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1 Introduction 

DHI has conducted an ecotoxicological toxicity test of sodium bromate on zebra fish 

embryo and sac-fry stages.  

The test performed was a chronic test investigating the lethal and, to a limited extent, the 

sublethal effects of the test item on embryos and sac-fry stages of the freshwater fish 

zebrafish (Danio rerio). The study was performed in accordance with the OECD Guideline 

for Testing of Chemicals No. 212 “Fish, Short-term Toxicity Test on Embryo and Sac-fry 

Stages” /1/.  

The test was carried out as an accredited study in compliance with ISO 17025 /2/ 

2 Test item 

The purpose of the test was to investigate the chronic toxicity of bromate (BrO3
-), which 

will be formed if ozone treatment is installed at the treatment plant at Sjölunda (Malmö). 

DHI has therefore purchased 99.5% pure Sodium Bromate (NaBrO3) from Sigma-Aldrich 

(Product No. 71325, Batch No. BCBX9200) for use in the test. The certificate of analysis 

and the safety data sheet is attached in Annex C. 

Table 2.1 Information regarding the test item 

Product Name: Sodium Bromate 

Purity >= 99.5 % RT 

Product Number: 71325 

Batch Number: BCBX9200 

Brand: Sigma-Aldrich 

CAS Number: 7789-38-0 

Formula: NaBrO3  

Formula Weight: 150.89 

Quality Release Date: 03 AUG 2018 

Recommended Retest Date: JAN 2023 

3 Test method 

The toxicity of bromate to embryo and sac-fry stages of Danio rerio (zebra fish) was 

examined in accordance with the OECD Guideline for the Testing of Chemicals No. 212 

/1/. 

The test concentrations were prepared as dilutions of a stock solution of the test item with 

laboratory medium. At every water exchange a new stock solution was prepared. The 

stock solution was prepared by dissolving 236 mg NaBrO3 in 2000 ml ISO medium 
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(described in table 3.1). Adjustment of the pH was necessary on one occasion as the pH 

was 8.6 which is outside the required range of 7.8 ± 0.2.  

The test was carried out as a semi-static test in 175-mL glass beakers with 150 mL of test 

mixture. The test was started with newly fertilized eggs and was terminated just before 

the yolk-sac of any larvae was completely absorbed, or before mortality by starvation was 

observed in the control. 

Three times a week, approx. 95% of each test solution was removed by siphoning and 

carefully replaced with the same amount of freshly prepared test solution. Shortly after 

hatching the larvae are attached to the walls of the aquaria for approx. 2 days. During this 

period the newly hatched larvae are extremely sensitive to disturbance and therefore no 

water exchange was performed.  

The test conditions are summarized in Table 3.1. 

Table 3.1 Test conditions for the short-term toxicity test on embryo and sac-fry stages with the fish Danio 

rerio. 

Test guideline OECD 212 /1/ 

Test organism Danio rerio (Zebra fish) 

Test organism source Department of Biology at University of Southern Denmark 

Test organism life 

stage 
Fertilized eggs (0-8 hours post fertilization) 

Test concentrations Concentration of NaBrO3: 0; 1.4; 4.4; 13; 39 and 118 mg/L corresponding to a 

concentration of bromate (BrO3
-) of 0; 1.2; 3.7; 11; 33 and 100 mg/L 

Test duration 

5 days post hatch (8-10 days). The test is ended just before:  

• Yolk-sac has been completely absorbed in any of the larvae or 

• Mortality by starvation is observed in controls  

Test container 175-mL glass beakers (150 mL test solution) 

Replicates 
• 3 × laboratory control 

• 3 × test concentration 

Eggs per container and 

eggs per concentration 

40 eggs per replicate. After 24 hours of exposure the number of eggs was reduced 

to 10 eggs per replicate and thus 30 eggs per concentration 

Renewal of test 

solutions 
The test solutions are renewed three times a week 

Observations 

• Cumulative mortality 

• Number of healthy larvae at the end of the test 

• Time to start of hatching and end of hatching (i.e. 90% hatching in each 

replicate) 

• Number of larvae hatching each day 

• Length of surviving animals at the end of the test 

• Number of larvae that are deformed or of abnormal appearance 

• Number of larvae exhibiting abnormal behaviour 
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Laboratory control 

medium 
Medium as described in ISO 7346-2 standard /2/. 

