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Abstract

In this work we examined the speciation of dissolved Cu, Zn and Cd in seawater in the Gulf of Elefsis, Greece. We used two powerful
techniques for determining the speciation of heavy metals in complex systems such as coastal seawater: the DGT (Diffusive Gradients in
Thin films) assemblies and the DPASV (Differential Pulse Anodic Stripping Voltametry). With the use of DGTs we determine the labile
dissolved fraction of heavy metals fixed on a chelex-100 resin ‘in situ’, while with DPASV we measured the kinetically labile fraction of
metals which includes mostly inorganic species of these metals. From the difference of these determinations we may conclude that in the
Gulf of Elefsis, the predominant fractions of labile dissolved Cu, Zn and Cd are complexed with organic ligands. In particular, more than
92% of DGT labile Cu, 79% of DGT labile Zn and 50% of DGT labile Cd were found to be DPASV inert.
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Introducion

The determination of the various chemical species of trace metals in
natural waters has been recognised as of particular importance for the
understanding of their geochemical and biological behaviour, toxicity
etc [1]. In this work the chemical speciation of dissolved copper, zinc
and cadmium was studied throughout the Gulf of Elefsis, a geomor-
phologically very interesting and intensely industrialized embayment
in the vicinity of Athens metropolitan area which has been a site thor-
oughly examined by our laboratory in the last 25 years [2, 3]. The spe-
ciation measurements were carried out by combining two powerful
techniques: the DPASV (Differential Pulse Anodic Stripping
Voltametry) and DGT (Diffusive Gradients in Thin films) which is a
relatively new ‘in situ’ speciation measurement technique for dis-
solved trace metals which involves the use of polyacrylamide diffu-
sive gels [4, 5].

Methodology

This research was carried out during the second half of 2000. Sea
water samples were collected with GO-FLO polypropylene sampling
bottles while at the same time a number of DGT assemblies were
immersed at approximately 30 cm below the surface, for three con-
secutive days, at selected coastal sites identified as ‘hot spots’ through
the MED-POL/UNEP monitoring programme at the Gulf of Elefsis
(Figure 1). The water samples were filtered immediately after sam-
pling through 0.45 ym Millipore membrane filters. Measurements of
kinetically labile metal fractions were performed by using DPASV.
The deposition potential applied for Cu was 045 V (Ag/AgCl) and
for Cd and Zn -0.80 V and —1.2 V, respectively [6]. Metal concentra-
tions were determined by using the ‘standard addition’ technique.

Recovery of the metals from each DGT assembly was obtained by
using 1 ml nitric acid (supra pure). The concentrations of all metals
(copper, zinc and cadmium) were measured in a flameless atomic
absorption spectrophotometer (VARIAN SpectrAA 640 Z) equipped
with a Zeeman background correction. The treatment of all samples
was carried out inside a positive pressure chamber and all apparatus
used were plastic very carefully cleaned.
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Figure 1 : Sampling stations at the Gulf of Elefsis

Results and discussion

It is clear that in the specific period and coastal stations studied,
more than 92% of DGT labile Cu, 79% of DGT labile Zn and 50% of
DGT labile Cd were DPASV inert corresponding mainly to metal
complexed with organic ligands (Table 2).
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Table 1 : Mean values of physical and chemical parameters at selected sam-
ling stations

Temperature  Salinity pH DOC!

(°C) (psu) (mg/tt)

Iron and steel works 20 38.5 7.77 1.22
Port 20 38.7 7.85 1.12
Refinery 20 38.6 7.58 1.07
Shipyard 20 36.9 7.65 247
Seaside resort 20 36.7 8.06 1.10

1 Dissolved organic carbon

Table 2 DGT and DPASV labile species of Cu, Zn and Cd at coastal sampling
stations in the Gulf of Elefsis (in ug/it)

Cooreu  Cu"  Cpgrza 20 Cpergg  Od

Iron and steel works| 0.63 N.D.2 154 164 0.028 N.D.3

Port 7.20 N.D. 26.3 045 0.029 N.D.

Refinery 070 ND. 119 249 0.010 N.D.
Shipyard 141 ND. 208 240 0.022 N
Seaside resort 066 ND. 250 003 0021 N.

1 DPASV labile Cu
2 Not detected, <0.05 ug/it
3 Not detected, <0.005 g/t

It is noteworthy that in coastal areas identified as ‘hot spots’ such as
refineries, shipyards and iron and steel works the DPASV labile zinc
fraction which corresponds largely to ions and ion pairs and therefore
is easily bioavailable, is considerably higher than in other sites which
do not receive direct input from land based pollution sources (Table 2).

In conclusion it is clear that the combined application in seawater of
both techniques, DGT and DPASYV, could help in determining in a rel-
atively simple way the prevailing forms, species of trace metals in
marine waters.
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