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A series of experiments was conducted to identify the potential of five phytoplankton species as standard test
species for marine ecotoxicological tests. The candidate phytoplankton species are Skeletonema costatum,
Heterosigma akashiwo, Prorocentrum micans, Isochrysis galbana, and Tetraselmis suecica. Salinity tolerance and
sensitivity on potassium dichromate as a reference material were identified. Toxicity of eleven ocean-dumped
sewage sludges and four red tide expellent extracts were estimated by the inhibition of population growth rates
(PGR) of marine diatom S. costarum. While most species revealed relatively weak tolerance on salinity, 7. sue-
cica demonstrated the highest salinity tolerance ranged from 5~35 psu and the others 15~35 psu. H. akashiwo
revealed the highest sensitivity as 72h ICs5=0.76mg/L and T. suecica the lowest as 72h 1Cs5=8.89mg/L on potas-
sium dichromate. Sludge extracts from industrial waste, domestic sewage and livestock farm waste sludge
showed high toxicity as 72h ICsp<2% and lowest toxicity from filtration bed sludge as 72h 1C5=30.50%. NOEC
(No Observed Effective Concentration) of sludge extract ranged from <0.4% to 1.6% and this indicated high
phytotoxicity of ocean dumped sewage sludge. The test sensitivity of phytoplankton PGR inhibition was much
higher than those of marine rotifer Brachionus plicatilis mortality test and bioluminescent inhibition test by ma-
rine bacteria Vibrio fischeri, and comparable with the sea urchin (Strongylocentrotus intermedius) fertilization
test. As a result the phytotoxicity test using phytoplankton PGR inhibition (ICso) must be a useful tool for ma-
rine phyto-toxicological evaluation of ocean dumped materials.

Key Words : Phytoplankton, Ecotoxicity, Bioassay, Salinity tolerance, Sewage sludge, Skeletonema costatum,
Heterosigma akashiwo, Prorocentrum micans, Isochrysis galbana, Tetraselmis suecica
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Table 1. Test conditions for the definitive chronic toxicity and salinity tolerance test with 5 phytoplankton species

Test parameters

conditions

Test type

Duration

Endpoint

Temperature

Dilution water
Photoperiod

Test chamber size

Test solution volume
culture media

Renewal of test solution
Number of replicates per concentration
Test solution aeration
Test concentrations

Test acceptability criterion

static non-renewal

72 h

ICs (population growth inhibition)
23£0.1 C

filtered seawater/DI water
continuous

50ml

30 ml

/2

none

3

none

5-7 and control

r=0.04 or greater growth rates in control
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Fig. 1. Salinity tolerance in five phytoplankton species estimated by specific population growth rates on various
salinity ranges.
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Fig. 2. Simple linear regression between cell density (logio scale) and chlorophyll concentration (double

square root transformed) estimated by fluorescence in five marine phytoplankton species.

Table 2. Comparison of ICs's using potassium dichromate as a reference material with 5 phytoplankton
species (unit=mg/L)

Species name 1Cs (ppm)  95% CI NOEC LOEC Normality Equal variance

H. akashiwo 0.76 0.53-1.00 0.34 0.63 confirmed confirmed
P. micans 1.32 0.87-1.90 0.63 1.25 confirmed confirmed
I galbana 3.31 3.21-341 0.34 0.63 confirmed confirmed
S. costatum 464 4.31-4.92 2.50 5.00 confirmed confirmed
T. suecica 8.89 865-9.14 2.50 5.00 confirmed confirmed
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Fig. 3. Specific population growth rates of five phytoplankton species exposed to potassium dichromate as a
reference material for the comparison of species sensitivity on toxic substance.
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Table 3. Phytoplankton bicassay using 11 sludge extracts with marine diatom, S. costatum population growth
inhibition (Unit=%)

Sludge 1C5(%) 95% CI NOEC LOEC Normality Equal variance
Dyeing plant waste 1.94 1.88-1.99 04 08 confirmed confirmed
Industrial waste 0.80 0.64-0.96 04 0.8 confirmed confirmed
Livestock farm waste 0.54 0.49-0.58 <04 0.4 confirmed confirmed
Leather processing waste 0.44 0.36-0.51 <04 04 confirmed confirmed
Urban domestic sewage 059 057-0.61 <04 04 confirmed confirmed
Food processing waste 358 2.55-4.64 16 3.13 confirmed confirmed
Textile industry waste 5.90 5.14-6.79 16 3.13 confirmed confirmed
Mixed sewage 0.58 0.53-0.63 <04 04 confirmed confirmed
Industrial sewage 580 477-6.9% 16 3.13 confirmed confirmed
Rural domestic sewage 1.10 1.01-1.19 04 0.8 confirmed confirmed
Filtration plant waste 3050 22.48-34.73 125 25 confirmed confirmed
* Ref: o Filteration bed
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Fig. 4. Specific population growth rates of S. costatum exposed to various sludge extracts.
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Table 4. Phytoplankton bicassay using 4 red tide expellants with marine diatom, S. costatum population growth

rate (unit=%)

Red tide expellants ICs0 (%) 95% CI NOEC LOEC Normality Equal variance
Lime 29 2.7-3.0 08 16 confirmed confirmed
Loess 71.6 63.4-73.5 125 25 confirmed confirmed
Hematite 72.8 725-73.2 25 50 confirmed confirmed
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Fig. 5. Specific population growth inhibitions by four red tide expellants on marine diatom, S. costatum.
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Table 5. Comparison of toxicity end points estimated by various species using 11 sludge extracts. Sea urchin and
amphipod toxicity data are sited from MOMAF (2004)” produced by Dr. Lee and Choi at KORDL
Seaweed toxicity data are provided by Dr. Han at Incheon University.

Bacteria Rotifer Sea urchin# Sea weed#x phytoplankton
Sludge sources Bioluminescent Mortality Fertilization Development Sporulation rates Specific growth rate
1Cx0(%) LCs(%)  ECs(%) ECs0(%) ECs0(%) 1C(%)
Dyeing plant waste 21.84 29 182 0.024 12.88 194
Industrial waste 22.31 377 0.02 0.004 10.66 0.80
Livestock farm waste 3478 9.7 534 0.040 12.28 054
Leather processing waste 44.02 809 0.16 0.014 13.48 0.4
Urban domestic sewage 4462 749 0.17 0.005 966 059
Food processing waste 871 885 1.65 0.005 1097 358
Textile industry waste 67.25 >100.0 806 0.088 61.52 590
Mixed sewage 68.13 >100.0 0.25 0.022 1115 0.58
Industrial sewage 76.50 >100.0 0.32 0.003 6.56 5.80
Filtration plant waste 7841 67.7 549 0.113 29.29 3050
Rural domestic sewage >100.00 64.0 1.33 0.033 1317 1.10
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