Food regime No feeding is applied during the testing period 

Photoperiod 12:12 hours 

Temperature 25 °C ± 1 °C  

Initial pH In the laboratory control medium: 7.8 ± 0.2 

Validity criteria 

• Hatching success in the laboratory control: ≥ 80% 

• Survival of hatched larvae in the laboratory control: ≥ 90% 

• Dissolved oxygen concentration: ≥ 60% 

• Water temperature differing between test chambers or between successive 

days: ± 1.5 °C  

 

The water temperature, pH, and dissolved oxygen were measured at the test start, before 

and after each water renewal and at the end of the test. The room temperature was 

measured continuously by a temperature logger. 

Larvae and eggs were enumerated every day, abnormal behaviour and dead individuals 

were reported on daily basis until termination of the test. 

Length of surviving animals at the end of the test was measured.  

Samples for chemical analysis was withdrawn at every water renewal. Samples from one 

renewal and two concentrations were analysed. 

3.1 Statistical analysis 

All the analyses were run using the free software R /3/. The corresponding packages 

used for the different analysis are described in Section 5, References. 

The LOEC/NOEC values were determined by use of the Dunnett’s test /4/. The NOEC 

values (p>0.05) were determined as the highest tested concentration, at which no 

significant negative effect was observed compared with the control. The LOEC (t<0 and 

p<0.05) is the concentration just above the NOEC. 

To comply with the conditions of the Dunnett’s test, the normality of the data was 

assessed but only by a visual description using a boxplot /5/. The variance was analysed 

with a Levene’s test /6/. 

4 Results 

4.1 Results from chemical analysis 

Duplicate samples for chemical analysis were collected from each test concentration and 

the control at the initiation of the test, before (named old) and after each renewal (named 

new) and at the termination of the test.  
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The samples were collected in 60-mL PE bottles containing NAOH and EDTA for 

conservation and stored at 4 ± 2.0°C. The samples were shipped cold to the analytical 

laboratory, ALS Scandinavia AB, Danderyd, Sweden.  

Verification of the test item stability in the test system was verified by analysing the lowest 

and the highest test concentrations at day 6 (new solution) and the same solutions at day 

8 (old solutions) (Table 4.1 and Annex B). The stability was satisfactory and therefore no 

more samples were analysed.  

Table 4.1 Results from chemical analysis 

Nominal concentration Actual measured concentration of bromate 

NaBrO3 mg/L BrO3
-
 mg/L Day 6 (new) Day 8 (old) Average 

1.4 1.2 1.31 1.30 1.30 

118 100 102 104 103 

4.2 Ecotoxicological results 

The primary data are presented in Appendix A. The results of this test are summarized in 

Table 4.5. All validity criteria prescribed in the OECD 212 guideline /1/ were fulfilled.  

4.2.1 Hatching success 

No significant effects on the endpoint hatching success were observed (Table 4.2). 

NOEC and LOEC values are thus estimated to be 118 mg/L and >118 mg/L, respectively.  

As no significant effect or any dose-response relationship was observed, the EC10 and 

EC50 for the endpoint hatching success were estimated to be higher than 118 mg/L. 

As all test concentrations had hatched (>90% hatching success) at day 3, no statistical 

evaluation on the time to hatch endpoint could be computed. 

Table 4.2 Hatching success of Danio rerio after exposure to sodium bromate. 

Concentration (nominal) Hatching success mean 

after 4 days 

Standard 

deviation 
NaBrO3 mg/L BrO3

-
 mg/L 

0 0 100% 0% 

1.4 1.2 97% 6% 

4.4 3.7 93% 6% 

13 11 97% 6% 

39 33 97% 6% 

118 100 97% 6% 
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4.2.2 Mortality 

No significant effects on the endpoint mortality were observed (Table 4.3). NOEC and 

LOEC values are thus estimated to be 118 mg/L and >118 mg/L, respectively.  

