control, 0.6, 5.5 and 53 
μg/L treatment groups were 162, 179, 172 and 194, respectively (Table 
7).  There were no statistically significant differences in anal fin papillae 
counts of males in any treatment groups in comparison to the negative 
control (Jonckheere-Terpstra trend test and Dunnett’s test, p >0.05; 
Table 7; raw data in Appendix 21).  No papillae were observed in 
females. 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there were no significant effects, there was no relevance to 
apical endpoints. 

0 

                                            
28 Jobling S, Williams R, Johnson A, Taylor A, Gross-Sorokin M, Nolan M, Tyler CR, van Aerle R, Santos E, Brighty 
G.  2005.  Predicted exposures to steroid estrogens in U.K. rivers correlate with widespread sexual disruption in wild 
fish populations.  Environmental Health Perspectives 114:32-39. 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no significant effects, no mechanism was 
investigated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 7.  Histopathology of ovaries of Japanese Medaka (Oryzias 
latipes) after exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

A small number of female fish showed an increase in atretic oocytes 
(1, 0, 2 and 4 fish) in the negative control, 0.6, 5.5 and 53 μg/L 
treatments groups respectively, with all increases scored as minimal 
severity).  Only the occurrence in the 53 μg/L treatment was 
statistically significantly different from the negative control (one-sided 
exact Jonkheere-Terpstra step-down trend test, p = 0.038; Table 22.2). 
The overall score for oocyte atresia (based on the sum of the number 
of atretic oocytes and post-atretic follicles) did not show a 
concentration related increase. 
 
Exposure to atrazine appeared to have no effect on the developmental 
stage of the test fish. 

1 

Concentration- or 
dose-response 

No concentration-response was evident (difference observed in ≥1 
contiguous concentrations) 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There were no apparent effects on apical endpoints such as production 
of eggs and fertility. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there were no consistent effects, no mechanism was 
investigated or proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.25 
Overall evaluation of relevance (SEJ).  Because of the small increase and lack of effects 
observed in apical endpoints such as production of eggs and fertility, a score for expert 
judgment of zero was assigned. 

0 

 
Relevance - Response 8.  Testicular ovarian follicles in gonads of male Japanese 
Medaka (Oryzias latipes) after exposures to atrazine at 0, 0.6, 5.5 and 53 μg/L for 35 d. 

Score 

Statistical 
significance for 
adverse effects 

There were two testicular ovarian follicles in the negative control, one 
in 5.5 μg/L and two in the 53 μg/L treatments.  Differences were not 
significant (one-sided exact Jonkheere-Terpstra step-down trend test, 
p >0.05; Table 22.1). 
 
Exposure to atrazine appeared to have no effect on the development 
stage of the test fish. 

0 

Concentration- or 
dose-response 

No concentration-response was evident (difference observed in ≥1 
contiguous concentrations) 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There were no apparent effects on apical endpoints such as production 
of eggs and fertility. 

0 

Mechanism and or 
mode of action of 

Since there were no consistent effects, no mechanism was 
investigated or proposed. 

0 
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adverse effect 
explained 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ).  0 

 
Quality of methods - Response 1-8 Score 
Experimental 
design and 
hypotheses 

The fish short-term reproduction assay was conducted with Japanese 
medaka (Oryzias latipes) obtained from a commercial source 
(identified).  The protocol followed the OECD Guidelines for Testing of 
Chemicals, Guideline 229: Fish Short Term Reproduction Assay.  The 
fish were ca. 4.5 months old at the initiation of the study and had been 
acclimated to the laboratory conditions for four weeks.  The 
temperature of the holding tanks was 26.1-26.5 °C and the photoperiod 
was 16:8 h light:dark cycle.  pH of the water ranged from 8.5 to 8.6 and 
DO was ≥7.9 mg/L with ≥ 97% of air saturation. 
 
Atrazine was 97.5% wt./wt. (with certification) pure and was identified 
as to source.  A stock solution was prepared in RO water to provide a 
concentration of 500 μg/L.  No solvent was needed or used. The 
exposure system was flow-through and stock solution was pumped 
with metering pumps fitted with rotameters to measure flow which 
varied by ≤10% based on twice-daily checks.  The pumps were 
calibrated to provide exposures of 0.50, 5.0 and 50 μg atrazine/L plus 
dilution water for the negative control.  Samples for analytical 
verification of exposures were collected prior to introduction of the fish 
and at weekly intervals thereafter.  Two (50%) of the tanks were 
sampled each week.  Samples were preserved with methanol and 
analyzed by LC/MS-MS.  The LOQ of the analytical method was 0.125 
μg/L and mean recovery was 101% (± SD 2.26; Appendix 5.5).  
Analysis of vitellogenin (VTG) via the VTG II gene expression was 
conducted on livers of all fish at termination of the study.  The method 
followed a standard protocol for extraction and PCR (Appendix 6).  
Expression was compared to a reference gene, RPL7, but the data 
were not compared to the control. 
 
For seven days prior to exposure, fish were observed and active 
spawners selected for the study.  There four replicates (10 fish, 5 male, 
5 female) exposure chambers (12-L glass aquaria containing ca. 10 L 
of exposure solution) per concentration.  For the continuous flow 
system, exposure solutions (atrazine stock solution diluted with well 
water) were pumped through the tanks at a rate of 70 L per day and 
temperature was maintained in a water-bath.  Loading of fish was less 
than the maximum recommended (0.085 g fish/L/24 h).  Fish were fed 
brine shrimp nauplii (from a commercial supplier).  During the 7-day 
pre-exposure period and the 35-day exposure period, fish were fed at 
least twice each day at a rate sufficient to promote active reproduction 
and maintain body condition.  The fish were not fed for at least 12 h 
prior to termination of the study to allow for clearance of the digestive 
tracts before terminal weight measurements were made.  Feeding rates 
in each replicate were adjusted weekly, if necessary, to account for 
mortality.  Uneaten food and fecal material were removed from the test 
vessels daily by siphoning.  Water quality and temperature during 
exposures were measured weekly and documented in Table 4 and 
appendices (Temperature (25.3-25.7C) in Appendix 7; DO (8.2 mg/L) in 

4 
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Appendix 8; pH (8.0 to 8.1) Appendix 9).  Hardness (129-136 mg 
CaCO3), alkalinity (159-173 mg CaCO3) and specific conductance 
(340-361 μS/cm) of water were measured in the negative control and 
the highest concentration exposure (means from Appendix 10).  Light 
intensity was 710 lux (SD = 101) in the tanks.  The dilution water was 
from a well and was analyzed for the presence of contaminants.  No 
pesticides were detected at concentrations above the LOD (Appendix 
4).  Metals, metalloids, and salts were analyzed and most were less 
than the LOD.  Only bromide, calcium, magnesium, sodium, and 
sulphate were present at concentrations greater than 1 mg/L (Appendix 
4). 
 
At termination of the 35-d test, the fish were anaesthetized with MS-
222 and sexed (external). The tail was spread and fixed to assess the 
number of anal fin papillae. The body cavity of each fish was opened, 
internal phenotypic sex based on gross examination of the gonads was 
determined and the liver was dissected for vitellogenin measurements. 
The body cavity was perfused with fixative prior to submersing the 
entire body in fixative (Davidson’s solution).  After at least 24 hours of 
fixation, the samples were rinsed with 70% ethanol and placed into 
10% neutral-buffered formalin. 
 
Responses measured in the tests were: 

• Survival 

• Growth (standard length and wet weight) 

• Fecundity (eggs per female reproductive day and cumulative 
number of eggs) 

• Fertility 

• Behaviour 

• Hepatic vitellogenin (VTG) gene expression males and females 

• Occurrence and number of anal fin papillae 

• Gonad developmental stage 

• Gonadal histology (incidence of severity of gonadal 
abnormalities) 

Measurement methods were, for the most part, described in adequate 
detail. 
 
A pathologist qualitatively evaluated the gonads.  Histomorphological 
parameters assessed included 

• relative germ cell numbers 

• alterations in numbers and sizes of non-germ cells (e.g., 
testicular interstitial cells and ovarian perifollicular cells) 

• increased degenerative changes 
When appropriate, the pathologist used a scoring system to indicate 
the severity of these changes and other abnormalities according to the 
following scale: Grade 0 = unremarkable, Grade 1 = minimal, Grade 2 
= mild, Grade 3 = moderate and Grade 4 = severe.  Any changes not 
amenable to grading instead were designated as “Present”.  In 
addition, the stage of developmental maturity of each gonad pair was 
indicated. 
 
Statistical analysis was via SAS (version 6).  The unit of statistical 
analysis was the replicate test vessel. Male and female fish were 
analyzed separately for each endpoint when appropriate.  If responses 
appeared to be monotonic (trending in one direction, e.g., response not 
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trending up and then down as concentration increases) a step-down 
Jonckheere-Terpstra trend test was used to evaluate possible trends in 
the ranks of replicate means to determine concentration responsive 
trends among the treatment groups.  All endpoints, except survival, 
were analyzed by performing pair-wise comparisons using Dunnett’s 
multiple comparison. For survival, the most suitable unit of statistical 
analysis was the individual animal and data were analyzed using 
Fishers Exact test. 

Use of GLP and 
QA/QC 

The study was a conducted under GLP and the appropriate 
documentation was attached.  Full QA/QC was used.  Exposures were 
confirmed analytically on a weekly basis. 

4 

Transparency of 
data 

All raw data were provided in Tables and appendices. 4 

Concentrations 
tested 

Three concentrations were used; nominal = 0.5, 5, 50 μg/L; measured 
= 0.6, 5.5, 53 μg/L (Tables 1 & 2). 

2 

Use of realistic 
exposures 

Two concentrations were < 20 μg/L. 3 

Overall evaluation of methods 3.4 
 
EJ Review Yes 2016-08-31 

QA Yes Jan. 26, 2018 
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(Syngenta 2017a) 
Report: Atrazine – Fish Short-Term Reproduction Assay with the Fathead Minnow 
(Pimephales promelas). Greensboro, NC: Syngenta Crop Protection, LLC 
(unpublished report). No. 528A-315. 159 p. 
 
Note: This study has been published as Brain, R.A., Schneider, S.Z., Anderson, J.C., Knopper, 
L.D., Wolf, J.C. and Hanson, M.L., 2018. Extended fish short term reproduction assays with the 
fathead minnow and Japanese medaka: No evidence of impaired fecundity from exposure to 
atrazine. Chemosphere, 205, pp.126-136. 
 

Relevance - Response 1.  Survival of fathead minnow (Pimephales promelas) breeding 
pairs following a 28-d exposure to atrazine at measured concentrations of 1.0, 10, 26, 
52, and 105 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant treatment-related effects on 
survival observed in males or females as a result of the 28-d exposure 
(Table 5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Body size (length and weight) of male fathead minnow 
(Pimephales promelas) following a 28-d exposure to atrazine at measured 
concentrations 1.0, 10, 26, 52, and 105 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences for either mass or 
length in females at the end of the 28-d exposure to atrazine at any 
test concentration relative to control (Table 6). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3.  Body size (length and weight) of female fathead minnow 
(Pimephales promelas) following a 28-d exposure to atrazine at measured 
concentrations of 1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There was a statistically significant increase (p < 0,05 by ANOVA with 
Dunnett’s test) in body length at 1.0 µg/L versus control (51.4 versus 
49. 3 mm).  No other exposure was statistically different (Table 6). 

1 

Concentration- or 
dose-response 

No concentration-response was observed by the Jonckheere-Terpstra 
trend test. 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Body size (length) is an ecological relevant response as it may indicate 
overall health and viability, but the change in this case was a slight 
increase of 4%. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

There was significant or consistent response was observed, n and no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC The differences observed were at concentrations < 100 µg/L. 1 

Overall evaluation of relevance (computed) 0.5 
Overall evaluation of relevance (SEJ). Considering the lack of a concentration response, 
and the observed effect being a slight increase (4%) the score was reduced. This is likely a 
statistical artifact. 

0 

 

Relevance - Response 4.  Cumulative eggs produced by breeding pairs of fathead 
minnow (Pimephales promelas) following a 28-d exposure to atrazine at measured 
concentrations of1.0, 10, 26, 52, and 105 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5.  Eggs per female per reproductive day produced by breeding 
pairs of fathead minnow (Pimephales promelas) following a 28-d exposure to atrazine 
at measured concentrations of 1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 
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Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6.  Percent fertility of breeding pairs of fathead minnow 
(Pimephales promelas) following a 28-d exposure to atrazine at measured 
concentrations of 1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7.  Expression of vitellogenin by fathead minnow (Pimephales 
promelas) males following a 28-d exposure to atrazine at measured concentrations of 
1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
7). 

0 

Concentration- or 
dose-response 

No concentration-response was observed.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 8.  Expression of vitellogenin by fathead minnow (Pimephales 
promelas) females following a 28-d exposure to atrazine at measured concentrations 
of 1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
7).. 

0 

Concentration- or 
dose-response 

No concentration-response was observed.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9.  Number of tubercles on fathead minnow (Pimephales 
promelas) males following a 28-d exposure to atrazine at measured concentrations of 
1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
7). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10.  Number of tubercles on fathead minnow (Pimephales 
promelas) females following a 28-d exposure to atrazine at measured concentrations 
of 1.0, 10, 26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no observed tubercles and therefore no statistically 
significant differences at the end of the 28-d exposure to atrazine at 
any test concentration relative to control (Table 7). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

SI for Hanson et al. 2020 Page 181 of 237 Crit . Rev. Toxicol.  DOI



 

adverse effect 
explained 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 11.  GSI of fathead minnow (Pimephales promelas) males 
following a 28-d exposure to atrazine at measured concentrations of 1.0, 10, 26, 52, and 
105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
7).  

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 12.  GSI of fathead minnow (Pimephales promelas) females 
following a 28-d exposure to atrazine at measured concentrations of 1.0, 10, 26, 52, and 
105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
7). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 13.  Histopathology of fathead minnow (Pimephales promelas) 
males following a 28-d exposure to atrazine at measured concentrations of 1.0, 10, 26, 
52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control 
(Appendix 24). 

0 
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Concentration- or 
dose-response 

No concentration-response was observed.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 14.  Histopathology of fathead minnow (Pimephales promelas) 
females following a 28-d exposure to atrazine at measured concentrations of 1.0, 10, 
26, 52, and 105 µg/L 

Score 

Statistical 
significance for 
adverse effects 

There was an increased proportion of Stage 4.0 (mature spawning) 
ovaries, accompanied by an increase in proportion of Grade 3 (> 9 per 
ovarian section) post-ovulatory follicles in the 105 µg/L treatment 
(Appendix 24). 
 

1 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Gonad health is an important indicator of future reproductive success, 
these were small changes with no observed impact on apical 
responses (e.g., egg laying). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed. 1 

Multiplier for LOEC The differences observed were at concentrations > 100 µg/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-14 Score 
Experimental 
design and 
hypotheses 

The study was conducted under good laboratory practice (GLP).  The 
study protocol was based on procedures outlined in the U.S. EPA 
Series 890 – Endocrine Disruptor Screening Program Test Guidelines 
29, and the OECD Guidelines for Testing of Chemicals, Guideline 229 
30.  
 
