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ACCUMULATION OF TRACE ELEMENTS IN BOTTOM
SEDIMENTS OF THE OTMUCHOW AND DZIERZNO DUZE
RESERVOIRS (ODER RIVER BASIN, SOUTHERN POLAND)

Rzetata M. A. Kumulacja pierwiastkéw sladowych w osadach dennych zbiornikéow wodnych Otmuchéw i Dzierzno
Duze (dorzecze Odry, poludniowa Polska). Sktad chemiczny osadéw dennych zbiornikéw wodnych okreslono meto-
dami ICP i INAA. Dowiedziono, ze niektdre z mikrosktadnikow (As, Ba, Co, Cr, Cu, Ni, Pb, S, Sr, V, Zn) znacznie od-
biegajq iloScig od poziomdéw uznawanych za naturalne w osadach wodnych Polski. Osady denne zbiornika Otmuchoéw
reprezentuja klasy osadéw od praktycznie niezanieczyszczonych do silnie zanieczyszczonych (-1,26 < Igeo < 3,89), osady
zbiornika Dzierzno Duze mieszcza si¢ natomiast w przedziale od niezanieczyszczonych do ekstremalnie zanieczysz-
czonych (0,34 < Igo < 5,20). Wskazniki zanieczyszczenia $wiadcza o umiarkowanym zanieczyszczeniu osadéw dennych
zbiornika Otmuchéw (0,1 < Cit < 3,4) i nawet bardzo wysokim zanieczyszczeniu osadéw dennych w zbiorniku Dzierzno
Duze (0,7 < Cit< 8,5). Stopieni zanieczyszczenia osadow dennych jest niski w przypadku zbiornika Otmuchéw (Ca = 5,2),
a w przypadku zbiornika Dzierzno Duze (Ca = 22,6) Swiadczy o znacznym zanieczyszczeniu. Wzbogacenie sktadu che-
micznego osaddw, swiadczy o kumulacji w osadach dennych pierwiastkéw sladowych, ktére wobec przekroczenia tta
geochemicznego nalezy utozsamiac z zanieczyszczeniami.

Kenrasa M. A. AKKyMyAsTiisi XMMITIeCKIX 91€MeHTOB B AOHHBIX OTAOXKeHMAX BogoxpaHnamt OTtMyxos 1 Jsepx-
HO Ayxe (Gaccertn pexu Oapa, 1oxxHast IToabma). Xumirdecknii cocras AOHHBIX OCaAKOB BOJOXPAHUAUII] OIIpeAeASIACS
metogamu ICP u INAA. JokaszaHo, 4To HeKOTOpbIe U3 MUKpOKoMIToHeHTOB (As, Ba, Co, Cr, Cu, Ni, Pb, S, Sr, V, Zn) 3na-
YUTEABLHO OTAMYAIOTCA KOAMYECTBEHHO OT YPOBHE, KOTOphIe CYMTAIOTC HaTypaAbHBIMYU B BOAHBIX OTAO0XKeHM:AX IToap-
. /loHHbIe OTAOXeHM: BOA0Xp. OTMyXOB ITPeACTaBASIOT KAaCChl OCAAKOB OT IIPaKTUYECKM He3arpsA3HeHHBIX 4O CHABHO
3arps3HeHHBIX (-1,26 < Igeo < 3,89), oTa0XeHMs BogoxpaHuAuiia pogoeMa Zsep:xkHo Jyke — OT He3arpsI3HEHHBIX 40
9KcTpeMaabHO 3arpssHeHHBIX (0,34 < Igo < 5,20). [lokasarean s3arps3HeHMs CBUAETEABCTBYIOT 00 YMepeHHOM 3arpssHe-
HUM AOHHBIX 0caakos Bogoxpanuaniia Ormyxos (0,1 < C < 3,4) u ga’ke oueHb BHICOKOM 3arpsA3HeHNN AOHHBIX 0CaJKOB
B Bogoxpauuaniie Jzepxuo Adyxe (0,7 < Ci < 8,5). CremneHnb 3arps3HeHN:s] AOHHBIX OCaJKOB SIBASETCS HU3KOM B cAydae
Bogoxpannanira Ormyxos (Cd = 5,2), B caydae ke Bogoxpannaniia Asepsxxno Ayxe (Ca = 22,6) cBUAeTeAbCTBYeT O 3Ha-
4YNMTeABLHOM 3arpsi3HeHnN. Pacimpenye crieKTpa XMMIUYeCKOTO COCTaBa OTAOXEHNI CBIAETeAbCTBYeT O HAKOILAEHUM B AOH-
HBIX OCaJKaX OCTaTOYHBIX XMMUYECKMX DJAE€MEHTOB, KOTOPBIE B CBA3M C IIPEeBBHIIIEHNEM TeOXMMMIIeckoro ¢poHa caeayer
OTOKAECTBAATH C 3arPsI3HEHSMMA.
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Abstract Fe203 — 4.39-6.59%); the other oxides also differed in the

order of their percentage shares. Most of the trace ele-
The ICP and INAA methods were used to determine ments analysed were detected in the bottom sediments
the chemical composition of bottom sediments in the Ot- of the water bodies examined in amounts corresponding
muchéw and Dzierzno Duze Reservoirs in southern Po- to the concentration ranges found in sedimentary rocks.
land. It was found that the following components are do- It was demonstrated that some of the microelements
minant in the bottom sediments of the Otmuchdéw Reser- (As, Ba, Co, Cr, Cu, Ni, Pb, S, Sr, V and Zn) deviate si-