As no significant effect or any dose-response relationship was observed, the EC10 and 

EC50 for the endpoint mortality were estimated to be higher than 118 mg/L. 

Table 4.3  Mortality of Danio rerio after exposure to sodium bromate. 

Concentration Mortality, embryos and larvae, 

mean 

Standard 

deviation 

NaBrO3 mg/L BrO3
-
 mg/L 

0 0 0.0% 0.0% 

1.4 1.2 6.7% 5.8% 

4.4 3.7 6.7% 5.8% 

13 11 3.3% 5.8% 

39 33 3.3% 5.8% 

118 100 3.3% 5.8% 

4.2.3 Body length 

No significant effects on the body length were observed (Table 4.3). NOEC and LOEC 

values are thus estimated to be 118 mg/L and >118 mg/L, respectively.  

As no significant effect or any dose-response relationship was observed, the EC10 and 

EC50 for the body length were estimated to be higher than 118 mg/L. 

Table 4.4 Body length of Danio rerio larvae after exposure to sodium bromate. 

Concentration Body length (mm) Standard deviation 

NaBrO3 mg/L BrO3
-
 mg/L 

0 0 39.4 1.0 

1.4 1.2 39.3 1.0 

4.4 3.7 39.2 0.9 

13 11 39.4 0.7 

39 33 39.7 0.8 

118 100 39.3 0.7 
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Figure 4.1 Body length of Danio rerio embryos and larvae after exposure to sodium bromate. The box itself 

represents the middle 50% of the data. The box edges are the 25th and 75th percentiles. An 

asterisk in the plot indicates a significant difference between the test group and the control group 

5 Conclusion 

The temperature for two replicates in the control group and one replicate from the 

exposure group of 1.4 mg/L differed more than 1.5°C from day 0 to day 2. As the 

difference was observed over 2 days, the validity criteria of differing less than 1.5°C 

between successive days is expected to be fulfilled. All other validity criteria were fulfilled 

and no effects on the evaluated endpoints were observed. Therefore, all effect 

concentrations were above the highest tested nominal concentration of 118 mg NaBrO3/L 

corresponding to a nominal concentration of bromate of 100 mg/L.  

Table 4.5 Results of the Danio rerio toxicity test after exposure to sodium bromate 

Endpoint NOEC (mg/L) LOEC (mg/L) EC/LC10 EC/LC50 

NaBrO3  BrO3-  NaBrO3  BrO3-  NaBrO3  BrO3-  NaBrO3  BrO3-  

Hatching 

success and 

time to hatch 

118 100 >118 >100 >118 >100 >118 >100 

Mortality 118 100 >118 >100 >118 >100 >118 >100 

Body length 118 100 >118 >100 >118 >100 >118 >100 
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A Raw data toxicity test on embryo and sac-fry stages 
with Danio rerio 

A.1.1 Primary data on short-term toxicity test 

Table A.1 Raw data of the number and larvae stages of organisms generated in the short-term toxicity test 

with NaBrO3. Test period 2022/02/15 to 2022/02/23. 

Date 15 February, 2022 Accumulated day(s) 0 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of : 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

1.4 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

4.4 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

13 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

39 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

118 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 
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Date 16 February, 2022 Accumulated day(s) 1 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

1.4 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

4.4 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

13 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

39 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

118 30 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 

 

Date 17 February, 2022 Accumulated day(s) 2 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number o : 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 6 7 6 0 0 0 4 3 4 0 0 0 0 0 0 

1.4 30 6 7 4 0 0 0 4 3 6 0 0 0 0 0 0 

4.4 30 3 6 6 0 1 1 7 3 3 0 0 0 0 0 0 

13 30 5 9 8 1 0 0 4 1 2 0 0 0 0 0 0 

39 30 1 5 6 1 0 0 8 5 4 0 0 0 0 0 0 

118 30 8 9 10 0 0 0 2 1 0 0 0 0 0 0 0 
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Date 18 February, 2022 Accumulated day(s) 3 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 

