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Abstract: In first experiments different model systems with the two basic components, clay minerals and bac-
teria, were used to study the Cu-adsorption on the organic and inorganic components of river-suspended mat-
ter separately and in their combination. The formation of the floc structure, typical of river-suspended matter,
developed owing to the bacteria overgrowth on the surface of the clay minerals and the following production
of extracellular polymer substances (EPS). Higher protein and carbohydrate contents for the systems with the
components of clay minerals and bacteria combined document a higher bioproduction than in the system with
only bacteria. After 72 h the Cu quantity of the suspended matter flocs is at least twice as high as in the system
only with bacteria. It proves the supporting effect of the clay minerals on the bioproduction as well as the dom-
inant part of the organic matter as main pollutant adsorber in river systems.
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extracellular polymer substances.

Introduction

When investigating ecological aspects of transport of the
suspended matter in rivers and estuaries, the question of
the binding, transport and stay of environmental pollu-
tants has to be solved.

It has been known for a long time that the cation ex-
change capacity (CEC) of organic matter (180 - 300
mval/100 g) (Helling et al. 1964) is essentially higher
than the CEC of clay minerals (10 - 180 mval/100 g) (Guy
& Chakrabarti 1976). Because of their high weight pro-
portion in the suspended matter the main part of the
pollutant binding was considered to be the mineralogical
solid pools, above all the clay minerals (grain-size frac-
tion <2 um up to 50 % of the inorganic ingredients of
the suspended matter).

Positive correlations of the pollutant contents of the
suspended matter with organic carbon (Corg) Or ignition
loss (Forstner & Miiller 1974; Neugebohrn et al. 1982;
Briiggmann 1984; Guhr et al. 1986; Wilken & Wirth
1987), the statistical evaluation of chemical analyses
(Koopmann 1989) and sorption experiments on river
sediments (Tada & Suzuki 1982) as well as experimental
studies in multi-chamber devises (Calmano et al. 1988)
led to a fresh start in the way of thinking about the im-
portance of the organic component in the suspended
matter in relation to the binding of the pollutants. But
owing to the complex description of the dynamics of the
suspended matter under principal consideration of bio-

logical factors by Greiser (1988), it has been shown that
organic matter is the dominant solid component (up to
95 vol%). These investigations really challenge the dif-
ferential quantifying of the pollutant transfer between
the organic/inorganic solids and the water to find some
information about the remobilization and bioavailabil-
ity of the pollutants bound to the suspended matter. The
separation of the organic components from the inor-
ganic components of the suspended matter without
chemical changes is impossible. Therefore an attempt
was made to duplicat and quantify the heavy metal trans-
port processes of the river ecological system using mod-
els. )

The basic idea is to carry out these investigations on
”intact” suspended matter, i.e., without destruction of the
suspended matter by selective extractions etc.. It will be
realized by the specific production of suspended matter
flocs with different mineralogical and organic components.

In the first experiment two basic components of the
suspended matter of the Elbe river - clay minerals and
bacteria - were combined in various attempts (model sys-
tems) with the heavy metal copper.

Methods of study
The investigations were carried out in 3 basic model
systems:
a - bacteria
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Fig. 1. X-ray diffraction pattern of the banded silt, fraction < 2 um, air dried (Co-K.1; 20 step 0.05°; time 5s).

b - bacteria + clay minerals

¢ - clay minerals + formaldehyde

which were complemented by the systems:

d - bacteria + clay minerals, added in the stationary
phase of bacteria growth

e - clay minerals + bacteria, added after 24 h

f - bacteria + quartz sand grains.

2 ml water of the Elbe river was shaken for 24 h at 25
°C in 250 ml sterilized culture medium (standard I - nu-
trient broth MERCK) to prepare the bacteria precul-
ture. The grain-size fraction <2 um of a banded silt
(Late Weichsel Glacial Period) was used as the model
substance ”clay minerals”. The clay mineral association
of this banded silt is very similar to that of the Middle
Elbe river. The respective model substances (2 ml bac-
teria preculture, 2 ml sterilized clay mineral suspension
with concentration 1g/l; 1g quartz sand grains) were
mixed with 250 ml culture medium diluted 1 : 10 accord-
ing to the results of Schultze (1989). The systems were
contaminated by addition of copper sulphate (suprapure
MERCK) to a final concentration of 2 mg Cu/l. The sys-
tem (c) clay minerals were mixed with formaldehyde to
prevent any bacteria growth.

Each model system was probed after 1 h (lag-phase of

bacteria growth), 4 h 30’(exponential phase of growth),
8 h 30’(stationary phase of growth), 24 h and 72 h.

The growth of the bacteria was recorded by measuring
the:

1 - turbidity (photometric at 578 nm)

2 - protein content (photometric after Bradford 1976)
and

3 - carbohydrate content (photometric after Liu et al.

