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Abstract. The Smolnik is a mining area in Slovakia serious polluted by acid mine drainage (AMD). The ap-
parent pH and metal concentration changes in stream water are observed downstream from the abandoned
mine to confluence with the Hnilec River. The goal of this works is to evaluate partitioning of metals in
stream sediment, water suspended solids and bank soils in polluted Smolnfk Stream and Hnilec River. It was
documented that rapid precipitation of iron oxyhydroxides removed the dissolved metals from the water in
the polluted section of the stream. Potentially toxic AMD related metals (Fe, Cu, Zn, Pb and As) are cumu-
lated in stream sediment mainly in oxides and in organic mater fractions. Preliminary results indicated that
various factors (seasonal water volume change, mineral phases in aggregates, sorption of organic and inor-
ganic ions/ligand) might to change amount transported in suspended solids in the stream. Metals are accumu-
lated in soil on the stream banks, however the mobile or active forms (species) of metals are increased locally
in the vicinity of various mine activity related waste. Increased content of metals in the soils on the metallur-
gic slag sick it was documented. This and other mine waste sick could change water quality in polluted area
and to the different degree impact catchment biota.
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Introduction Monitoring, samples collection and methods

One of the aims of our research project is to analyses
accumulation and spill potentially toxic metals, liberated
by acid mine drainage (AMD), in sediments and soils in
the Smolnfk Stream catchment (Fig 1). Stream (river)
sediments and bank soils accumulate metals which po-
tential toxicity could occur in various time and condition
and could cause serious problems. It is important, that the
main portions of liberated metals by AMD are attenuate
in iron oxyhydroxides precipitated in the oxidic water
mixing conditions (Lintnerova 1996, Lintnerova et al.,
1999).

Location and mine history

The Smolnfk Mine area is situated in the SE part of
the Slovenske Rudohorie Mts .The Early Palaeozoic vol-
canic-sedimentary chalcopyrite-pyrite deposit was mined
for several centuries. Smolnfk Mine operated until 1990
and until 1995 it was flushed. Acid mine water rock be-
gan to outflow and pollute waters of the Smolnik Stream
and Hnilec River afterward. The new technical arrange-
ments of the surface drainage systems and remediation of
the mine work area lowered the mine water amount, acid-
ity and metal concentration of mine water. The new re-
sults have shown that mine water from aban-doned and
flooded mine is acid (pH 3,5 to 4,1) and total dissolved
solids may have as high as 5000 mg/L (Rojkovie et al.,
2002). Acid generation potential rises from high content
of pyrite in the abandoned ore mine and in surrounding
rock.

We have organized sediment, suspended solids, soils
and AMD-related (ochre) precipitates quality monitoring
along Smolnfk Stream and the Hnilec River part affected
by the mine spill (Figs. 1).

Fig. 1 Principal scheme of the main pollutants partitioning in
the study area.
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The suspended solids and AMD related precipitates
samples were collected in June, August and October in
2002. Two methods of collection the suspended solids
were used. 1) Filtering solids from contaminated and un-
contaminated stream water passed through pore size of
the 0.45 Jim Millipore membrane filter: 2) Collecting
(-24 hours) the suspended solids by free sedimentation of
large volume (100L) polluted water and by decantation of
the water. Suspended solids samples were dried at 105°C
to a constant mass. 0,1 or 0,5 g of sample was digested by
concentrated HNO, for 2 hours at 95°C in a water bath.
11 elements (Fe, Mn. Al, Ca, Mg, Na. K, Cu, Zn, Pb, As)
were analyzed by AAS and ICP-AES. The insoluble re-
sidue of samples was dried at 1()5°C to constant mass.
The results were expressed as acid dissolved (HN03) ba-
sis metals contents.

