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Rivers are important carriers of suspended
matter and dissolved elements from land to sea and
their loads influence first of all the nearby coastal
areas. The Northern Adriatic Sea is interested by the
inputs of many rivers, among which the Po and Adige
discharge in the basin the greater part of the total
fresh water input.

In order to determine the particulate fluxes
and to characterise the suspended load of an area
influenced by terrestrial inputs and interested by
active sedimentation processes, suspended and
sedimented matter samples were collected 2,3 miles
SE from the Adige estuary, on the isobath of 20 m.
The sediments of the area are characterised by clayey
silts extending from NW to SE parallelly to the
coastal line. From April 1995 to July 1996 samples of

Fig. 1. Study area and mean bottom
current during the period April 1995-
July 1996.

suspened and sedimented matter were collected, every 4 to 7 days, by a programmable sediment trap
of 0,05 m2 moored at 2 m above the bottom in a site influenced primarily by the Brenta and Adige
rivers. The collections bottles were filled with 4% formaldehyde solution of in situ collected marine
water, buffered at pH 8,2 with Na2B4O7 and filterd on 0,4 Nucleopore filter.

Total and organic carbon were determined by CHN analyzer, before and after acidification
with HC1 respectively. Major elements (Al, Fe, Ca, Mg, Ti, Mn) and trace metals (Zn, Cr, V, Ni and
Cu) were determined by inductively coupled plasma atomic emission spectrometry after HF/aqua
regia microwave digestion. Currentmeter direction and intensity were registered 3 m above the bottom
during the trap deployment. Wave heights, measured at the Acqua Alta platform 8 miles SE from
Venice, were supplied by ISDGM-CNR (Venice). The suspended matter was collected by filtering
large water volumes and metals were determined by ICP-MS (data supplied by IGM-CNR Bologna).

The gross sedimentation rate, averaged over the whole study period, was 27,5±48,1 g m-2 d-1
and carbonates represent the major mineralogic fraction, constituting the 41,4 % of the sedimented
matter.

The chemical composition of the sedimented matter is highly variable because of the
influence of river discharge, primary production and resuspension processes in a high energy coastal
environment. The concentrations of organic carbon and trace elements are lower than in the
suspended matter but are higher than in the superficial sediments of this area, while Ca and Mg are
more concentrated in the sediments.

Heavy metals are directly correlated with the river flow (p<0,05) and with Al and Fe
(p<0,001); this indicates that terrestrial inputs influence the concentration of pollutants in the area and
that heavy metals are preferentially associated with fine-grained particles.
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Total flux, inorganic carbon and Ca are directly correlated with the significant wave height
(p<0,001), while organic carbon is inversely correlated with it (p<0,001), showing that the main
contribution to the gross flux is given by the resuspension of the bottom sediment, depleted in organic
matter and rich in carbonates. For the same reason heavy metals (with the exception of Ni) and
organic carbon show negative correlations with the gross sedimentation rate. A significative
correlation was observed between wave height and the bottom currents (r=0,49, p<0,01) which arrive
up to 46,2 cm s-1. Resuspension events are generally caused by winds from NE or SE. The
resuspension processes and the long shore bottom currents seem to play an important role in the
southward transport of fine sediments.

Other important factors affecting particulate flux are the sedimentation of riverine fine-
grained load and the settling of marine biogenic particles; the former is especially evident during late
spring when there is a higher discharge of riverine water while the latter is more relevant during
periods of low fresh water inputs and low sedimentation flux. The contribution of the resuspended
flux to the gross sedimentation rate, estimated using the label approach [1] with Ca/Al ratio as
indicator of the bottom sediment resuspension, is on average 43±23% while primary flux, determined
using nitrogen as indicator, and advective flux, calculated
as difference from the total, are on average 24±17% and
35±18%, respectively. A comparable contribution of
primary flux to the gross sedimentation was found south
of the Po delta by [2].

The seasonal variations of the gross sedimentation
rates are primarily due to the meteorological conditions
that cause, during winter a relevant resuspension, while
the net flux (primary and advective) variations are mainly
influenced by the discharges of the Adige and Brenta
rivers and by the settling of marine organic particles. The
possible contribution of atmospheric particulate
deposition has not been estimated. The net settling fluxes
range from 4.12 g m-2 d-1 in Spring 1996 to 24.14 g m-2 d-
1 in Autumn 1995.
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Fig. 2. Mean annual fluxes of heavy
metals, corrected for resuspension

effect.

The annual averages of the heavy metal fluxes, corrected for the resuspension, show higher
values for iron, titanium and manganese, which are major constituents of the mineral matrix, and a
relevant contribution of zinc and chromium with respect to vanadium, nickel and copper (fig. 2). A
relevant part of the net vertical flux of Cu, Cr, Fe and Ti is of riverine origin, as also shown by the
significant correlation of their concentrations with the Adige river flow, while Zn is strictly linked to
the particulate organic carbon settling.

The particulate matter and, to a less extent, the sedimented matter results enriched in trace
metals with respect to the surficial sediment; probably this is due to the higher amount of clays in the
suspended matter. Resuspension processes play an important role, especially during the winter, in the
remobilization and in the southward transport of sedimented matter and contribute on average for the
43% of the gross flux. A first estimate of the net vertical fluxes of trace metals in an area influenced
by the discharge of two of the major North Adriatic rivers, besides the Po, has been attempted.
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