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ABSTRACT. The aim of the current research project was to analyze the contents of heavy metals in
tissues of Vallisneria spiralis (L.), Sinanodonta woodiana (Lea), and Dreissena polymorpha (Pall.) and
in the bottom sediments of the Konin lakes system located in the vicinity of the Konin and Patnéw
power plants (central Poland). It was determined that the mussels occurring in the studied lakes
accumulate higher quantities of heavy metals in comparison with species from the same family that
occur in unpolluted lakes. V. spiralis camulated higher quantities of zinc, copper, cadmium, and lead
than did submerged vegetation in basins that were not exposed to power plant pollution. The contents
oflead and copper in the bottom sediments of the Konin lakes system exceed levels that are accepted as
the norm for Polish lakes.
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INTRODUCTION

As filter feeders, mollusks, including mussels, are currently widely used as
bioindicators of heavy metal levels in aquatic environments (Bush 1991, Kraak 1992,
Jurkiewicz-Karnkowska 1998, 2004, Jamil et al. 1999). Macrophytes also play an
important role in the accumulation of metals in aquatic environments (see Ozimek 1988).

The Konin lakes are subjected to the effects of pollution emitted by two nearby
power plants: Konin, operational since 1958, and Patnéw, operational since 1970. In
addition to nonmetal oxides that are generated in the coal burning process, heavy
metals are also released into the atmosphere. These fall to the ground in the vicinity of
the power plants and accumulate in the environment. Due to the heating of the Konin
lakes, they offer advantageous conditions for the expansion of animal and vegetation

species that are alien to Poland. The Chinese mussel, Sinanodonta woodiana (Lea), has
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Fig. 1. Konin lakes system. GL - Gostawskie Lake, PL - Patnowskie Lake, LL - Lichenskie Lake, SL -
Slesinskie Lake, CW — Wasowski Canal, CWG - Warta-Goplto Canal, CR - Initial cooling reservoir.

found good habitat conditions in these lakes and has been noted in them since 1993
(Zdanowski 1996). Currently, it is the dominant species among the Unionidae
(Kraszewski 2004). Vallisneria spiralis (L.), one of the new plant species that occurs
mainly in lakes Licheniskie and Patnowskie and the canals that link the individual
lakes, was noted for the first time in the early 1990s (Protasov et al. 1994).
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The aim of the research was to determine the contents of selected heavy metals in
the mussels S. woodiana and Dreissena polymorpha (Pall.), in the macrophyte V.
spiralis that dominates the lake littoral zones and canals, and in the bottom sediments.
Based on the results of the analyses, an attempt was made to estimate the impact that

the nearby Konin and Patnéw power plants have on the Konin lakes system.

MATERIALS AND METHODS

The research included four lakes, Patnowskie, Gostawskie, Lichenskie, and
Slesinskie, located in the Wielkopolsko-Kujawskie Lakeland (central Poland), an
initial cooling reservoir, and the canals that connect the individual lakes (Fig. 1). The
lakes are used as post-cooling water reservoirs for the two nearby power plants
(Stawecki et al. 2007). In June 2001, divers collected S. woodiana and D. polymorpha
mussel samples and V. spiralis samples with a Bernatowicz grab. The analysis of the
heavy metal contents in the surface layer of bottom sediments was based on samples
collected with a tube grab from the same mussel and macrophyte sampling sites.

The mussels were preserved in ethyl alcohol, and then dried to a constant weight at
a temperature of 60°C separating the soft tissues from the shell in the laboratory. Next,
the samples were homogenized. Sub-samples of the processed soft-tissue (0.5 g) and
shell (1.0 g) samples were mineralized in 4 em® of concentrated nitric acid and 2 cm®
hydrogen peroxide, and then moved quantitatively to a measuring flask and distilled
water was added to a volume of 50 cm>. V. spiralis samples were dried at a temperature
of 60°C, following which 2 g of plant tissue was subjected to dry mineralization at
420°C. The ash obtained was dissolved in the same way as with the mussel samples.
The bottom sediment samples were subjected to identical dry and wet mineralization.
The contents of metals in the solutions obtained from mineralization were determined
with the AAS method (Szczepaniak 2004), with a Carl-Zeiss Jena 30 analyser.