voir: SiO2 (68.20-79.34%), AL2Os (8.31-10.23%), organic gnificantly from the levels considered natural for aquatic
matter (2.07-8.88%) and FexOs (2.98-3.80%), with diffe- sediments in Poland as evidenced by the ratios of their
rent proportions of these components in the sediments concentrations to the regional geochemical background,
found in the Dzierzno Duze Reservoir (organic matter — which amounted to 1.10 < Ize < 20.20 (Otmuchdéw Re-
44.30-58.12%; SiO2 — 20.78-28.45%, Al2Os — 7.61-9.22%, servoir bottom sediments) and 3.44 < Ire < 43.13 (Dzier-
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zno Duze Reservoir bottom sediments). Bottom sediments
in the Otmuchéw Reservoir range from virtually
uncon-taminated to heavily contaminated (-1.26 < Igeo
< 3.89), while those in the Dzierzno Duze Reservoir ran-
ge from uncontaminated to extremely contaminated
(0.34 < Igeo < 5.20). Contamination indicators point to
moderate contamination of bottom sediments in the Ot-
muchoéw Reservoir (0.1 < Cit < 3.4) and very heavy (in
some cases) contamination of bottom sediments in the
Dzierzno Duze Reservoir (0.7 < C < 8.5). The degree
of contamination of bottom sediments is low in the ca-
se of the Otmuchéw water body (Ca = 5.2) and in the ca-
se of the Dzierzno Duze water body (Ca = 22.6) it points
to significant contamination. The bottom sediments stu-
died were enriched with: Pb, Ni, Co, Cr, V, Sr, As and
Ba in the case of the Otmuchéw Reservoir (1.09 < Iar <
5.14) and As, Hg, Cr, Pb, Co, Ni, V, Zn, Cu, Sr, Ba and
S in the case of the Dzierzno Duze Reservoir (1.73 < Iar
<29.75). The enriched chemical composition of sediments
reflects the accumulation of trace elements in bottom se-
diments; since the geochemical background has been
exceeded, this should be equated with contamination.

INTRODUCTION

Basins of artificial water bodies serve as new sedimen-
tary basins. These depressions formed as a response
to human-made changes in the erosion base and are
places where minerals and organic matter are depo-
sited. The material that accumulates in these water
bodies forms their bottom sediments. The bottom se-
diment cover in artificial water bodies is formed as
a result of sedimentation of fluvial debris, the supply
of material from the coastal zone, atmospheric depo-
sition, as well as organic matter sedentation processes.
Therefore bottom sediments constitute polygenetic
material and their chemical composition is largely
dependent on the geochemical background of the
catchment as well as on the degree of human pre-
ssure (PIRRONE and KEELER, 1996; CHEUNG et al.,
2003; CABALA and TEPER, 2007; CABALA, ZOGALA,
DUBIEL, 2008; NGUESSAN et al., 2009; JosHI and BA-
LASUBRAMANIAN, 2010; CHRASTNY et al., 2012).

The deposits found within the basins of anthropo-
genic water bodies are in most cases used in quan-
titative and qualitative assessments of the rates at
which they fill with sediments (VERSTRAETEN et al.,
2006). This material is also often used as an indicator
of the human impact on denudation rates (FERNEX et
al., 2001; BAKOARINIAINA, KUSKY, RAHARIMAHEFA, 2006;
DuULIAS, 2013; RZETALA et al., 2015). On the other hand,
the bottom sediments of anthropogenic lakes are of
limited importance in the analysis of the historical
evolution of water bodies in view of the young age of
such bodies. Another aspect of the bottom sediments
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in anthropogenic water bodies is their economic uti-
lity (RZETALA et al., 2015). Bottom sediments are much
more frequently the subject of scientific inquiry con-
cerning the accumulation of pollutants (RZETALA et
al., 2013). Thus the characteristics of bottom sediments
are used as indicators of both the presence of pollu-
tion and environmental change and of the evolutio-
nary dynamics of anthropogenic lakes.

Pollution is usually considered to include emissions
that may either be harmful to human health and the
environment or may cause damage to property. In the
study of bottom sediments, pollution is considered to
include the presence of specific substances in the en-
vironment in amounts that deviate from its natural
content, i.e. geochemical background (MULLER, 1979;
FORSTNER and MULLER, 1981). In aquatic sediments,
pollutants of very diverse origins are present (PIRRO-
NE, KEELER, 1996; CisZEwWsKI, 1998; CHEUNG et al.,
2003; NGUESSAN et al., 2009; JOSHI, BALASUBRAMA-
NIAN 2010; SKORBIEOWICZ E., SKORBIEOWICZ M., 2011;
SKORBILOWICZ, 2014; AYTMUKHANOVICH et al., 2014;
ILIE et al., 2014; JABEONSKA-CZAPLA, SZOPA, ROSIK-
DULEWSKA, 2014). The common feature of pollutants
is their sorption in the aquatic environment by mine-
ral suspended matter (e.g. silty minerals) as well as
by living and dead organic matter (e.g. algae, humic
substances). In this manner, a significant proportion
of the trace elements is accumulated in the bottom se-
diments (LOSKA, WIECHULA, 2003; YANG, ROSE, 2005;
GHREFAT, YUSUF, 2006; SKORBILOWICZ E., SKORBILO-
wICcz M., 2011) and the chemical composition of the
bottom sediments of water bodies is of special geo-
ecological significance (RZETALA, 2015b). The presen-
ce of metals, non-metals and metalloids in the bot-
tom sediments of water bodies is widely used in stu-
dies in order to assess environmental pollution and
the role of lentic inland surface waters as places whe-
re pollutants accumulate (RADWAN, KOWALIK, KOR-
NIJOW, 1990; MIHELCIC et al., 1996; KOLAK, LONG,
BEALS, 1998; RHOTON, BENNETT, 2009; BONANNO, 2011;
PALANQUES et al., 2014; STRAKHOVENKO, TARAN, ER-
MOLAEVA, 2014; MOLLEMA et al., 2015).

The purpose of the study is to determine the basic
composition of, and trace element content in, the bot-
tom sediments of two water bodies in the upper sec-
tion of the Oder River basin. The focus of the rese-
arch is to identify the scale of anthropogenic enrich-
ment of the chemical composition of bottom sedi-
ments in the water bodies situated in catchments that
exhibit different types of land use. An additional con-
tribution of this study is the assessment of the trace
element content of bottom sediments as indicators of
anthropogenic pollution.



STUDY AREA

The study was conducted within two water bodies
situated in the upper part of the Oder River basin in
southern Poland (fig. 1), i.e. the Otmuchdw Reservoir

on the Nysa Klodzka River (left-hand tributary of the
Oder) and the Dzierzno Duze Reservoir in the Ktod-
nica River valley (right-hand tributary of the Oder).
The Otmuchdéw Reservoir, impounded by a dam,
is located in the central, lowland reach of the Nysa
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Fig. 1. Location of the bottom sediment sampling sites in the Otmuchéw (samples Nos. 1-5) and Dzierzno Duze (sam-
ples Nos. 6-10) Reservoirs
Rys. 1. Lokalizacja miejsc oprébowania osadéw dennych zbiornikéw wodnych Otmuchéw (proby nr 1-5) i Dzierzno
Duze (proby nr 6-10)
Rys. 1. MecToHaxoxxaeHne IMyHKTOB 3a00pa IIpo0 4OHHBIX OTAOXKeHMIT BogoxpaHnuaniy Ormyxos (mpoosr NeNe 1-5)
n Asepxxuo Ayxe (mpoosr NeNe 6-10)

