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Arsenic {As) is considered a toxic trace element for plant, animal and human 
organisms. As, and certain arsenic compounds, have been listed as carcinogens by the 
Environmental Protect ion Agency of USA. As enters the marine environment through 
various industrial activities as well as insecticide production and use. 

Neutron activation analysis {NAA) is a very sensitive, precise and accurate 
method for determining As. This paper ls a review of research studies concerning As 
in the marine environment of five gulfs of Greece by NAA performed at our Radioana
lytical Laboratory. The objectives of these studies were: {a) to determine the levels 
of As concentrations in marine samples from 5 gulfs of Greece, (b} to pinpoint As 
pollution sources and, if possible, to estimate the extent of As pollution, (c) to 
find out whether edible marine organisms from the Gulfs of Greece receiving domestic, 
industrial and agricultural wastes have elevated concentrations of As in their 
tissues that could render them dangerous for human consumption. 

A radiochemical NAA method (GRIMANIS 1969) was mostly applied•for determining 
As in seawater and marine organisms. Seawater filtered through 0.45 µm pore size 
filter. Instrumental NAA was used for As determination in bottom sediments. 

Arsenic in the marine envlronment can be methylated by anaerobic organisms to 
dimethylarsine (McBRIDE and WOLF, 1971). It appears that in marine organisms the main 
form is organic As which is much less toxic than inorganic As. 

Arsenic has been determined in marine samples collected from 5 Gulfs of Greece 
(Saronikos, Evoikos, Korinthiakos Gulfs, Kissamos Gulf in Crete and Gera Gulf in 
Lesbos} shown in the map of Greece {fig. I). Saronik.os Gulf was the most extensively 
studied within the framework of the United Nat;ons Environment Programme for Mediter
ranean Pollution Monitoring Research Project (UNEP/H£0 POL). 

The discharge of industrial and domestic wastes entering Northern Saronikos 
Gulf through the Athens Sewage Outfall (ASO}. a Fertilizer Plant (F.P) and other 
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The distribution of As in the water column (total particulate and dissolved) 

and in sediment core samples (total, {all chemical forms of As present in sediments], 
0.5N HCl extractable [anthropogenic As], and residual [non anthropogenic]} from N. 
Saronikos Gulf was determined: 

In seawaters most of the As was found in dissolved form (94-99.9 per cent} with 
a trend of i ncreas lng concentration with depth. Concentrations ranged as fol lows: 
2.4-7.2 µg/1 for total As, 2.3-7.2 µg/1 for dissolved As and 0.01-0.27 ~g/1 for 
particulate As. Maximum values of As were found neat' the ASO. 

In sediments As concentrations {total) increase from background levels of about 
10 µg/g to 570 µg/g near the ASO up to 2900 µg/g near the F.P (Perhaps to intennit
tent dumping of arsenopyrites) Total As concentrations tend to increase with 
sediment depth. Residual As concentrations are the predominant form in core samples 
near the ASO; near the F.P extractable As is the predominant form. In sediments frmn 
stations not under the influence of the pollution sources As was found to be mainly 
in residual form. 

The partitioning of As (ANGELIDIS and GRIMANIS, 1987} into three fractions 
(reducible by acidified hydroxyl amine hydrochloride [As scavenged by Fe/Mn hydrous 
oxides}, oxidizable by acidified hydrogen peroxide [As contained in organic matter 
and sulfides] and the residual after the previous ettractions [detrital As] of 
Saroni k.os Gu 1f surf ace sediments was determined by using a sequential extraction 
technique {SALOMONS and FORSTNER, 1980). The arsenic content in the reducible and 
oxidizable fractions increases in polluted sediments near the ASO and the FP. In 
non-polluted sediments the residual fraction is the most important carrier of As. 

At a distance of about S km from ASO seawater and sediments contain total As 
concentrations which can be considered natural background levels for Saronikos Gu.lf. 
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Gulfs investigated 
are shown with No.: 

l = Saroni kos 
2 = Korinthiakos 
3 -=- Evoikos 
4 = Gera (lesbos) 
5 = Kissamos (Crete} 

Seawater and sediment samples showed higher concentrations of As southwest than 
southeast of the pollution sources. This distribution suggests a westward transfer 
of As, probably due to the cyclonic movement of the water masses of the Saronikos 
Gulf. 

No strong accumulation has been detected in seawaters and sediments of Evoikos, 
Korinthiakos, Kissamos and Gera Gulfs. 

Concentrations of As found in the flesh of benthic fish species such as 
Pagellus erythrinus, Sargus annularis and Mullus barbatus collected from Northern 
Saronikos Gulf were twice as high as those from other Gulfs of Greece {Evoikos, 
Korinthiakos, Kissamos and Gera Gulfs}. These high concentrations of As were compara
ble to natural 11background" 1eve1s so that these benthic fish species do not reflect 
the very high As concentrations found in seawaters and sedtments of N. Saronikos 
Gulf. 

The author feels that it is a personal pleasure to mention the very important 
contribution of Angelidis M., Griggs, G.B., Hadjistelios, I., Kalogeropoulos, N., 
Papadopou 1 ou, C., Vass i 1 aki-Grimani, M. and Zafi ropou los, 0. to sever a 1 papers 
mentioned in this review. 
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