RESULTS

The highest mean average copper content was noted in the soft tissues of S.
woodiana (196.8 mg kg_l) and the lowest in the shells of D. polymorpha (6.95 mg kg_l).
The mean copper content in V. spiralis was 142.7 mg kg'l. Variations in the copper

content of the tissues of the analyzed organisms and the bottom sediments in the lakes
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Fig. 2. Copper contents in S. woodiana, D. polymorpha, V. spiralis and bottom sediments of lakes (a) and
canals connecting lakes (b); Swt - S. woodiana tissues; Sws - S. woodiana shells; Dpt - D. polymorpha
tissues; Dps — D. polymorpha shells; Vs - V. spiralis; Bs - bottom sediments; PL - Lake Patnowskie,
GL - Lake Gotawskie, LL - Lake Lichenskie, SL - Lake Slesifiskie, CR - Initial Cooling Reservoir, ICK
- inlet canal into Konin Power Plant, CWG - Warta-Gopto Canal, CP - Piotrkowicki Canal, CW -
Wasoski Canal, CLP - Lichenskie-Patnowskie Canal, CSW - Slesiﬁskie-Wa,soskie Canal, ECK - efflu-
ent canal from Konin Power Plant.

(Fig. 2a) and canals (Fig. 2b) compared were great, although it was impossible to
distinguish a general pattern of dependence between copper content and the type of
aquatic environment.

The highest mean content of zinc was noted in the soft tissues of S. woodiana
(957.4 mg kg_l) and the lowest in the bottom sediments of the canals that connect the
lakes (15.2 mg kg_l; Fig. 3). The shells of S. woodiana contained a twofold higher mean
zinc content in comparison with D. polymorpha (239.1 and 120.7 mg kg'l,
respectively), while that noted in V. spiralis was 234.1 mg kg_l.
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Fig. 3. Zinc contents in S. woodiana, D. polymorpha, V. spiralis and bottom sediments of lakes (a) and
canals connecting the lakes (b); for explanation see Fig. 2.

The soft tissues of S. woodiana were confirmed to have the highest mean content of
manganese (4814.9 mg kg'l), and the lowest mean content of this element was
detected in the shells of D. polymorpha (51.5 mg kg'l; Fig. 4). The mean content of
manganese in V. spiralis was 1015.3 mg kg'l, and in the bottom sediments it was 148.5
mg kg_l. Only in the case of V. spiralis the mean content of manganese was lower in the

lentic zone than in the lotic zone (Fig. 4b).

The highest mean content of iron was confirmed in the soft tissues of S. woodiana
(2683.1 mg kg'l; Fig. 5). There was high variation in the content of this element in the
tissues of this mussel species. The iron content of the samples from Lake Slesinskie
was 28-times lower than that in those from the Konin Power Plant effluent canal (494.2

and 13870 mg kg_l, respectively). The mean iron content in the bottom sediments and
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Fig. 4. Manganese contents in S. woodiana, D. polymorpha, V. spiralis and bottom sediments of lakes (a)
and canals connecting the lakes (b); for explanation see Fig. 2.

the V. spiralis samples from the lakes studied was also very high (2683.1 and 2531.8
mg kg_l, respectively). The lowest mean iron content was confirmed in the shells of
both of the mussel species; in S. woodiana it was 192.0 and in D. polymorpha it was
122.1 mgkg L.

