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Abstract
Concentrations mainly of Fe. Cu, Cd. Pb, Ca and in some instances of Na and K in Halophila stipulacea. Posidonia océanien and
Cvmodocea nodosa collected near an aluminium factory in Antikyra Gulf were generally higher than those measured in the same or
différent species of the genus or subfamily from other areas. The same trend was also noted in the environment (sédiment, water) of the
studv area.
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Introduction
The submerged and widespread (along Mediterranean coasts) angio-

sperms P. océanien, C. nodosa and the lessepsian migrant H. stipula-
cea (1) are the three most abundant seagrasses along the Antikyra Gulf
(Viotia, Greece). Very few studies on métal accumulation in thèse spe-
cies hâve been carried oui (see références of Tables 2, 3, 4); moreover
less information is available on seasonal variation of métal concentra-
tions in thèse species.

Antikyra Gulf is interesting because of the bauxatic composition of
the substrate and the waste discharges from an aluminium factory.
Bauxite substrate is composed. among other éléments, of Al, Fe. Cu,
Ca, K and Mg, whereas the solid wastes contain, apart from other
metals. Al. Fe. Ca and Na. In addition to the above metals Zn. Cd and
Pb which are very toxic and relatively available to plants were also
selected in our study. The aim of this survey was to discern the bio-
accumulation potential of ten metals in three phanerogams from the
Antikyra Gulf (Viotia) as well as to compare their concentrations with
those in sea plants from other géographie areas and to assess the pos-
sibility of using thèse bioindicators to discern the présence of métal
pollution in the Gulf.

Materials and methods
Seasonal sampling (from December 1985 to October 1986) of the

phanerogams P. oceanicu, C. nodosa, H. stipulacea was carried oui at
12 stations in Antikyra Gulf (Greece) where the factory "Aluminium
of Greece" is located as well as at Itea which served as a contro! sta-
tion (in control station P. océanien samples were not found) (Fig. 1).
Aluminium. Fe, Cu, Zn, Cd. Pb, Na, K, Ca and Mg concentrations in
seagrasses. C. nodosa, H. stipulacea (the entire plant) and the leaves
of P. oceanica, the sédiment and the dissolved metals in seawater were
measured by Atomic Absorption Spectrophotometry by Marne (Perkin
Elmer 403) or by graphite furnace (Perkin Elmer HGÀ 72) (e.g. 1. 2).
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Fig.1. Sampling stations in the Gulf of Antikyra.

The accuracy of method was tested with standard référence material
of Orchard leaves (N.B.S. no 1571); the results were within ÎO'? for
Fe, K, Na, Ca and Mg and 3% for Zn of NBS values, whereas for Cu,
Cd and Pb the results were br/c 20% and 2<*. respeclively, lower than
the standard.

Results and discussion
Table 1 présents the mean (± standard error) and the range of the

concentrations of 10 metals in the phanerogams P. oceanica leaves.

C. nodosa and H. stipulacea from Antikyra Gulf. Comparison of the
above concentrations (Table 1) with those observed in other popu-
lations of thèse species or other species of the same genus or sub-
family. Posidonioideae (Table 2), Cymodoceoideae (Table 3) and
Halophiloideae (Table 4). respectively. has shown the following:

Table 1. Mean value (x), range and standard error of the mean value (S.E.) of ail
concentrations (N) of each métal (^g g 1 d.w.) in Halophila stipulacea, Cymodocea
nodosa and Posidonia oceanica from différent samplings and from ail stations of
Antikyra Gulf.
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1. Iron, Cu, Ca and Mg concentrations in P. oceanica at the study
area (Table 1) are higher than corresponding concentrations in other
species of the genus (7-13) (Table 2). Copper. Pb and Cd concentra-
tions in P. oceanica fromAntikyra Gulf (Table 1) are higher than those
of the same species from other areas (3-6) (Table 2) as well as mean
concentrations in other phanerogams from "non-polluted" areas (14.
19. 20). Moreover, Pb and Cd concentrations exceed those in P. aus-
tralis from an area characterized as "little or moderately polluted" by
the above metals (10).

2. Exactly the same information was selected as concerns C. nodosa.
Copper, Pb and Cd concentrations as well as the maximum Fe concen-
trations in C. nodosa from Antikyra Gulf (Table 1 ) are in gênerai high
(Table 3). More specifically, they exceed the corresponding values
measured in the Gulf of Itea (control) (mean value ± SD: 2.8 ± 0.5 /<g
g-'d.w. for Cu. 11.8 ± 1.0 for Pb. 13.7 ± 0.6 for Cd, 1644 ± 86 for Fe)
and those observed in phanerogams from tropical, subtropical and
intertidal "non-polluted" areas (14, 19, 20). However. Pb and Cd
values in C. nodosa from the study area do not exceed those from a
location highly polluted by thèse metals (10).

3. Cadmium. Pb, Na, K and Ca concentrations in //. stipulacea from
Antikyra Gulf (Table 1) are higher than those in différent species of
the genus from other areas (see références in Table 4). It has also been
observed that Cd and Pb concentrations are higher than those in the
same species from Itea (control) (mean value ± SD: 4.3 ± 0.4 fig, g '
d.w. for Cd. 31.4 ± 4.0 for Pb) and Cd levels are greater than concen-
trations reported for the same species from the Red Sea (17).

Concerning Al, no information has been found on ils concentrations
in marine phanerogams from other géographie areas.

The generally high Fe, Cu. Ca, Pb and Cd concentrations in phane-
rogams from Antikyra Gulf are explained by their respectively high
values in the sédiment and seawater from the same area (21 ). Besides
Fe, Cu and Ca constitute the main bauxite components of the area.
whereas Fe and Ca also make up the main components of the sewage
being discharged from the "Aluminium of Greece" factory. The diffé-
rences derived from the above comparisons may also be attributed to
interspecific and intraspecific variations, to différences in the âge of
plants and their collection time, as well as to différences in environ-
mental factors (e.g. salinity. pH) that influence métal uptake.
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