Ktodzka River valley; its catchment area as measured
at the dam cross section is 2,361 km? (Hydrographic...,
1983). This is an area clearly divided into two parts
in both geological and geomorphological terms — a
mountainous landscape prevails in the Sudetes while
upland features dominate in the Ktodzko Valley and
in the Sudeten Foreland. The catchment consists of
diverse geological formations (shale, gneiss, granite
gneiss, porphyry, melaphyre, sandstone, marl, gravel,
sand, silt, clay, loess). In the south-western (Sudetes)
part of the catchment these are strongly metamor-
phosed Precambrian crystalline, igneous and sedimen-
tary formations as well as sedimentary and metamor-
phosed Paleozoic and Mesozoic formations (Wis-
NIEWSKI et al., 1980). In the north-eastern (Sudetes
Foreland) part of the catchment there are mainly post-
glacial formations, sometimes with Holocene deposits,
which overlie an older rock foundation (WISNIEWSKI
et al,, 1980). The presence of surface geological forma-
tions and land forms has been conducive to the de-
velopment of agriculture and forestry and thus agri-
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cultural land and forests are the dominant forms of
land use in the catchment.

The Otmuchow Reservoir is the oldest and largest
water body in the Nysa Ktodzka River basin. The re-
servoir was created by damming the river with a fron-
tal dam with a height of 17 metres and a length of ca.
6.5 km, which allows water to be impounded up to
an elevation of 215 m a.s.l. It was commissioned in
1933 with an area of 20.5 km?, total capacity of 143 hm?
and average depth of ca. 7.0 metres; its morphometric
parameters have since changed significantly as a re-
sult of it being filled with sediments (WISNIEWSKI et al.,
1980). Average annual flows of the Nysa Ktodzka
River at reservoir inlet range from a few m3/s to a
few hundred m3/s with an average of ca. 21 m3/s
(WISNIEWSKI et al., 1980). Extreme flows are much
greater, e.g. during the flood in July 1997 the flow of
the Nysa Ktodzka River reached 2,100 m3/s (ZIELINS-
K1, 2003). The Otmuchéw Reservoir serves flood con-
trol purposes, is used to produce electricity, is a sour-



ce of water supply and is also suitable for fishing as
well as leisure and recreation purposes.

The Dzierzno Duze Reservoir was formed in floo-
ded mineral workings in the central part of the Ktod-
nica River catchment. At the weir cross section, ithas a
catchment area of ca. 520 km? (Hydrographic..., 1983).
It lies in a typical upland area. Within the catchment,
there are Carboniferous formations (sandstone, shale,
coal), which sometimes underlie Triassic (limestone,
marl, dolomite) formations as well as Tertiary ones
(clay); on the surface, there are Pleistocene (sand, gra-
vel, clay) and Holocene (alluvial soil) deposits. The
long-standing exploitation of mineral resources (coal,
zinc and lead ores, iron ore, sand, gravel and clay) to-
gether with the accompanying development of the
processing industry, the emergence of settlements
and the subsequent urbanisation processes have re-
sulted in human-made changes in the environment.
The urban and industrial nature of the catchment is
reflected by the main forms of land use — ca. 32% of
the reservoir catchment is covered by industrial areas
and industrial wasteland with agricultural land accoun-
ting for ca. 43% of the area and forests covering ca.
23% (RZETALA, 2015a).

The Dzierzno Duze Reservoir arose in 1964 when
heavily contaminated waters of the Klodnica River
were diverted into former sand workings. The natu-
ral hydrological regime of the river was completely
disrupted owing, inter alia, to water transfers from
outside the catchment, the dumping of waste water
and water drained from mines and measures imple-
mented to control water circulation (CzAJA et al.,
2014). Seasonal fluctuations have been dampened by
human activity and flows usually amount to several
m3/s. At the maximum water level (203.5 m a.s.L),
the reservoir had an area of over 6 km? capacity of
94.0 hm? and average depth of about 15 metres (with
a maximum depth of ca. 20 m). The current reser-
voir retention capability is lower by several million
m? due to its having been filled with sediments (RzE-
TALA et al., 2015). The Dzierzno Duze Reservoir ser-
ves flood control purposes, supplies the Gliwice Ca-
nal and the Oder River with water (improving navi-
gation conditions), and is considered a sedimentation
tank for the contaminated Klodnica River waters and
also a source of energy resources that are extracted
periodically when it is dredged (RZETALA, 2014).

MATERIALS AND STUDY METHODS

During field work, five samples each were collected
from the bottom sediment covers in the Otmuchdéw
and Dzierzno Duze Reservoirs. Sediment samples we-
re collected into a polystyrene container by sinking
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it into surface sediments within the exposed reser-
voir bottom zone (at a low water stage). Samples wi-
thin the water-filled depression were collected using
the Beeker loose sediment sampler (04.20.S.A version,
manufactured by Eijkelkamp) — a sediment core sam-
pler with a transparent polystyrene tube used to collect
sediments and a pneumatic closure mechanism. From
the material collected, a top sediment layer with a thick-
ness of ca. 1 centimetre was separated according to the
guidelines formulated by L. HAKANSON (1980). The
sediment samples collected were dried at a tempera-
ture of 105°C in laboratory conditions. The dried ma-
terial was ground using a mortar and then sieved on
chemically neutral sieves to separate the 0.063 mm
fraction. The samples prepared in this manner were
then subjected to analyses at Activation Laboratories
Ltd. (Canada) in accordance with the standards obser-
ved by the laboratory.