The tissues of V. spiralis were confirmed to contain the highest mean levels of lead
(69.6 mg kg_1 ; Fig. 6). The mean lead content in the soft tissues of S. woodiana and D.
polymorpha were 16.1 and 7.42 (mg kg_l), while the mean lead contents in the bottom
sediments from the lakes and canals were 31.4 and 10.7 mg kg_l, respectively. The
lowest mean lead content was noted in the mussel shells; 1.3 and 1.8 mg kg'l,

respectively, for S. woodiana and D. polymorpha.
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Fig. 5. Iron contents in S. woodiana, D. polymorpha, V. spiralis and bottom sediments of lakes (a) and
canals connecting the lakes (b); for explanation see Fig. 2.

The highest mean content of cadmium was confirmed in the tissues of V. spiralis
(5.8 mg kg_l), while the lowest was in the shells of S. woodiana (0.0026 mg kg_l; Fig. 7).
The soft tissues of D. polymorpha contained mean cadmium levels of 0.3 mg kg'l,
while the bottom sediments of the lakes and canals contained 0.7 (Fig. 7a) and 0.6 mg
kg_l(Fig. 7b), respectively.

DISCUSSION

The metal contents in the bottom sediments of the Konin lakes are similar to those
measured in the sediments of lakes in other regions of Poland. For example, in Lake

Goreckie (Wielkopolska National Park, Poland) the content of heavy metals in the
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Fig. 6. Lead contents in S. woodiana, D. polymorpha, V. spiralis and bottom sediments of lakes (a) and
canals connecting the lakes (b); for explanation see Fig. 2.

bottom sediments was within the following range (in mg kg_l): Cu - 2.85-19.20; Zn -
12.7-110.0; Cd - 1.19-4.76; Pb - 11.2-74.4 (Sobczyniski et al. 1996). The sediments of
lakes in the Kaszubskie Lakeland (Bojakowska and Sokotowska1996a) were found to
contain the following quantities of metals (in mg kg'l): Zn-126,Cd-0.7; Cu-11.0;
Pb - 36.0. In the littoral zone of Lake Piaseczno (Leczynisko-Wtodawskie Lakeland),
Gorniak et al. (1993) confirmed that the mean copper content was 11 mg kg_l, lead -
47 mg kg'l, and manganese — 161 mg kg'l. Bojakowska and Sokotowska (1996b)
proposed the following values of metals as the geochemical norms for lake sediments in
Poland (in mg kg_l): Zn < 100; Cd < 1; Cu < 20; Pb < 20. The comparison of these
values to those determined for the bottom sediments from the lakes of the Konin

system indicate that the values for zinc and cadmium do not exceed the values
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Fig. 7. Cadmium contents in S. woodiana, D. polymorpha, V. spiralis and bottom sediments of lakes (a)
and canals connecting the lakes (b); for explanation see Fig. 2.

considered as normal. However, in some lakes, for example Lake Lichenskie, the
values of zinc are higher than that which is considered normal. Substantially higher
metal contents in bottom sediments than those in the Konin lakes were determined in
Rybnik Reservoir located near the Rybnik Power Plant by Loska et al. (1994). The
values determined in the Rybnik Reservoir were as follows: Zn > 100 mg kg_l; Cd -
approximately 30 mg kg'l; Cu - approximately several hundred mg kg_l, Pb -
approximately in excess of 100 mg kg_l. According to Htawiczka (1994, 1995), the
metal emission indicators are much higher for bituminous coal burning than they are
for lignite burning. For the sake of comparison, they are as follows: Zn - 1.795 and
1.084 ¢ Mg_l; Pb - 0.93 and 0.19. Due to this, the areas located within the vicinity of
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a bituminous-burning power plant appear to be more susceptible to environmental

pollution with heavy metals than areas surrounding power plants that burn lignite.

