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1 Introduction 

DHI has conducted a toxicity test assessing the effects of bromate on the embryo-larval 

development of the marine Japanese oyster (Crassostrea gigas) under static conditions. 
It allows the determination of the concentration levels that result in an abnormality in 

embryo-larval development. The test was performed according to DS/ISO 17244 “Water 

quality - Determination of the toxicity of water samples on the embryo-larval development 

of Japanese oyster (Crassostrea gigas) and mussel (Mytilus edulis or Mytilus 

galloprovincialis) /1/. 

The exposure was performed from fertilized eggs to D larvae. This test aims at 

determining the No Effect Concentration (NOEC) level and the EC50 concentration, 

which results in abnormalities for 50 % of exposed larvae in 24 h for the Japanese oyster. 

2 Test item 

The purpose of the test was to investigate the 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 
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3 Test method 

3.1 Test solution 

A stock solution of sodium bromate (NaBrO3) was prepared by dissolving 236 mg in 500 

mL of filtered natural seawater with a salinity od 32 PSU. This stock solution corresponds 

to 400 mg bromate/L. The dilution series was prepared by adding the appropriate 

amounts of stock solution to 300 mL of filtered sea water. 

3.2 Test organism 

Crassostrea gigas was purchased from Guernsey Sea Farms Ltd., Guernsey. The 

oysters were ready for spawning as soon as they arrived in the laboratory. The oysters 

were used directly after arrival and were therefore stored at 20°C until use. 

Gametes from the oysters can be obtained by use of different methods according to the 

ISO standard. In this study the gametes were stripped from the gonads directly by 

opening the Oysters and inserting a clean, Pasteur pipette into the gonad to a depth of 1 

mm to 2 mm and the eggs or sperm were collected. The gametes were transferred to 

separate volumes of seawater and held at 24 °C ± 2 °C (preferably 25 °C). 

A part of the initial egg suspension was diluted in seawater. The egg density was 

evaluated by counting the solution several times in a stereo microscope. The initial 

solution was then adjusted to obtain a final density in the test replicates between 20 000 

and 50 000 eggs/L. Fertilization was carried out by adding a few millimetres of a dense 

suspension of sperm in the beaker containing the eggs (oocytes).  

The content of the beaker was homogenized by gently shaking the beaker (every 1 min to 

2 min) in order to avoid polyspermy. A sample was taken from the beaker to check the 

fertilization rate (each egg shall be surrounded by six to 10 spermatozoa which can be 

observed on an equatorial plan). The fertilization rate should have reached 90 % to 

perform the inoculation. 

From 15 min to 20 min post fertilization, the fertilized eggs were quickly inoculated in the 

test solutions resulting in 20 000 to 50 000 eggs/L. The test vials were incubated under 

the conditions described in Table 3.1 for 24 h ± 2h. 

After the incubation period, glutaraldehyde, was added to each test vessel to fix and 

preserve the larvae. The observations of the larvae can then be carried out immediately 

or up to several weeks later if the test vials are kept hermetically sealed at the ambient 

temperature of the laboratory. The observations were carried out by taking the 

appropriate volumes (e.g., 5 x 1 mL) out of a homogeneous test suspension and using a 

stereoscopic inverted light microscope fitted with a magnification of at least 200x, but 

preferably 400x. 

100 individuals per replicate were counted. The number of abnormal or dead larvae and 

the "D-Shaped" (see Figure 3.1) normal larvae were registered. Larvae are considered 

abnormal if they present at least one of the following anomalies (photos available in ISO 

17244): 

• shell abnormality: concave or convex hinge, irregular edge (a hinge is considered 

abnormal if it can be considered that it is not functional); 

• mantle abnormality: mantle retracted between the shell's valves or hypertrophied 

which can go as far as expulsion (the larvae are then categorized as dead); 
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• segmentation abnormalities: blockage of the embryogenesis;  

• empty shell: dead larva. 

 

Figure 3.1 Oyster normal D larvae  

 

Table 3.1 Summary of test conditions in the ISO 17244 test with Pacific oyster (Crassostrea gigas). 