The main oxides (SiOz, TiO», ALl:Os, Fe20s, MnO,
MgO, CaO, Na:0O, K20 and P20s), loss on ignition and
sulphur content were determined using the ICP me-
thod. Using the same method, the content of Ba, Sr,
Y, Zr, Be, Ni, Cd, Bi, Cu, Pb and Zn in the sediments
was determined. The INAA method was used to de-
termine the content of Ag, Au, As, Br, Co, Cr, Cs, Hf,
Ir, Mo, Rb, Sb, Se, Ta, W, La, Ce, Nd, Sm, Eu, Sc, U and
Th. Mercury content was determined in sediment sam-
ples of 0.5 g each using the Cold Vapour FIMS (Per-
kins Elmer FIMS 100) method. In the case of main com-
ponents, the lower detection limit varied and was as
follows: for SiOz, ALOs, Fe20s, MnO, MgO, CaO, Na:0O,
K20 and P05 — 0.01%; for TiO2 — 0.005%, and for S —
0.001%. A similar variation was present with respect
to the lower limit of detection for trace elements: 5 ppb
(Au), 0.1 ppm (Sm, Eu, Sc), 0.2 ppm (Sb, La), 0.5 ppm
(Ag, Cd, Cs, Hf), 1.0 ppm (Y, Be, Cu, Zn, Ni, Br, Co,
Cr, Ta), 2.0 ppm (Sr, Zr, Bi, As, Mo), 3.0 ppm (Ba, Se,
W, Ce), 5.0 ppm (V, Pb, Au, Ir, Nd), 20.0 ppm (Rb)
and 5 ppb (Hg). PCB figures, which were necessary for
calculating the contamination factor and contamina-
tion degree of sediments, were sourced from the re-
sults of monitoring of aquatic sediments in the catch-
ments of the Nysa Klodzka and Ktodnica Rivers con-
ducted by the Chief Inspectorate of Environmental
Protection.

In the assessment of the geoecological signifi-
cance of the content of trace elements in the surface
layer of bottom sediments of the Otmuchéw and
Dzierzno Duze Reservoirs, several indicators were
used:

(Eq. 1) (RZETALA, 2015a, b),




| = Ces (Eq. 2) (RZETALA, 20154, b),
AP
CSR
C, )
Igeo Iogz 158 (Eq 3) (MULLER, 1979),

(Eq. 4) (HAKANSON, 1980).

The ratio of the values measured to the regional
geochemical background (Eq. 1) is the ratio of the ave-
rage concentration of the element in bottom sediments
(Ces) and the regional geochemical background for the
element in question in bottom sediments (Ccs) (RZE-
TALA, 2015a, b). The ratio of the value measured to the
regional geochemical background (Ize) reflects the con-
tamination of sediments when it is greater than unity
(Ire > 1.0) and the lack of contamination when it is lo-
wer than unity (Ire < 1.0).
In the study the indicator of anthropogenic enrich-
ment of bottom sediments (Eq. 2) is used to carry out
a geoecological comparison of trace element concen-
trations between the bottom sediments of water bo-
dies and the sediments of flowing surface waters. The
indicator of anthropogenic enrichment of sediments
(Lap) simply reflects the similarities or differences in
the concentrations of the elements analysed in the se-
diments present at the sites compared (i.e. bottom se-
diments from a water body and those from a river
channel) and is the ratio of the contents of this ele-
ment in these types of sediments (RZETALA, 2015a, b).
An Iar > 1 points to bottom sediment enrichment,
while an Iar <1 points to the absence of such enrich-
ment.
The geoaccumulation index (Iz~) developed by
G. MULLER (1979) (Eq. 3) was used in order to assess
the degree of contamination of bottom sediments.
The Iz index value depends on the concentration
of the element in question in bottom sediments (Cr),
the geochemical background of the element in ques-
tion (Bn) and the coefficient expressing the natural
fluctuation range of the concentration of that element
in the environment (equal to 1.5). Adopting the geo-
chemical background at the level indicated for Poland
by J. Lis and A. PASIECZNA (1995), the degree of conta-
mination of bottom sediments in the water bodies was
assessed in accordance with the guidelines concer-
ning different sediment quality classes (MULLER, 1979):
Igeo < 0.0 — practically uncontaminated sediments;
0.0 < Igeo < 1.0) — uncontaminated to moderately con-
taminated sediments;

1.0 < Igeo < 2.0 — moderately contaminated sedi-
ments;

2.0 < Igeo < 3.0 — moderately to heavily contamina-
ted sediments;
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3.0 < Igo < 4.0 — heavily contaminated sediments;

4.0 < Igeo < 5.0 — heavily to extremely contaminated
sediments;

Igeo > 5.0 — extremely contaminated sediments.

The degree of sediment contamination (Ca) resul-
ting from the contamination factor (Ci) was determi-
ned on the basis of the formula (Eq. 4) developed by
L. HAKANSON (1980), where:

Ca — the degree of contamination;
Cé — the contamination factor;

C,_; — the mean content of the substance in ques-

tion (i) from superficial sediments (0-1 cm) from
accumulation areas (at least 5 samples, which pro-
vide an even area cover of the lake or basin should
be taken);

C! — the standard preindustrial reference level; de-

termined from various European and American la-
kes to be (in ppm): PCB = 0.01, Hg =0.25, Cd = 1.0,
As =15.0, Cu =500, Pb = 70.0, Cr =90.0 and Zn =
175.0).

Contamination factor values (C¥) are ratios of the
concentrations of individual elements in a 1 cm thick
upper layer of bottom sediment surface and pre-in-
dustrial concentrations of these substances in sedi-
ments. On the basis of the contamination factor (C¥)
sediments are considered to be uncontaminated,
contaminated or enriched:

Cit< 1 - low sediment contamination;
1 < Cif< 3 — moderate contamination;
3 < Cir< 6 significant contamination;
Cit> 6 — very heavy contamination.
The degree of sediment contamination (Cq) is in
turn based on contamination factor values:
Ca <8 —low degree of contamination,
8 < Ca < 16 — moderate degree of sediment contami-
nation,
16 < Ca < 32 - significant degree of contamination,
Ca > 32 — very high degree of anthropogenic sedi-
ment contamination.

RESULTS

The chemical composition of the bottom sediments
of the Otmuchéw and Dzierzno Duze Reservoirs
exhibits quantitative differences. These differences
concern both basic components (table 1) and trace
element content (table 2).

The basic components of sediments in the Otmu-
chow Reservoir can be ordered in the following se-
quence according to their average percentages by
weight: 5i02 > ALOs > Loss on ignition (LOI) > Fex0s >
K20 > Na:O > MgO > TiOz > CaO > P20s > MnO.