The study was performed at the EAG Laboratories aquatic toxicology 
facility in Easton, Maryland using fish acquired from Osage Catfisheries 
and housed in mixed cultures in the testing facility (16:8-h light:dark 
photoperiod, 25°C) for an acclimation period of about eight weeks. Fish 
were fed live brine shrimp nauplii (Artemia sp.) ad libitum two or three 

4 

                                            
29 US Environmental Protection Agency. 2009. Endocrine Disruptor 
Screening Program Test Guidelines—OPPTS 890.1350: Fish short-term reproduction assay. EPA 740/C-09/007. 
Washington, DC. 
30 Organisation for Economic Co-operation and Development. 2012. Test No. 229: Fish short-term reproduction 
assay. OECD Guidelines for the Testing of Chemicals. Paris, France. 
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times daily to promote reproduction and general health.  The fish used 
for testing were approximately six months old.  
Temperature, pH and dissolved oxygen were measured weekly in all 
test vessels and daily in a single control throughout the test.  Other 
water quality measures were also taken (e.g., hardness, alkalinity, 
conductivity) in the controls and greatest exposure. As required by the 
protocols, the assay met performance requirements for fathead 
survival, active breeding, dissolved oxygen, temperature, and being 
within 20% of target concentrations. 
 
Test vessels were 12-L glass aquaria (38 by 23 by 18 cm) filled with 
approximately 10 L of test water in a flow-through system (water was 
replaced in tanks six times each day).  Each replicate contained a 
breeding group of six sexually mature fish: four females and two males 
(mean wet weights of 1.7 g and 3.7 g, respectively, at test initiation; 
instantaneous biomass loading of 1.4 g of fish/L).   A stratified random 
procedure was used to assign spawning groups randomly to treatments 
based on performance during a pre-exposure period.  
 
Adult medaka were exposed to analytical-grade atrazine (97.5% w/w, 
Syngenta, Batch ID 726718) at nominal concentrations of 1, 10, 25, 50, 
and 100 µg/L, plus a negative control.  Each exposure had four 
replicates. Concentrations of atrazine were measured by LC/MS/MS 
(Applied Biosystems/MDS Sciex API 3000 MS with Agilent 1100/1200 
series HPLC) from two replicate control vessels each week.  The LOQ 
was 0.313 µg/L.  The reported mean concentrations over the course of 
the study were 1.0, 10, 26, 52, and 105 µg/L.  No atrazine was 
detected in the controls.  Over the course of the study measured values 
ranged from 94 to 116% of nominal concentrations. 
. 
 
Due to the size of the study, two replicates were terminated on day-28, 
and two replicates were terminated on Day 29. During the exposure 
period, assessments of survival, fecundity, fertility (number of fertile 
eggs/total number collected), and general behaviour were made daily, 
the number of eggs spawned, and number of fertile eggs were 
determined for replicate daily over the course of the test.  Fecundity 
was expressed based on the number of surviving females per day per 
replicate and as cumulative eggs produced over the 28-day period. 
Fertility was determined using toluidine blue dye to assist enumeration 
and was expressed as a percentage of the total number of eggs from 
each replicate [(fertile eggs/total eggs) times 100].  
 
At the end of the study, all fish were euthanized using MS-222 at which 
point phenotypic sex was determined, standard length and wet weight 
were measured, and secondary sex characteristics were evaluated. 
Tubercles were counted and measured to determine a quantitative 
score on a scale of 1 to 3 (1 - present, 2 - enlarged, 3 - pronounced).  
 
Blood samples were taken to determine plasma vitellogenin in both 
males and females. Analysis was performed using an Enzyme-Linked 
Immunosorbent Assay (ELISA) kit (Biosense Laboratories, Bergen, 
Norway) following manufacturer’s protocols. 
 
Gonads were fixed in situ with Davidson’s solution with microscopic 
examination of the tissues was performed by a board-certified 
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pathologist using standard methods. Gonads were weighed to the 
nearest 0.1 mg, and gonadosomatic index (GSI) was determined. 
 
For each fish, three sections of gonad pairs were made, and gonads 
staged and recorded on a per fish basis. Specific parameters assessed 
included relative germ cell proportions, changes in the proportions and 
sizes of non-germ supporting cells (e.g., testicular interstitial cells and 
Sertoli cells, and ovarian granulosa cells), and degenerative changes. 
When needed, a scoring system was employed to indicate the severity 
of histopathological changes or abnormalities: Grade 1 - minimal, 
Grade 2 - mild, Grade 3 - moderate, and Grade 4 - severe 
  
Data were analyzed by Dunnett's multiple comparison test to compare 
treated groups to the control. For monotonic responses, a step-down 
Jonckheere-Terpstra test (JKT) was used to evaluate concentration-
dependent trends. Where a significant trend was observed with JKT, 
but there was no significance with Dunnett's, the change in an endpoint 
was not considered a significant response. A Mann-Whitney-Wilcoxon-
U test was used on tubercle score data as these failed assumptions of 
homogeneity of variance. Due to the inherent variability of vitellogenin 
data, box plots of log-transformed data were created to identify 
possible outliers. Any data point that were 1.5 times the interquartile 
range below the first quartile and above the third quartile deemed an 
outlier and excluded from statistical analysis.  A total of six out of 139 
data points were excluded. 
 

Use of GLP and 
QA/QC 

This was a GLP study with extensive QA/QC, including analytical 
confirmation of exposures, regular assessment of water quality 
parameters (e.g., temperature, dissolved oxygen), and minimum 
expectations around control performance. Specifically, performance of 
control fish, in terms of survival (> 90%), spawning (active in all 
replicates throughout the test), and fertility (≥ 95%), met the applicable 
GLP performance criteria. 

4 

Transparency of 
data 

All raw data are available for review and were included in the published 
version of this study. 

4 

Concentrations 
tested 

A total of five mean measured exposures (1.0, 10, 26, 52, and 105 
µg/L.) were tested, plus controls.  

4 

Use of realistic 
exposures 

There were two concentration tested (1, and 10 µg/L) that were less 20 
µg/L. 

3 

Overall evaluation of methods 3.8 
 

EJ Review Y 2019-01-24 

QA Y 2019-02-09 
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(Syngenta 2017b) 
Report: Syngenta.  2017.  Atrazine – Fish Short-Term Reproduction Assay with 
the Japanese Medaka (Oryzias latipes). Greensboro, NC: Syngenta Crop 
Protection, LLC (unpublished report). No. 528A-275.  139 p. 
 
Note: This GLP study has been published as Brain, R.A., Schneider, S.Z., Anderson, J.C., 
Knopper, L.D., Wolf, J.C. and Hanson, M.L., 2018. Extended fish short term reproduction 
assays with the fathead minnow and Japanese medaka: No evidence of impaired fecundity from 
exposure to atrazine. Chemosphere, 205, pp.126-136. 
 

Relevance - Response 1.  Survival of Japanese medaka (Oryzias latipes) breeding pairs 
following a 28-d exposure to atrazine at measured concentrations of 9.4, 48, 74, 97, and 
244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant treatment-related effects on 
survival observed in males or females as a result of the 28-d exposure, 
with survival ranging from 97.5 to 100% (Table 5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Body size (length and weight) of male Japanese medaka 
(Oryzias latipes) following a 28-d exposure to atrazine at measured concentrations of 
9.4, 48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

Males exposed to atrazine at 74 and 97 µg/L atrazine were statistically 
different from controls at the end of the study by ANOVA with a 
Dunnett’s test (p < 0.05).  The differences were < 7% (controls 32 mm 
versus 30 mm at 74 and 97 µg/Lt).  Body size of fish at 244 µg/L were 
not statistically different with a mean of 32 mm.  Males exposed to 97 
µg/L had significant reduced weight relative to the controls 0.57 g 
versus 0.49 g, respectively (16%).  Fish at 244 µg/L were not 
statistically different from controls (at 0.56 g). 

4 

Concentration- or 
dose-response 

No concentration-response was observed. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Size (especially loss of mass) is a relevant response that could have 
implications for long-term health, but the changes observed were small 
(7% for length and 16% for weight) relative to controls and occurred 
only in males; the females were not adversely affected. 

2 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed or explained, but considering the lack of 
a concentration response, is likely due to random variability.   

0 

Multiplier for LOEC The differences observed were at concentrations < 100 µg/L. 1 

Overall evaluation of relevance (computed) 1.5 
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Overall evaluation of relevance (SEJ) Considering the lack of a consistent response 
(between length and weight) with treatment overall, the lack of a consistent effect between 
sexes, the minor differences when observed, and the lack of any concentration response the 
overall score was reduced. 

0.5 

 

Relevance - Response 3.  Body size (length and weight) of female Japanese medaka 
(Oryzias latipes) following a 28-d exposure to atrazine at measured concentrations of 
9.4, 48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences for either mass or 
length in females at the end of the 28-d exposure to atrazine at any 
test concentration relative to control (Table 6). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4.  Cumulative number of eggs produced by breeding pairs of 
Japanese medaka (Oryzias latipes) over a 28-d exposure to atrazine at measured 
concentrations of 9.4, 48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5.  Number of eggs per female per reproductive day produced 
by breeding pairs of Japanese medaka (Oryzias latipes) over a 28-d exposure to 
atrazine at measured concentrations of 9.4, 48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6.  Percent fertility of breeding pairs of Japanese medaka 
(Oryzias latipes) over a 28-d exposure to atrazine at measured concentrations of 9.4, 
48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
5). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7.  Expression of vitellogenin by Japanese medaka (Oryzias 
latipes) males after a 28-d exposure to atrazine at measured concentrations of 9.4, 48, 
74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There was no significant difference in mean concentration of hepatic 
vitellogenin based on ANOVA and Dunnett's test (Table 8). 

0 

Concentration- or 
dose-response 

A possible trend was detected by the Jonckheere-Terpstra test (p < 
0.05, Table 8). 

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Vitellogenin is linked to reduced fecundity, but the changed observed 
was not statistically different from control and was of a relatively low 
magnitude (a < 10-fold change). 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 

1 

Multiplier for LOEC The differences observed were at concentrations < 100 µg/L. 1 

Overall evaluation of relevance (computed) 0.75 
Overall evaluation of relevance (SEJ).  There were no statistical differences from control. 
The VTG measurements with a statistically significant trend (Jonckheere-Terpstra test) were 
within historical laboratory control data (mean negative control data = 2.72 x 102, 2.97 x 102, 

0 
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1.11 x 103 and 4.83 x 106 copies Vtg1 mRNA / ng total RNA; n = 4) and fell on the lower end 
of the historical control data range.  Thus, the score was reduced (Table 8). 

 

Relevance - Response 8.  Expression of vitellogenin by Japanese medaka (Oryzias 
latipes) females after a 28-d exposure to atrazine at measured concentrations of 9.4, 
48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control (Table 
8). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9.  Number of anal fin papillae on Japanese medaka (Oryzias 
latipes) males after a 28-d exposure to atrazine at measured concentrations of 9.4, 48, 
74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences (p > 0.05) at the end 
of the 28-d exposure to atrazine at any test concentration relative to 
control (Table 7). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 10.  Number of anal fin papillae on Japanese medaka (Oryzias 
latipes) females after a 28-d exposure to atrazine at measured concentrations of 9.4, 
48, 74, 97, and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no observed anal fin papillae and therefore no statistically 
significant differences at the end of the 28-d exposure to atrazine at 
any test concentration relative to control (Table 7). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 11.  Histopathology of Japanese medaka (Oryzias latipes) 
females after a 28-d exposure to atrazine at measured concentrations of 9.4, 48, 74, 97, 
and 244 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

There were no statistically significant differences at the end of the 28-d 
exposure to atrazine at any test concentration relative to control 
(Appendix 23). 

0 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no significant or consistent response was observed, there was 
no relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no significant or consistent response was observed, no 
mechanism or mode of action was proposed. 
 

0 

Multiplier for LOEC N/A  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 12.  Histopathology of Japanese medaka (Oryzias latipes) males 
after a 28-d exposure to atrazine at measured concentrations of 9.4, 48, 74, 97, and 244 
µg/L. 

Score 

Statistical 
significance for 
adverse effects 

A slight decrease in mean testicular stage scores in males of the 48, 
74, 97, and 244 µg/L treatment groups relative to the control was 
observed (i.e., 1.4, 1.5, 1.3, and 1.4, respectively, compared to 1.7 in 
the negative control (Appendix 23)). 

2 

Concentration- or 
dose-response 

No concentration-response was observed. 
 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Gonad maturation is an important indicator of future reproductive 
success, these were small changes with no observed impact on apical 
responses (e.g., egg laying). 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was proposed. 1 

Multiplier for LOEC The differences observed were at concentrations < 100 µg/L. 1 

Overall evaluation of relevance (computed) 0.75 
Overall evaluation of relevance (SEJ). There were no statistical tests conducted or other 
histopathological trends or changes noted and there were no additional corroborative findings 
(e.g., increased testicular degeneration, decreased body weights). Therefore, the score was 
reduced. 

0 
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Quality of methods - Responses 1-12 Score 
Experimental 
design and 
hypotheses 

The study was conducted under good laboratory practice (GLP).  The 
study protocol was based on procedures outlined in the U.S. EPA 
Series 890 – Endocrine Disruptor Screening Program Test Guidelines 
31, and the OECD Guidelines for Testing of Chemicals, Guideline 229 
32.  
 
The study was performed at the EAG Laboratories aquatic toxicology 
facility in Easton, Maryland using EPA Orange-Red strain Japanese 
medaka that were reared at the facility. Fish were housed in mixed 
cultures (16:8-h light:dark photoperiod, 25°C) for an acclimation period 
of approximately 16 weeks. Fish were fed live brine shrimp nauplii 
(Artemia sp.) ad libitum two or three times daily. At the start of the 15-
day pre-exposure period, fish were approximately four months old. 
Target test conditions were 25 ± 1°C with 16 hours light, 8 hours 
darkness. As required by the protocols, the assay met performance 
requirements for fathead survival, active breeding, dissolved oxygen, 
temperature, and being within 20% of target concentrations. 
 
Test vessels were 12-L glass aquaria (38 by 23 by 18 cm) filled with 
approximately 10 L of test water in a flow-through system. Each tank 
contained a total of 10 sexually mature fish: five females and five males 
(mean wet weight of 0.38 g and 0.35 g, respectively, at the start of pre-
exposure; instantaneous loading rate of 0.58 g of fish/L of test 
solution). A stratified random procedure was used to assign spawning 
groups to treatments, based upon pre-exposure fecundity, to minimize 
variability in egg production among experimental groups. 
 
Adult medaka were exposed to analytical-grade atrazine (97.5% w/w, 
Syngenta, Batch ID 726718) at nominal concentrations of 10 50, 75, 
100, and 250 µg/L, plus a negative control.  Each exposure had four 
replicates. Concentrations of atrazine were measured by LC/MS/MS 
from two replicate control vessels each week.  The LOQ was 1.88 µg/L.  
The reported mean concentrations over the course of the study were 
9.4, 48, 74, 97, and 244 µg/L.  No atrazine was detected in the 
controls.  Over the course of the study measured values ranged from 
96.2 to 104% of nominal concentrations. 
 
Temperature, pH and dissolved oxygen were measured weekly in all 
test vessels and daily in a single control throughout the test. 
 
Due to the size of the study, two replicates were terminated on day-28, 
and two replicates were terminated on day-29. During the exposure 
period, assessments of survival, fecundity, fertility (number of fertile 
eggs/total number collected), and general behaviour were made daily. 
All fish were euthanized using MS-222 at which point phenotypic sex 
was determined, standard length and wet weight were measured, and 
secondary sex characteristics were evaluated. 
 

4 

                                            
31 US Environmental Protection Agency. 2009. Endocrine Disruptor 
Screening Program Test Guidelines—OPPTS 890.1350: Fish short-term reproduction assay. EPA 740/C-09/007. 
Washington, DC. 
32 Organisation for Economic Co-operation and Development. 2012. Test No. 229: Fish short-term reproduction 
assay. OECD Guidelines for the Testing of Chemicals. Paris, France. 

SI for Hanson et al. 2020 Page 191 of 237 Crit . Rev. Toxicol.  DOI



 

Liver VTG mRNA was measured in homogenized liver samples using 
qPCR. Total RNA was extracted from samples using the RNeasy 
Protect Mini Kit (Qiagen, Louisville, KY). 
 
