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1 Introduction 

DHI has conducted a toxicity test assessing the effects of Citalopram to sea urchin, 

Paracentrotus lividus, fertilization test method 1008.0. The test method is found in 

Section 15 of EPA’s Short-term Methods for Estimating the Chronic Toxicity of Effluents 

and Receiving Waters to Marine and Estuarine Organisms, Third Edition /1/. 

Sperm cells were exposed to a dilution series of the test item concentrations for 1 hour. 

The eggs were then introduced to the test chambers which contain the sperm cells. After 

20 minutes, the test was ended and the effects on exposed gametes were compared to 

controls to determine if the test concentrations had any effect on fertilisation. 

The test aimed at determining the No Effect Concentration (NOEC) level and if possible, 

the EC50 concentration, which results in inhibition of the fertilisation success of 50 %. 

2 Test item 

The test item, Citalopram, is a psychopharmacological drug which acts as selective-

serotonin-re-uptake-inhibitor (SSRI), and which is used in treatment of depressions by 

inhibition of the re-uptake of synaptic serotonin (5-HT) in the brain. 

The test item was kindly provided by H. Lundbeck A/S as Citalopram HBr. The test item 

was received at DHI on March 3rd, 2022. The certificate of analysis and the safety data 

sheet are attached in Appendix C and information about the test item is summarized in 

the table below. 

Table 2.1 Information regarding the test item 

Product Name: Citalopram, HBr 

Purity 99.9% 

Synonyms Citalopram hydrobromide 

Structural formula 

 

Product Number: Lu 10-171-B 

Batch Number: 2001976 

CAS Number: 59729-32-7 

Formula: C20H22BrFN2O   

Average mass 405.35 g/mol  

Water solubility 30 g/L 
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Storage Store at room temperature, protected from light 

Expiry date 01-Mar-2025 

3 Test method 

3.1 Test organism 

The species in the EPA Method is not available in the EU and therefore the species 

Paracentrotus lividus was used instead. Sexually mature adult echinoids (12 males and 

12 females) were delivered by Ecimat, University of Vigo, Spain. The sea urchins were 

shipped cold and arrived within 24 hours from shipment.  

The adults were shipped “dry” (wrapped in moist paper towel) and was used immediately 

after arrival in the laboratory as some of the sea urchins had started spawning already 

during transport. The male and female sea urchins were perfectly separated during 

shipment which means that there was no risk of fertilisation during transport. 

Table 3.1 Summary of test conditions 

Test guideline US EPA fertilization test method 1008.0 /1/. 

Test type Static, non-renewal  

Salinity 30‰ ± 2‰  

Temperature (Cº) 20°C ± 1ºC 

Light quality Ambient laboratory light during test preparation 

Light intensity 10 – 20 µE/m2/s (ambient laboratory levels) 

Test chamber size Disposable (glass) liquid scintillation vials (20 mL capacity) 

Test solution volume 5 mL  

Number of eggs and 

sperm cells per chamber 
About 2,000 eggs and 5,000,000 sperm cells per vial 

Number of replicate 

chambers per 

concentration 

4 replicates of each test concentration 

8 control replicates  

Dilution water Uncontaminated source of filtered natural seawater (salinity of 31 PSU) 

Test concentrations 0; 0.01; 0.03; 0.1; 0.3 and 1.0 mg Citalopram HBr/L 

Corresponding to: 0; 0.008; 0.024; 0.080; 0.24 and 0.80 mg Citalopram/L 

Oxygen, pH, temp and 

salinity 
Measured at the test start in test solutions  

Test duration 1 hour and 20 minutes  

Endpoint Fertilization of sea urchin eggs  
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Test acceptability criteria 70% – 90% egg fertilization in controls  

Reference test Copper test solutions were prepared with copper sulphate. Copper 

concentrations: 6.25, 12.5, 25.0, 50.0, and 100.0 μg Cu/L. 

3.2 Test procedure 

3.2.1 Sperm collection 

Sperm was collected from 2 males. 1 mL of 0.5 M KCl solution was injected by the mouth 

with a thin needle (26 G) distributed over 3 sites, and then the animals were gently turned 

a few times. The sperm was sucked up with a pipette into a vial. The sperm was kept on 

ice until use and was used within approx. 1 hour. The sperm suspension was counted in 

a Neubauer hemacytometer. 

3.2.2 Egg collection 

Eggs were collected from 2-4 females. 1 mL of 0.5 M KCl solution was injected by the 

mouth with a thin needle (26 G) distributed over 3 sites, then animals were gently turned 

a few times. The eggs were rinsed into a beaker with sea water, with a disposable 

pipette. Eggs were transferred to a plastic centrifuge tube (15 mL). The eggs were 

washed 3 times with seawater, by centrifuging at speed: 850 rpm for 3 min, removing the 

above water and putting clean seawater on. The washed egg suspension can last for a 

few hours at room temperature. 