Table 1. Basic chemical composition of bottom sediments of the Otmuchéow and Dzierzno Duze Reservoirs

Tabela 1. Podstawowy sktad chemiczny osadow dennych zbiornikéw wodnych Otmuchéw i Dzierzno Duze

Tabanma 1. OCHOBHOV XMMMYECKITI COCTaB AOHHBIX OTA0XKeHN 1 Bogoxpaunaniy Ormyxos n JzepsxHo Jdysxe

Component Unit Otmuchéw Reservoir Dzierzno Duze Reservoir
minimum | maximum | arithmetic | minimum | maximum | arithmetic
mean mean
SiO2 % 68.20 79.34 73.38 20.78 28.45 25.04
ALlLOs % 8.31 10.23 9.61 7.61 9.22 8.76
Fe20s % 2.98 3.80 341 4.39 6.59 5.61
MnO % 0.06 0.11 0.08 0.05 0.07 0.06
MgO % 0.58 0.92 0.78 1.19 1.58 1.39
CaO % 0.50 1.02 0.73 2.17 3.27 2.57
Na20 % 0.87 1.18 1.03 0.25 0.34 0.30
K0 % 1.98 2.84 2.37 0.99 1.28 1.15
TiO2 % 0.58 0.98 0.75 0.31 0.41 0.38
P20s % 0.13 0.28 0.19 0.59 0.72 0.66
Loss of ignition % 2.07 8.88 5.50 44.30 58.12 51.03

Table 2. Trace elements in the bottom sediments of the Otmuchéw and Dzierzno Duze Reservoirs
Tabela 2. Pierwiastki §ladowe w osadach dennych zbiornikéw wodnych Otmuchoéw i Dzierzno Duze
Tabanma 2. OcraroyHble XuMUJeckye 1€ MeHTHl B AOHHBIX OTA0KeHIUAX Bogoxpanuaniy Ormyxos 1 Jsep:xsHo Jysxe

Com- | Unit | Elements present Range of element Elements present Range of element | Geoche- | Range of
po- in the bottom sedi- concentrations in in the bottom sedi- concentrations in mical concen-
nent ments of the Ot- Nysa Ktodzka River | ments of the Dzierzno Ktodnica River back- tration in
muchow Reservoir | aquatic sediments Duze Reservoir aquatic sediments @ | ground |sedimen-
ave- ave- ave- ave- for tary rocks
min. | max. | rage | min. | max. | rage | min. | max. | rage |min. | max. | rage |Poland? b)
below the lower limit
Ag ppm of detection <1.0 | 1.0 | <1.0 | 1.6 2.8 2.0 <1.0 | 3.0 1.0 <1.0 0.05-0.25
As ppm | 39.0 | 57.0 | 51.0 | <5.0 | 480 | 11.0 | 17.0| 21.0 19.0| <5.0 | 12.0 | 6.0 <5.0 1.0-13.0
below the lower limit
Au ppb of detection no data 44.0 | 296.0 | 159.6 no data nodata | 2.0-7.0
50.0-
Ba ppm | 488.0 | 556.0 | 514.0 | 41.0 | 215.0 | 100.0 | 1165.0] 1863.0] 1545.2 | 85.0 | 474.0 | 169.0 54.0 800.0
Be ppm 1.0 3.0 2.0 <0.5 2.6 0.9 2.0 2.0 2.0 <0.5 8.0 0.5 <0.5 0.2-6.0
below the lower limit below the lower limit no data nodata | nodata
Bi ppm of detection no data of detection
Br ppm | 5.0 I 8.0 I 6.0 no data 12.0 | 27.0 20.0 no data nodata | 1.0-10.0
below the lower limit
Cd ppm of detection <05 | 14 0.5 63 | 114 8.5 <05 | 19.1 | 3.6 <0.5 0.05-0.35
Ce ppm | 72.0 | 89.0 | 81.0 no data 37.0 | 45.0 42.4 no data nodata | 7.0-90.0
Co ppm | 12.0 | 14.0 | 13.0 3.0 10.0 7.0 17.0 | 24.0 20.2 2.0 12.0 6.0 3.0 0.1-20.0
Cr ppm | 88.0 | 111.0 | 101.0 | 8.0 |709.0 | 46.0 | 88.0 | 128.0 | 105.0 4.0 92.0 | 16.0 5.0 5.0-120.0
Cs ppm | 5.8 7.2 6.4 no data 6.9 8.3 7.9 no data nodata | 0.5-10.0
Cu [ppm [ 150 | 20.0 [ 180 | 9.0 | 57.0 [ 20.0 | 102.0 | 126.0 | 1158 | 10.0 [ 228.0 | 39.0 70 | 2.0-60.0
Eu ppm | 0.7 1.0 0.9 no data 0.9 1.1 1.0 no data nodata | 0.2-2.0
Hf ppm | 17.3 | 244 | 20.8 no data 32 43 3.7 nodata | nodata
Hg |ppb | 400 [188.0 | 73.0 | <0.050[ 0.190 [ 0.080 | 95.0 | 243.0 | 1718 | <500 | 77.0 | 200 | 500 | nodata
below the lower limit no data nodata | nodata
Ir ppb of detection no data 8.0 | 13.0 10.0
La ppm | 34.0 | 53.0 | 45.9 no data 19.6 | 249 23.2 no data nodata | 4.0-90.0
Lu ppm | 040 | 0.62 | 0.46 no data 0.3 0.3 0.3 no data nodata | nodata
below the lower limit no data nodata | nodata
Mo | ppm of detection no data 2.8 4.5 3.8
Nd |ppm | 40.2 | 54.0 | 47.0 no data 12.0 | 18.0 16.2 no data nodata | 4.7-41.0
Ni ppm | 24.0 | 32.0 | 27.0 7.0 31.0 | 17.0 | 48.0 | 55.0 51.8 7.0 40.0 | 16.0 6.0 5.0-90.0
Pb ppm | 57.0 | 68.0 | 62.0 | 14.0 | 234.0 | 57.0 | 131.0 | 199.0 | 148.8 | 15.0 | 242.0 | 103.0 13.0 3.0-40.0