Stream sediment and soils. Each sediment and soil
sample was dry at 60°C overnight and sieved to separate
< 63 p.m fraction. Apart the same methods used to char-
acterize the suspended solids, sequential extraction pro-
cedure for the speciation of seven selected elements in
five stream sediments samples (Si, Al, Fe, Cu, Mn Zn,
As; were performed. The modified Tessier's and Com-
munity Bureau of Reference (BCR) extraction proce-
dures were used (Mackovych et al.. 2003). Five steps
extraction - water dissolvable (Fl), exchangeable and
bound to carbonate (F2), bound to iron and manganese
oxides (F3), bound to organic matter and sulfide (F4)
and residual fractions (F5) were performed and ana-
lyzed on the selected metals. Total organic carbon
(TOC) content was performed by C-MAT 550 analytical
system.
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Results

Fresh precipitates are very slight crystallized and fine
(in range 50-100 nm) particles coat bottom and plants and
animals on the bank and bottom of the stream. AMD re-
lated iron oxyhydroxide precipitates (Tab. 1) are trans-
ported by stream in suspension (Fig.l)

It was confirmed that particles > lp.m represent minor
part of the suspension (Fig 2A). The total mass of sus-
pended solids collected from 100 1 of Smolnik Stream wa-
ter was between 1.2 g and 7.2 g. The largest amount of
suspended solids was locate in point SM8 (Fig 1, 2) The
solids mass transported by stream has changed during year
(Fig. 2B). The chemistry of AMD discharged from flooded
mine responses to the seasonal climate fluctuation to some
step in the area (Rojkovic et al 2002). Results of minera-
logical and chemical analyze demonstrate that in the wet
period or when increased volume of water in stream (400 to
2000 L/s) content of iron oxides decreases and content of
rock minerals (quartz, mica, chlorite) intensive rise (e.g.
from 20 to 70 %) in suspended solids. The concentrations
of selected metals expressed on acid dissolved basis change
in time too, however these changes more probably reflect
the dissolved metals supply from the mine and the tailings
in monitored time periods (Fig 3).

Sequential extraction procedures are connected with
some problems, mainly partial selectivity, re-adsorption
and release of metal during extraction steps and other.
The sufficient information about mineralogical and geo-
chemical nature of steam sediments could eliminate these
potential complications. It is well known that mobility of
potentially toxic metals depends on their different binding
or specific chemical forms and total concentration of met-
als is not the most important. Metal partitioning in all
phases however very important is exchangeable or bio-
available phases to assess mobility and environmental risk
(Fig. 4). Rise accumulation of the metals mainly Fe, Cu,
Zn, Mn, has been documented also in soils samples from
the stream banks. The Fe contents in soils documented
two main source of pollution, the flooded mine (SM-4)
and tailing impoundment (SM-6). There had been located
several types of mining and related activity wastes, for
example metallurgic slag and could be a source of some
metals, mainly Cu in the Smolnfk area.

Conclusion
1. Total concentration of studied metals in sediments

increased progressively toward to the Smolnik Stream and

Hnilec River confluence. Total content of Fe, Cu, Zn and
Mn also increased in comparison with their contents mo-
nitored in 1995 in the contaminated part of Smolnik
Stream.

2. The largest part of studied metals is bounded or
adsorbed by oxides and by organic matter. The contents
of exchangeable Fe, Cu, Zn, Mn increase mainly in the
acidic condition in the sediments.

3. Acid conditions and increased content of organic
matter there are two important factors, which changed the
mobility and bioavailability of metals. The most acid
sediment is leached (SM4) and metals (Mn, Cu, Zn) con-
tent decrease. Leaching stops in the point SM7 and the
largest concentration of metals are in the point SM-8. The
SM-7 sample is enriched in organic mattes (TOC 7.35 %
in comparison with SM-1: 3,5 %) Organic matter could
change redox condition and metal mobility in water and
abilities of iron oxyhydroxides attenuate metals.

4. Only low mobility As there are presented. The As
content in the oxide fraction of stream sediments is rela-
tively low and prevailing part of As is bound into residual
fraction in sediment.
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