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Summary

The river Rhine and to a less extent the
rivers Meuse and ScheXdt transport large
quantities of heavy metals to the Dutch
coastal area. The river Fma, on the contrary,
can be regarded as relatively clean.
Upstream of the rivers large proporticns of
the heavy metals are bound to the suspended
matter, This especially holds for Cr, Pb and
Cu. Elements like Zn and Ni, on the other
nand, show a preferred occurrence in the
disgolved state, The bond of the main part of
the heavy metals te the suspended matter
meang that the distribution of these metals
in the aquatic environment is highly deter-
mined by the hydrodynamic behaviour of the
suspended matter. Furthermore, for a full
understanding of the consequence of the
presence of the heavy metals in the environ-
ment, the study of the geochemical behaviour
and of the uptake by organisms is necessary.
In thig connection an integrated study is
carried out in the Netherlands by the Delft
Hydraulics Leboratory (hydrodynamics), the
Institute for Soil Fertility, Haren,
Groningen {geochemistry) and the Central
Laboratory THCG, Delft {biology).

The distribution of hesvy metals as com-
ponents of deposited mud over the Dutch
Delta has been given schematically in Fig.1.
The contents of the heavy metals in the
deposited material have been expressed as
percentages of the contents of the relevant
metals in the suspended matter upstream of
the Fhine river. From this figure it is
obvicus that the main influence on the heavy
metal composition 1s originating from the
Fhine river.

The FEhine has still a natural pathway to
the sea vis the Rotterdam harbour area
(Wealhaven and Eurcpoort). Within these
areas mixing processes occur of heavily pol-
luted Bhinesediments with less pollubted
material coming from the North Sea. The
nixing processes could be described quenta-
tively by means of the application of the
izotope geochemistry (C12/C13- and 016/018-
ratios) on several components of the gedi~
ments (carbonates, clay minerals and organic
matter).

The other mouthing areas of the Rhine have
been enclosed. This happened first by build-
ing the Enclosure Dike in 1932, As a couse-
quence the TJssel (distributary of the Rhine
river) was mouthing without the interaction
of tidal effects into the Lake IJssel. The
Ketelmeer (as a part of Lake IJssel) is now
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the main depositicon area of the IJssel sedi—-
ments. It is obvious from Fig. 1 that these
depogits are firom a view-point of heavy metal
pollution completely equal to those of the
upper Rhine river.

Ancther important mouthing area of the Rhine
was originally the estuary via Hollands Diep
and Haringvliet. The Haringvliet has been
enclesed in 1970 as & part of the well-known
Delta-plan. It can be sesn from Fig. 1 that
the deposits in the Haringvliet are more
contamineted than those of the Europoort. We
expect that the removal of the tidal effects
in this area will give rise to the deposition
of more and more contaminated sediments. In
the far future a situation can be expected,
vhich equals that of the Ketelmeer.

A similar effect can be seen in the
Grevelingen area, which has been enclosed in
1972. This area, however, has no mors an open
connection with the Rhine river.

The Oosterschelde will be only partially
enclesed in the near future. This will lead
to an enhanced deposition of sediments. The
degree of pollution of these sediments will
mainly depend on the situation on the open
sea.

A part of the suspended matter of the river
Fhine will reach the Dutch Wadden Sea. Al-
though the heavy metal contents cof these
gsediments represent the lowest values in Fig.
1, they may not be regarded as unpolluted.
For elements like Cd, Zn and Pb the values
are at least twice as heigh as their bage line
levels.

From the above mentioned data it is obvious
that large civil-engineering projects {enclo~-
sure dams) largely influence the retention of
polluted sediments within the Dutch aquatic
territory. The same holds for the deepening
and extengion of large sea~harbours. By these
actions the retention of sediments is
favoured. Especially from those harbours in
the Rotterdam area which are located more
upetream of the river (e.g. Waalheven), large
guantities of polluted sediments have to be
dredged. The dredge spoils are either dumped
gt sea or nsed for land-filling. Under hoth
conditions the material can give rise to
severe environmental problems. The dredge
gpoils brought on land are often used for
agricultural and horticultural purposes.
Fspecially high amounts of cadmium, which are
easily taken up by crops, restrict the use of
these soils for plant growth.

In the preceding paragraphs much attention
has been given to the deposited material.
Heavy metals, however, can be present in
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Fig. 1. Heavy metals in deposits of the Dutch Delta. Rhine
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Fig. 2. Review of the rcole of heavy metals in an aquatic ecosystem.

I1; Sedimentation, transport, erosion.

I2: Adsorption of metals to suspended matter. Precipitation of digseglved metals.
I3: Reactions between surfeace water and deposited mud.-

I4: Provision of the interstitisl water with heavy metals.

I5: Escape of metals from the interstitial water to the surface water,

I6
17
I8: Accumulation in the food chain.

Uptake of metels by orgenisms.

several reservoirs of on ecosystem. A survey
of these reservoirs and their interactions
(representing the integrated study as men-
ticned before} has been given in Fig. 2.
Much of the present work is focused on the
study of this system. We will restrict us in
this swumary to a few remarks in this re-
spect.

As abiotic reservoirs the deposited mud,
the interstitial water, the suspended mate-
rial and the surface water can be distin.
guished. Under reduced conditicns the
deposited material cap provide the intersti-
tial water with rather high concentrations
of heavy metals. The latter can escape to
the overlying waters by means of processes
of diffusion, consolidaticn, erosion and bio-
turbation. In polluted rivers there is not
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always an equilibrium between the metals
dissclved in the water and those bound Lu
the suspended matter, A longer residence tim
of the river water in a reservoir like lLuk.
IJssel may favour the fixation of the wetni.
to the suspended matter and subsequently ».w
rise to more polluted deposits, as & cotiuu-
quence of sedimentation.

The contribution of the 4 abiotic reser-
voirs to the heavy metal burden of organi:m
depends on,their way of ilife. In Fig. ' »
biotic reservoirs have been indicated, ro
they are investigated by the Central lubiru-
tory THNO.

As a representative opganism for the waler
phase (surface water and suspended matler:
e.g. the mussel (Mytilus edulis) is used i
both laboratory and field experiments. As




deposit feeders certain worms (e.g. Arenicola
maritime) can be used. Under fresh water con-
ditions similar organisms are availeble.
These stldi%s have proved that organiems

which accumulate heavy metals are very useful
for the characterization of the significance
of heavy metals in the aguatic environment.
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