70




Rb ppm | 90.0 | 110.0 | 100.0 no data 55.0 | 74.0 65.6 no data nodata | 5.0-200.0
S % 0.025 | 0.088 | 0.044 | 0.024 | 0.560 | 0.058 | 1.5 2.2 1.7 ]0.025 | 0.742 | 0.107 | 0.040 no data
Sb ppm | 14 2.4 1.8 no data 4.4 52 4.8 no data nodata | 0.03-2.0
Sc ppm | 74 9.6 8.4 no data 8.5 9.6 9.3 no data nodata | 0.5-15.0
below the lower limit below the lower limit no data nodata | nodata
Se ppm of detection no data of detection
Sm ppm | 54 8.4 6.4 no data 3.6 4.4 4.1 no data nodata | 1.3-22.1
Sr ppm | 82.0 [ 112.0 | 94.0 | 10.0 | 72.0 | 23.0 | 199.0 | 217.0 | 212.2 | 24.0 | 212.0 | 66.0 20.0 |20.0-600.0
below the lower limit
Ta ppm of detection no data no data no data nodata | nodata
Tb ppm | 0.7 1.6 1.3 no data 0.6 0.7 0.7 no data nodata | nodata
Th ppm | 126 | 182 | 151 no data 96 | 114 10.9 no data nodata | 1.7-12.0
U ppm | 4.8 6.8 5.8 no data 3.9 4.7 4.4 no data no data | 0.45-4.00
\ ppm | 580 | 76.0 | 65.0 | 13.0 | 26.0 | 18.0 | 72.0 | 93.0 | 81.8 6.0 | 250 | 13.0 7.0 10.0-130.0
below the lower limit
W ppm of detection no data 3.0 4.0 3.6 no data nodata | nodata
Y ppm | 20.0 | 41.0 | 32.0 no data 17.0 | 20.0 18.8 no data nodata | 4.0-50.0
Yb ppm | 3.6 4.8 4.2 no data 1.6 2.0 1.8 no data nodata | nodata
Zn ppm | 99.0 | 116.0 | 110.0 | 67.0 | 517.0 | 181.0 | 791.0 | 1019.0] 895.6 | 73.0 | 1424.0[ 509.0 62.0 10.0-120.0
Zr ppm | 513.0 | 535.0 | 524.0 no data 79.0 | 125.0 | 104.0 no data | 20.0-220.0

Explanation: ® according to: J. LIS and A. PASIECZNA (1995); » according to: A. KABATA-PENDIAS and H. PENDIAS (1993).

This sequence can be considered to represent typical
quantitative differences in the concentrations of com-
ponents which show little variation when individual
samples are compared. Among the most important
oxides in bottom sediments, silica dominates (68.20—
79.34%), followed by ALQO:s (8.31-10.23%) with relati-
vely low loss on ignition (2.07-8.88%). The remaining
macroelements are represented to a much smaller de-
gree. In the Dzierzno Duze Reservoir, the most com-
mon component of sediments in the backflow zone
is organic matter (loss on ignition ranges from 44.30%
to 58.12%). Other components are also present in a
different order: loss on ignition (LOI) > SiOz > AL.Os
> Fe20s> CaO > MgO > K20 > P20s > TiOz > Na2O >
MnO.

Among the trace elements detected in the chemi-
cal composition of bottom sediments in the Otmu-
chéw Reservoir, the following are the most prevalent
on average: Zr (524 ppm), Ba (514 ppm), Zn (110 ppm),
Cr (101 ppm), Rb (100 ppm), Sr (94 ppm), Ce (81 ppm),
V (65 ppm), Pb (62 ppm), As (51 ppm), Nd (47 ppm),
La (45,9 ppm), Y (32 ppm), Ni (27 ppm) and Hf
(20.8 ppm). Cu (18.0 ppm), Th (15.1 ppm) and Co
(13.0 ppm) are present at several ppm on average.
The remaining trace elements are present in reser-
voir sediments in average amounts of up to a few ppm:
Sc (8.4 ppm), Cs and Sm (6.4 ppm), Br (6 ppm), U
(5.8 ppm), Yb (4.2 ppm), Be (2.0 ppm), Sb (1.8 ppm)
and Tb (1.3 ppm). Eu and Lu were determined at
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0.9 ppm and 0.46 ppm respectively. The average sul-
phur content is 0.044%. Mercury is present at the le-
vel of 73 ppb on average. Several elements were pre-
sent in amounts below the lower limit of detection
of the methods used: Au and Ir (<5.0 ppm), Se and
W (<3.0 ppm), Bi and Mo (<2.0 ppm), Ta (<1.0 ppm)
and Ag and Cd (<0.5 ppm).

In samples of bottom sediments from the Dzierzno
Duze Reservoir, Ba dominates —1,545.2 ppm on ave-
rage. The next six elements have average concentra-
tions in sediments of the order of hundreds of ppm:
Zn (895.6 ppm), Sr (212.2 ppm), Pb (148.8 ppm), Cu
(115.8 ppm), Cr (105.0 ppm) and Zr (104 ppm). The
next 12 elements are present in concentrations from
a dozen to several dozen ppm: V (81.8 ppm), Rb
(65.6 ppm), Ni (51.8 ppm), Ce (42.4 ppm), La (23.2
ppm), Co (20.2 ppm), Br (20.0 ppm), As (19.0 ppm),
Y (18.8 ppm), Nd (16.2 ppm), Th (10.9 ppm) and Ir
(10.0 ppm). The remaining trace elements are present
in average amounts of up to a few ppm: Sc (9.3 ppm),
Cd (8.5 ppm), Cs (7.9 ppm), Sb (4.8 ppm), U (4.4 ppm),
Sm (4.1 ppm), Mo (3.8 ppm), Hf (3.7 ppm), W (3.6
ppm), Ag (2.0 ppm), Be (2.0 ppm), Yb (1.8 ppm), Ta
(14 ppm), Eu (1.0 ppm), Tb (0.7 ppm) and Lu (0.3 ppm).
The average S content in sediments is 1.725%, Hg con-
tent —171.8 ppb, and Au content — 159.6 ppb. Only two
elements were present in amounts below the lower
limit of detection: Se < 3.0 ppm and Bi <2.0 ppm.



DISCUSSION OF STUDY RESULTS

The chemical composition of sediments determined
on the basis of the samples collected within the two
water bodies studied differs in terms of both basic
components and trace elements.

The characteristics of the basic composition of
bottom sediments differ for individual water bodies
depending on their catchment conditions and the pre-
sence of human impact. This is reflected in quantita-
tive differences in the concentrations of the compo-
nents found in the samples from the water bodies exa-
mined. In sediments from the Otmuchéw Reservoir,
SiO2 dominates (68.20-79.34%), followed by Al.Os
(8.31-10.23%), organic matter (loss on ignition: 2.07-
8.88%) and Fe:0s (2.98-3.80%). In sediments from the
backflow zone of the Dzierzno Duze Reservoir, the
primary component is organic matter (loss on ignition:
44.30%-58.12%), followed by SiO: (20.78%—28.45%),
AlOs (7.61%-9.22%) and Fe20s (4.39%-6.59%). The
dominant factor in shaping the relationship between
SiOz content and loss on ignition in the Dzierzno Du-
ze Reservoir appears to be the supply of anthropo-
genic pollutants from its catchment area. In this res-
pect, the catchment of the Otmuchéw Reservoir is
an area from which primarily mineral substances are
supplied to sediments. Apart from the components
listed as basic building materials, bottom sediments
also include (in the form of basic minerals or their com-
ponents) compounds of the following elements: man-
ganese, magnesium, calcium, sodium, potassium, ti-
tanium and phosphorus. Their percentage shares are
also dependent on catchment lithology and the na-
ture of the human impact. The CaO found in sedi-
ment samples indicates a significant amount of cal-
cium in their composition. This is probably a result
of the occurrence of carbonate formations within the
geological structure of the catchment; it may also be
caused by human agricultural activity and the use of
fertilisers containing Ca (this could also explain the
presence of potassium in sediments). The phosphorus
present in the sediments may be attributed to natural
processes (e.g. the leaching of bioelements from the
rocks present within the catchment) as well as to an-
thropogenic sources (e.g. run-off from agricultural
land) (RZETALA, 2015b).

