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This paper describes research in the Krka River estuary in the Yugoslav Eastern Adriatic.
1t is a region of exceptional natural value, but alsc one under strong development pres-
sure. Research reported here is part of a modelling exercise, intended to develop environ-
mental managment strategies, particularly with respect to pollution from land-based
sources.

The role of suspended matter as a major transfer agent in transport of heavy metals

from river to the sea has been recognized long ago (1,2). There is conflicting evidence
in literature on the processes occuring in the estuary. Data reported indicate the transfer
of trace metals either from particulates to solution, or from solution into particulates (3).

Suspended matter samples were collected by filtering large volumes of water from the
surface layer in the fresh water Yisovac Lake and the brackish water Prokljan Lake (Fig.
1).
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Figure 1. The investigated area: the Krka River Estuary.

X-ray diffraction analysis has shown the prevalence of calcite, over quartz and dolomite,
and traces of montmorillonite and some manganese mineral, probably manganite (Mn, O, x
H,0) in the suspended matter of the Visovac Lake. In the suspended matter of the ;raidjan
L&8ke quartz is the most abundant mineral, with minor quantities of feldspar, calcite, ilite,
montmorillonite, and kaolinite. Also, amorphous, prevalently organic phase is much more
abundant in the suspended matter of the Prokljan, than of the Visovac Lake.

Different mineral composition of the two suspended matter samples indicates that the
source of Prokljan Lake suspended matter is not the main water supplier, the Krka River,
but the Guduta Creek, which drains an area where flysch marls and sands are dominant
(4,6).

We report here data {cf. Table I) on heavy metal concentrations, obtained by
emission spectroscopy analysis, in suspended matter from the Krka River estuary and com-
pare them with concentrations in sediments and in water in the same area (4,5).

Table I Heavy metal concentrations in suspended matter and sediments ~(/ug/g) and in
water (ng/dm®) in various parts of the Krka River estuary
Sample Ni Zn Pb Cu Mn Cr Reference
Suspended matter” this work
Visovac 150 210 92 180 2500 210
Prokljan 130 230 145 120 2300 130
Surface sediments (4)
Visovac 42 72 67 95 70 30
GuduZa Creek 100 38 18 2 500 200
GuduZa mouth 72 50 33 33 300 105
Prokljan 40 50 30 42 800 37
Prokijan exit 52 35 70 65 1200 60
Estuarine water 650- 150~ 98- (5)
range -1560 -440 -415

The review of data shows that suspended matter samples have higher concentrations of
heavy metals than the surface sediments. Nickel and chromium have naturally elevated con-
centrations (4), originating from basic and ultrabasic eruptives. High manganese concentra-
tion can be attributed to bauxites, since several mines exist in the drainage area. Zinc,
lead and copper have moderatly elevated concentrations, as a consequence of antrhoprogenic
input. Very low concentrations found in water (background levels) indicate that most of
the trace metals reach the estuary bound to the suspended matter. We assume that a large
part of these metals is associated with the organic fraction, and thus subjected to cycling
in the estuary. Lead and copper were found to accumulate in surface sediments of the
Prokljan Lake, in spite of their higher concentrations in suspended matter (4).
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The variation of nutrient concentrations and physical characte-
ri stics were studied in the vicinity of the Athens sewaze outfall
during 1974-1976 and 1:82.7n conclusionyin areas such as the Saro-
nikos 3ulf,where the surrounding waters are naturally unproductive
and where the bottom shoals rapidly,primary treatment may be prefe-
rable to secondary treatment.In such unproductive areas,the adverse
effect of. sewage discharge into the sea on the phytoplankton commu-
nity apparently can be made insignificant if the outfall is properly
designed.Highlights from these results are as follows:

Primary treatment is essential.The separation of domestic wastes
from industrial effluents should be done to make possiwle biological

treatment.
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Location of stations in the Saronikes Gulf.

Fig. 1.

Partial biological treatment is a desirable step before committing
to full biological treatment.

The removal of nutrient is the only way to improve far-field water
clarity but to the detriment of fisheries.That of nitrogen would be
very costly and is not usual for major sea discharges.

A 2000 m long outfall diffuser at a depth of 6C m or more between
3tations A and B is needed for either primary or secondary effluent
to take advantages of stratification.

Provided that the concentration of toxic materials in the sludge

is limited to safe levels,we are of the opinion that the addition of

sludge to tne open sea should be beneficial to fish production.