Gonads were fixed in situ with Davidson’s solution with microscopic 
examination of the tissues was performed by a board-certified 
pathologist using standard methods. Gonads for histopathological 
analysis were examined in situ in whole body parasagittal step sections 
(three per fish). Whole body sections microtomed in the sagittal plane 
were evaluated with diagnoses recorded on a per fish basis. 
Histomorphological parameters assessed included relative germ cell 
numbers, alterations in numbers and sizes of non-germ cells (e.g., 
testicular interstitial cells and ovarian perifollicular cells), and increased 
degenerative changes. When appropriate, the pathologist used a 
scoring system to indicate the severity of these changes and other 
abnormalities according to the following scale: Grade 0 = 
unremarkable, Grade 1 = minimal, Grade 2 = mild, Grade 3 = 
moderate, and Grade 4 = severe. Any changes not amenable to 
grading instead were designated as “Present”. In addition, the stage of 
developmental maturity of each gonad pair was indicated. 
Data were analyzed by Dunnett's multiple comparison test to compare 
treated groups to the control. For monotonic responses, a step-down 
Jonckheere-Terpstra test (JKT) was used to evaluate concentration-
dependent trends. Where a significant trend was observed with JKT, 
but there was no significance with Dunnett's, the change in an endpoint 
was not considered a significant effect. Female weight was analyzed by 
the Mann-Whitney-Wilcoxon-U test. Eggs per female reproductive day 
were log-transformed to meet the assumptions of normality. Results 
were considered significant at p < 0.05. Histopathological changes 
were not quantified or analyzed statistically. 

Use of GLP and 
QA/QC 

This was a GLP study with extensive QA/QC, including analytical 
confirmation of exposures, regular assessment of water quality 
parameters, and minimum expectations around control performance.  
Specifically, performance of control fish, in terms of survival (> 90%), 
spawning (active in all replicates), and fertility (≥ 75%), met the 
applicable GLP performance criteria. 

4 

Transparency of 
data 

All raw data were available for review and were included in the SI of the 
published version of the study. 

4 

Concentrations 
tested 

A total of five exposures (measured concentrations of 9.4, 48, 74, 97, 
and 244 µg/L) were tested, plus controls. 

4 

Use of realistic 
exposures 

There was one concentration tested (9.4 µg/L) that was less 20 µg/L. 2 

Overall evaluation of methods 3.6 
 
EJ Review Yes 2019-01-24 

QA Yes 2019-02-07 
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(Tulaby Dezfuly and Mohammadian 2016) 
Paper: Tulaby Dezfuly Z, Mohammadian T.  2016.  Acute toxicity evaluation of five 
herbicides: paraquat, 2, 4-dichlorophenoxy acetic acid (2, 4-D), trifluralin, 
glyphosate (sic) and atrazine in Luciobarbus esocinus fingerlings.  Iranian 
Journal of Veterinary Medicine 10:319-331. 
 

Relevance - Response 1.  The acute mortality (LCx) in manger (Luciobarbus esocinus) 
exposed to atrazine for 24 to 96 h at concentrations of 10,000; 20,000; 40,000; 60,000; 
80,000; and 160,000 µg atrazine/L. 

Score 

Statistical 
significance for 
adverse effects 

LC10 to LC100 values were reported (Table 3) following 24, 48, 72, 
and 96 h exposures to atrazine.  LC50 values were 110,000, 56,000, 
48,000, and 44,000 µg/L for 24, 48, 72, and 96 h of exposure, 
respectively. 

4 

Concentration- or 
dose-response 

The data were not provided in graphical form, or as model outputs with 
r2 values, but is assumed to be monotonic as LCx values were 
calculated.  

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized. 0 

Multiplier for LOEC Effects observed only at ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 1- Score 
Experimental 
design and 
hypotheses 

This study reported the results of acute lethality assays (24-96 h) for 
the manger (Luciobarbus esocinus) under laboratory conditions.  No 
standard method or protocol was reported as being followed 
(weakness).  Use of an environmental chamber or controlled growth 
room was not reported (weakness). 
 
Fingerlings were purchased from a hatchery and acclimatized for two 
weeks and fed a standard commercial pellet diet.  Fingerling source 
was identified, fish food was not. The fingerlings were kept in 300 L 
indoor fiberglass tanks under static conditions with continuous aeration 
and a photoperiod of 12:12 h natural light:dark. Temperature and water 
quality/type were not reported.  
 
Atrazine tested was the commercial formulation (80% purity purchased 
from Moshkfam Co, Iran) (weakness).   There were five exposures (10, 
20, 40, 80, 160 mg/L) plus controls, replicated twice only (weakness).  
The test was static with no renewal (weakness). Three of 
concentrations tested were greater than the maximum solubility limit for 
atrazine 
 
The actual experimental design around exposure vessel and number of 
fish per replicate is unclear.  It is stated that a total of 528 fingerlings 
were uniformly distributed across 21 40-L plastic aquaria, but Table 2 
reports 1110 fish used (weakness).  These must have been total 
numbers used for all pesticides. For atrazine, there were 6 different 

1 
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exposure concentrations including a negative control (0, 10,000; 
20,000; 40,000; 60,000; 80,000; and 160,000 µg atrazine/L) each with 
three replicate test units (20-L plastic aquaria (weakness) (Table 2).  
The study also states that 10 fish, weighing 3-5 g each, were placed 
into 20-L aquaria after adaptation.  Adaptation was not defined 
(weakness) but inferred from the transfer to triplicate 20-L aquaria from 
the 40-L plastic aquaria.  Therefore, it was inferred that 180 fingerlings 
were used for the 96-h acute lethality test for atrazine.  
 
Atrazine (80% purity; potential weakness) was acquired commercially 
mixed with an aliquot of water from the corresponding 20-L aquaria and 
then added the aquaria through a glass pipette. It appears that the 
fingerlings were in the aquaria at the time of this addition (weakness). 
Fingerlings were then observed for 96 h and the mortality recorded; 
swimming behavior (normal, erratic swimming, lethargy) was checked 
and compared to the control group. The number of dead fish were 
counted at 24 h intervals.   
 
Test conditions were 12 h light: 12 h dark, aerated water, temperature 
at 25°C, pH 7.8, hardness at 640 mg/L and NH3 and NO2 <0.01 mg/L.  
Frequency of measurements and methods were not reported 
(weakness). Mortality was monitored, and dead fish removed daily. 
 
Probit software version 1.5 from U.S. EPA. was used to calculate LCx 
values. Estimation of lower and upper range 95% confidence level was 
reported as being performed but were not reported, despite the Table 
heading; the LC10, 15, 50, 85, 95 and 100 were reported in Table 3. 

Use of GLP and 
QA/QC 

This was not a GLP study.  There was no analytical confirmation of 

atrazine exposure concentrations (weakness).  Some water quality 

measures were taken (e.g., temperature, DO, pH).  Control 
performance was not reported (weakness). 

1 

Transparency of 
data 

No raw data were provided, or any graphical plots of the responses.  
Only summary LCx data were reported in the Table. Observations for 
other proposed endpoints (lethargy, swimming at the surface, erratic 
swimming were qualitative. 

0 

Concentrations 
tested 

A total of five concentrations were tested (10,000; 20,000; 40,000; 
60,000; 80,000; and 160,000 µg atrazine/L) plus controls. 

4 

Use of realistic 
exposures 

All concentrations tested were >100 µg/L. 0 

Overall evaluation of methods 1.2 
 
EJ Review Yes  August 7, 2018 

QA Yes July 27, 2018 
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(Van Der Kraak et al. 2015) 
Paper: Van Der Kraak G, Matsumoto J, Kim M, Hosmer AJ. 2015. Atrazine and its 
degradates have little effect on the corticosteroid stress response in the 
zebrafish. Comparative Biochemistry and Physiology, Part C 170:1-7  
 
Note: This study examined the effects of atrazine on basal and forced swimming induced 
changes in whole-body cortisol content in adult zebrafish. 
 

Relevance - Response 1. Basal and swimming stress induced changes in whole body 
cortisol content in zebrafish exposed to 0, 10, 50, and 100 µg/L of atrazine for 1-d.  

Score 

Statistical 
significance for 
adverse effects 

There was no change in basal or swimming stress-induced cortisol 
levels in fish exposed for 1 day to atrazine at 0, 10, 50, or 100 µg/L 
(ANOVA-Tukey’s test; Fig 1a). At each concentration of atrazine 
tested, swimming stress induced the expected significant increase in 
whole-body cortisol content (2-sample t-test; Fig 1a)   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Basal and swimming stress induced changes in whole body 
cortisol content in zebrafish exposed to 0, 10, 50, and 100 µg/L of atrazine for 3-d. 

Score 

Statistical 
significance for 
adverse effects 

Basal cortisol levels were increased in fish exposed to 10, 50, and 100 
µg/L of atrazine (ANOVA-Tukey’s test; Fig 1b).  Swimming stress-
induced cortisol levels did not differ between control and atrazine-
treated groups.  Stress-induced cortisol changes were seen in the 0, 
10, and 50 µg/L groups but there was no change in the 100 µg/L 
treated group (Fig 1b).  

2 

Concentration- or 
dose-response 

All concentrations of atrazine induced an increase in basal cortisol 
levels. This was not replicated in other experiments. A monotonic 
concentration response was observed but not characterized. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed... 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ) The effect of atrazine was not verified in either 
Experiment 2 or 3 and the major response seen on day-3 in Experiment 1 was a reduction in 
cortisol levels in the controls.  

0 
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Relevance - Response 3. Basal and swimming stress induced changes in whole body 
cortisol content in zebrafish exposed to 0, 10, 50, and 100 µg/L of atrazine for 10-d. 

Score 

Statistical 
significance for 
adverse effects 

Basal cortisol levels were increased in fish exposed to 50 µg/L of 
atrazine but did not differ in groups exposed to 0, 10, or 100 µg/L of 
atrazine (ANOVA-Tukey’s test; Fig 1b). Swimming stress-induced 
cortisol levels did not differ between control and atrazine-treated 
groups.  Stress-induced cortisol changes were seen in the 0, 10, and 
100 µg/L groups but there was no change in the 50 µg/L treated group 
(Fig 1c).  

2 

Concentration- or 
dose-response 

There was no obvious concentration response in basal cortisol levels 
with a significant response seen in the 50 µg/L group but not at higher 
or lower levels of cortisol exposure. The response at 50 µg/L was not 
replicated in other experiments.  The 50 µg/L group also showed no 
difference between basal and stress induced cortisol whereas all other 
treatments showed the expected stress induced increase in cortisol 
levels. Again, this was not replicated in other experiments.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.5 
Overall evaluation of relevance (SEJ) The effect of atrazine was not verified in either 
Experiment 2 or 3 and the major response seen on day 3 in Experiment 1 was a reduction in 
cortisol levels in the controls. 

0 

 

Quality of methods - Responses 1-3 General methods and Experiment 1.  Score 
Experimental 
design and 
hypotheses 

Adult zebrafish acquired commercially (source identified) were housed 
at the Hagen Aqualab (University of Guelph, Guelph, ON) for at least 1 
month in 10-L tanks at a density of 3–5 fish/L at 26–28 °C and with a 
12:12 h light/dark photoperiod cycle (lights on at 7 am).  Fish were fed 
twice daily with commercial salmon fry fish pellets (Martin Mills), and 
their diet was occasionally supplemented with blood worms and brine 
shrimp.  
 
Atrazine and its degradates were obtained from Syngenta Crop 
Protection LLC (Greensboro, NC).  Stock solutions of 10 mg/L of 
atrazine (batch #410313), DACT (batch #456525), DEA (batch #DAH-
XXXIV- 77) and DIA (batch #JAK-XXVI-61-1) were prepared in ultra-
pure water (Fisher Scientific, Ottawa Ontario) and used to dose the 
treatment tanks. 
 
Experiment 1 
Groups of twenty-four sexually mature male and female zebrafish (sex 
ratio unknown) were acclimated in 20-L glass aquaria containing 15 L 
of well water for 3 d.  Experiment 1 tested the effects of 1, 3 and 10-d 
exposures to nominal concentrations of technical grade atrazine (0, 10, 
50 or 100 μg atrazine/L) on the basal- and swimming-stress induced 
cortisol response in zebrafish.  Treatment was under semi-static 
renewal conditions.  Once per day, 15 L of water was added to each 
aquarium at a rate of approximately 1 L per minute while 

4 
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simultaneously siphoning from the bottom 15 L of water so as not to 
change the volume of water in the tanks.  Following acclimation (d-0), 
each tank was spiked with a stock solution of atrazine to immediately 
bring the concentration of atrazine to the desired level. Additionally, 
reservoir tanks used for volume replacement were spiked with the 
stock solution of atrazine to the desired concentration.  Fish were fed 
daily as described above for the stock holding tanks.  Once fish were 
allocated to aerated experimental tanks, temperature, and dissolved 
oxygen were monitored daily and total ammonia was measured in a 
subset of tanks every 2–3 days.  
 
Fish were fasted for 24 h prior to sampling and were sampled either 
immediately after the pre-set exposure period (1, 3, or 10 days), or 
after the application of a 20 min swimming stress.  To create the 
swimming stress, experimental tanks were drained to a volume of 5 L 
and 2 magnetic stir bars (Fisherbrand Magnetic Stir Bar, Octagonal, 5 
cm × 1 cm, Fisher Scientific, Toronto, ON) were placed into each tank. 
Tanks were then placed over 2 stir plates (Thermix® StirrerModel 
120S, Fisher Scientific) set to a level which created a 1-inch. vortex. To 
maintain their position within the water column, fish exhibited a strong 
swimming behavior under these conditions.  Fish exposed to atrazine 
for 1 or 10 days were sacrificed with a lethal dose of 2-phenoxyethanol 
(2 ml/5 L, Sigma) and then snap frozen on dry ice for cortisol analysis. 
Basal cortisol levels for the control fish in these experiments were 
higher than previously recorded and therefore an amended technique 
was used to euthanize fish exposed to atrazine for 3 days.  For this 
amended technique, 2 mL of 2-phenoxyethanol was suspended in 1 L 
of tank water.  This suspension was added to a tank containing 4 L of 
water and fish.  Under these conditions there was greater mixing of the 
anesthetic and the fish were quickly immobilized.  The euthanized fish 
were collected and snap frozen on dry ice. All samples were stored at 
−80 °C until processed. 
 
Cortisol was extracted from the frozen fish and then analyzed using a 
modification of the methods described by Fuzzen et al. (2010)33. 
 
Water samples were taken from reservoir tanks and experimental tanks 
just prior to treatment and 1 h after dosing on day 0 and at the time of 
fish sampling for each of the experimental periods. Concentrations of 
atrazine in water samples were determined using a commercial 
enzyme-linked immunosorbent assay (ELISA) test kit (EnviroGard 
Triazine plate kits; Strategic Diagnostics, Newark, DE). The limit of 
detection (LOD) in the assay was 0.025 μg/L. 
 
A two-sample t-test was used to compare basal and stress-induced 
cortisol levels in control atrazine and atrazine derivative test groups.  
As shown in the descriptive statistics in the box-whisker graphs, the 
treated samples have diverse types of normal distributions.  Some of 
the sampling distribution exhibited outlier's that significantly influenced 
both the means and standard deviations that are used for t-test. To 
avoid the outlier's larger effect on variance, this study employed a 
bootstrapping technique for those treatment samples with significant 

                                            
33 Fuzzen M, Van Der Kraak G, Bernier, N.J, 2010. Stirring up new ideas about the regulation of the hypothalamic–

pituitary–interrenal axis in zebrafish (Danio rerio). Zebrafish 7, 349–358. 
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outliers to meet the normality assumption before conducting the t test.  
We also used ANOVA and Tukey's test to compare control and 
treatment groups under basal and stress-induced conditions. Sexes 
were pooled as our earlier studies failed to show a sex related 
difference in whole body cortisol content in the zebrafish (Fuzzen et al., 
2011)34. Significance was accepted if P < 0.05. SPSS (SPSS Inc., 
Chicago, IL, USA; version 21.0) and Open Source R 3.1.0 were used 
for the statistical analyses.  