1973).

The structure of the particles was studied by fluores-
cence or phase contrast microscopy on samples which
were conserved with formaldehyde. The concentration
of the particularly bound copper was estimated by AAS
(PERKIN ELMER).

Results and discussion .

The microscopic picture of the system (a) bacteria
shows that the bacteria added to the systems (Fig. 1)
remain free in suspension during the whole experiment
(Fig. 2). At the moment of addition of the component
clay minerals a flocculation appears (systems b, d, €)
(Fig. 3). The formation of this floc structure, typical of
river-suspended matter, developed as a result of the bac-
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Fig. 2. 1 ml bacteria preculture in 250 ml culture medium coloured with DAPI + AO (DAPI=4’6-Diamidino-2-phenylindol;
AO=Acridinorange).

Fig. 3. System (a) bacteria after 8 h 30’(stationary phase of bacteria growth) coloured with DAPI + AO (30 um = 23 mm).
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Fig. 4. System (b) bacteria + clay minerals after 8 h 30°(stationary phase of bacteria growth) coloured with DAPI + AO.

teria overgrowth on the surface of the clay minerals and
the following production of extracellular polymer sub-
stances (EPS), which appear as voluminous slimy secre-
tions of the bacteria. The microscopic picture is clearly
controlled by the organic substances.

The evolution of the turbidity of the suspension in the
system (a) bacteria is represented in Fig. 4. After 72 h the
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Fig. 5. Evolution of the turbidity of the suspension, system (a)
bacteria, as a function of time.

protein and carbohydrate contents estimated simulta-
neously with the microscopic investigations show gener-
ally higher amounts for the systems (b), (d) and (€) with
the components bacteria and clay minerals than for the
system (a) bacteria, indicating a higher bioproduction in
the systems (b), (d) and (e) (Figs. 5, 6). The supporting
effect of the clay minerals on the bioproduction is em-
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Fig. 6. Protein content, documenting the bacteria growth (mg/1)
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Fig. 7. Carbohydrates content, documenting the bacteria
growth (mg/l).

phasized by the aspect that no flocs were formed in the
system (f) bacteria + quariz sand grains.

The particularly bound Cu estimated for the systems
(@), (b), (c), (d) and (e) is shown in Fig. 7. It is clearly
shown that after 72 h the Cu quantity of the suspended
matter in the systems (b), (d) and (e) with the compo-
nents bacteria and clay minerals which produced slimes
is at least twice as high as in system (a) with bacteria only.
No Cu-adsorption could be ascertained in system (c) clay
minerals.

If one takes into account the high CEC of the organic
matter this process can only be explained by:

1 - the higher bioproduction in systems of the compo-
nents bacteria and clay minerals combined and

2 - the produced EPS which contain anionic groups
(saccharine acids). The EPS can act as an excellent ion
exchanger. In contrast to the particularly bound Cu,
which doubled in the systems (b), (d) and (e), the quan-
tity of protein and carbohydrates was not doubled. It can
be treated as a sign of the important role of the EPS.

Nelson etal. (1981) and Schultze (1989) found out that
this mechanism of binding is only a surface reaction, i.e.,
aresult of physicochemical processes. There are no signs
of an active, energy-binding process.

According to the findings of Remacle & Houba (1984)
similar results are to expected for the heavy metal Cd.

Conclusion

Even if the clay minerals should prove to be unimport-
ant as direct adsorbers of the pollutants in the rivers,
their function as an overgrowth medium for microorga-
nisms and their influence on the growth of microorga-
nisms with subsequent EPS-production must be seri-
ously taken into consideration, with the processes of the
interaction between the clay minerals and the microor-
ganisms in fluviatile systems still being unknown.
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Fig.8. Concentration of particularly bound Cu (ug/l).
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Address: Bernoldkova 61,
953 11 Zlaté Moravce,
SLOVAKIA
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Our company can offer you the following kinds of material:

DOLOMITE - quarry Malé Kritefiany
- ceramic dolomite

- glass dolomite

Good experiences in glass work in Germany and Poland..

- fertilizer dolomite, used in agriculture to reduce soil acidity and make up for deficiencies of Mg in soils

- ecodolomite, used in forestry to reduce the negative effects of harmful waste emissions, 10 years of good experi-

ence

- smelter dolomite

- semi-burnt dolomite, used as filling for filters in water treatment, for removal of acidity, iron and manganese

SAND and GRAVEL - quarry Soporiia
The major market is the building industry (concrete).
QUARTZITE - quarry Krna

- metallurgical industry (smelter flux)

CRUSHED and QUARRIED STONE - quarry Krn¢a, Pohranice, Obyce, H. Tiirovce, Rybnik nad Hronom

- andesite
- quartzite

- limestone

Mainly used in construction of roads, railways and water works.

We are looking forward to your interest in our products. Any information you may need is available from our address.



