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In situ toxidty of oil and dispersants in phytoplankton communltles 
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Most ecotoxicological studles quantify the effects of oil dispersants performing an analogous 
test with individual species in the laboratory. The extrapolation of the results from the 
laboratory to the actual field situation is often based on misleading results. This study, taking 
into account the mode! of a coastal ecosystem, evaluates the effects of oil and oil dispersants 
on phytoplankton at in situ conditions. 

The experiment look place in June 1990 in a coastal area of East Saronikos Gulf. Three 
plastic enclosures (3.5m-depth X l.2m-diameter), one with control (Cl), one with oil (Arabian 
light- 500ml) (C2) and one with oil added dispersant (Arabian light 500 ml + BP IIOOX at a 
ratio l:1O)(C3) were used. The experiment was based on the general idea of KUIPl!R (1984). 
Sampling was done every other day. Analysis of phytoplankton and chlorophyll 
determinations were made while diversity and dominance indices were calculated.; the 
concentration of oil in each sample was also determined. Univariate analysis~ descriptive 
plotting and mu!tivariate (MDS) analysis was used. 

The salinity was almost constant whlle the temperature ranged from 20.9 to 22.3 •c. The 
oxygen measurements on selected. days showed. that the concentration was always near the 
saturation level. The total oil in water concentrations in the three enclosures ranged from 
0,02 to 0.12 in Cl, 3.8 to 6.1 in C2 and 64.0 to 24.5 (ppm) in C3, always descending with lime. 
The differences in the oil concentration could be attributed to the fact that Cl is the control, in 
C2 the oil remained only in the surface, whlle in C3 the oil has been distributed in the whole 
water column. Chlorophyll-a ranged between 0.144 µgr/li (C2, 13-6-90) and 0.588 µgr/lt 
(environment, 15-6-90). Chlorophyll-b and Chlorophyll-c values fluctuated proportionally to 
those of chlorophyll-a. The pigment index in polluted enclosures showed some extremely 
high values ranging from 1.33 to 23.91 in the C2 and from 1.44 to 83.41, in the C3. The analysis 
of variance of chlorophyll-a values for the four series of samples (Environment,O.C2, C3) 
showed that not significant difference occucs between the control, polluted and envir~ent 
samples. 

Diversity indices ranged from O (C3, 13/6/90) to 3.096 (Cl, 20/6/90) whlle dominance value 
ranged from 41.55 (Environment, 9/6/90) to 100 (C3, 13/6/90, 22/6/90). The very high/low 
dominance/ diversity values were due lo a coccolithophore bloom (Coccolitlwplwre sp.) and 
it should be attributed. to the pollution effects in combination with the environmental factors 
and the prevailing winds. 

Phytoplankton abundance fluctuated in a wide range from some thousands (2,8x103 cells/lt) 
to some millions (12,4x106 œlls/lt). The phytoplankton œlls in Cl were decreasing with lime, 
which is characteristic of a confined population. The decrease of the number of species 
observed in C3was more pronounced than in C2 and Cl. In Cl Clyptomonas sp., 
Gymnodinium spp. and Flagellates spp. were the dominant species. 

The k-dominance curves revealed the instability of this coastal ecosystem (CHRISTAl<l, 
1990; CHRISTOU, 1991) and showed that C3 is dominated by one species; two days later a 
considerable decrease of species number was observed in C2 wlùle the situation in C3 
remained the same (Fig. 1). 

Chlorophyll-a values in C2 and C3, fluctuated in a quite narrow range (from 0.1 to 0.58 
µgr/lt), which suggests that heterotrophic forms (nanoflagellates, bacteria) apparently 
dominated the population and cou!d be attributed to the duration of the experiment. The 
above observation is more pronounced in the case of C3, when cell concentrations of 12X106 
cells/1 gave relatively low (0.365 µg/lit) chlorophyll-a values. The pigment index in polluted 
enclosures showed some extremely high values wlùch can be attributed to the pre:sence of oil 
in the samples in connection to the spectes poor to chiorophyll-a. 

Phytoplankton diversity and spectes composition changed, in oil mesocosms immediately 
after the start of oil additions; an increase of temperature in the North Sea caused also a 
parallel increase of phytoplankton biomass (ELMGREN et al~ 1980). It should be mentioned, 
however, that relevant experiments in the North Sea and the Baltic m.ay give differentiated 
results. This is expected sinœ different environmental factors exist between northem and 
southern European seas. Finally visual observations after treatment of the oil with dispersant 
showed that turbulence was the key factor in the dispersion procedure. Thus, the oil and the 
mixture of oil+dispersant had an effect on phytop1ankton communities and the most 
interesting feature of phytoplankton succession in the enclosures was the shifting of the 
population towards monospecific blooms wlûch was evident and was more pronounced in 
the oil+ dispersant mixture. 13 of June 1990 
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K-donûnanœ curves induding the spedes donûnanœ, I-CocrolitJms sp. 
Figuœ 1 2-Gym,,odinium sp., 3=Fhlgellatts sp., 4=Cryp,_ sp. 

REFERENCES 

CHRISTAKI U,, 1990. -Annual cycle of phyloplankton in• coastal ares of 51l11J11ilcos gulf. M. 
Sc. Thesis, pp. 143 (Io Greek). 

CHRISTOU E., 1991. - Fluctuations of zooplankton during spring and summer in a coastal 
area of Saronikos gulf. Ill Hellenic Symp. Oceanogr. Fish.: 513-520. 

ELMGREN R., V ARGO G.A., GRASSLE J.F., GRASSLE J.P., HElNLE D.R., LANGLOIS G. and 
V ARGO S.L., 1980. - Trophic interactions in experimental marine ecosystems perturbed by 
oil. ln : Microcosms in ecological research. (edit.J. P. Giesy, Jr.) U.S. Tech. lnf. Centre, US 
Dept of Energy, Symposium series 52 (CONF-781101). 

KUIPER J., 1984. - The fate and effects of dispersants and dispersant-treated crude oil in 
marine model ecosystems with different mixing regimes. For : EEC, DG XI. Brussels. 
Belgium. 

Rapp. Co111111. i111. Mer Méda., 33, ( 1992). 