Use of GLP and 
QA/QC 

The experiments were conducted in the spirit of GLP and there was 
measurement of atrazine exposure concentrations and water quality 
parameters. 
 

3 

Transparency of 
data 

The raw data were available for review.  4 

Concentrations 
tested 

Three concentrations of atrazine were tested.  2 

Use of realistic 
exposures 

One concentration was < 20 µg/L. 2 

Overall evaluation of methods 3.0 
  

 

Relevance - Response 4. Basal and swimming stress induced changes in whole body 
cortisol content in zebrafish exposed to 0, 10, and 100 µg/L of DACT for 3 d.  

Score 

Statistical 
significance for 
adverse effects 

There were no significant effects of DACT on either basal or stress 
induced cortisol levels. In each case, atrazine treatment. 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed no 
mechanisms was proposed.  

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Basal and swimming stress induced changes in whole body 
DEA or DIA content in zebrafish exposed to 0, 10, and 100 µg/L of DEA or DIA for 3 
days. 

Score 

Statistical 
significance for 
adverse effects 

There was no change in basal or swimming stress-induced cortisol 
levels in fish exposed for 3 days to DEA or DIA at 0, 10, or 100 µg/L 
(ANOVA-Tukey’s test; Fig 2a). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 

Since no relevant or consistent response was observed, there was no 
relevance to the effects 

0 

                                            
34 Fuzzen M, Bernier, NJ, Van Der Kraak G, 2011a. Differential effects of 17β-estradiol and 11-
ketotestosterone on the endocrine stress response in zebrafish (Danio rerio). Gen. Comp. Endocrinol. 70, 
365–373 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed no 
mechanisms was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods – Responses 4 and 5. Experiment 2  Score 
Experimental 
design and 
hypotheses 

The general methods followed those described above. A second 
experiment determined the effects of the atrazine degradates DACT, 
DEA and DIA on the cortisol response. Experiment 2 was carried out 
in 2 phases, one immediately following the other.  For each phase, 30 
4-L glass aquaria containing 12 sexually mature male and female 
zebrafish (sex ratio unknown) were acclimated for 3 days. Each day, 
12.5 L of water was added to each aquarium at a rate of approximately 
1 L per minute. Following the acclimation period in phase 1, 6 aquaria 
were allocated to one of the following test compounds and 
concentrations: control, atrazine or DACT at 10 or 100 μg/L. Phase 2 
had a similar experimental design, including a control and DEA or DIA 
at 10 or 100 μg/L. Husbandry conditions were the same as Experiment 
1. 
 
At the start of the exposure periods (day 0), each aquarium was spiked 
with a stock solution of either atrazine or its degradates to immediately 
bring the concentration of test compound to the desired level. 
Additionally, reservoir tanks were spiked to the desired concentrations. 
On day 1 and each subsequent day, 12.5 L of water were added from 
the reservoir tanks. Following 3 days of exposure, 3 aquaria from each 
treatment were immediately sampled.  The remaining 3 tanks from 
each treatment were sampled after the application of a 20 min 
swimming stress as described in Experiment 1.  Fish were euthanized 
using the amended protocol, snap frozen and stored at −80 °C for 
cortisol analysis as for Experiment 1. 

4 

Use of GLP and 
QA/QC 

The experiments were conducted in the spirit of GLP and there was 
measurement of atrazine exposure concentrations and water quality 
parameters. 

3 

Transparency of 
data 

The raw data were available for review. 4 

Concentrations 
tested 

Two concentrations of atrazine or the degradate were tested. 1 

Use of realistic 
exposures 

One concentration was < 20 µg/L. 2 

Overall evaluation of methods 2.8 
  

 

Relevance - Response 6. Basal and dual swimming stress induced changes in whole 
body cortisol content in zebrafish exposed to 0, 10, and 100 µg/L ATR for 3 d. 

Score 

Statistical 
significance for 
adverse effects 

There were no differences in cortisol levels in basal, stressed and dual 
stressed groups treated with 0, 10, or 100 μg atrazine/L.  The t-test 
results showed that there were significant differences between basal 
and single and dual stress induced cortisol levels in control or 10 or 
100 μg atrazine/L treated fish (Fig. 3).  

2 
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Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed no 
mechanisms was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.5 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 6.  Experiment 3 Score 
Experimental 
design and 
hypotheses 

The general methods followed those described above.  The effect of 
atrazine on the ability of zebrafish to respond to a repeated stressor 
was tested in Experiment 3.  Twenty-seven groups of 12 sexually 
mature male and female zebrafish (sex ratio unknown) were 
acclimated for 3 days in 4-L glass aquaria containing 4 L of well water. 
Nine aquaria were allocated to each of the test concentrations of 
atrazine (0, 10 and 100 μg/L).  Water changes were as described in 
Experiment 2.  Following exposure for 3 days, 3 aquaria from each test 
concentration were sampled. The remaining aquaria were subjected to 
a single 20 min swimming-stress and fish in three of the aquaria were 
sampled as described above.  The fish in the remaining 3 aquaria 
were allowed to recover for 3 h; after which they were then stressed 
again for 20 min and sampled. Samples were stored at −80 °C for 
cortisol analysis.  Husbandry conditions were the same as Experiment 
1. 

4 

Use of GLP and 
QA/QC 

The experiments were conducted in the spirit of GLP and there was 
measurement of atrazine exposure concentrations and water quality 
parameters. 
 

3 

Transparency of 
data 

The raw data were available for review. 4 

Concentrations 
tested 

Two concentrations of atrazine were tested. 1 

Use of realistic 
exposures 

One concentration was < 20 µg/L. 2 

Overall evaluation of methods 2.8 
  

 
EJ Review Yes 2018-04-17 

QA Yes Jan. 24, 2018 
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(Walker et al. 2018) 
Paper: Walker BS, Kramer AG, Lassiter CS.  2018.  Atrazine affects craniofacial 
chondrogenesis and axial skeleton mineralization in zebrafish (Danio rerio).  
Toxicology and Industrial Health 34:329-338. 
 

Relevance - Response 1. Hatch of embryos of Danio rerio at four days post-fertilization 
(dpf) after exposure to atrazine at nominal concentrations of 22, 108, 216, 431, 647, 863, 
and 1078 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

Percent hatch was significantly decreased at 1078 µg atrazine/L only 
(p < 0.05, Fig. 2) 

4 

Concentration- or 
dose-response 

An uncharacterized concentration response was observed at 
concentrations > 678 µg atrazine/L. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Lack of hatch is a relevant adverse effect. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not specifically investigated, and none was 
proposed. Likely generalized toxicity. 

1 

Multiplier for LOEC The LOEC was > 100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Survival of embryos of Danio rerio at 132 hours post-
fertilizations (hpf) after exposure to atrazine at nominal concentrations of 216, 431, 
647, 863, and 1078 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

Survival was decreased at all concentrations tested but the difference 
from the control was significant only at 132 hpf (p < 0.05, Fig. 3.) 

4 

Concentration- or 
dose-response 

An uncharacterized concentration response was observed at 
concentrations > 678 µg atrazine/L. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Lack of survival is a relevant adverse effect. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not specifically investigated, and none was 
proposed.  

1 

Multiplier for LOEC The LOEC was > 100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Heart rate in embryos of Danio rerio at 132 hpf after exposure 
to atrazine at nominal concentrations of 22, 108, 216, 431, 647, 863, and 1078 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

Heart rate was significantly increased at all concentrations ≥ 216 µg 
atrazine/L (72 hpf) and 431 µg atrazine/L (96 hpf) (p < 0.05, Fig. 4 a & 
b.) 

4 

Concentration- or 
dose-response 

An uncharacterized concentration response was observed at 
concentrations >108 µg atrazine/L. 

1 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the effect on heart rate was not causally linked to an 
apical endpoint in this study. There was an effect on survival but only 
at 132 hpf. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not specifically investigated, and none was 
proposed. Likely generalized toxicity. 

1 

Multiplier for LOEC The LOEC was > 100 µg/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4.  Angles and lengths measured between craniofacial cartilage 
elements in embryos of Danio rerio at 5 dpf after exposure to atrazine at nominal 
concentrations of 22, 108, and 216 µg /L. 

Score 

Statistical 
significance for 
adverse effects 

Not knowing the biological significance of small differences in 
craniofacial cartilage elements and their interdependence, the six 
measures in this study (Fig. 6) were combined.  Three of these 
measures (Fig. 6a, b, and e) were significantly different (p < 0.05) from 
the control at an exposure of 22 µg atrazine/L.  Significant effects were 
observed at higher concentrations of 863, and 1078 µg/L (Fig. 5) but 
were not enumerated in the analysis. 

4 

Concentration- or 
dose-response 

An uncharacterized concentration-response was observed for some 
endpoints (Fig. 6a, b, d, e, and f), 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the effect on craniofacial cartilage elements was not 
causally linked to an apical endpoint in this study but would 
presumably influence survival. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not specifically investigated, and none was 
proposed. 

1 

Multiplier for LOEC The LOEC was < 22 µg/L 1 

Overall evaluation of relevance (computed) 1.75 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5.  Number of and mineralization of vertebrae in embryos of 
Danio rerio at 8 dpf after exposure to atrazine at nominal concentrations of 216, 431, 
647, 863, and 1078 µg/L. 

Score 

Statistical 
significance for 
adverse effects 

Significant decreases in mineralization of vertebrae were observed at 
all concentrations tested (p < 0.05, Fig. 8).  Delays in formation of 
vertebrae were observed in embryos exposed to 1078 µg atrazine/L 
(Fig. 7) but were not enumerated. 

4 

Concentration- or 
dose-response 

An uncharacterized monotonic concentration-response was observed 
(Fig. 8). 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the effect on vertebrae was not causally linked to an 
apical endpoint in this study but would presumably influence survival. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not specifically investigated, and none was 
proposed.  

1 

Multiplier for LOEC The unbounded LOEC was 216 µg atrazine/L 1 

Overall evaluation of relevance (computed) 1.75 
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Overall evaluation of relevance (SEJ)  
 

Quality of methods - Responses 1-5 Score 
Experimental 
design and 
hypotheses 

Zebrafish from an unspecified source were kept on a 14-h light/10-h 
dark cycle at an unspecified temperature.  The water-quality 

parameters for the rearing conditions were not reported (weakness).  
Fish were fed a diet of live brine shrimp supplemented with Zeigler 
zebrafish diet. 
 
Atrazine from a commercial source (presumed to be of high purity) was 

dissolved in DMSO (weakness). Exposure began at 8 h post-
fertilization (hpf) with 0.1, 0.5, 1, 2, 3, 4, and 5 µM concentrations of 
atrazine and diluted in E3B for a maximum final concentration of 0.1% 
DMSO (weakness as this was greater than the suggested guideline 
threshold of 0.05% for static tests and might have altered the 
bioavailability of the atrazine). These concentrations are equivalent to 
22, 108, 216, 431, 647, 863, and 1078 µg atrazine/L. There was no 
water-control, a weakness in view of the relatively large concentration 
of DMSO. 
 
After fertilization, eggs were transferred to  a E3B solution (5 mM 
sodium chloride, 0.17 mM potassium chloride, 0.33 mM calcium 
chloride, 0.33 mM magnesium sulfate, and 0.00025% methylene blue) 
and kept at 28.5°C.  The pH and DO content of the exposure solution 
was not reported (weakness).  Control fish were treated with 0.1% 
DMSO.  Test units were petri dishes of unstated volume with at least 
three biological replicates (clutches from different breeding events) for 
each concentration (30 embryos, total). Since the petri-dish is the 
experimental unit, it appears that the data were pooled and analysed 

as individual embryos (weakness, pseudoreplication).  Number of petri 
dishes per treatment was not clearly reported.  Exposure solutions 
were refreshed daily through 5 d post-fertilization (dpf). Survival data 
were recorded daily. 
 
To measure skeletal parameters (length between cartilaginous 
elements), embryos were fixed with 4% paraformaldehyde at 5 dpf 
overnight at 4°C. Embryos were dehydrated into ethanol and then 
stained using alcian blue solution and stored in a glycerol–potassium 
hydroxide solution as previously described35 until mounted in methyl 
cellulose and photographed using an Olympus FSX-100 microscope.  
Measurements of length between cartilaginous elements were taken 
from photographs using Olympus FSX-BSW software and angle 
measurements were taken with the NIH ImageJ program as previously 
described36.  Mean values (n = 30 embryos per treatment) for 
measurements between cartilaginous elements were presented but 

there was no indication of frequency of occurrence (weakness).  For 

bone staining and vertebrae counts, zebrafish larvae at 8 dpf were 
stained with a buffered calcein solution before imaging occurred (n = 29 
embryos per treatment).  
 

1 

                                            
35 Kimmel CB, Miller CT, Kruze G, et al. (1998) The shaping of pharyngeal cartilages during early development of the 
zebrafish. Developmental Biology, 203:245–263 
36 Cohen SP, LaChappelle AR, Walker BS, et al. (2014) Modulation of estrogen causes disruption of craniofacial 
chondrogenesis in Danio rerio. Aquatic Toxicology, 152:113–120 
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A Z-score was used to test for significant difference (p < 0.05) in the 
percentage surviving.  Data for skeletal parameters were analyzed 
using analysis of variance (ANOVA) procedures, which indicated 
statistically significant differences (p < 0.05) among treatments. 
Pairwise comparisons were then done with a Student’s t-test. Tests for 
model assumptions were not described or provided (weakness). 

Use of GLP and 
QA/QC 

The study was not conducted under GLP.  Exposures were not verified 

by analysis (weakness) and water-quality parameters in the exposure 
solutions were not measured (potential weakness).  A positive control 
was not used.  Husbandry in the exposure system might have been 
compromised; survival in the DMSO controls was only 75% at 132 hpf 

1 

Transparency of 
data 

Raw data were not provided.  Mean values were provided in graphs 
with error-bars (presumed to be SE).  Data for some concentrations 
were omitted in some graphs (Fig. 3 and 8) with no explanation. 

2 

Concentrations 
tested 

Seven concentrations were tested in some experiments, fewer in 
others.. 

4 

Use of realistic 
exposures 

Only one concentration was less than 100 µg atrazine/L and none were 
less than 20 µg atrazine/L. 

2 

Overall evaluation of methods 2 
 

EJ Review Yes  August 7, 2018 

QA Yes August 17, 2018 
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(Wang et al. 2017) 
Paper: Wang Y, Lv L, Yu Y, Yang G, Xu Z, Wang Q, Cai L.  2017.  Single and joint 
toxic effects of five selected pesticides on the early life stages of zebrafish (Denio 
rerio).  Chemosphere 170:61-67. 
 
Note: Only responses related to atrazine as a single-compound exposure were evaluated. 
 

Relevance - Response 1.  The 48 and 96-h LC50 of atrazine in zebrafish (Denio rerio) 
embryos exposed under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

The reported 48 and 96-h LC50s were 98,500 and 34,200 µg/L, 
respectively (Table 1). 

4 

Concentration- or 
dose-response 

The data were not provided in graphical form, or as model outputs with 
r2 values, but the data are assumed to be significant as LCx values 
were calculated. 95% confidence limits were reported. The method for 
calculating the LC50 was cited but were not the standard methods 
used or usually cited. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized or discussed. 0 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. The 48 and 96-h LC50 of atrazine for zebrafish (Denio rerio) 
larvae under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

The reported 48- and 96-h LC50s were 27,400 and 15,600 µg/L, 
respectively (Table 1). 

