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Thermaikos Gulf (Aegean Sea, Greece) receives pollutants from direct urban effluents (con-
taining Cu, Zn, Fe and Ca) from the industrial zone and the sewage of 1.200.000 inhabitants of Thes-
saloniki city. Since 1992 only 30% of these wastes had been treated in the sewage plant. Effluents
from Greek activities are also discharged into Thermaikos Gulf through 4 rivers. Axios river also
transfers pollutants from Yugoslavian activities.

Seasonal samplings of the red alga Gracilaria verrucosa (Huds.) Papens., of the sediment
and seawater from three stations (Nea Krini, Biamyl, Perea) distributed along the coast of Ther-
maikos Gulf were made (Fig. 1). Iron, Pb, Zn, Cu and Cd concentrations in the alga and sediment af-
ter wet digestion and in the salt left after evaporation of the seawater were measured by flameless
AAS (Perkin-Elmer HGA 72).

Fig. 1. Sampling stations in Thermaikos
Gulf: NK=Nea Krini; B=Biamyl;
P-Perea; With M is symbolized the indus-
trial area (Mamidakis), with H the Har-
bour. The direction of sea currents (ac-
cording to Ganoulis and Krestenitis 1982
[1]) is marked with an arrow, while the
industrial (h) and domestic wastes (th t2,
t3) are discharged, are marked with verti-
cal lines.

The concentrations of all metals in the alga and the seawater were distributed uniformly (p >
0.05) among the stations (Kruskal-Wallis analysis). Lead, Zn and Cu concentrations in the alga were
higher in Biamyl station, of Fe in Nea Krini and of Cd in Perea. Lead and Cu concentrations in the
sediment demonstrated significant (p < 0.01) local distribution; the concentrations of all metals in the
sediment and of Pb in the seawater were higher in Biamyl station. There is a number of shipyards
around this station while metals are likely to be transported from the industrial zone towards this sta-
tion due to the direction of sea currents.

Significant seasonal variation (Kruskal-Wallis analysis) demonstrated Cd and Fe concentra-

tions in G. verrucosa (Fig. 2), Zn concentrations in the sediment and Cd, Cu and Pb ones in the sea-

water. Copper and Fe content, in the alga increased from winter to summer, whereas those of Cd fol

lowed an opposite pattern (Fig. 2). Zinc concentrations in the plant were minimum in spring, whereas

Pb ones were higher in spring (Fig. 2).
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Fig. 2. Seasonal variation of
metal concentrations in Graci-
laria verrucosa (jug g'1 d.w.).
Each dot represents the mean of
the values recoreded in a season
at all sampling stations; bars
represent the standard error.

The variation of Cu, Fe and Zn in the alga seems to reflect the variations of the above metals
in the sediment and the variation of Cd in the plant followed by the variation of Cd dissolved in the
seawater. Low concentrations of Cu and Fe in G. verrucosa reported in winter-spring when biomass
was at a maximum [2], resulted in decrease of these metals per mass unit due to their dilution [e.g. 3].
Copper and Fe concentrations in the alga increased with tissue-age [e.g.4], whereas Cd ones de-
creased with plant-age [5]. The high levels of Fe, Cd and Zn in summer-fall can also be attributed to
the fact that during these months plant photosynthesis and respiration are more intense thus enhanc-
ing algal metal uptake [6].

Cadmium of Pb concentrations in G. verrucosa in this study exceeded those in this or other
species of the genus from other areas [7,8] and Fe and Cu levels were higher than those in the species
in this area from previous study [9].
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