1.4 30 0 1 0 0 0 0 10 9 9 0 0 11) 0 0 0 

4.4 30 0 0 1 0 0 0 10 9 8 0 0 0 0 0 0 

13 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

39 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

118 30 0 0 1 0 0 0 10 10 9 0 0 0 0 0 0 

1) The larva was found dead and was removed from the container 

 

Date 19 February, 2022 Accumulated day(s) 4 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 

1.4 30 0 0 0 0 1 0 10 9 9 0 0 0 0 0 0 

4.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

13 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

39 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

118 30 0 0 0 0 0 1 10 10 9 0 0 0 0 0 0 
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Date 20 February, 2022 Accumulated day(s) 5 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 

1.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

4.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

13 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

39 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

118 30 0 0 0 0 0 0 10 10 9 0 0 0 0 0 0 

 

Date 21 February, 2022 Accumulated day(s) 6 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 

1.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

4.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

13 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

39 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

118 30 0 0 0 0 0 0 10 10 9 0 0 0 0 0 0 
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Date 22 February, 2022 Accumulated day(s) 7 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 

1.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

4.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

13 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

39 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

118 30 0 0 0 0 0 0 10 10 9 0 0 0 0 0 0 

 

Date 23 February, 2022 Accumulated day(s) 8 

NaBrO3 

Concentration 

(mg/L) 

Initial 

eggs 

per 

test 

group 

Daily number of: 

Eggs Eggs that 

will never 

hatch today 

Live larvae Dead larvae Malformed 

larvae 

A B C A B C A B C A B C A B C 

Laboratory 

control 

30 0 0 0 0 0 0 10 10 10 0 0 0 0 0 0 

1.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

4.4 30 0 0 0 0 0 0 10 9 9 0 0 0 0 0 0 

13 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

39 30 0 0 0 0 0 0 9 10 10 0 0 0 0 0 0 

118 30 0 0 0 0 0 0 10 10 9 0 0 0 0 0 0 
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A.1.2 Physical parameters 

Table A.2 Measurements of temperature, dissolved oxygen and pH generated in the short-term toxicity test 

with NaBrO3. Test period 2022/02/15 to 2022/02/23. 

Date 15 February, 2022 Remark Start of the test 

NaBrO3 

Concentration (mg/L) 

Temperature (°C) Oxygen (% sat) pH 

A B C A B C A B C 

Laboratory control 26.3 - - 100 - - 7.9 - - 

1.4 26.3 - - 100 - - 7.8 - - 

4.4 26.3 - - 100 - - 7.9 - - 

13 26.2 - - 100 - - 7.9 - - 

39 25.7 - - 100 - - 7.9 - - 

118 25.6 - - 100 - - 7.9 - - 

 

Date 17 February, 2022 Remark Before medium renewal 

NaBrO3 

Concentration (mg/L) 

Temperature (°C) Oxygen (% sat) pH 

A B C A B C A B C 

Laboratory control 24.5 24.8 25.1 100 100 100 7.9 7.9 7.9 

1.4 24.2 25.3 25.4 100 100 100 7.9 7.9 7.9 

4.4 25.5 25.5 25.5 100 100 100 7.9 7.9 7.9 

13 25.6 25.6 25.6 100 100 100 7.9 7.9 7.9 

39 25.7 25.7 25.7 100 100 100 7.9 7.9 8.0 

118 25.6 25.6 25.6 100 100 100 8.0 7.9 8.0 

 

Date 17 February, 2022 Remark After medium renewal 

NaBrO3 

Concentration (mg/L) 

Temperature (°C) Oxygen (% sat) pH 

A B C A B C A B C 

Laboratory control 25.5 25.3 25.3 100 100 100 7.7 7.7 7.8 

1.4 25.2 25.2 25.3 100 100 100 7.7 7.7 7.7 

4.4 25.2 25.3 25.2 100 100 100 7.7 7.7 7.7 

13 25.3 25.4 25.3 100 100 100 7.7 7.7 7.6 

39 25.1 25.2 25.3 100 100 100 7.6 7.6 7.6 

118 25.1 25.1 25.1 100 100 100 7.6 7.6 7.6 
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Date 21 February, 2022 Remark Before medium renewal 