4 

Concentration- or 
dose-response 

The data were not provided in graphical form, or as model outputs with 
r2 values, but the data are assumed to be monotonic as LCx values 
were calculated. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was neither characterized nor provided. 0 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 3. The 48- and 96-h LC50 of atrazine for zebrafish (Denio rerio) 
juveniles under laboratory conditions. 

Score 

Statistical 
significance for 
adverse effects 

The reported 48- and 96-h LC50s were 10,100 and 6,100 µg/L, 
respectively (Table 1). 

4 

Concentration- or 
dose-response 

The data were not provided in graphical form, or as model outputs with 
r2 values, but they are assumed to be monotonic as LCx values were 
calculated. 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is a very relevant response at the population-level. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was neither characterized nor provided. 0 

Multiplier for LOEC Effects observed only at > 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-3 Score 
Experimental 
design and 
hypotheses 

Laboratory tests were conducted to determine the LC50 of atrazine on 
zebrafish (Denio rerio), alone and in mixtures on embryos, larvae, and 
juveniles.  Tests were conducted with both larvae and juveniles. 
 
Wild-type AB-strain zebrafish were obtained from the China Zebrafish 
Resource Center and maintained under the flow-through conditions at 
26°C with a 14:10 h light:dark photoperiod. The fish were fed twice 
daily with live brine shrimp. 
 
Fish were spawned and eggs were collected. Fertilized eggs were 
washed and placed into beakers filled with reconstituted water for 
exposure experiments. Larvae that lived for 72 h post-hatching were 
collected for larval tests. Juveniles of about 1 month of age were used 
for testing. 
 
The embryonic and larvae acute toxicity tests were performed 
according to OECD test guidelines37. The juvenile toxicity test also 
followed OECD guidelines38. 
 
Embryos at about 2 h post-fertilization or larvae at 72 h post-hatching 
were randomly transferred into 24-well plates.  Each of 20 wells 
contained 2 mL of solution and one organism (embryo or larva).  
Reconstituted water was used as control (negative control), and there 
was a solvent control consisting of the same content of acetone and 
Tween-80 at the greatest exposure values for both tests. Test 
concentrations and controls were replicated three times; however, the 
number of exposure concentrations and the nominal exposure 
concentrations were not reported. The exposure solutions were 
refreshed every 24 h. The external conditions (light and temperature) 

2 

                                            
37 OECD, 2013. OECD Guidelines for the Testing of Chemicals, Fish Embryo Acute Toxicity (FET) Test. OECD, 
Paris, France. No. 236 
38 OECD, 1992. OECD Guidelines for the Testing of Chemicals, Fish, Acute Toxicity Test. OECD, Paris, France. No. 
203 
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were the same as the culture conditions. Larvae were not fed during 
the exposure. Mortality was recorded at 48 h and 96 h.  
 
Juvenile fish were randomly placed into 1-L beakers (ten fish per 1 L of 
exposure solution) with each test concentration replicated for three 
times.  The biomass of fish was not reported (weakness).  The 
exposure solutions were refreshed every 24 h. The external conditions 
(light and temperature) were the same as those for the culture 
conditions. Juveniles were not fed during the exposure. Mortality was 
recorded at 48 h and 96 h.  
 
Atrazine (95%, Nanjing Red Sun Chemical Co., Ltd.) stock solution was 
prepared with acetone AR and Tween-80.  The volumes of of the 
vehicle solvents was not reported (weakness).  There was no 
analytical confirmation of the exposures (weakness) and the actual 
test concentrations were not reported (weakness). 
 
The acute toxicity was assessed by a probit analysis. The performance 
of the negative and solvent controls was not reported, and how these 
data were handled in the calculations of LC50s was not reported 
(weakness). 

Use of GLP and 
QA/QC 

This was not a GLP study.  There was no analytical confirmation of 

exposures (weakness), and no reporting of control performance 

criteria for the standard assays being met. 

0 

Transparency of 
data 

No data in graphical form were presented, and there was no SI with 
raw data.  Only summary LC50 values were reported, with no model 
outputs. 

1 

Concentrations 
tested 

The test concentrations were not reported but are assumed to be at 
least four in order to characterize an LC50.  

3 

Use of realistic 
exposures 

The test concentrations were not reported, and it is assumed that none 

were < 100 µg/L 

1 

Overall evaluation of methods 1.4 
 

EJ Review Yes  August 7, 2018 

QA Yes July 27, 2018 

 

SI for Hanson et al. 2020 Page 207 of 237 Crit . Rev. Toxicol.  DOI



 

(Wirbisky et al. 2015) 
Paper: Wirbisky SE, Weber GJ, Sepúlveda MS, Xiao C, Cannon JR and Freeman 
JL. 2015. Developmental origins of neurotransmitter and transcriptome 
alterations in female zebrafish exposed to atrazine during embryogenesis. 
Toxicology 333: 156-167. 
 

Relevance - Response 1. Concentrations of dopamine and serotonin in 7-day old post 
fertilization zebrafish larvae previously exposed to atrazine at 0, 0.3, 3, and 30 µg/L 
from 1 through 3 d post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of dopamine 
(P = 0.6297), serotonin (P = 0.6601) or GABA (P= =0.7604; Fig 2).   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Dopamine,3,4-dihydroxyphenylacetic acid (DOPAC) and 
dopamine turnover (9 mpf) in the adult female zebrafish brain from fish previously 
exposed to atrazine at 0, 0.3, 3, and 30 µg/L from 1 through 3 d post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of dopamine 
(P = 0.3207), DOPAC (P = 0.4529) or dopamine turnover (P = 0.1357; 
Fig 2a, b and c).   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Dopamine,3,4-dihydroxyphenylacetic acid (DOPAC) and 
dopamine turnover (a9mpf) in the adult male zebrafish brain from fish previously 
exposed to atrazine at 0, 0.3, 3, and 30 µg/L from 1 through 3 d post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of dopamine 
(P = 0.2914), DOPAC (P = 0.6828) or dopamine turnover (P = 0.6934; 
Fig 2d, e and f).   

0 
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Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Serotonin, 5-hydroxyindolacetic acid (5-HIAA) and turnover (9 
mpf) of serotonin in the adult female zebrafish brain from fish previously exposed to 
atrazine at 0, 0.3, 3, and 30 µg/L from 1 through 3 d post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of serotonin 
(P = 0.9522), but there was significant reduction resulted from 
exposure to 3 µg/L in 5-HIAA (P = 0.0448) and from exposure to 3 and 
0.3 µg/L in serotonin turnover (P = 0.0182; Fig 4 a, b, and c).   

4 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There were no effects on apical endpoints reported in this study - no 
relevance. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Measurement of gene expression in this study did not correlate with 
the changes in 5-hydroxyindolacetic acid (5-HIAA) and turnover of 
serotonin. 

0 

Multiplier for LOEC    
Overall evaluation of relevance (computed) 1 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Serotonin, 5-hydroxyindolacetic acid (5-HIAA) and serotonin 
in the adult male zebrafish brain from fish previously exposed to atrazine at 0, 0.3, 3, 
and 30 µg/L from 1 through 3 d post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of serotonin 
(P = 0.1192), 5-HIAA (P = 0.1287) or serotonin turnover (P = 0.2316; 
Fig 4 d, e, and f).   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 6. GABA in the adult female zebrafish brain from fish (9 mpf) 
previously exposed to atrazine at 0, 0.3, 3, and 30 µg/L from 1 through 3 d post 
fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of GABA (P = 
0.0794; Fig 5a) (n = 8).   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7 GABA in the adult male zebrafish brain from fish (9 mpf) 
previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 3 d post 
fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the concentrations of GABA (P = 
0.8185; Fig 5b) (n = 8).   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

 Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Microarray analysis of gene expression in the brain of adult 
female zebrafish previously exposed to atrazine at 0, 0.3, 3, and 30 µg/L from 1 through 
3 d post fertilization.  

Score 

Statistical 
significance for 
adverse effects 

Microarray analysis revealed changes in the expression of 1928, 89, 
and 435 mapped genes in the 0.3. 3 and 30 µg/L treatment groups, 
respectively (Fig. 6 & text p 161). There were 39 genes in common 
among the atrazine treated groups. A subset of 3 genes that were 
differentially expressed was confirmed by qPCR whereas a 4th gene 
confirmed the down regulation at two of the three concentrations of 
atrazine tested.  

4 

Concentration- or 
dose-response 

There were differences in the expression of specific genes with 
treatment, but overall there were great similarities among the treatment 
groups.  No concentrations response was observed or characterized. 

0 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

This study does not provide evidence that the changes in gene 
expression measured in the brain are associated with effects on apical 
endpoints. As there were no changes in the levels of dopamine, 
serotonin, or GABA in the brains of adult zebrafish the significance of 
changes in gene expression as related to neurotransmitter synthesis is 
not apparent.  

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The authors suggest that atrazine is affecting genes within the 
serotonergic pathway and contributing to alterations in 5-HIAA and 
serotonin turnover. There were; however, no effects on serotonin 
levels, which questions the robustness of these changes and where 
these would influence pathways mediated by serotonin.   

2 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1.75 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 1-8 Score 
Experimental 
design and 
hypotheses 

This study tested the hypothesis that early exposure has delayed 
effects on development of zebrafish. 
 
Embryos were collected from wild type AB strain zebrafish bred in the 
laboratory and exposed to 0, 0.3, 3, and 30 µg/L of atrazine (98% 
purity) for 1 to 3 d post fertilization.  Information on dosing was given 
in39.  Atrazine concentrations were not confirmed, and this may be 
problematic as the stock solution was prepared at a concentration (10 
mg/L) near that of the solubility of atrazine in water (potential 
weakness).  Grow out conditions and numbers of individuals reaching 
maturity are not provided (weakness). 
 
Whole larvae were collected at 7 dpf (days post fertilization) for 
neurotransmitter analysis. After exposure, larvae were rinsed with 
clean water and allowed to mature in 4-L tanks until 6-9 mpf (months 
post fertilization).  Brains were collected from anesthetized (MS-222 (4 
mg/mL) fish at 9 months post fertilization.  Tissues were extracted in 
perchloric acid (0.4 M), sonicated and centrifuged and then derivatized 
using o-phthaldehyde.  Metabolites were separated by HPLC and 
analyzed using an electrochemical detector.  Methods and analytical 
conditions were provided.  There were three biological replicates (pool 
of 30 larvae) for the larvae samples and 8 for adult female brains. The 
data were analyzed using ANOVA and Tukey’s post hoc test. No tests 
for assumptions were included.  No information was provided on 
recovery or reproducibility of the results.  Detection limits of the method 
were also not stated.   
 
Microarray analysis of the brain tissues collected at 5-6 months (it is 
not clear if these fish were from the same group exposed above; 
weakness) post fertilization using the zebrafish 12 X 135 K expression 
platform from Roche.  Microarray analysis (methods and conditions 
provided in detail) was preformed according to guidelines from the 
Microarray Quality Consortium but details on the replication and 
reproducibility were not provided.  Differentially expressed genes were 
determined using ANOVA and identified if expression was altered by a 

2 

                                            
39 Weber GJ, Sepulveda MS, Peterson SM, Lewis SS, Freeman JL.  2013.  Transcriptome alterations 
following developmental atrazine exposure in zebrafish are associated with disruption of neuroendocrine 
and reproductive system function, cell cycle, and carcinogenesis.  Toxicological Sciences 132:458–466 
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log2 expression ratio of 0.585. Quantitative PCR (methods and 
conditions described in detail) was used to verify the gene expression 
using the same samples analyzed by microarray.  β-actin was used as 
the reference gene and samples were run in triplicate.  Data analysis of 
the qPCR results used ANOVA procedures were used to determined 
differences and the LSD test was applied when differences were 
significant at P < 0.05.  Genes referred to in the results and discussion 
sections are represented as the human homologs of the genes 
identified to be altered by microarrays.  Statistical analyses used SAS 
software.  

Use of GLP and 
QA/QC 

Not a GLP study but adequate descriptions of the methods were 
provided.  Exposure was not quantified (weakness) and QA/QC was 
not provided for the neurotransmitter analysis (weakness).  

1 

Transparency of 
data 

Raw data were not provided but summary data with error bars were 
generally provided. 

2 

Concentrations 
tested 

Three concentrations of atrazine were tested  2 

Use of realistic 
exposures 

Two concentration were less than 20 µg/L. 3 

Overall evaluation of methods 2 
 

EJ Review SEJ August 29, 2016 

QA Yes Jan. 25, 2018 

 
Narrative 
Measuring neurotransmitters in whole body extractions results in pooling that will likely 
obscure any changes in concentration in specific parts of the nervous system and 
makes it difficult to identify responses specific to certain parts of the body.   
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(Wirbisky et al. 2016b) 
Paper: Wirbisky SE, Weber GJ, Schlotman KE, Sepulveda MS, Freeman JL. 2016. 
Embryonic atrazine exposure alters zebrafish and human miRNAs associated 
with angiogenesis, cancer, and neurodevelopment. Food and Chemical 
Toxicology 98:25-33. 
 

Relevance - Response 1. Expression of zebrafish and human miRNAs immediately 
after embryonic exposure to 0, 0.3, 3, and 30 µg/L of atrazine for 72 h.  

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine led to a dose dependent increase in the number 
of zebrafish and human miRNAs with altered gene expression (Table 
1, p < 0.05). 

4 

Concentration- or 
dose-response 

A concentration-related increase in the number of miRNAs that were 
differentially expressed was observed but not characterized.  There 
was 1, 5 and 22 miRNAs altered at 0.3, 3, and 30 µg/L of atrazine, 
respectively.   

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The effects on apical endpoints were not considered as the experiment 
was terminated at 72 hpf.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism of action was not considered. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1.50 
Overall evaluation of relevance (SEJ).    

 

Relevance - Response 2. Time course of atrazine effects on the expression of hsa-miR-
126-3p expression after embryonic exposure to 0, 0.3, 3, and 30 µg/L of atrazine for 60 
hrs. 

Score 

Statistical 
significance for 
adverse effects 

There were no effects of atrazine on hsa-miR-126-3p at 12, 24, 36 or 
48 hpf.  At 60 hpf, there was a significant increase in expression in the 
30 µg/L treatment group.  This was the only significant response 
observed.  (Fig. 3, p < 0.05; n = 3) 

1 

Concentration- or 
dose-response 

There was no evidence of a concentration response. The Q-PCR data 
revealed an increase in expression while the earlier microarray data 
showed a decrease in expression (inconsistent response, weakness).  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The effects on apical endpoints were not considered as the experiment 
was terminated at 60 hpf.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism of action was not considered. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.25 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Response 1-2 Score 
Experimental 
design and 
hypotheses 

Purpose: Zebrafish embryos were exposed to 0.3, 3 or 30 µg atrazine/L 
from 1 to 72 h post fertilization (hpf; the end of embryogenesis) to 
identify zebrafish and human miRNAs that were significantly altered in 
response to atrazine.  Targeted analysis was then performed to 

2 
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determine the regulation of gene expression by miRNAs on altered 
gene targets from previous transcriptome analysis (Weber et al., 2013).  
Furthermore, developmental characterization and atrazine toxicity of 
hsa-miR-126-3p, a miRNA reported to be altered in all atrazine 
treatments, was established. 
 
Embryos were collected from wild type AB strain zebrafish bred in the 
laboratory and exposed to 0, 0.3, 3 and 30 µg/L of atrazine (98% purity) 
from 1-72 h post fertilization (hpf).  Exposure was not quantified.  There 
were 4 biological replicates each from a different clutch of eggs.  
 