Test guideline ISO 17244 /1/ 

Test organism Japanese oyster (also named Pacific oyster) (Crassostrea gigas) 

Test organism source Guernsey Sea Farms Ltd., Guernsey 

Test organism life stage Fertilized eggs 

Test concentrations 0; 10; 20; 40; 80;160 and 320 mg/L 

Test duration 24 ± 2 hours 

Test container 20-mL glass vials with 10 mL test solution 

Replicates 
• 5-10 × laboratory control 

• 3 × test concentration  

Test organisms per 

replicate 
100 organisms per replicate is counted 

Endpoint 

The number of D larvae and abnormal larvae are counted. Toxicity is expressed 

as the percentage of abnormal larvae versus the D-shaped normal larvae at the 

end of the experiment (raw percentage, RPA) and transformed into a net 

percentage of abnormal larvae (NPA) (see section 5). 

Laboratory control 

medium 

Natural seawater (salinity 32 PSU) collected at an unpolluted site in the North 

Sea and then filtered through Millipore filters (10; 5.0; 0.5 and 0.22 µm). The sea 

water is checked for toxicity towards Acartia eggs and N+P are measured before 

the sea water is used at DHI. 

Food regime No food during testing. 

Photoperiod Total darkness 

Temperature 24 ± 2°C 

Initial pH In the laboratory control medium: 8.0 ± 0.3 

Validity criteria The average rate of D larvae in the laboratory controls must be ≥80% 
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Reference test 

Verification of organism sensitivity with copper sulphate pentahydrate 

(CuSO4,5H2O). The test concentrations are included in the range 0 µg/L to 

100 µg/L of CuSO4·5H2O, or 0 µg/L to 25 µg/L expressed as copper. The 

value of EC50 should be between 4 µg/L and 16 µg/L expressed as total copper.  

Dilution series for reference test: 1.5; 3.0; 6.0; 12 and 24 µg Cu/L 

4 Chemical analysis 

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

the control at the initiation of the test, and at the termination of the test.  

The samples were collected in 60-mL PE bottles containing NaOH and EDTA for 

conservation, samples were stored at 4 ± 2.0°C. The concentration was measured in the 

highest and the lowest concentration at the beginning and the end of the test.  

5 Statistical analysis  

Toxicity was expressed as the percentage of abnormal larvae versus the D-shaped 

normal larvae at the end of the experiment (raw percentage, RPA) and transformed into a 

net percentage of abnormal larvae (NPA): 

RPA = [(number of abnormal larvae)/(total number of larvae)] x 100 

NPA [(test RPA- control RPA)/(100-control RPA)] x 100 

The statistical analyses were performed using the free software R /1/. The corresponding 

packages used for the different analysis are described in Section 8, References. 

The LOEC/NOEC values were determined by use of the Dunnett’s test /3/. The NOEC 

value (p>0.05) was determined as the highest tested concentration, at which no 

significant negative effect was observed compared with the control. The LOEC (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 /4/. The variance was analysed 

with a Levene’s test /5/. 

A Probit analysis was conducted to estimate the EC values. The EC values were 

calculated to attain the closest possible curve fit. 

6 Results 

6.1 Results from chemical analysis 

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 concentration at test start and termination) (Table 6.1 and Annex B). 

The stability was satisfactory and therefore no more samples were analysed.  
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Table 6.1 Results from chemical analysis 

Nominal concentration Actual measured concentration of bromate (BrO3
-) 

NaBrO3 mg/L BrO3
-
 mg/L Test start (T=0) Test end (T=24h) Average 

11.8 10 10.6 10.8 10.7 

377.6 320 305 300 302.5 

6.2 Ecotoxicological results 

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

below.  

Significant effects on the observed percentage of abnormal larvae after exposure to 

bromate were observed (Table 6.2) at the two highest concentrations. NOEC and LOEC 

values are thus estimated to be 80 mg bromate/L and 160 mg bromate/L, respectively.  

An EC50 value of 188 mg bromate/L was calculated. 

Table 6.2  Oyster larval development after exposure to sodium bromate. 