NaBrO3 

Concentration (mg/L) 

Temperature (°C) Oxygen (% sat) pH 

A B C A B C A B C 

Laboratory control 25.5 25.5 25.6 100 100 100 8.0 8.0 8.0 

1.4 25.6 25.7 25.8 100 100 100 8.0 8.0 8.0 

4.4 25.8 25.9 26.0 100 100 100 8.0 8.0 8.0 

13 26.0 26.0 26.0 100 100 100 8.0 8.0 8.0 

39 26.0 26.0 26.0 100 100 100 8.0 8.0 8.0 

118 26.0 26.0 26.0 100 100 100 8.0 8.0 8.0 

 

Date 21 February, 2022 Remark After medium renewal 

NaBrO3 

Concentration (mg/L) 

Temperature (°C) Oxygen (% sat) pH 

A B C A B C A B C 

Laboratory control 25.0 25.0 25.0 100 100 100 7.7 7.7 7.7 

1.4 25.0 25.1 25.2 100 100 100 7.7 7.7 7.7 

4.4 25.2 25.2 25.1 100 100 100 7.7 7.7 7.7 

13 25.2 25.1 25.1 100 100 100 7.8 7.8 7.8 

39 25.0 25.1 25.2 100 100 100 7.8 7.8 7.8 

118 25.3 25.2 25.1 100 100 100 7.8 7.8 7.8 

 

Date 23 February, 2022 Remark End of the test 

NaBrO3 

Concentration (mg/L) 

Temperature (°C) Oxygen (% sat) pH 

A B C A B C A B C 

Laboratory control 25.2 25.4 25.6 100 100 100 7.7 7.8 7.8 

1.4 25.8 26.1 26.1 100 100 100 7.8 8.0 7.8 

4.4 26.2 26.2 26.2 100 100 100 7.9 7.9 7.9 

13 26.2 26.2 26.3 100 100 100 7.9 7.9 7.9 

39 26.3 26.2 26.3 100 100 100 7.9 7.9 8.0 

118 26.4 26.3 26.4 100 100 100 8.0 8.0 8.0 
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A.1.3 Statistical analysis  

A.1.3.1 Embryonic development, hatching time and survival of embryo and larvae 

 
Figure A.1 Embryonic development time and number of hatched larvae alive of Danio rerio observed against 

the time with different concentration of the test item. 

A.1.3.2 Determination of NOEC and LOEC for the hatching success  

Table A.3 Experimental data of the hatching success (%)  

Replicate 

No. 

Laboratory 

control 

1.4 mg 

NaBrO3/L 

4.4 mg 

NaBrO3/L 

13 mg 

NaBrO3/L 

39 mg 

NaBrO3/L 

118 mg 

NaBrO3/L 

1 100 100 100 90 90 100 

2 100 90 90 100 100 100 

3 100 100 90 100 100 90 

Count 3 3 3 3 3 3 

Mean 100 97 93 97 97 97 
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- Dunnett’s test 

Dunnett’s test tests the null hypothesis that the averages of each test group are not 

different from the control group (Table A.4). 

Table A.4 Multiple comparisons of means: Dunnett’s contrasts. 

Mean Comparisons Estimate Std. 

Error 

t value Pr(>|t|) Significance1) 

Bromate_NaBrO3-1.4-mg/l - 

Bromate_NaBrO3-0-mg/l = 0 

3.333 5.09 0.655 0.943 - 

Bromate_NaBrO3-4.4-mg/l - 

Bromate_NaBrO3-0-mg/l = 0 

10.000 5.09 1.964 0.238 - 

Bromate_NaBrO3-13-mg/l - 

Bromate_NaBrO3-0-mg/l =0 

3.333 5.09 0.655 0.943 - 

Bromate_NaBrO3-39-mg/l - 

Bromate_NaBrO3-0-mg/l =0 

3.333 5.09 0.655 0.943 - 

Bromate_NaBrO3-118-mg/l - 

Bromate_NaBrO3-0-mg/l =0 

3.333 5.09 0.655 0.943 - 

1) Signif. codes: 0 ‘***’ 0.001‘**’ 0.01 ‘*’ 0.0  ‘.’0.1 ‘’1 (Adjusted p values reported - single-step method) 

 

None of the exposure groups was significantly different from the control group. Table A.4 

Table A.5 Hatching success endpoint: estimations of NOEC and LOEC, Dunnett’s test. 