After the exposure duration of 3 days, 50 embryos from each replicate 
were pooled and homogenized in Trizol reagent and flash frozen in 
liquid nitrogen.  Total RNA was isolated issuing the miRNeasy kit from 
Qiagen. Agilent miRNA Complete labelling and Hyb kit was used to 
fluorescently label samples.  Methods were described in detail.  After 
dephosphorylation and denaturation and labelling with cyanine 3-pCp 
samples were loaded on a custom designed 8 X 60k Agilent miRNA 
array.  Data were background subtracted and analyzed for differential 
expression using ANOVA procedures and Tukey’s post hoc test.  
 
The samples for Q-PCR analysis were exposed to control water or 
atrazine at 0.3, 3, and 30 µg/L and samples collected at 12, 24, 36, 48 
60 and 72 hpf for the control (n = 4; weakness) and 12, 24, 36, 48, and 
60 hpf (n = 3) for the atrazine treatments, respectively.  Fifty embryos 
from each replicate were pooled and homogenized in Trizol reagent 
and flash frozen in liquid nitrogen.  Total RNA was isolated using the 
miRNeasy kit from Qiagen. qPCR was conducted using the Exiqon 
SYBR green kit. Gene expression was normalized to U6.  
 
Expression data were analyzed using ANOVA procedures followed by 
the post hoc least significant difference test when significant 
differences at p<0.05 were identified. 

Use of GLP and 
QA/QC 

Not a GLP study but adequate descriptions of the methods were 
provided.  Exposure was not quantified (weakness) and QA/QC was 
not provided for the gene expression analysis.  Environmental 
parameters and water-quality were not reported (weakness). 

1 

Transparency of 
data 

Raw data were not provided but summary data with error bars were 
generally provided. 

2 

Concentrations 
tested 

Three concentrations of atrazine were tested. 2 

Use of realistic 
exposures 

Two concentrations were less than 20 µg/L. 3 

Overall evaluation of methods 2 
 

EJ Review Yes 2018-04-17 

QA Yes Jan. 25, 2018 
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(Wirbisky et al. 2016c) 
Paper: Wirbisky SE, Weber GJ, Sepúlveda MS, Lin T-L., Jannasch AS, and 
Freeman JL. 2016. An embryonic atrazine exposure results in reproductive 
dysfunction in adult female zebrafish and morphological alterations in the 
offspring. Scientific Reports 6:21337. 
 

Relevance - Response 1. Sex ratio of adult zebrafish at 5-8 mpf previously exposed to 
atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the sex ratio of adult zebrafish (P 
= 0.64; Suppl Fig. S2).   

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
  

 

Relevance - Response 2. Average number of breeding pairs of adult zebrafish at 5-8 
mpf previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 hours 
post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There was a significant reduction (p = 0.008) in the percent of pairs of 
zebrafish that bred in the 30 µg/L treatment group but no effect in the 
groups treated with 0.3 or 3 µg/L treatment groups (Fig 1a) 

4 

Concentration- or 
dose-response 

A response was seen for only the high concentration group.  2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

A reduction in the percent of pairs bred might have an impact on 
reproductive success.  In this study, this did not translate to a change 
in the number of embryos per pair or total embryos or percent hatch at 
72 h 

3 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism for the response is not elucidated or proposed. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 2.25 
Overall evaluation of relevance (SEJ).  A SEJ score of zero was assigned because, in this 
study, this did not translate to a change in the number of embryos per pair or total embryos or 
percent hatch at 72 h. 

0 
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Relevance - Response 3. Number of embryos per breeding pair and the total number of 
live embryos per treatment in adult zebrafish previously exposed to atrazine at 0, 0.3, 3 
and 30 µg/L from 1 through 72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There were no effects on the number of embryos per breeding pair (p = 
0.21; Fig. 1B) and the total number of embryos per treatment (p = 0.08; 
Fig. 1C). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Mortality and hatching rates of embryos from adult zebrafish 
previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 hours post 
fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There were no effects of atrazine exposure on survival at 24 hpf (Fig. 
2d, p = 0.64)) or at 48 and 72 hpf (data not shown) and no effects on 
the hatching rates at 48 and 72 hpf (p = 0.64; Fig. 1E; and 72 hpf: 
p = 0.43; Fig. 1F, respectively). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Morphological characteristics of embryos from adult 
zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 
hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There were no effects of atrazine treatment on body length (p = 0.43, 
Fig 2a). There was a significant reduction in the ratio of head 
length/total body length in the high treatment group (p = 0.0061, Fig. 
2b) and an increased ratio of head width/total body length in the low 
and intermediate atrazine treatment groups (p = 0.0011; Fig. 2C).  

2 

Concentration- or 
dose-response 

There was no consistent concentration response observed 0 

Relevance of 
adverse effect to 

The difference in ratio of head-length and -width to body length were 
small (almost undiscernible, Fig. 2b and c).  The relevance of these 
small changes in head size and width is unknown and this result was 

0 
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survival and/or 
reproduction 

not consistent with earlier studies that showed an increase in head 
length with atrazine treatment40. 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism is proposed. 0 

Multiplier for LOEC NA  

Overall evaluation of relevance (computed) 0.5 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 6. Body weight at 5-8 mpf in adult female zebrafish previously 
exposed to atrazine at 0 and 30 µg/L from 1 through 72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There were no differences in the body weight of females in the 0 and 
30 µg/L treatment groups (Fig 3c).  

0 

Concentration- or 
dose-response 

There was no indication of a concentration response.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of an increase in ovarian weight with no change in GSI 
is not obvious.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated not suggested.  0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ).    

 

Relevance - Response 7. Ovarian weight at 5-8 mpf in adult female zebrafish previously 
exposed to atrazine at 0 and 30 µg/L from 1 through 72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

The authors reported a significant increase in weight of ovary in the 
atrazine treated fish (Fig. 3d) but no difference in the GSI (Suppl Fig 
S3). Based on the SD-bars in Fig. 3d, the statistical significance 
appears to be incorrect.  Score of zero assigned. 

0 

Concentration- or 
dose-response 

There was no indication of a concentration response.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of an increase in ovarian weight with no change in GSI 
is not obvious. In addition, there was not change in follicle staging with 
treatment.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated not suggested. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ).    

                                            
40 Weber GJ, Sepulveda MS, Peterson SM, Lewis SS, Freeman JL.  2013.  Transcriptome alterations 

following developmental atrazine exposure in zebrafish are associated with disruption of 
neuroendocrine and reproductive system function, cell cycle, and carcinogenesis.  Toxicological 
Sciences 132:458–466. 
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Relevance - Response 8. Ovarian development at 5-8 mpf in adult female zebrafish 
previously exposed to atrazine at 0 and 30 µg/L from 1 through 72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There were no differences in the follicular staging in the ovaries from 
fish treated with atrazine (Suppl Fig S4a). There was also no difference 
in the percentage of atretic follicles (Suppl Fig. S4b).  

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 9. Concentrations of estradiol at 5-8 mpf in ovaries of adult 
female zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 
72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There was no significant change (p = 0.5337; Fig. 3g) in ovarian 
estradiol content in the 3 and 30 µg/L treatment groups.  

0 

Concentration- or 
dose-response 

A concentration response was observed but was not characterized.  1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since there was no significant response, there was no relevance to 
apical endpoints 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since there was no significant response, no mechanism was proposed. 0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ) Score of zero assigned because the observed 
concentration response for estradiol did not translate to an effect on GSI or ovarian follicular 
development or on reproductive success (Response 2) 

0 

 

Relevance - Response 10.  Ovarian gene expression at 5-8 mpf in adult female 
zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 
hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Microarray analysis revealed changes in the expression of 2024, 843 
and 696 mapped genes in the 0.3. 3 and 30 µg/L treatment groups, 
respectively.  There were 383 genes in common among the atrazine 
treated groups.  A subset of 7 genes that were differentially expressed 
was confirmed by qPCR. 

4 

Concentration- or 
dose-response 

There were differences in the expression of specific genes with 
treatment, but overall there were greater similarities among the 
treatment groups. 

1 
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Relevance of 
adverse effect to 
survival and/or 
reproduction 

This study does not provide evidence that the changes in gene 
expression measured in the ovary are associated with effects on apical 
endpoints. As there were no changes in ovarian development, the 
significance of changes in gene expression to ovarian development is 
not apparent. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The authors suggest that changes in genes associated with endocrine 
system development and steroidogenesis provide a link to reproductive 
dysfunction.  While they argue this might relate to effects on atresia 
and steroid levels, ovarian development based on follicular stages, 
GSI, atresia and plasma estradiol levels were not affected.  

2 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 2.0 
Overall evaluation of relevance (SEJ)   

 

Relevance - Response 11. Ovarian progesterone concentrations at 5-8 mpf in adult 
female zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 
72 hours post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

There was a significant increase in progesterone concentration in the 3 
and 30 µg/L treatment groups (p = 0.0043, Fig. 3h).  

4 

Concentration- or 
dose-response 

No consistent concentration response was observed, the mean 
concentration for the 30 μg atrazine/L treatment was < that for 3 μg 
atrazine/L treatment.  

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The significance of a change in progesterone is not well understood as 
the biologically active progestin in the zebrafish was not measured. 
The change in progesterone did not translate to an effect on GSI or 
ovarian follicular development or on reproductive success (Response 
2) 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism is provided. It is unusual that progesterone, which is a 
precursor for estradiol increased in concentration yet no change in 
estradiol was observed.  There is no plausible explanation for this. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1 
Overall evaluation of relevance (SEJ).  Because of the lack of effect on estradiol and the 
lack of a plausible mechanism, the SEJ score was reduced. 

0 

 

Quality of methods - Response 1-11 Score 
Experimental 
design and 
hypotheses 

The objective of this study was to examine the later-in-life 
consequences of an embryonic atrazine exposure by assessing effects 
and function of the reproductive system, transcriptomic analysis of 
adult female ovarian tissue, and morphological alterations in the 
offspring of the exposed generation (Supplementary Material, Figure 
S1). Gonad tissue transcriptomic analysis was compared to the 
previously completed analysis of brain tissue for further assessment of 
alterations within the HPG axis. 
 
Embryos were collected from wild type AB strain zebrafish bred in the 
laboratory and exposed to 0, 0.3, 3 and 30 µg/L of atrazine (98% purity) 
for 1 to 72 h post fertilization.  Atrazine concentrations were measured 
using ELISA but neither the collection details nor the data were 
provided (major weakness).  Fish were allowed to mature for five 
months but details on the grow-out conditions and numbers of 
individual reaching maturity are not provided (weakness). There were 
20-30 fish per tank. 

2 
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Adult fish at approximately 5 months of age (5 mpf) were sexed and 
bred within their respective treatment groups in 4-L tanks once a week 
for three continuous weeks to initiate breeding cycles.  In total, 16 pairs 
of individual male and female fish per replicate (n = 4 replicates) were 
tested for a total of 64 individual pairs. The number of pairs that 
spawned were noted and the number of fertilized embryos and 
unfertilized pairs were determined. The duration of time over which 
spawning was determined was not stated (potential weakness).  
Embryo mortality was determined at 24, 48, and 72 hpf and the 
numbers of embryos hatched at 72 h was determined. In addition, 20 
embryos from each treatment dish were examined using a dissecting 
microscope to determine body length and head morphometrics.  
 
Adult fish at 5-8 months post fertilization (mpf) were anesthetized and 
weighed.  Ovaries were collected for the determination of the GSI.  
Ovaries were fixed overnight in Davidson’s Fixative and the transferred 
to 70% ethanol for histological processing and H and E staining. 
Follicles were counted and classified as perinunclear, cortical alveoli, 
early vitellogenic, late vitellogenic, post ovulatory or atretic. 
 
Ovarian tissue was collected from adult females at 6 months post 
fertilization for the determination of estradiol and progesterone content. 
Samples were pooled from 4-7 individuals and 100 mg of tissue was 
pooled and then spiked with 1000 ng of d5 –estradiol or progesterone 
and then extracted with hexane/ethylactetae and the upper organic 
layer was collected and dried.   For estradiol the samples were 
derivatized with dansyl chloride and, for progesterone analysis, the 
samples were derivatized using a B Sciex keto kit.  Samples were 
analyzed by LC MS. No information was provided on recovery or 
reproducibility of the results (weakness).  
 
Ovarian tissue was collected from 6 adult females at 5-8 months post 
fertilization. After homogenization in Trizol and flash frozen in liquid 
nitrogen.  Total RNA was isolated using the RNeasy mini kit microarray 
and a custom 4 x 180 K expression platform from Quiagen. 
Transcriptomic microarray analysis of the gonad tissues collected at 5-
8 months post-fertilization was completed using the zebrafish 4 x 180 K 
expression platform from Agilent Technologies. This microarray is a 
multiplex format of 4 arrays each consisting of 180,000 probes 
interrogating 36,000 known and predicted targets with approximately 
3–5 probes per target and is based on the Ensembl and UCSC 
Genome Databases. Following hybridization, arrays were washed and 
then scanned on an Agilent Technologies SureScan Microarray 
Scanner (Agilent Technologies).  Array image data was extracted using 
Agilent Feature Extraction Software 11.5 (Agilent Technologies,).  Data 
was uploaded to GeneSpring 12.5 (Agilent Technologies) for statistical 
analysis. Microarray analysis was performed following MIAME 
guidelines80. Each gene list was imported into Ingenuity Pathway 
Analysis (IPA) for gene ontology and molecular pathway analysis.  
Genes referred to in the results and discussion 
sections are reported as the human homologs of the genes identified to 
be altered by microarrays. Differentially expressed genes were 
determined using ANOVA procedures and identified if expression was 
altered by a log2 expression ratio of 0.585.  Quantitative PCR was used 
to verify the gene expression using the same samples analyzed by 
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microarray. ß-actin was used as the reference gene and samples were 
run in triplicate.  Data analysis of the qPCR results used ANOVA 
procedures and the LSD test (p < 0.05).  

Use of GLP and 
QA/QC 

The study was not done under GLP. Although exposures were 
measured, these data were not reported (major weakness).  Water 
quality was not reported (weakness).  

1 

Transparency of 
data 

Data were provided as means with SEs in graphs  2 

Concentrations 
tested 

Three concentration of atrazine 0.3, 3 and 30 μg/L were used 2 

Use of realistic 
exposures 

Two concentrations were < 20 μg/L 3 

Overall evaluation of methods 2 
 

EJ Review Yes Aug 30, 2016 

QA Yes Jan. 25, 2018 

 
Narrative 
The significance of a change in progesterone (response 11) is not well understood as 
the biologically active progestin in the zebrafish was not measured. The change in 
progesterone did not translate to an effect on GSI or ovarian follicular development or 
on reproductive success (Response 2). 
 
For response 10, the authors suggest that changes in genes associated with endocrine 
system development and steroidogenesis provide a link to reproductive dysfunction.  
While they argue this might relate to effects on atresia and steroid levels, ovarian 
development based on follicular stages, GSI, atresia and plasma estradiol levels were 
not affected. 
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(Wirbisky et al. 2016a) 
Paper: Wirbisky SE, Sepúlveda MS, Weber GJ, Jannasch AS, Horzmann KA, and 
Freeman JL. 2016. Embryonic atrazine exposure elicits alterations in genes 
associated with neuroendocrine function in adult male zebrafish. Toxicological 
Sciences 153:149-164 
 

Relevance - Response 1. Body weight in adult male zebrafish previously exposed to 
atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 h post fertilization.  

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the body weight of adults (P = 
0.7878; Fig. S1).  

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed.  