Concentration Percent abnormal (average) Std. dev. (%) 

BrO3
-
 mg/L 

Control 14 3.2 

10 15 3.2 

20 13 3.6 

40 17 3.1 

80 18 2.0 

160 31 4.9 

320 100 0.6 
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Figure 6.1 Boxplot of the net percentage of abnormal larvae (NPA) after exposure to sodium bromate 

7 Conclusion 

The validity criterion was fulfilled, and the stability of the test item was satisfactory.  

The EC50 with the reference substance was 17.5 (16.2-18.8) µg Cu/L, which is very 

close to the required range of 4 µg/L to 16 µg/L expressed as total copper according to 

the guideline. The EC50 with the reference substance was 17.5 µg Cu/L which is very 

close to the required range of 4 µg/L to 16 µg/L expressed as total copper according to 

the standard. The EC50 value is dependant of how the effect is calculated. If calculated 

as the raw percentage, the EC50 is calculated as 16 mg/L. Therefore, the results 

obtained with the test substance Bromateis considered acceptable. 

Table 7.1 Results of the Oyster larval development toxicity test after exposure to sodium bromate 

Endpoint NOEC  LOEC  EC50  

Embryo-larval 

development 

80 mg bromate/L 160 mg bromate/L 208 (191-226) mg bromate/L 

8 References 

/1/ DS/ISO 17244 “Water quality - Determination of the toxicity of water samples on 

the embryo-larval development of Japanese oyster (Crassostrea gigas) and 

mussel (Mytilus edulis or Mytilus galloprovincialis). First edition. 2015.09.15.  

/2/ R Core Team (2015). R: A language and environment for statistical computing. 

R Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-

project.org/. 

/3/ Frank Bretz, Torsten Hothorn and Peter Westfall (2010) (Dunnett’s test), Multiple 

Comparisons Using R, CRC Press, Boca Raton. 

/4/ Fox, J. (2005) The R Commander: A Basic Statistics Graphical User Interface to 

R. Journal of Statistical Software, 14(9): 1–42 



  

DHI A/S – Maritime Tech/ 11827338 / Report on Oyster embryo-larval development test with bromate 8 

/5/ Fox, J. and Weisberg, S. (2011) An R Companion to Applied Regression, 

Second Edition, Sage. 

/6/ Ritz, C (2010). Towards a unified approach to dose-response modelling in 

ecotoxicology. Environmental Toxicology & Chemistry, 29, 220–229. 

 

  



  

DHI A/S – Maritime Tech/ 11827338 / Report on Oyster embryo-larval development test with bromate 9 

 

APPENDICES 



  

DHI A/S – Maritime Tech/ 11827338 / Report on Oyster embryo-larval development test with bromate 10 

 

APPENDIX A  

Raw data and statistical evaluation 
  



  

DHI A/S – Maritime Tech/ 11827338 / Report on Oyster embryo-larval development test with bromate 11 

A Raw data toxicity test  

A.1.1 Primary data toxicity test  

Table A 1 Raw data generated in the toxicity test with NaBrO3.  

Concentration BrO3
-
  

(mg/l) 

Total abnormal 

larvae 

Total D-larvae Total number Percent abnormal 

larvae 

0 A - - - - 

0 B 17 83 100 17 

0 C 14 86 100 14 

0 D 16 84 100 16 

0 E 12 88 100 12 

0 F 9 91 100 9 

10 A 15 85 100 15 

10 B 12 88 100 12 

10 C 19 81 100 19 

20 A 12 88 100 12 

20 B 10 90 100 10 

20 C 17 83 100 17 

40 A 18 82 100 18 

40 B 14 86 100 14 

40 C 20 80 100 20 

80 A 18 82 100 18 

80 B 16 84 100 16 

80 C 20 80 100 20 

160 A 29 71 100 29 

160 B 37 63 100 37 

160 C 28 72 100 28 

320 A 100 0 100 100 

320 B 99 1 100 99 

320 C 100 0 100 100 



  

DHI A/S – Maritime Tech/ 11827338 / Report on Oyster embryo-larval development test with bromate 12 

  

Table A 2 pH, oxygen and salinity  

Test concentration 

BrO3
-
 (mg/l) 

