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Table A5_3_1-1a: Test organisms: barnacle 

Criteria Details 

Species Balanus amphitrite 

Strain -  

Source - 

Laboratory culture Yes 

Stage of life cycle and stage of stadia Larvae in cyprid stage 

Method of cultivation Adults maintained in containers with vigorous 
aeration and controlled temperature (27 ± 2 °C) and 
light conditions (15 hours light and 9 hours dark), 
were fed on a diet of the diatom Skeletonema 
costatum and larvae of the brine shrimp Artemia 
salina. 
Mass-spawned nauplii were collected, transferred to 8 
litres carboys and fed on Skeletonema costatum. The 
vessels were kept at a constant temperature of 27 ± 2 
°C and a 15:9 h light:dark photoperiod. 
Larvae reached the cyprid stage, which is the settling 
phase, after four days.  

Pre-treatment Cyprids were aged (at 4 – 6 °C in the dark) for 4 days 
prior to use in the experiments. 

Initial density/number of test organisms in the test 
system 

Between 20 and 66 cyprid larvae were injected (using 
a Finn pipette) in each well 

 

 

Table A5_3_1-1b: Test organism: macro-algae 

Criteria Details 

Species Enteromorpha sp. 

Strain - 

Source Zoospores were obtained from mature algal tips 
collected from a local North Sea population. Spore 
release was induced by moist storage of tips for 24 
hours and then flooding the individual tips with 
seawater. Zoospore suspensions were used 
immediately after collection. 

Laboratory culture No 

Stage of life cycle and stage of stadia Zoospores used 

Method of cultivation Not applicable 

Pre-treatment Heat sterilised glass cover slips were used as the 
substrate for adhesion. A 60 µL sample of zoospore 
suspension was placed centrally on top of each cover 
slip. The cover slips were then left in the dark at 
18 °C for 2 hours to allow the zoospores to settle. 

Initial density/number of test organisms in the test 
system 

60 µL of zoospore suspension per well adhered at the 
surface of cover slips 
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Table A5_3_1-1c: Test organisms: marine diatom 

Criteria Details 

Species Skeletonema costatum 

Strain -  

Source This species is found in coastal fouling communities 
and is also commonly used in biocide testing 
(recommended by CCAP, UK).  

Laboratory culture Yes 

Stage of life cycle and stage of stadia Actively growing 5 day old cultures of Skeletonema 
costatum were used for this test.  

Method of cultivation Diatom cultures were maintained in the growth room 
(18 °C) at TNO/MML in enriched filtered sterilised 
seawater (EFSW) with silicate enriched F2 growth 
media. 

Pre-treatment No 

Initial density/number of test organisms in the test 
system 

1mL of cell suspension per well 

 
 

 

Table A5_3_1-2:  Test system 

Criteria Details 

Culturing apparatus / test chamber Polystyrene multiwell plates from Greiner for 
barnacles. 

Macro-algae and diatoms were placed on cover slips 
and inserted in multiwell plates. 

Number of vessels / concentration 4 replicates for barnacles and 3 for both macro-algae 
and diatoms 

Test culture media and/or carrier material Test suspension consisted of seawater and for the 
diatoms a silicate enriched F2 growth media (EFSW)  
was additionally used 

Nutrient supply Sterile filtered natural seawater (pH 7.4) from the 
stock solution 

Measuring equipment Stereo microscope to observe barnacle settlement and 
bright field microscope to observe settlement of 
macro-algae and diatoms 
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Table A5_3_1-3:  Application of test substance  

Criteria Details 
Application procedure An aliquot of a solution containing the test substance 

in aqueous solution (seawater) and DMSO was 
introduced into the wells  

Delivery method Single application 
Dosage rate 0.01, 0.1, 1.0, 10, 100 ppm 
Carrier DMSO was used  
Concentration of liquid carrier 0.3 % v/v 
Liquid carrier control  Yes 
Other procedures To ensure that the concentrations of the active 

ingredient were maximised at the start of each assay, 
fresh suspensions were prepared immediately prior to 
use. 

 
Table A5_3_1-4:  Test conditions  

Criteria Details 

Substrate Barnacles were injected into multiwell plates. 

Macro-algae and diatoms were placed on sterilised 
glass cover slips and introduced into the well. 

Incubation temperature 27 ± 2 °C for barnacles 
18°C for macro-algae and diatoms 

Moisture Not applicable 

Aeration  Not stated 

Method of exposure Individual subsamples 

Aging of samples No extra procedure for aging was used. 

Biological tests were run for 48 h (barnacles), 5d 
(macro-algae) and 24h (diatoms) 

Other conditions Light conditions were 15:9 light/dark cycle for 
barnacles and constant illumination for macro-algae 
and diatoms 

 
 

 

Table A5_3_1-5:  Relative settlement of barnacle larvae to various concentrations of 
dichlofluanid 

Concentration (µg/mL) Relative settlement (%) ± STDEV 
0.01 96.9 ± 19.5 
0.1 98.5± 22.0 
1 130 ± 14.5 
10 69.1 ± 14.8 

100 0 
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Table A5_3_1-6: Appearance of zoospores after a 5-day germination period and % relative survivorship 

Concentration White cells Green cells Relative survivorship (%) ± STDEV 
SW+DMSO - 264 - 
0.01 ppm 10 189 99.0 ± 0.6 
0.1 ppm 24 179 90.4 ± 0.7 
1 ppm 18 168 83.1 ± 9.8 
10 ppm 129 - 0 
100 ppm 145 - 0 

 
 
 

Table A5_3_1-7: Diatom population after 24 hors settlement and growth and % pigmented cells 
Concentration
(µg/mL) 

White cells Green cells Percentage 
pigmented cells 

(%) 
SW+DMSO - 272 - 
0.01 ppm - 301 100 
0.1 ppm - 216 100 
1 ppm - 93 100 
10 ppm 16 - 0 
100 ppm 10 - 0 
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Remarks  
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Figure 1: Chlorophyll concentration (µg/ml) of Amphora culture after 96 h growth in the presence of various 
concentrations of Cu sulphate 
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The chlorophyll concentration at the time of biocide addition (To) is indicated on the y axis. Points are the mean of 5 
replicates; bars show 95% confidence limits. 
 
Figure 2: shows data from Figure 1 plotted as percentage inhibition 
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Bars are calculated from arcsine transformed data 
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