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2.  Testis weight and gonadosomatic index (GSI) in adult male 
zebrafish previously exposed to atrazine at 0,0.3, 3 and 30 µg/L from 1 through 72 h 
post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on testes weight (P = 0.6589) or 
GSI (p = 0.314; Fig. S1). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Morphology of testes as measured by the percent area 
occupied by different cell types in adult male zebrafish previously exposed to atrazine 
at 0,0.3, 3 and 30 µg/L from 1 through 72 h post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the percentage of primary 
spermatocytes (p = 0.2156), secondary spermatocytes (p = 0.2522), 
spermatids (p = 0.0789), spermatozoa (p = 0.9991) and spermatogonia 
(p = 0.3174) in the testes of adults (Fig S2a).  

0 
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Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 4. Germinal epithelium thickness in adult male zebrafish 
previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 h post 
fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on germinal epithelium thickness (p 
= 0.0967) in the testes of adults Fig S2b). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 5. Testicular abnormalities in adult male zebrafish previously 
exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 h post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on the incidence of testicular 
abnormalities (hypoplasia, atrophy and underdevelopment) in the 
testes of adults (Fig S2c; p = 0.5678)).  

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Relevance - Response 6. Morphology of the seminiferous tubules and Leydig cell 
frequency in the testis of adult male zebrafish previously exposed to atrazine at 0, 0.3, 
3 and 30 µg/L from 1 through 72 h post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on Leydig cell frequency (p = 
0.5320) and hypertrophy or Sertoli cell hypertrophy in the testes of 
adults (Fig S3 and S4). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 7. Concentrations of testosterone in the testis of adult male 
zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 72 h 
post fertilization.  

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on testosterone (p = 0.5206) and 
11-ketotestosterone (p = 0.2488) content in the testes (Figures. S5.B 
and S5.A, respectively). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 8. Microarray analysis of gene expression in the testes of adult 
male zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 
72 h post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Microarray analysis revealed changes in the expression of 239, 162, 
and 288 genes in the 0.3. 3 and 30 µg/L treatment groups, 
respectively.  There were 88 genes common among the atrazine 
treated groups. A subset of 7 genes that were differentially expressed 
was confirmed by qPCR. 

4 

Concentration- or 
dose-response 

The discussion (p. 7) suggests that there are differences in the 
expression of specific genes with treatment; however, similarities 
among the treatment groups were great.  

1 

Relevance of 
adverse effect to 

There was no indication that the changes in gene expression were 
related to testicular development (testes size or cell morphology) or 
sex steroid hormone concentrations.   

0 
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survival and/or 
reproduction 

Mechanism and or 
mode of action of 
adverse effect 
explained 

While the authors showed that the differentially expressed genes are 
associated with pathways that are important for reproduction there was 
no evidence of adverse effects on testicular development so no 
mechanism of effect can be explained.  

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ).   

 

Relevance - Response 9. Microarray analysis of gene expression in the brain of adult 
male zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 
72 h post fertilization. 

Score 

Statistical 
significance for 
adverse effects 

Microarray analysis revealed changes in the expression of 2748, 3034, 
and 2826 genes in the brain tissue of male zebrafish from the 0.3. 3 
and 30 µg/L treatment groups, respectively.  There were 2290 genes in 
common among the atrazine treated groups.  A subset of 7 genes that 
were differentially expressed was confirmed by qPCR. 

4 

Concentration- or 
dose-response 

Although there were differences in the expression of specific genes 
with treatment, there were great similarities among the treatment 
groups 

1 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

There was no indication that the changes in brain gene expression 
were related to testicular development (testes size or cell morphology) 
or sex steroid hormone concentrations.   

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

While the authors showed that the differentially expressed genes are 
associated with pathways that are important for reproduction there was 
no evidence of adverse effects on testicular development so no 
mechanism of effect can be explained. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 1.25 
Overall evaluation of relevance (SEJ).  

 

Relevance - Response 10. Concentrations of 11-ketotestosterone in the testis of adult 
male zebrafish previously exposed to atrazine at 0, 0.3, 3 and 30 µg/L from 1 through 
72 h post fertilization.  

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine had no effect on 11-ketotestosterone (p = 0.2488) 
content in the testes (Fig. S5 A). 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA   
Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  
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Quality of methods - Response 1-10 Score 
Experimental 
design and 
hypotheses 

Embryos were collected from wild type AB strain zebrafish bred in the 
laboratory and exposed to 0, 0.3, 3 and 30 µg/L of atrazine (98% purity) 
for 1 to 72 h post fertilization.  Information on dosing was provided in 
previous publications.  Atrazine concentrations were measured using 
ELISA but neither the collection details nor the data were provided. No 
detection limit for the method was provided (weakness).  Fish were 
allowed to mature for an unspecified time and details on the grow-out 
conditions and numbers of individual reaching maturity are not 
provided.  Number of replicates per treatment was not provided 
(weakness).  
 
Adult fish were anesthetized at 5-8 mpf, killed (MS-222) and processed 
for the determination of body weight and testis weight.  Testicular 
tissue was fixed in Davidson’s Fixative and prepared for histological 
analysis and hematoxylin and eosin staining.  Histological sections 
from 40 individuals (10 males from 4 replicate experiments; 40 fish per 
treatment group) were analyzed for testicular morphology using digital 
imaging.  Histological sections were evaluated by a board-certified 
veterinary pathologist. 
 
Hormone analysis involved the pooling of testis samples from 6-9 
males for 3-4 replicate experiments.  After spiking the samples with 50 
ng of 13C3 testosterone, the samples were extracted in hexane/ethyl 
acetate and derivatized using the AB Sciex keto derivatization kit.   
Samples were analyzed by LC MS.  Although methods and procedures 
were either cited or described in detail, no information was provided on 
recovery or reproducibility of the results (weakness).  
 
Microarray analysis of the testes and brain tissues from six adults at ~6 
mpf from each replicate (n = 6) using the zebrafish 4 X180 expression 
platform from Agilent Technologies. Microarray analysis was performed 
according to MIME guidelines and, although the analytical procedures 
and methods were described in detail, the details on the replication and 
reproducibility were not provided (potential weakness). Array image 
data were then uploaded to GeneSpring 12.5 (Agilent Technologies, 
Santa Clara, CA) for statistical analysis. Microarray analysis was 
performed following MIAME guidelines. Each gene list was imported 
into Ingenuity Pathway Analysis (IPA) for gene ontology and molecular 
pathway analysis. Genes referred to in the methods and results 
sections reflect zebrafish nomenclature. Genes in the discussion 
section are reported as the human homologs of the zebrafish genes 
identified to be altered by microarrays.  Quantitative PCR was used to 
verify the gene expression using the same samples analyzed by 
microarray.  ß-actin was used as the reference gene and samples were 
run in triplicate. 
 
Body weight and cell morphology were analyzed using ANOVA. The 
frequency of testicular abnormalities and the distribution of different cell 
types were analyzed using Chi-squared tests. Microarray data was 
analyzed using ANOVA followed by a Tukey’s test. Microarray 
confirmation by qPCR was assessed by Pearson’s correlation.  
 
Statistical analyses were conducted using SAS statistical software.  
Total body weight, testes weight, GSI, thickness of germinal epithelium, 
Leydig cell frequency, and hormone levels were analyzed using a one-

2 
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way analysis of variance (ANOVA).  The frequency of testicular 
abnormalities and percent area occupied by different cell types was 
analyzed using chi-squared tests. Microarray analysis was completed 
to determine differentially expressed genes for each atrazine treatment 
as well as in all three atrazine treatments combined. This was first 
determined using an ANOVA with a Tukey’s post hoc test when a 
significant ANOVA was observed (a < 0.05). In addition, a mean 
absolute log2 expression ratio of at least 0.585 (50% increase or 
decrease in expression) must be satisfied. Microarray confirmation by 
qPCR was assessed by a Pearson’s correlation (a < 0.05). 

Use of GLP and 
QA/QC 

Not a GLP study but adequate descriptions of the methods and 
procedures were provided.  QA/QC was not provided and, while 
exposure was reported to be quantified, no data were provided (major 
weakness).  

1 

Transparency of 
data 

Raw data were not provided but summary data with error bars were 
generally provided.  

2 

Concentrations 
tested 

Three concentrations of atrazine were tested  2 

Use of realistic 
exposures 

Two concentrations were less than 20 µg/L. 3 

Overall evaluation of methods 2 
 

EJ Review Yes Aug 30, 2016 

QA Yes Jan. 26, 2018 

 
 
Narrative 
There was no indication that the changes in gene expression were related to testicular 
development (testes size or cell morphology) or to sex steroid hormone concentrations. 
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(Wirbisky and Freeman 2017) 
Paper: Wirbisky SE, Freeman JL.  2017.  Atrazine exposure elicits copy number 
alterations in the zebrafish genome.  Comparative Biochemistry and Physiology, 
Part C 194:1-8. 
 
Note: Zebrafish fibroblast cells were used to test the hypothesis that an atrazine exposure will 
cause genotoxicity through the generation of copy number alterations (CNAs) detectable with 
the use of comparative genomic hybridization (aCGH) technology 
 

Relevance - Response 1. Effects of atrazine at 100, 1000 or 10,000 µg/L on cytotoxicity 
and confluent growth in fibroblasts of Danio rerio over a 72 h incubation 

Score 

Statistical 
significance for 
adverse effects 

There were no changes in confluency at atrazine concentrations of 100 
and 1000 µg/L but there were effects at the higher concentration of 
10,000. The EC50 was > 25,000 µg/ (Fig.1).  These experiments were 
used to determine the concentrations of atrazine that did not affect 
survival or growth.  

4 

Concentration- or 
dose-response 

There was a dose dependent effect on cytotoxicity, but these effects 
were manifest only at very high concentrations.  

4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

This was a cell culture experiment and relevance to apical endpoints 
was not considered.  

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was investigated.  0 

Multiplier for LOEC There were no effects at 100 or 1000 µg/L so negative responses on 
cytotoxicity are not manifest until concentrations much higher than 
environmentally relevant levels are tested.  

0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ) 0 

 

Relevance - Response 2. Copy number alterations in fibroblasts of Danio rerio 
exposed to atrazine (100, 1000 or 10,000 µg/L) for 72 hrs.  

Score 

Statistical 
significance for 
adverse effects 

Atrazine exposure elicited 34, 21, and 44 CNAs in the 100, 1000 or 
10,000 µg/L treatment groups, respectively (Supplementary Table 2). 
In total, 99 CNAs were called within 45 regions (Fig. 2; Supplementary 
Table 2). 53 CNAs from 10 different genomic regions were present in 
all three treatment groups Supplementary Table 2). 

4 

Concentration- or 
dose-response 

There was no indication of a concentration response relationship.  0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

This was cell culture experiment and relevance to apical endpoints was 
not considered. 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was explored. 0 

Multiplier for LOEC All effects were observed at concentrations ≥ 100 µg atrazine/L 0 

Overall evaluation of relevance (computed) 1.0 
Overall evaluation of relevance (SEJ)  
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Quality of methods - Response 1-2 Score 
Experimental 
design and 
hypotheses 

A zebrafish fibroblast cell line established from approximately 100 
embryos of the AB wildtype zebrafish strain was used in this study (see 
Freeman et al. 200741). Atrazine, purity 97.5%; ChemService, 
University of Chester, PA) was prepared using DMSO (Sigma Aldrich, 
St. Louis, MO). A cytotoxicity assay was completed using previously 
published methods that were cited. The cytotoxicity assay was set up in 
96 well plates with 14,000 cells per well with appropriate amount of 
media and chemical stock to make up 1–1125 μM (Potential weakness:  
Atrazine concentrations were not confirmed by chemical analysis). 
Plate set-up included a first column blank and a second column 
negative control. Each plate contained four subsample wells per 
chemical concentration. Plates were placed into an incubator at 28 °C 
and 5% carbon dioxide for 72 h (the equivalent of 1.5 cell cycle 
lengths). After 72 h, cells were fixed in 50% methanol and stained with 
1% crystal violet in 50% methanol, and excess crystal violet solution 
was washed from the plate. Absorbance was read on a microplate 
reader at 595 nm (SpectraMax M2, Molecular Devices). Readings from 
the four sub-sample wells of each test concentration were averaged. 
Four replicate plates (containing four subsample wells per chemical 
concentration) were completed and the average percent negative 
control values for each test concentration was plotted and fit to a 
sigmoidal curve using SigmaPlot (SigmaPlot 10.0) to determine 
appropriate test concentrations for CNA analysis. Test concentrations 
for aCGH were at the 60% negative control value and at concentrations 
where no impacts on cell confluency were observed. 
 
Zebrafish cells were exposed to 100, 1000 or 10,000 µg/L (reported by 
the author as ppb) of atrazine or a control treatment (media with no 
additional chemical treatment). 7.5 × 105 cells were initially seeded into 
each petri dish (n = 4). After set-up, petri dishes were placed into an 
incubator at 28 °C and 5% CO2 for 72 h (the equivalent of 1.5 cell cycle 
lengths). After 72 h, cells were harvested, and genomic DNA was 
isolated following a standard phenol chloroform isolation method.  A 
zebrafish specific oligonucleotide platform was designed based upon 
the Zv9 zebrafish genome build. A 2 × 400 K array containing 418,551 
unique probes approximately 60 nucleotides in length with a median 
spacing of 2.942 kbp was constructed using SureDesign by Agilent 
Technologies (Agilent Technologies, Santa Clara, CA) with avoidance 
of standard masked regions and restriction sites.  Array CGH analysis 
was performed following manufacturer's protocol (Version 7.3) using a 
two-color hybridization strategy and 1 μg of test DNA and 1 μg of 
reference DNA.  Dye incorporation was assessed using a NanoDrop 
ND 1000 spectrophotometer. Cy5 test DNA and Cy3 reference DNA 
were combined and hybridized to the array for 40 h at 67 °C. Following 
hybridization, arrays were washed according to manufacturer's 
recommendations.  Arrays were then scanned on a SureScan 
microarray scanner at 3 μm. Microarray analysis was performed 
following MIAME guidelines42. One biological replicate was removed 

2 

                                            
41 Freeman, J.L., Adeniyi, A., Banerjee, R., Dallaire, S., Maguire, S.F., Chi, J., et al., 2007. Definition of 
the zebrafish genome using flow cytometry and cytogenetic mapping. BMC Genomics 8, 195.  
42 Brazma, A., Hingamp, P., Quackenbush, J., Sherlock, G., Spellman, P., Stoeckert, C., Aach, J., 
Ansorge,W., Ball, C.A., Causton, H.C., Gaasterland, T., Glenisson, P., Holstege, F.C., Kim, I.F., 
Markowitz, V., Matese, J.C., Parkinson, H., Robinson, A., Sarkans, U., Schulze- Kremer, S., Stewart, J., 
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from the analysis as it did not meet quality control standards resulting 
in 3 biological replicates for this analysis (n = 3). aCGH analysis was 
completed using Agilent Genomic Workbench 7.0.4 following the 
aberration detection method 2 (ADM2) algorithm. ADM2 identifies all 
aberrant intervals in a given sample with consistently high or low log 
ratios based on statistical score.  
 
qPCR was performed on a subset of selected CNAs altered in the 
aCGH analysis using the BioRad SSOAdvance SYBR Green Supermix 
kit using previously described methods. A primer targeting sequence 
containing the gene β-ACTIN was found to be the most consistent and 
least variable for this analysis. qPCR was performed on the same 
samples as used in the microarray analysis (n=3). Experimental 
samples were run in triplicate (technical replicates) and gene 
expression was normalized to β-ACTIN. Efficiency and specificity were 
checked with melting and dilution curve analysis and no-template 
controls. In the determination of microarray confirmation by qPCR, the 
relative expression (ΔΔCq) of the treatments was divided by the ΔΔCq 
of the control to confirm the addition or deletion of CNA with a value of 
greater than or less than one. 