Date: 09.02.2022 

t = 0 

Date: 10.02.2022 

t = 24h 

% O2 ‰ sal. pH % O2 ‰ sal. pH 

Control 100 31.9 7.9 100 31.9 8.0 

10 100 31.9 7.9 100 31.9 8.1 

20 100 31.9 7.9 100 31.9 8.1 

40 100 31.9 7.9 100 31.9 8.1 

80 100 31.9 7.9 100 31.9 8.1 

160 100 32.0 7.9 100 32.0 8.1 

320 100 32.0 7.9 100 32.0 8.0 

 

A.2 Statistical analysis  

A.2.1 Determination of NOEC and LOEC for the effect on the larvae abnormality  

Table A 3 Experimental data of the abnormal larvae (%) 

Replicate 

No. 

Laboratory 

control 

10 mg/L 

(BrO3
-) 

20 mg/L 

(BrO3
-) 

40 mg/L 

(BrO3
-) 

80 mg/L 

(BrO3
-) 

160 mg/L 

(BrO3
-) 

320 mg/L 

(BrO3
-) 

1 17 15 12 18 18 29 100 

2 14 12 10 14 16 37 99 

3 16 19 17 20 20 28 100 

4 12 - - - - - - 

5 9 - - - - - - 

Count 5 3 3 3 3 3 3 

Mean 14 15 13 17 18 31 100 
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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 Multiple comparisons of means: Dunnett’s contrasts. 

Mean Comparisons Estimate Std. 

Error 

t value Pr(>|t|) Significance1) 

1-Bromate-10mg/L - 0-Bromate-0mg/L == 0 2.00 2.74 0.73 0.957  

2-Bromate-20mg/L - 0-Bromate-0mg/L == 0 -0.73 2.74 -0.27 1  

3-Bromate-40mg/L - 0-Bromate-0mg/L == 0 4.33 2.74 1.58 0.482  

4-Bromate-80mg/L - 0-Bromate-0mg/L == 0 5.10 2.74 1.86 0.325  

5-Bromate-160mg/L - 0-Bromate-0mg/L == 0 20.53 2.74 7.49 <0.001 *** 

6-Bromate-320mg/L - 0-Bromate-0mg/L == 0 99.60 2.74 36.35 <0.001 *** 

1) Signif. codes: 0 ‘***’ 0.001‘**’ 0.01 ‘*’ 0.05 ‘.’0.1 ‘’1 (Adjusted p values reported - single-step method) 

 

The two highest concentrations were significantly different from the control group.  

Table A 5 Endpoint: estimations NOEC and LOEC. 

Endpoint NOEC LOEC Unit 

Embryo-larval development 80 160 mg/L (BrO3
-) 

 

A.2.1 Results of the Probit analysis  

The ECx values were estimated by use of the probit analysis. 

Table A 6 ECx estimates, Probit analysis with R (W2.3 {drc}) /6/ of the embryo-larval development 

ECx Bromate concentration 

mg/L 

Std. Error  95% confidence interval 

Lower  Upper 

EC05 115 7.7 99 131 

EC10 136 6.3 123 149 

EC25 171 5.1 160 181 

EC50 208 8.3 191 226 
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Figure A.1 Effect of bromate on the net percentage of abormal larvae. In blue, the dose response curve 

established by use of the free software R, (W2.3 {drc}). The blue points correspond to the average 

NPA of each concentration. The black points correspond to the NPA of each replicate. 

  

Table A 7 Embryo-larval development endpoint, estimations of EC10, EC50, Probit analysis. 

Endpoint EC10 EC50 Unit 

Embryo-larval development 136 (123-149) 208 (191-226) mg/L (BrO3
-) 

 

A.3 Validity criterion 

The average ratio of D larvae in the laboratory controls was 86% and therefore the 

validity criterion of ≥80% was fulfilled. 
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B Raw data toxicity test with reference test 

B.1 Primary data toxicity test 

Table B.1 Raw data generated in the toxicity test with CuSO4,5H2O.  

