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Abstract

Suspended matter from rivers in the Russian Far East was leached by seawater to assess the extent of Zn, Cd, Pb, and Cu
release from the land-derived solids to estuarine and coastal waters. The concentration of solids in the leaching experiments was
(.25 g/l. The suspended maiter used varied in metal content from background levels to heavily contaminated.

The concentration of Zn, Cd, Pb, and Cu in the leaching solution afier 1, 4, 24, 48, and 96 h was determined by anodic
stripping voltammetry. Measurable Cd was transferred from river suspended matter to seawater with both background and
elevaied Cd concentrations, though the amount of Cd released was different. The increase in Zn and Pb in solution was
observed only at the enriched concentration of metals in the suspended solids. The Cu transfer into solution was more
pronounced from material with elevated Cu concentration, but the amount of degradable organic matter in the solid phase was
more important.

The losses of metals from the riverine solids varied from 60% to 80% of total concentration for Cd to negligible for Pb,
independent of contamination. The Zn loss depended on the initial concentration in the solids and decreased from 11-16% for
the heavily contaminated suspended matter to 3 8% for the moderately enriched ones and to negligible for the pristine solids.
Cu loss varied from 1% to 30% of total content, with no clear dependence on concentration in the suspended matier.

The signilicance ol additional input of dissolved metals to estuarine and coastal waters from remobilization was assessed by
comparison with the initial concentration of dissolved metals in river water. Such experiments could be used to assess the water
quality impact of atmospheric fallout of contaminated solids and storm drainage from the urbanized areas, in addition to river
suspended matter studies.
© 2003 Elsevier B.V. All rights reserved,
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1. Introduction ence and due to the possible harmful effects of some
metals.
The majority of metals such as Zn, Cd, Pb, and Cu

are transported to sea in the solid phase: river sus-

The extent of dissolved metal inputs to estuarine and
coastal waters continues to be of interest to scientists

and managers as an indicator of anthropogenic influ-
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pended matter, rainfall and plain drainage, and aerial
dust (Martin and Meybeck, 1979; Martin and White-
field, 1983). Recent improvements in sampling and
analytical techniques have led to an apparent decrease
of dissolved metals in river water (Taylor and Shiller,



158 KM, Shulkin, NN, Bopdanova / Marine Chemistry 83 (2003) 157-167

1995) and have emphasized the prevalence of sus-
pended metal forms in the overall metal input to the
SCd.

The difference of physical—-chemical conditions in
river and seawater can cause a redistribution of metals
between solution and suspended solids. Mobilization
of dissolved metals from solid phase is the subject of
considerable interest, and field data confirm the sig-
nificance of some metal release from river suspended
matter in the estuaries (Elbaz-Poulichet et al., 1987;
Benoit et al., 1994; Kraepiel et al., 1997; Wen et al,,
1999). Field studies have dealt with changes in metal
distribution along a salinity gradient (Keeney-Kenni-
cutt and Presley, 1985; Edmond et al., 1985; Elbaz-
Poulichet et al., 1987; Shiller and Boyle, 1991) mainly
using a one-dimensional, stcady-state model (Officer,
1979). However, the concentration of dissolved and
suspended metals in a real estuary is controlled by a
complex set of chemical, biological, and hydrody-
namic processes (Santschi, 1988; Wen et al., 1999),
and it is difficult to identify the influence of chemical
factors only. To connect unambiguously the behavior
of metals in coastal and estuarine waters with the
peculiarities of river discharge is also a baffling
problem, but it is necessary to do so if our aim 1s to
make a realistic prediction for coastal areas.

Laboratory experiments can help to assess the
changes in dissolved metal input due to land-derived
solids and seawater interactions. The experimental
research of metal behavior upon mixing of river and
seawater (Sholkovitz, 1978) has clearly shown the
removal of some metals (Fe first of all) from solution
to the solids. However, the experimental studies of the
opposite process, release of metals to solution, have
given contradictory results (Hoff et al., 1982; Comans
and Van Dijk, 1988; Gerringa, 1990; Paulson et al.,
1991). The possible reasons are uncertainties in the
experimental conditions and the diversity of solids
used from bottom sediments to mine tailings and
sewage.

The goals of this paper are

(1) to show the scale and dynamics of Zn, Cd, Pb, and
Cu release from river suspended matter to
seawater during 96-h laboratory experiments;

(2) to characterize the influence of the metal concen-
tration in suspended solids on metal release to
solution:

(3) to assess the role of metal mobilization in the
change of metal concentration in suspended matter
and of the dissolved metal input to the coastal zone;

(4) to discuss the relevance of such experiments for
assessing this additional source of dissolved
metals to coastal waters from land-based sources.

2. Materials and methods

Suspended matter used in experiments was taken
from the rivers of the Russian Far East (Fig. 1),
differing in their discharge and degree of contamina-
tion. The Amur River is the biggest river, with an
annual solid discharge of about 29 x 10° tons (State
Water Cadastre, 1980). The Razdolnaya River is of
medium size (annual solid discharge 0.3 x 10° tons)
in the southern region with near-background level of
metals in suspended matter. The Rudnaya River
(annual solid discharge 0.05 % 10° tons) is draining
a watershed with developed mining and ore dressing
industry carrying a heavily contaminated suspended
matter to the sea (Table 2).

Sampling was conducted in July—August during
the period of high or medium high water discharge due
to monsoon climate of the south Russian Far East.
Suspended solids (88) from the Rudnaya River were
sampled twice at high water (5§ 50 mg/l, index R), and
at the usual summer regime (58 20 mg/l, index Ru),
from the Razdolnaya River during high water (SS 100
mg/l, index P), and from the Amur River during
medium water (SS 50 mg/l, index A). Simultaneously,
samples for the determination of dissolved metals were
taken in the Razdolnaya and Rudnaya rivers using a
MasterFlex® sampler and AquaPrep600® filters. Sus-
pended solids were separated by filtration through a
(1.4-pm Nucleopore membrane.

The experimental design is presented in Fig. 2.
Five 50-mg subsamples were taken from dried and
thoroughly homogenized suspended solids. They were
transferred into plastic vials and filled with 200 ml
(. 4-pm filtered seawater collected in the northwestern
part of the Sea of Japan. The concentration of solids in
the experimental vials was 0.25 g/l. The drying can
change significantly the metal partitioning in the
anoxic sediments (Kersten and Forstner, 1987), but
not in the suspended matter of our samples from
oxygenated waters (Kersten and Forstner, 1985).
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Fig. 1. Study area and location of sampling sites.

The vials with the solid—water suspensions, and
with only filtered seawater as control, were placed on
a gently shaking table. Water temperature was main-
tained at 20 °C, the typical temperature observed in
the rivers and estuarine waters studied in the late

summer. The pH was kept at 7.7-7.9. The metal
transferred to solution was determined by analysis of
a 0.4-um filtrate of the experimental suspensions and
the control seawater after 1, 4, 24, 48, and 96 h of
shaking.