The egg stock solution containing approx. 2,000 eggs/mL (counted in a Sedgwick-Rafter 

chamber). In order to keep the eggs in suspension in the egg stock solution, a weak 

aeration was present in the beaker.  

3.2.3 Test item preparation 

A stock solution of 60 mg Citalopram HBr/L was prepared by adding 30 mg test item to 

500 mL of filtered natural sea water. The pH of the stock solution was 7.9 and therefore 

no adjustment was needed. The stock solution was used to prepare the dilution series of 

0.01; 0.03; 0.1; 0.3 and 1 mg Citalopram HBr/L corresponding to: 0; 0.008; 0.024; 0.080; 

0.24 and 0.80 mg Citalopram/L. pH in all dilutions were 7.9. 

3.2.4 Test set-up 

At the time where the sperm solution was ready to use, 100 µL of the sperm solution was 

added to each test vial with 5 mL test solution and then mixed by gentle circulation of the 

rack. The exposure conditions were as described in Table 3.1. 

After 1 hour of exposure of the sperm cells, 1 mL of egg solution was added to all vials, 

with a pipette where the tip is cut off, the rack was mixed again by circulation. After 20 

minutes of fertilisation time the test was stopped by adding 1 mL of 1% glutaraldehyde to 

all vials and the rack was circulated again. 

Within 48 hours, all vials were counted: 100-200 eggs per vial. During counting it was 

noted how many eggs were fertilized and unfertilized. A Sedgwick-Rafter chamber and a 

stereo microscope was used for counting.  
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Duplicate samples for chemical analysis were collected from each test concentration and 

the control at the initiation of the test. The samples were shipped on dry ice to the 

laboratory Molab, Kristianstad. 

Two times 5 mL sample were collected (polyethylene vials (HDPE) and stored frozen at   

÷20 ± 2.0°C. Although samples were collected in duplicate, only one replicate was 

analysed. The other replicates serve as spare samples and will be discarded after the 

approval of the report. 

4 Statistical analysis  

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

packages used for the different analysis are described in Section 7, References. 

The LOEC/NOEC values were determined by use of the Dunnett’s test /3/. 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 /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 (W2.3 /6/).  

5 Results 

5.1 Results from chemical analysis 

Test item concentration in the test system was verified by analysing the lowest and the 

highest test concentrations (Table 5.1 and Annex B). The concentration level was 

satisfactory and therefore no more samples were analysed.  

Table 5.1 Results from chemical analysis 

Nominal concentration Actual measured concentration (µg/L) at test 

start 

Citalopram HBr µg/L 

10 9.4 

1000 1018.1 

5.2 Ecotoxicological results 

The reference substance was tested in the concentration series of 6.25, 12.5, 25.0, 50.0, 

and 100 μg Cu/L. As no eggs were fertilised in the second highest concentration, the 

highest concentration of 100 µg/L was not counted. The sensitivity of the sea urchin to 

the reference substance was comparable to results in the US EPA guideline /1/ in which 

an average EC50 of 29.9 µg Cu/L was reported. This result was an average of 5 tests 
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performed with a different sea urchin species in natural sea water. As the results in the 

present reference test are comparable to results from the guideline and no validity criteria 

in this respect is present, the results from the reference test are accepted. 

Table 5.2  Results of the ecotoxicological test with the reference item 

LOEC (µg Cu/L) EC10 (µg Cu/L) EC25 (µg Cu/L) EC50 (µg Cu/L) 

6.25 <6.25 <6.25 7.8 (7.1 - 8.4) 

 

The primary data for the test with Citalopram HBr is presented in Appendix A. The results 

of the test are summarized below.   

Significant effects on the fertilisation success after exposure to Citalopram was observed 

(Table 5.3 and Figure 5.1) at the three highest concentrations. LOEC and NOEC values 

are thus estimated to be 0.1 and 0.03 mg Citalopram HBr/L, respectively.  

The EC10 and EC50 for the endpoint fertilisation success were estimated to be 0.3 mg/L 

and >1 mg Citalopram HBr/L, respectively. 

Table 5.3 Average fertilisation success 

Concentration mg/L  Average fertilisation 

success (%) 

Std. dev. (%) 

Citalopram HBr 

Control 71.4 3.9 

0.01 75.5 4.3 

0.03 63.8 5.5 

0.1 61.0 4.7 

0.3 50.2 2.5 

1 45.8  6.0 
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Figure 5.1 Observed percentage of fertilised eggs after exposure to Citalopram HBr. 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. 

6 Conclusion 

Table 6.1 

The validity criteria of 70% – 90% egg fertilisation in controls was fulfilled (observed 71 

%) and the chemical verification of the test solutions were at the expected level. The 

effect concentrations are presented in µg/L in Table 6.1 below.  