Concentration 

CuSO4,5H2O as µg Cu/l 

Total abnormal 

larvae 

Total D-larvae Total number Percent abnormal 

larvae 

0 A - - - - 

0 B 17 83 100 17 

0 C 14 86 100 14 

0 D 16 84 100 16 

0 E 12 88 100 12 

0 F 9 91 100 9 

1.5 A 21 79 100 21 

1.5 B 16 84 100 16 

1.5 C 14 86 100 14 

3 A 25 75 100 25 

3 B 17 83 100 17 

3 C 22 78 100 22 

6 A 26 74 100 26 

6 B 20 80 100 20 

6 C 18 82 100 18 

12 A 28 72 100 28 

12 B 25 75 100 25 

12 C 24 76 100 24 

24 A 80 20 100 80 

24 B 85 15 100 85 

24 C 80 20 100 80 
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Table B.2 pH, oxygen and salinity  

Test concentration 

(µg/l) 

Date: 09.02.2022 

t = 0 

Date: 10.02.2022 

t = 24h 

% O2 ‰ sal. pH % O2 ‰ sal. pH 

0 100 31.9 7.9 100 31.9 8.0 

1.5 100 32.0 7.9 100 32.0 8.1 

3 100 32.0 7.9 100 32.0 8.1 

6 100 31.9 7.9 100 31.9 8.1 

12 100 32.0 8.0 100 32.0 8.1 

24 100 31.9 8.0 100 32.0 8.1 

 

B.2 Statistical analysis  

B.2.1 Determination of NOEC and LOEC for the effect on the larvae abnormality  

Table B.3 Experimental data of the abnormal larvae (%)  

Replicate 

No. 

Laboratory 

control 

1.5 µg Cu/L 3 µg Cu/L 6 µg Cu/L 12 µg Cu/L 24 µg Cu/L 

1 17 21 25 26 28 80 

2 14 16 17 20 25 85 

3 16 14 22 18 24 80 

4 12 - - - - - 

5 9 - - - - - 

Count 5 3 3 3 3 3 

Mean 14 17 21 21 26 82 
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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 B.4 Multiple comparisons of means: Dunnett’s contrasts. 

Mean Comparisons Estimate Std. Error t value Pr(>|t|) Significance1) 

1 - Copper-1.5-µg/L - Copper-0-µg/L == 0 3.97 2.858 1.39 0.56  

2 - Copper-3.0-µg/L - Copper-0-µg/L == 0 8.93 2.858 3.13 0.03 * 

3 - Copper-6.0-µg/L - Copper-0-µg/L == 0 8.97 2.858 3.14 0.03 * 

4 - Copper-12-µg/L - Copper-0-µg/L == 0 13.97 2.858 4.89 0.00 ** 

5 - Copper-24-µg/L - Copper-0-µg/L == 0 78.80 2.858 27.57 <0.001 *** 

1) Signif. codes: 0 ‘***’ 0.001‘**’ 0.01 ‘*’ 0.05 ‘.’0.1 ‘’1 (Adjusted p values reported - single-step method) 

 

All exposure groups, except from the lowest, were significantly different from the control 

group. 

 

Figure 8.2 Observed net percentage of abnormal larvae (NPA) after exposure to copper. 

  

Table B.5 Endpoint: estimations of EC50, NOEC and LOEC 

Endpoint NOEC LOEC EC50 Unit 

Embryo-larval development 1.5 3.0 17.5 (16.2-18.8) µg Cu/L 
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B.3 Validity criteria and performance evaluation 

The average ratio of D larvae in the laboratory controls was 86% and therefore the 

validity criterion of ≥80% was fulfilled.  

The EC50 with the reference substance was 17.5 µg Cu/L which is very close to the 

required range of 4 µg/L to 16 µg/L expressed as total copper according to the standard. 

The EC50 value is dependant of how the effect is calculated. If calculated as the raw 

percentage, the EC50 is calculated as 16 mg/L. Therefore the results from the test is 

considered acceptable. 
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APPENDIX B– Chemical  analys is  

Results from chemical analyses 
 

 
 

 

 

 

 

 



  

DHI A/S – Maritime Tech/ 11827338 / Report on Oyster embryo-larval development test with bromate 21 

C Results from chemical analyses 
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APPENDIX C – CoA 

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