Endpoint NOEC LOEC Unit 

Hatching success 118 >118 mg NaBrO3/L 

A.1.3.3 Results of the Probit analysis  

As no difference was observed among the test groups, the data to estimate the ECX on 

the hatching success were not computed. 

Table A.6 Hatching success endpoint, estimations of EC10, EC50, Probit analysis. 

Endpoint EC10 EC50 Unit 

Hatching success >118 >118 mg NaBrO3/L 
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A.1.3.4 Determination of NOEC and LOEC for the mortality 

Table A.7 Experimental data for mortality (%) 

Replicate 

No. 

Laboratory 

control 

1.4 mg 

NaBrO3/L 

4.4 mg 

NaBrO3/L 

13 mg 

NaBrO3/L 

39 mg 

NaBrO3/L 

118 mg 

NaBrO3/L 

1 0 0 0 10 10 0 

2 0 0 10 0 0 0 

3 0 10 10 0 0 10 

Count 3 3 3 3 3 3 

Mean 0 3.33 6.67 3.33 3.33 3.33 

 

As no dose-relationship was found, no further statistical evaluation was performed for the 

endpoint mortality. 

Table A.8 Mortality endpoint: estimations of NOEC and LOEC. 

Endpoint NOEC LOEC Unit 

Mortality 118 >118 mg NaBrO3/L 

A.1.3.5 Results of the Probit analysis 

As no difference was observed among the test groups, the data to estimate the LCX on 

the mortality were not computed. 

Table A.9 Mortality endpoint, estimations of LC10 and LC50 

Endpoint LC10 LC50 Unit 

Mortality >118 >118 mg NaBrO3/L 
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A.1.3.6 Determination of NOEC and LOEC for the body length with NaBrO3 

Table A.10 Experimental data of the body length (mm) in the laboratory control group and the NaBrO3 

exposure groups. 

Replicate 

No. 

Laboratory 

control 

NaBrO3 

1.4 mg/L 

NaBrO3 

4.4 mg/L 

NaBrO3 

13 mg/L 

NaBrO3 

39 mg/L 

NaBrO3 

118 mg/L 

1 38.00 40.00 41.00 40.00 40.00 39.00 

2 38.00 39.00 39.00 39.00 40.00 39.00 

3 38.00 39.00 40.00 40.00 39.00 40.00 

4 39.00 38.00 38.00 40.00 40.00 40.00 

5 39.00 42.00 40.00 40.00 41.00 40.00 

6 39.00 39.00 39.00 40.00 40.00 39.00 

7 40.00 38.00 39.00 39.00 40.00 39.00 

8 39.00 39.00 41.00 39.00 38.00 39.00 

9 40.00 39.00 39.00 40.00 39.00 40.00 

10 40.00 39.00 38.00 40.00 39.00 40.00 

11 39.00 40.00 40.00 40.00 40.00 40.00 

12 39.00 39.00 39.00 38.00 40.00 40.00 

13 38.00 38.00 38.00 40.00 40.00 40.00 

14 39.00 38.00 40.00 40.00 40.00 39.00 

15 40.00 40.00 39.00 39.00 40.00 40.00 

16 41.00 38.00 38.00 40.00 41.00 39.00 

17 39.00 38.00 39.00 39.00 38.00 39.00 

18 40.00 38.00 38.00 39.00 39.00 39.00 

19 40.00 40.00 40.00 38.00 40.00 40.00 

20 38.00 40.00 40.00 39.00 40.00 40.00 

21 41.00 40.00 40.00 39.00 40.00 39.00 

22 38.00 40.00 38.00 40.00 41.00 40.00 

23 39.00 40.00 39.00 40.00 39.00 38.00 

24 40.00 39.00 39.00 40.00 40.00 39.00 

25 41.00 38.00 40.00 39.00 39.00 38.00 

26 40.00 41.00 38.00 38.00 40.00 39.00 
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Replicate 

No. 