The amounts of trace elements present in the bottom
sediments of the water bodies studied are even more
varied than in the case of the basic components, al-
though the samples collected within individual water
bodies are similar in terms of microelement concen-
trations. Differences in chemical composition are of
considerable geoecological significance, the more so
that the presence of microelements in the natural en-
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vironment results not only from natural processes
(e.g. the weathering of rocks), but also from their
supply from anthropogenic sources (e.g. industry,
transport). So-called toxic metals are particularly dan-
gerous to human health and life and to the develop-
ment of flora and fauna (RZETALA, 2015b). Although
some trace elements (e.g. zinc, copper) are conside-
red microelements that organisms require in certain
amounts in order to thrive, the same elements in in-
appropriate amounts as well as others (e.g. lead, cad-
mium, chromium, nickel) are considered unnecessa-
ry and even harmful (KABATA-PENDIAS, PENDIAS, 1979).

Concentrations of some trace elements in bottom
sediments are similar to the ranges in which they oc-
cur naturally in sedimentary rocks as stated by A.
KABATA-PENDIAS and H. PENDIAS (1993) (table 2).
In the case of sediment samples from the Otmuchow
Reservoir these are: Au, Be, Br, Cd, Ce, Co, Cr, Cs, Cu,
Eu, La, Nd, Ni, Rb, Sb, Sc, Sm, Sr, Th, V, Y and Zn.
In the sediment samples from the Dzierzno Duze Re-
servoir, the elements that are within the range speci-
fied as natural for their occurrence in sedimentary
rocks are: Be, Co, Cr, Cs, Eu, La, Mo, Nd, Ni, Rb, Sb,
Sc, Sm, Th, U, V, Y and Zr.

Among all the elements identified, the geochemi-
cal background for Poland was determined by J.
Lis and A. PASIECZNA (1995) for only twelve (As, Ba,

Table 3. Ratios of the concentrations measured to the geo-
chemical background (Ire) and values of the anthropo-
genic sediment enrichment indicator (Iar)

Tabela 3. Warto$ci wskaznika krotnos$ci przekroczenia tta
geochemicznego (Ire) i wskaznika antropogenicznego wzbo-
gacenia osadow (Iar)

Tabanmna 3. 3HadeHNs MOKa3aTeAsl KpaTHOCTH IIpeBhIIIe-
Hus reoxyMumaeckoro ¢pona (Ire) 1 rokasareast aHTpPOIIO-
TeHHOT'O pacIIVpeHns ciekKTpa ocaakos (lar)

Component | Bottom sediments | Bottom sediments
of the Otmuchdow of the Dzierzno
Reservoir Duze Reservoir
Ire Iar Ire Iar
As 10.20 4.64 3.80 1.73
Ba 9.52 5.14 28.61 15.45
Co 4.33 1.86 6.73 2.89
Cr 20.20 2.20 21.00 2.28
Cu 2.57 0.90 16.54 5.79
Hg 1.46 0.91 3.44 2.15
Ni 4.50 1.59 8.63 3.05
Pb 4.77 1.09 11.45 2.61
S 1.10 0.76 43.13 29.75
Sr 4.70 4.09 10.61 9.23
\% 9.29 3.61 11.69 4.54
Zn 1.77 0.61 14.45 4.95

Co, Cr, Cu, Hg, Ni, Pb, S, Sr, V and Zn); virtually
in each case, this background value was exceeded in



the bottom sediments of the water bodies studied.
Only the amounts of S and Hg found in the sedi-
ments of the Otmuchéw Reservoir were similar to the
geochemical background for Poland or slightly hig-
her. The extent of human-made changes in the che-
mical composition of the bottom sediments of the
water bodies studied is evidenced by the ratios of
the values found to the geochemical background (Ire).
For sediments in the Otmuchow Reservoir, Ire values
range from 1.10 to 20.20, while sediments in the
Dzierzno Duze Reservoir exhibit much higher ratios,
ranging from 3.44 to 43.13 (table 3). This means that
the concentration of trace elements in bottom sedi-
ments is considerably higher than the geochemical
background and indicates contamination with virtually
all of the elements listed. The relationship between
the concentrations of elements in bottom sediments
and the geochemical background for Poland is espe-
cially important from the geoecological point of view
since the Oder River basin drains towards the north
and there is a real threat of pollution (and contami-
nation) being transported to areas that have been
free of pollutants to date.

The contents of trace elements found in bottom se-
diments in the Otmuchéw and Dzierzno Duze Reser-
voirs are in many cases higher than the ranges in
which these elements are present in the aquatic sedi-
ments of the rivers flowing through these water bodies
(the Nysa Klodzka and Ktodnica Rivers respectively);

Table 4. Geoaccumulation index (Igeo) values.
Tabela 4. Wartosci indeksu geoakumulacyjnego (Igeo).
Tabaunma 4. 3HaueHNs re0aKKyMyAATUBHOrO nMHAeKca (Igeo).

the latter ranges were examined along the entire
lengths of these rivers by J. Lis and A. PASIECZNA
(1995). This points to the enrichment of sediments in
water bodies with trace elements when compared to
the bottom sediments of the rivers that flow through
these reservoirs. The bottom sediments of the Otmu-
chow Reservoir are enriched with Ba, As, Sr, V,
Czr, Co, Ni and Pb, and the sediments of the Dzierz-
no Duze Reservoir are enriched with all the trace
elements analysed at levels ranging from two to seve-
ral dozen times (table 3). This reflects the conside-
rable accumulation potential of various substances in
water body bottom sediments; since the geochemical
background has been exceeded, the presence of these
substances should be equated with contamination.
The differences between the bottom sediments
present in the Otmuchéw and Dzierzno Duze Reser-
voirs are reflected by the values of the geoaccumu-
lation index (table 4) whose calculations take into
account the geochemical background for Poland de-
termined by J. Lis and A. PASIECZNA (1995). Igeo va-
lues indicate that sediments in the Otmuchdw Reser-
voir are either uncontaminated or moderately or hea-
vily contaminated with individual elements. On the
other hand, bottom sediments in the backflow zone
of the Dzierzno Duze Reservoir contain no Hg in in-
dividual samples; apart from this element, they ex-
hibit contamination ranging from moderate (e.g. As)
through heavy (e.g. Cu, Zn) to extreme (e.g. S).

