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Cd, Pb, Cu and Zn concentrations were determined in planktonic organisms (Salps,
copepods), their associated faecal pellets and in particles collected at 200 and 2000 m depth in
sediment traps moored in the Ligurian Sea (1). Al and P were also measured and taken as tracers of
lithogenic and biogenic components, respectively. The aim of this work was to determine the fluxes
of trace metals in the Ligurian Sea and their variations with depth, and to to assess the
biogeochemical behaviour of elements having, for some of them, an anthropogenic origin, by the
study of biologically-mediated uptake and removal processes (2).

The total particulate mass flux decreases with depth, from 180 ± 90 mg m"2 d"1 at 200 m to
130 mg m'2 d"1 at 2000 m. A similar decrease with depth is observed for Cd, Pb, Zn and P particulate
concentrations, suggesting that these elements are partially carried by biogenic particles that
decompose during settling. Conversely, the increase with depth of Al and Cu concentrations and
fluxes seems consistent with a refractory behaviour of elements associated to lithogenic
aluminosilicate particles « pakaged » in the biogenic one by the biological activity (3).

The apparent residence time of elements in surface and deep waters is established from the
average dissolved concentrations in the Ligurian Sea (4) and the particulate fluxes observed at 200
and 2000 m depth, respectively. The longest residence time is found for Cd (20 and 80 years for
surface and deep waters, respectively). This element exhibits a strong decrease of flux with depth
consistent with a rapid recycling in surface waters and a transport by labile biogenic particles easily
mineralized when settling. The very short residence time observed for Pb (6 months in surface
waters), indicates an efficient transfer of this metal, Which has an anthropogenic origin and enters the
sea surface by the atmospheric pathway.

An enrichment factor (EF) calculated as the metal/P ratios in the particulate materials
normalized to the same ratios in seawater is used to assess the degree to which each element is
involved in the dissolved-particulate exchanges (5). Globally, for all metals EF is lower than 1 in
planktonic species and up to the unity in detritical particles : metals are less mobilized than P in
living organisms that excret the non assimiled metals in faecal pellets, known to be a significant
contributor to the downward particulate flux (6). A ratio > 10 for some elements of continental origin
(natural, Al, or anthropogenic, Pb) in settling particles reflects the presence of abiotic particles
packaged with the biotic ones. The implication of biogenic particles as carriers increases with the
residence time of elements (i.e. decreases with the settling velocity of associated particles). Elements
(e.g., Al, Pb) mainly carried by lithogenic particles are poorly mineralized during their downward
transfer and their biogeochemical cycle is only controlled by the temporal variability of the biological
activity therefore. On the contrary, the mineralization of elements (e.g., Cd) mainly carried by biotic
particles is significant and they are recycled in surface waters, which leads to the apparent paradox
that their biogeochemical cycle in the western Mediterranean Sea is regulated by hydrological
processes. For the case of Cu, EF is > 1 in faecal pellets, becomes slightly < 1 at 200 m depth and > 1
again at 2000 m depth. This presumably indicates that Cu is transported by two distinct types of
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particles : there is a biotic component, which is rapidly mineralized, and a lithogenic one, which leads
to a relatively high EF value in deep waters.
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