Laboratory 

control 

NaBrO3 

1.4 mg/L 

NaBrO3 

4.4 mg/L 

NaBrO3 

13 mg/L 

NaBrO3 

39 mg/L 

NaBrO3 

118 mg/L 

27 39.00 40.00 39.00 40.00 40.00 38.00 

28 40.00 40.00 39.00 38.00 40.00 40.00 

29 41.00 - - 39.00 39.00 39.00 

30 39.00 - - - - - 

Count 30 28 28 29 29 29 

Mean 39.4 39.3 39.2 39.4 39.7 39.3 

 

- Normality 

 
Figure A.2 Boxplots of every test group for the body length. 

The boxplot patterns show the data distribution (Figure A.2).  

- Dunnett’s test 

Dunnett’s test tests the null hypothesis that the averages of each test groups are not 

different from the control group (Table A.11). 

Table A.11 Multiple comparisons of means: Dunnett’s contrasts. 

Mean comparisons Estimate Std. 

Error 

t value Pr(>|t|) Significance1) 

Bromate_NaBrO3-1.4-mg/l - 

Bromate_NaBrO3-0-mg/l = 0 

0.30 0.57 0.521 0.980 - 

Bromate_NaBrO3-4.4-mg/l - 

Bromate_NaBrO3-0-mg/l = 0 

0.48 0.57 0.839 0.873 - 

Bromate_NaBrO3-13-mg/l - 

Bromate_NaBrO3-0-mg/l =0 

-0.03 0.56 -0.057 1.000 - 
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Bromate_NaBrO3-39-mg/l - 

Bromate_NaBrO3-0-mg/l =0 

-0.91 0.56 -1.609 0.359 - 

Bromate_NaBrO3-118-mg/l - 

Bromate_NaBrO3-0-mg/l =0 

0.06 0.56 0.098 1.000 - 

1) Signif. codes: 0 ‘***’ 0.001‘**’ 0.01 ‘*’ 0.0  ‘.’0.1 ‘’1 (Adjusted p values reported - single-step method) 

 

None of the exposure groups was significantly different from the control group.  

Table A.12 Body length endpoint: estimations of NOEC and LOEC, Dunnett’s test. 

Endpoint NOEC LOEC Unit 

Body length 118 >118 mg NaBrO3/L 

A.1.3.7 Results of the Probit analysis 

As no dose response was observed among the test groups, the data to estimate the ECX 

on the body length were not computed. 

Table A.13 Body length endpoint, estimations of EC10 and EC50. 

Endpoint EC10  EC50 Unit 

Body length >118 >118 mg NaBrO3/L 
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A.1.4 Validity criteria 

Table A.14 Validity criteria of the test according to the OECD 212 /1/ in the development test with Danio rerio. 

Criteria in the control Target Value Fulfilled 

Survival of hatched larvae  > 90% (observed: 100%) Yes 

Hatching success > 80% (observed: 100%) Yes 

Dissolved oxygen concentration > 60% throughout test (minimum observed: 100%) Yes 

Temperature 25 °C ± 1.0 °C (observed: 26 ± 0.5) Yes 

 
 

 
 
 
 
 
 

 

 

 

 



  

DHI A/S – Maritime Tech/ 11827338 / Report OECD 212 with bromate 25 of 38 

 

APPENDIX B– Chemical  analys is  

Results from chemical analyses 
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B Results from chemical analyses 
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APPENDIX C – CoA 

Identification of test item (CoA) 
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C Identification of test item (CoA) 
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APPENDIX  D 

Accreditation Certificate 
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D Accreditation Certificate 
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