Component Bottom sediments Bottom sediments
of the Otmuchéw Reservoir of the Dzierzno Duze Reservoir
minimum | maximum | average | minimum | maximum | mean
As 2.38 2.93 2.77 1.18 1.49 1.34
Ba 2.59 2.78 2.67 3.85 4.52 4.25
Co 1.42 1.64 1.53 1.92 2.42 2.17
Cr 3.55 3.89 3.75 3.55 4.09 3.81
Cu 0.51 0.93 0.78 3.28 3.58 3.46
Hg -0.91 1.33 -0.04 0.34 1.70 1.20
Ni 1.42 1.83 1.58 2.42 2.61 2.52
Pb 1.55 1.80 1.67 2.75 3.35 2.93
S -1.26 0.55 -0.45 4.61 5.20 4.85
Sr 1.45 1.90 1.65 2.73 2.85 2.82
\4 2.47 2.86 2.63 2.78 3.15 2.96
Zn 0.09 0.32 0.24 3.09 3.45 3.27

Sediment contamination factor values (C¥) indicate
that the levels of sediment contamination in the water
bodies studied differ, thus reflecting different de-
grees of human pressure (table 5). Sediments in the Ot-
muchdéw Reservoir are significantly contaminated with
arsenic, slightly contaminated with chromium and not
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contaminated with Pb, Zn, Cd, Cu, Hg or PCBs. Se-
diments in the Dzierzno Duze Reservoir are much
more contaminated. They exhibit very high Cd conta-
mination levels, significant Zn contamination levels,
moderate Cu, Pb, PCB, As and Cr contamination le-
vels and the absence of Hg contamination.



Table 5. Values of the sediment contamination factor (C¥) and degree (Ca)

Tabela 5. Wartosci wskaznika (C¥) i stopnia (Cd) zanieczyszczenia osadow

Tabanma 5. 3nauenns moxasateas (Ci) u crerrenn (Ca) 3arps3HeHNS 0CagKOB

Component | Geochemical Bottom sedi- Bottom sedi-
background ments ments

of the Otmuchoéw | of the Dzierzno

Reservoir Duze Reservoir
Cig Ca Ci
As 15.0 ppm 3.4 1.3
Cd 1.0 ppm 0.5 8.5
Cr 90.0 ppm 1.1 1.2

Cu 50.0 ppm 0.4 73 2.3 76
Hg 250.0 ppb 0.3 0.7
Pb 70.0 ppm 0.9 2.1
PCB 0.01 ppm 0.1 14
Zn 0.6 ppm 0.6 5.1

Explanation: @ according to: L. HAKANSON (1980)

The degree of contamination of sediments is low
in the case of the Otmuchdéw Reservoir (Ca = 7.3) and
in the case of the Dzierzno Duze Reservoir it points to
significant contamination (Ca = 22.6).

CONCLUSIONS

1. The chemical composition of bottom sediments in
the Otmuchéw and Dzierzno Duze Reservoirs ex-
hibits differences in terms of the presence of ba-
sic components. The differences in geological struc-
ture and land use within the catchment are reflec-
ted by the dominance of the following substan-
ces in the bottom sediments of the Otmuchoéw
Reservoir: SiOz (68.20-79.34%), ALO:s (8.31-10.23%),
organic matter (2.07-8.88%) and Fe20s (2.98-3.80%),
with different proportions of these components in
the sediments found in the Dzierzno Duze Reser-
voir (organic matter —44.30-58.12%; SiOz — 20.78—-
28.45%, Al20s — 7.61-9.22%, Fe2Os — 4.39-6.59%);
the other oxides also differed in the order of their
percentage shares.

2. Most of the trace elements analysed were detected
in the bottom sediments of the water bodies exa-
mined in amounts corresponding to the concentra-
tion ranges found in sedimentary rocks. Although
the ratio of the values found to the geochemical
background for aquatic sediments in Poland was
not determined for many elements owing to the
absence of relevant data, some of the microele-
ments (As, Ba, Co, Cr, Cu, Nji, Pb, S, Sr, V and Zn)

deviate significantly from background levels as
evidenced by the ratios of their concentrations to
the regional geochemical background, which amo-
unted to 1.10 <Ire < 20.20 (Otmuchdéw bottom se-
diments) and 3.44 < Ixe < 43.13 (Dzierzno Duze
bottom sediments).
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3. Using the geoaccumulation index, it was found

that bottom sediments in the Otmuchéw Reservoir
range from virtually uncontaminated to heavily
contaminated (-1.26 < Igeo < 3.89), while those in
the Dzierzno Duze Reservoir range from unconta-
minated to extremely contaminated (0.34 < Igeo <
5.20). Contamination indicators point to moderate
contamination of the bottom sediments in the Ot-
muchéw Reservoir with As and Cr and the absen-
ce of contamination with Pb, Zn, Cd, Cu, Hg and
PCBs; on the other hand, sediments in the Dzierz-
no Duze Reservoir exhibit very high Cd contami-
nation levels, significant Zn contamination levels,
moderate Cu, Pb, PCB, As and Cr contamination
levels and the absence of Hg contamination. The
degree of contamination of bottom sediments is
low in the case of the Otmuchéw water body
(Ca=5.2) and points to significant contamination
in the case of the Dzierzno Duze water body
(Ca=22.6).

. The bottom sediments of the water bodies studied

were enriched with: Pb, Ni, Co, Cr, V, Sr, As and
Ba in the Otmuchow Reservoir (1.09 < Iar < 5.14)
and As, Hg, Cr, Pb, Co, Ni, V, Zn, Cu, Sr, Baand S
in the Dzierzno Duze Reservoir (1.73 < Iar < 29.75).
The enriched chemical composition of sediments
reflects the accumulation of trace elements in bot-
tom sediments; since the geochemical background
has been exceeded, this should be equated with
contamination.
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