Use of GLP and 
QA/QC 

This was not a GLP study. There was the inclusion of negative controls 
and appropriate controls for the genomic methods.  

2 

Transparency of 
data 

Data were provided in Figures and Tables as means and variance was 
indicated by error bars and SE.  Sample sizes were provided.  Some of 
the data were included as supplementary information.  

2 

Concentrations 
tested 

Three concentrations were tested - 0.5, 5, and 50 μg/L. 2 

Use of realistic 
exposures 

No concentrations were < 20 μg/L. 0 

Overall evaluation of methods 1.6 
 

EJ Review Yes June 25, 2018 

QA Yes July 19, 2018 

 

                                            
Taylor, R., Vilo, J., Vingron, M., 2001. Minimum information about a microarray experiment (MIAME)-
toward standards for microarray data. Nat. Genet. 29, 365–371 
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(Wirbisky-Hershberger et al. 2017) 
Paper: Wirbisky-Hershberger SE, Sanchez OF, Horzmann KA, Thanki D, Yuan C, 
Freeman JL.  2017.  Atrazine exposure decreases the activity of DNMTs, global 
DNA methylation levels, and dnmt expression.  Food and Chemical Toxicology 
109:727-734. 
 

Relevance - Response 1. Effects of exposure to atrazine exposure at 3 and 30 µg/L for 
72 h on early development in Danio rerio.  

Score 

Statistical 
significance for 
adverse effects 

Atrazine treatment apparently had no effect on mortality, hatching rate, 
or gross malformations following the embryonic exposure (data not 
reported).  No effects on survival assumed. 

0 

Concentration- or 
dose-response 

There was no evidence of a concentration response. 0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Since no relevant or consistent response was observed, there was no 
relevance to the effects. 
 

0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Since no relevant or consistent response was observed, no 
mechanism or mode of action was proposed. 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 2. CpG methylation in embryos of Danio rerio following 
exposure to atrazine at 3 and 30 µg/L from 1- to 72 h post fertilization.   

Score 

Statistical 
significance for 
adverse effects 

Developmental exposure to atrazine led to a significant reduction in the 
average methylation level of the genomic DNA (gDNA). The relative 
methylation level of gDNA with respect to the control was reduced by 
36 ± 5% and 56 ± 3% in zebrafish embryos exposed to 3 and 30 µg/L 
atrazine, respectively (p < 0.05; Fig. 4 and Supplementary Fig. 3). 

4 

Concentration- or 
dose-response 

DNA methylation was reduced in a dose dependent manner.  4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

In the absence of effects on mortality, hatching rate, or gross 
malformations, the relevance of changes in DNA methylation are 
unknown.  

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

Reductions in DNA methylation may be due to reduced expression and 
activity of DNA methyltransferases, but no mechanism was reported,  

1 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 2.5 
Overall evaluation of relevance (SEJ)  

 
Relevance - Response 3. Expression of DNA methyltransferases in embryos of Danio 
rerio following exposure to atrazine exposure (3 and 30 µg/L) from 1- to 72 hours post 
fertilization.   

Score 

Statistical 
significance for 
adverse effects 

Exposure to atrazine led to significant reductions in the expression of 
dnmt4 and dnmt5 (p = 0.0083 and 0.0419, respectively) but no 
significant differences (p > 0.05) in the expression of dnmt1, dnmt3, 
dnmt6, dnmt7 and dnmt8 (Fig. 5). 

4 
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Concentration- or 
dose-response 

There was evidence of a dose dependent response in that the effects 
of atrazine at 30 µg/L was greater than the lower dose of 3 µg/L. The 
statistical comparisons were made in relation to the control and it 
unlikely that the response varied with concentration of atrazine tested.  

2 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

In the absence of effects on mortality, hatching rate, or gross 
malformations, the relevance of changes in dnmt expression are 
unknown. 

1 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism is reported for the effects of atrazine on dnmt 
expression, 

0 

Multiplier for LOEC NA 1 

Overall evaluation of relevance (computed) 1.75 
Overall evaluation of relevance (SEJ) The changes in the expression of dnmt 4 and 5 are 
modest and the statistical inferences were surprising given the variation reported. Reduced 
score assigned. 

0.9 

 
Quality of methods - Response 1-3 Score 
Experimental 
design and 
hypotheses 

Zebrafish (wild-type AB strain) were housed in a Z-Mod System 
(Aquatic Habitats, Apopka, FL) on a 14:10 h light:dark cycle and 
maintained at 28 ± 1°C with a pH of 7.0-7.2 and conductivity range of 
470-520 μS. Adult zebrafish aged 5-7 months were bred in groups in 
cages and embryos were collected, staged, and rinsed with system 
water. Zebrafish embryos were exposed to 0, 3, or 30 µg/L atrazine 
(Chem Service, 98% purity) from 1 to 72 h post fertilization (hpf). The 
authors did not report the use of solvents to prepare the exposure 
solution (weakness). 
 
Atrazine water sample concentrations were verified using an 
immunoassay kit for atrazine (Abraxis Atrazine ELISA kit, Warminster, 
PA). 
 
Measurement of global methylation levels was determined Zebrafish 
larvae (72 hpf). Larvae were rinsed, and genomic DNA was extracted 
following a cited standard protocol; methods were described. The DNA 
concentration was tested on a NanoDrop® ND-1000 
Spectrophotometer. The DNA was then sonicated into fragments of 
100-300 bp in length following an established procedure. Fragmented 
DNA samples were analyzed using a 1% Agarose gel (Supplementary 
Fig. 2). DNA fragments (~500 nM) were then mixed with a fluorescein-
labeled DNA methylation probe to determine the methylation level of 
gDNA following an established and cited approach. 
 
Quantitative polymerase chain reaction (qPCR) of dnmt expression in 
zebrafish larvae was determined in zebrafish embryos that were 
exposed to 0, 3, or 30 ppb atrazine from 1 to 72 hpf.  Following 
exposure, 50 embryos were pooled per sample (n = 9-10), 
homogenized in Trizol® Reagent and flash frozen in liquid nitrogen. 
Total RNA was isolated, purified and quality and quantity checked 
using a NanoDrop® ND-1000 Spectrophotometer.  Samples were 
converted to cDNA and qPCR was performed on all seven DNMT 
genes found in zebrafish (dnmt1, dnmt3, dnmt4, dnmt5, dnmt6, dnmt7, 
dnmt8). β-actin was used as a housekeeping gene as it was 
consistently expressed and not altered by atrazine exposure.  

2 
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Experimental samples were run in triplicate (technical replicates), 
quantitative copies calculated using a standard curve, and gene 
expression normalized to b-actin. Efficiency and specificity were 
checked with melting and dilution curve analysis and no-template 
controls. 
 
Global DNA methylation levels were analyzed by a one-way analysis of 
variance (ANOVA) followed by a Duncan's multiple range post-hoc test 
when a significant ANOVA was observed (α < 0.05). qPCR data were 
analyzed with ANOVA procedures and a post hoc least significant 
difference (LSD) test applied when a significant ANOVA was observed 
(α < 0.05). 

Use of GLP and 
QA/QC 

The study was not conducted under GLP, but some QC was provided.  
The concentrations of atrazine were stated as measured but not 
reported.  

1 

Transparency of 
data 

Data were presented in summary form in Tables, text, and Figures.   2 

Concentrations 
tested 

Two concentrations of atrazine were tested (3 and 30 µg/L).  1 

Use of realistic 
exposures 

One concentration was less than 20 µg/L.  2 

Overall evaluation of methods 1.6 
 

EJ Review Yes June 25, 2018 

QA Yes July 19, 2018 
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(Wrubleswski et al. 2018) 
Paper: Wrubleswski J, Reichert FW, Galon L, Hartmann PA, Hartmann MT.  2018.  
Acute and chronic toxicity of pesticides on tadpoles of Physalaemus cuvieri 
(Anura, Leptodactylidae).  Ecotoxicology 27:360-368. 
 

Relevance - Response 1. LC50 of atrazine for developing embryos of Physalaemus 
cuvieri exposed to 0, 3000, 12,000, 24,000, 35,000, 45,000 and 55,000 µg/L of atrazine 
over 4 days.  

Score 

Statistical 
significance for 
adverse effects 

The LC50 of the acute test was 19,690 µg/L for atrazine (Table 2). 4 

Concentration- or 
dose-response 

A concentration-response was observed and characterized. 4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is highly relevant. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized or explained but is likely 
narcosis. 

0 

Multiplier for LOEC LOEC > 100 μg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 2. Mortality of Physalaemus cuvieri tadpoles exposed to 
sublethal doses of atrazine (0, 240, 480 and 2400 µg/L) for up to 7 days. 

Score 

Statistical 
significance for 
adverse effects 

There was approximately 30, 23, and 37% mortality at 240, 480 and 
2400 µg/L of atrazine, respectively (Table 3). These were statistically 
significant effects 

4 

Concentration- or 
dose-response 

There was no indication of a dose response to atrazine (F2,18 = 0.16, p 
= 0.84), 

0 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

Mortality is highly relevant. 4 

Mechanism and or 
mode of action of 
adverse effect 
explained 

The mechanism was not characterized or explained but is likely 
narcosis. 

0 

Multiplier for LOEC LOEC > 100 μg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Relevance - Response 3. Swimming activity of Physalaemus cuvieri tadpoles exposed 
to sublethal doses of atrazine (0, 240, 480 and 2400 µg/L) for up to 7 days. 

Score 

Statistical 
significance for 
adverse effects 

The swimming activity of tadpoles was affected by chronic (sublethal) 
doses of atrazine (F3,80 = 4.71, p = 0.004); significant differences from 
the controls were observed for 240 and 480 µg atrazine/L (Dunnet test, 
p < 0.05). The NOEC for swimming activity was 240 µg/L, LOEC was 
480 µg/L, and MATC was 360 µg/L.  

4 
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Concentration- or 
dose-response 

A concentration-response was observed and characterized. 4 

Relevance of 
adverse effect to 
survival and/or 
reproduction 

The relevance of the effect was not characterized or explained. 0 

Mechanism and or 
mode of action of 
adverse effect 
explained 

No mechanism was provided. 0 

Multiplier for LOEC LOEC > 100 μg atrazine/L. 0 

Overall evaluation of relevance (computed) 0.0 
Overall evaluation of relevance (SEJ)  

 

Quality of methods - Responses 1-3 Score 
Experimental 
design and 
hypotheses 

Atrazine was the commercial herbicide product Atrazine 500 SC.  
To generate pesticide solutions, formulated atrazine was dissolved in 
distilled water was used to create a stock solution of 500 mg/L as 
needed (Major Weakness, this is greater than the maximum solubility 
of atrazine = 33 mg/L). For acute exposure, 0, 3000, 12,000, 24,000, 
35,000, 45,000 and 55,000 µg/L of atrazine were used; for chronic 
exposure, the tested concentrations of atrazine were 0, 240, 480 and 
2400 µg/L. (Major Weakness: the concentrations of atrazine were not 
verified). 
 
Eggs of P. cuvieri, were collected from a pond in the municipality of 
Erechim/RS from November 2014 to February 2015 within 24 h of 
oviposition (up to Gosner stage 14). The eggs were transported to the 
lab and kept separately in aquariums of ~50 L with artesian well water 
and acclimatized at 25°C until hatching. 
 
The larvae were fed every 24 h with complete feed in flakes for fish 
(Alcon Basic) ad libitum every other day. The acute test was performed 
with the animals fasted and not fed during the test. In the chronic test, 
feeding was maintained daily after the start of the experiment, with 
three flakes (potential weakness) of balanced fish food per glass 
container. 
 
Individuals from six breedings of P. cuvieri were used. Individuals were 
selected with a body mass between 0.0803 and 0.1186 g, and between 
Gosner stages 24 and 27 of development in order to reduce the 
variation of the measured parameters. Only organisms considered 
healthy, with normal swimming movements, and with the ability to 
move through the aquarium without any deformity or apparent injury 
were used in the experiments. 
 
Artesian well water was used for the tests and for the development of 
larvae. Water quality parameters were recorded for all aquaria and 
before the test solutions were applied. The well water used in the 
aquaria, controls and treatments had the following characteristics: 23 
°C (± 1 °C), pH 7.0 (± 0.5), dissolved oxygen 5.0 (± 1.0 mg/L), turbidity 
< 5, conductivity 160 (± 10) μS/cm, alkalinity 9.74 mg CaCO3/L, Ca 
6.76 mg/L, Na 44.1 mg/L, Mg 1.35 mg/L, Fe 0.08 mg/L, and Ni <0.001 
mg/L. 
 

1 
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The acute exposure tests lasted for 96 h. All tests were performed in 
triplicate and included control treatments.  The temperature and oxygen 
of the water were evaluated every 24 h. Dead individuals were counted 
and withdrawn every 12 h until the end of the tests. First, the tadpoles 
were arranged randomly in glass containers, in groups of 10, to be 
assigned later to treatments in the tests. The containers used in the 
tests had a capacity of 10 L, with a loading rate of one tadpole per liter 
of water. The size of the vessel simulated a water pool ~10 cm deep, 
similar to the environment where the eggs were collected. 
 
The static chronic test, with daily exposure, was carried out for 7 days 
using larvae raised in the same manner as in the previous experiment. 
The laboratory conditions and the water evaluations were the same as 
described for the acute test. Every 24 h, the mortality of the individuals 
was assessed, as well as the effect of the chronic concentrations on 
the swimming activity of surviving tadpoles. 
 
To test the swimming activity of the tadpoles during the chronic test, 
every 24 h, movements were made in the water of the aquarium with 
the aid of a glass rod, three times in a circle. This movement stimulated 
the movement of tadpoles in the aquarium without causing stress. As a 
way of comparison, the standard of swimming activity established was: 
(3) swimming movements equal to control, that is, without changes in 
tadpole swimming, when compared to the control group, (2) swimming 
movements different from control, i.e., in circles or half the speed of the 
control group, (1) swimming movements only after a touch stimulus to 
some part of the body and (0) static, but alive. In the latter case, the 
tadpoles did not present any movement with the stimulus or touch of 
the rod. However, when they were removed from the aquarium with a 
sieve, if they moved, they were then returned to the aquarium and 
classified as zero (0). It appears that the observers were not blinded to 
the treatments (weakness). 
 
Median lethal concentration (LC50) values and their respective 95% 
confidence intervals were statistically estimated by Trimmed 
Spearman-Karber method. One-way analysis of variance (ANOVA) 
was used to evaluate acute and chronic effects, and either Tukey’s or 
Dunnett’s post hoc test was applied when p < 0.05. There was no 
indication that the parametric assumptions associated with ANOVA 
procedures were assessed (potential weakness). For chronic test, the 
no observable effect concentration (NOEC) and the lowest observable 
effect concentration (LOEC) were calculated by analysis of variance 
with mean comparisons made by Dunnett’s test, when p < 0.05. The 
maximum acceptable toxicant concentration (MATC) was calculated 
from NOEC and LOEC and expressed mathematically as the geometric 
mean of the NOEC and LOEC. This analysis was performed with the 
use of the Statistica software 8.0. 

Use of GLP and 
QA/QC 

Not a GLP study. Water quality was measured only once and before 
the exposures. The concentration of atrazine was not verified. 

2 

Transparency of 
data 

Summary and aggregate data were provided in Tables and Figures. 2 

Concentrations 
tested 

Six concentrations were used in the acute test while three 
concentrations of atrazine were used in the chronic test.  

2 

Use of realistic 
exposures 

Toxicity test where all concentrations were > 100 μg/L. 0 

Overall evaluation of methods 1.4 

SI for Hanson et al. 2020 Page 236 of 237 Crit . Rev. Toxicol.  DOI



 

 

EJ Review Yes November 2, 2018 

QA Yes July 25, 2018 
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