Results of the Sea Urchin fertilisation test after exposure to Citalopram (nominal concentrations). 

Substance NOEC LOEC EC10 EC25 EC50 

Citalopram HBr (µg/L) 30 100 39 (12-67) 227 (123-330) >1000

Citalopram (corrected for 

HBr in µg/L) 

24 80 31 (10-54) 182 (98-264) >800
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A Raw data and statistical calculations  

A.1.1 Primary data toxicity test 

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

Concentration (mg/L) Non-fertilised eggs Fertilised eggs Percent eggs fertilised 

0 A 26 81 76 

0 B 35 67 66 

0 C 36 78 68 

0 D 30 74 71 

0 E 26 75 74 

0 F 25 83 77 

0 G 35 75 68 

0 H 33 82 71 

0.01 A 23 83 78 

0.01 B 28 77 73 

0.01 C 22 87 80 

0.01 D 33 79 71 

0.03 A 41 77 65 

0.03 B 43 69 62 

0.03 C 55 75 58 

0.03 D 30 72 71 

0.1 A 45 57 56 

0.1 B 50 69 58 

0.1 C 39 73 65 

0.1 D 38 70 65 

0.3 A 54 62 53 

0.3 B 50 52 51 

0.3 C 53 49 48 

0.3 D 61 57 48 

1 A 67 49 42 



  

DHI A/S – Maritime Tech/ 11827338 / Report on Sea Urchin Fertilisation test with Citalopram 11 

Concentration (mg/L) Non-fertilised eggs Fertilised eggs Percent eggs fertilised 

1 B 47 57 55 

1 C 59 44 43 

1 D 57 44 44 

 

Table A. 2 pH, oxygen and salinity 

Test concentration 

(mg/l) 

Date: 03.08.2022. t = 0 

% O2 ‰ sal. pH 

Control 100 31 7.9 

0.01 100 31 7.9 

0.03 100 31 7.9 

0.1 100 31 7.9 

0.3 100 31 7.9 

1 100 31 7.9 

 

A.1.2 Statistical analysis  

A.1.3 Determination of NOEC/LOEC for the effect on the fertilisation success 

Table A.3 Experimental results, fertilisation (%)  

Replicate 

No. 

Laboratory 

control 

0.01 mg/L 0.03 mg/L 0.1 mg/L 0.3 mg/L 1 mg/L 

1 76 78 65 56 53 42 

2 66 73 62 58 51 55 

3 68 80 58 65 48 43 

4 71 71 71 65 48 44 

5 74 - - - - - 

6 77 - - - - - 

7 68 - - - - - 

8 71 - - - - - 

Count 8 4 4 4 4 4 

Mean 71.4 75.5 63.8 61.0 50.2 45.8 
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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) 

1CIT-0.01-mg/L - CIT-0-mg/L 4.1 2.8 1.5 0.49  

2CIT-0.03-mg/L - CIT-0-mg/L -7.4 2.8 -2.7 0.06 . 

3CIT-0.1-mg/L - CIT-0-mg/L  -10 2.8 -3.8 0.01 ** 

4CIT-0.3-mg/L - CIT-0-mg/L -21 2.8 -7.7 < 0.001 *** 

5CIT-1-mg/L - CIT-0-mg/L  -25 2.8 -9.2 < 0.001 *** 

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

 

The hypothesis that the mean of any test groups with Citalopram is significantly lower 

than the laboratory control was verified (P< 0.05) at 0.1 mg Citalopram HBr/L and above, 

which means that the LOEC is 0.1 mg/L and NOEC is 0.03 mg/L (Table A.5). 

Table A.5 Endpoint: estimations of NOEC and LOEC, Dunnett’s test. 

Endpoint NOEC LOEC Unit 

Fertilisation 0.03 0.1 mg/L 

A.1.4 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} of the fertilisation success. 

ECx Citalopram HBr 

concentration mg/L 

Std. Error  95% confidence interval 

Lower  Upper 

EC05 0.016 0.007 0.002 0.030 

EC10 0.039 0.014 0.012 0.067 

EC25 0.227 0.053 0.123 0.330 

EC50 >1 - - - 

 

Table A.7 Fertilisation success endpoint, estimations of EC10, EC50, Probit analysis. 

Endpoint EC10 EC25 EC50 Unit 

Fertilisation success 0.039 (0.012 - 0.067) 0.227 (0.123 - 0.33) >1 mg Citalopram HBr/L 
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APPENDIX B– Chemical  analys is  

Results from chemical analyses 
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B Results from chemical analyses 
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APPENDIX C  

Identification of test item 
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C Certificate of Analysis (CoA) and Material Safety Data 
Sheet (MSDS) 
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