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INTRODUCTION 

Saronikos Gulf ::---eceiving the industrial and domestic wastes of 
the greater Athens area is among the most polluted qulf9 of Greece. 
In order to study the fates and pathways of trace elements in 
Saronikos Gulf, several sampling cru1ses were organised and a big 
number of sea.water and sediment core samples were collected from 
several stiitions (See Fig. 1). The trace element content of the 
samples was determined by Instrumental Neutron Activation Analysis. 
The results obtained for three selected trace metals namely cobalt, 
antimony and zinc. a:re presented and d::.scussed. 

Figure 1. Sampling Stations 

DISCUSSION 

-The main pollution. sources of the trace elements studied are 
the Athens Sewcge Outfall (ASO) and a big Fertiliser Fla.nt (FP) at the 
entrance of P1raeus Harbour where the highest concentrations of Co~ Sb 
and Zn in seawater and sediments were observed (See Ta.b_ 1 and 2). 

-The settling of pa:r-ticles and floes in the area of the outfall 
is very effect1ve in removing the bulk of these tra.ce elements from 
the water columr., since the·ir concentrations decrease with distance 
from the sources to reach those of unpolluted coastal regions at a 
distance of 5-7 Km. The rapid sedimentation wa.s confirmed by the 
analysis of particulate matter which revealed that with the exception 
of the area close to the point sources where 15-25% of total Co, Sb 
and Zn were found to be associated with particulate matter, the bulk 
of the elements in seawater were in dissolved forms which constituted 
95-99% of their total concentrations in the rest of the stations. 

-The concentrations of Co and Sb in seawater and sediments of 
Inner Saronikos were almost equal to those of the Open Saronikos. 
while the respective Zn levels were higher in the Inner Gulf. In the 
water column the higher concentrations were observed in swnmer 
samples. The following c~n be considered as typical concentrations for 
the waters of open Saronikos: Co; 0.090±0.014 µg/l. Sb: 0.23±0.11 µg/1 
and Zn: 4.8:!.3.0 ;..:g/1. For the open Saronikos sediments the respective 
values are: Co: 'i.2±0."11 wg/g, Sb: 0.43±0.13 µg/g a.r.d Zn: 83±5.8 µg/g. 

-A distinction the point sources wa.s by means of 
sediment treatment wi r.h O. HCI, which extracts "anth1-opogenic" 
fraction of trace elements \Agemian and Chau, 1976). It was found that 
40-60% of total Zn end Co were in extractable form 1n the sewage 
outfa.l l cores. while 1n sediments affected by the fert11 iser plant 
solid wastes \gypsum, pyrites, phosphorites e,tc) this fraction was 
much lower, r-ong:ng from 6-18%. 

-A co!'"relot:ion study among several trace elements and organic 
carbon in the "anthropogenic'' fraction of the sediments revealed that 
the easily dissolved iron forms and the organic matter on recent 
particle coatings affect the distribution of Co, Sb and Zn in the 
Saron ikos sediments. Furthermore, concerning the distribution pat terns 
of trace elements in polluted and not polluted samples. it was 
documented that Zn and Co in Saronikos Gulf behave in a similar manner 
with other trace elements of anthi-opogenic origin like Ag, Cr. V 
(Kalogeropoulos et al .. 1989). while Sb together with As consist a 

distinct group mainly as a result of their distribution in the 
polluted samples (Grimanis et a.l., 1984; 1988). 

TA.BLE 1. Cobo.lt, ~ntirnor.y and zinc TABLE 2. Cobult .:intimaJ1y and zinc in 
!HHI.Water (µ9/l) Av~ragt: vcducs il.re g-iven silt-clay fract1on _of _:c.,ed1mcnts {u9/gl. 
parentheses Average values a.re ;;,1ven Jn parentheses. 

AREA 

ASO, F"P 

COBALT 

0.12-0.60 
(0.22) 

0.60-1.40 
(1.0) 

Inner 0.03-0.18 0.16-0.55 
Saronikos W.10) (0.29) 

Outer 0.03-0.lti 0.11-0.31 
Sa-rcnikos {0,09) (0.23) 

ZINC AREA 

9.0-41 Fertiliser 
(19) Plant 

0 1Iof9 ~r1:11 
O .5-14 • Inner 

(4.0) Sa:ronikos 

----- - Outer 
5aronikos 

COBALT 

35-87 
(StJ) 

i\NTIMONY 

14-100 
(60) • 

ZINC 

840-2100 
[1520) 

13-24 b.6-32 2:!0-620 
(18) (16) !430) 

8.6-9.6 0.48-0.72 81-110 
(8.0) (0.57) (91} 

7.8-10 0.31-0.60 
(9. 2) {O .43) 

68-100 
(83) 
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