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Abstract

The purpose of the paper was to evaluate the distribution of lead, zinc and chromium
contents in different grain fractions of bottom sediments in the Narew River and some of its
tributaries. This study also aimed to determine which fractions are mostly responsible for bottom
sediment pollution. The studies of the Narew and its tributaries (the Suprasl, Narewka, and
Orlanka) were conducted in September 2005 in the upper Narew catchment area. The analyzed
bottom sediments differed regarding grain size distribution. The studies revealed the influence of
the percentage of particular grain fractions present on the accumulation of heavy metals in all
bottom sediments.
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INTRODUCTION

The presence of heavy metals in bottom sediments are a good indicator of
aqueous environmental pollution (Helios-Rybicka 1991). The amount of heavy
metals in river bottom sediments is not uniform. This is not only because of
river-bed processes (Ladd et al. 1998). Sediments are not uniform material, and
it is difficult to estimate their age or the time when pollution occurred without
specific techniques (Wardas 2001). One of the reasons for this is the grain size
distribution of bottom sediments (Zhao et al. 1999, Wardas 2000).

Examinations of bottom sediments were conducted for various grain
fractions [mm]: <02; <0.18; <0.125; <0.1; <0.063; <0.04; <0.02; <0.02 and
even <0.006 and <0.002 (Forstner and Wittmann 1979, Miiller and Furrer 1994,
Kralik 1999). In Poland, the fraction <0.2 mm was examined during monitoring
(Bojakowska et al. 2000) and geochemical mapping (Lis and Pasieczna 1995).
Studies of other grain sizes were also conducted: <Ilmm (Ciszewski 1998),
<0.1 mm (Mikucki 1994), <0.063 (Ciszewski 1998, Helios-Rybicka et al. 1999,
Bolatek et al. 1999), or <0.02 mm (Helios-Rybicka et al. 1999). Different
fractions relate to a different extent to the total metal content in sediments; thus
their responsibility for contamination also differs (Sikora et al. 2001,
Aleksander et al. 2002).

The purpose of the present paper was to evaluate the distribution of lead,
zine, and chromium contents within the various grain size fractions of bottom
sediments in the Narew River and some of its tributaries. The studies also aimed
at determining which fractions are mostly responsible for the pollution of
sediments.

MATERIALS AND METHODS

Studies were conducted in September 2005 in the upper Narew catchment
area. The Narew (basin area of 6270 km?) and its tributaries, the Suprasl (1856
km” basin area), Narewka (711 km® basin area), and Orlanka (521 km* basin
area), were examined. The number of selected measurement points was 10 on
the Narew, 7 on the Suprasl, and 4 on the Narewka and Orlanka each. Samples
of bottom sediments were collected from shore zones. That zone is
characterized by the sedimentation of suspended material (Bojakowska 2003).
A higher accumulation of metals in shore zone sediments than in the active zone
of a river-bed is considered specific for lowland rivers in regions of moderate
climate (Bubb et al. 1991). Several individual samples of bottom sediments
from their surface layers (up to 10 cm deep) were taken at every selected point.
A representative sample was made by combining the material studied. Bottom
sediment, divided into the following grain size fractions, was analyzed (mm):
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1.0-0.2; 0.2-0.1; 0.1-0.63; <0.063. The lead, zinc and chromium content of these
sediment fractions was determined with the AAS technique, after previous wet
digestion in nitric acid in a MARS 5 microwave system. The appropriateness of
the method was confirmed by the analysis of reference material NCS DC
73312. Medians were calculated for the particular grain size fractions of bottom
sediments from the Narew and its tributaries.

RESULTS AND DISCUSSION

The studied bottom sediments differed in terms of grain size distribution,
and mostly exhibited properties of weak loamy and loose sand. The grain
characteristics of particular sediments in rivers is presented in Figure 1. In
general, the higher percentage of the thickest fraction was recorded (<1.0 mm)
within a range from 82% (the Suprasl) to 84% (the Narewka). The <0.2 mm
fraction was characterized by a much lower percentage, which was from 12%
(the Narewka) to 15% (the Suprasl). The share of the <0.1 mm fraction in the
sediments studied was from 2% (Narewka) to 3% (Suprasl). The <0.063 mm
fraction was present within a range of 1% (Narew) and 2% (Narewka).
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Fig. 1. Share of grain size fractions in the bottom sediments of the studied
rivers.

The analyzed sediments were characterized by a lead content range of
1.0 mg kg’ to 34.5 mg kg (Fig. 2). The study revealed that the bottom
sediments of the <0.2 mm fraction had the highest lead levels, except for those
in the Narew. The lowest lead concentration in sediments from all rivers was
found in the <0.1 mm fraction. The highest lead content (14.00 mg kg) was
recorded in the <0.063 mm fraction of sediments from the Narew. In the other
rivers, the <0.063 mm fraction contained more lead as compared to the
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Fig. 2. Lead content in the grain size fractions of the studied rivers.

<0.1 mm fraction. These results are, in part, confirmed by the research of
Forstner (1989) and Wardas (1998). In their opinion, high levels of heavy
metals are often observed in the thickest fractions as compared to the finest
ones.

The concentration of zinc in the bottom sediments from the upper Narew
and its tributaries ranged from 2.3 mg kg to 95.8 mg kg'. In general, the zinc
content in particular grain fractions increased along with a reduction of grain
diameter in almost all the rivers studied (Fig. 3). Only the <0.1 mm fraction
from the Narewka and the <0.2 mm fraction from the Narew contained the
lowest zinc levels, as compared to other grain fractions. In the case of zinc
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Fig. 3. Zinc content in the grain size fractions of the studied rivers.
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concentration in sediments from the Narewka, these levels do not increase along
with a reduction of grain size. Similar results were noted by Aleksander et al.
(2002), who claimed that zinc content was higher in the thinner fraction of
bottom sediments from the Oder River than in thicker ones. In their opinion, the
thicker fraction, which has less zinc, causes the “dilution” of the element
content in the sediments; thus the greater the fraction, the less zinc there is in
sediments. Bojakowska and Sokolowska (1998) found that thinner grain
fractions were characterized by higher contents of heavy metals, as compared to
thick-particle fractions of the same sample. This was probably associated with
the presence of silty minerals and other components with sorption properties.
The results of the present study confirm such observations.

Chromium concentration in the tested sediments ranged from 2.9 mg kg to
401 mg kg'. Studies revealed the highest chromium levels in <1 mm and
<0.063 mm sediment fractions from all rivers (Fig. 4). Chromium content in
<0.2 mm and <0.1 mm fractions appeared to be very similar for all the analyzed
rivers. These results were confirmed by the authors cited above.
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Fig. 4. Chromium content in the grain size fractions of the studied rivers.

CONCLUSIONS

1. The study revealed the highest percentage of the <1 mm fraction and the
lowest content of the <0.63 mm fraction in all rivers.
2. The influence of grain composition in bottom sediments on heavy metals

accumulation was apparent.
3. Zinc contents increased along with a decrease of sediment grain size.
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4. Thicker fractions of bottom sediments accumulated high amounts of lead
and chromium.
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