The metals that are released into the environment by energy generation are carried
on the smallest dust fractions. Linak and Miller (2000) estimated that the most of
metals produced during the coal burning process are released into the atmosphere with
dust fractions that are < 2.5 pum particle size. Cadmium can be carried for a long
distance from the point source of pollution (Steinnes et al. 1989, 1997); however, the
content of lead in the environment decreases with distance from the point source of
pollution (Steinnes et al. 1989, 1997, Hewitt and Candy 1990, Donisa et al. 2000).
Copper concentrations also decrease with distance from the emission source (Grzebisz
etal. 2001, Lyanguzova 2003). The content of cadmium in the bottom sediments of the
studied lakes did not differ much and ranged from 0.6 mg kg'1 (initial cooling reservoir)
to 0.78 mg kg_1 (Lake Lichenskie). Among the studied lakes, much higher differences
were noted in the bottom sediment contents of copper, lead, and zinc. The Lake
Lichenskie bottom sediments had the highest concentrations of copper and zinc, while
the highest lead content in bottom sediments was noted in Lake Patnowskie, which is

nearest the power plants.

Metals that reach the Konin lakes with the small dust fractions accumulate in both
aquatic plants and animals. Submerged macrophytes are especially capable of
accumulating metals (Ozimek 1988). In the Konin lakes, V. spiralis accumulates
copper, zing, lead, and cadmium in quantities that exceed nearly twenty-fold the values
determined in emerged vegetation (e.g., Potamogeton sp.) occurring in other lowland
Polish waters such as Lake Lekuk (Smolenski 1999) or the Zegrzyniski and Siedlecki
reservoirs (Jurkiewicz-Karnkowska and Krolak 1999). According to data from the
literature, the metal content of Potamogeton sp. (Smolenski 1999,
Jurkiewicz-Karnkowska and Krélak 1999) or Myriophyllum spicatum (Smolenski
1999) in basins that are not under high anthropogenic stress is as follows (in mg kg_l):
Zn-11.25and 34.80; Cu- 2.54and 12.2;Pb-1.17 and 16.80; Cd - 0.05 and 1.43.

Mollusks play an important role in the accumulation of heavy metals in the aquatic
environment. The source of heavy metals for mollusks is food (among others, see
Pentreath 1973, Luoma et al. 1992, Jurkiewicz-Karnkowska 2000, 2004). Mussels
that are good filter feeders strain the metals contained in the water along with

suspensions. Kraszewski (2004) calculated that the water filtration rate of S. woodiana
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in the Konin lakes can be as high as 510 em® water per indiv. ! hour™. According to
calculations by Staniczykowska (1968), D. polymorpha filters about 35 (10-100) em®
water indiv.”! hour™. Jurkiewicz-Karnkowska (2000) draws attention to the strict
correlation between the metal content of water and accumulation in mollusks,
including D. polymorpha.

Of the results presented, the relatively high contents of Cu, Zn, and Pb in the tissues
of the mussels occurring in the Konin lakes are significant. Jurkiewicz-Karnkowska
(2004) noted the following metal contents in mussels of the genus Anodonta in lowland
dam reservoirs (Zegrzynski, Siemianéwka, Sulejowski, Wioctawski) (in mg kg_l): Cu -
7.2-10.7; Zn - 131.8-318.7; Pb - 0.7-13.2. While in the soft tissues of D. polymorpha
the same researcher noted the following metal contents (in mg kg_l): Cu-7.3-20.5;Zn
-95.1-177.1; Pb - 1.0-14.4. The contents of these elements were higher in the shells of
the mussels from the Konin lakes than in those of the mussels inhabiting the dam

reservoirs mentioned above.

The highest density of S. woodiana in the Konin lakes was noted in the initial
cooling basin into which the Konin Power Plant discharges heated water (Kraszewski
2004). Their abundance ranged from 26 to 60 indiv. m“z, and biomass from 11.3 to
26.3 kg m™2. The determining factor for S. woodiana growth in the Konin lakes was
temperature. According to Kraszewski (2004), this mussel grew more intensely in the
initial cooling reservoir and the warm canals than it did in the lakes. It is worth noting
that the soft tissues of the S. woodiana occurring in the initial rearing basin
accumulated the greatest amounts of Cu, Zn, Mn, Pb, and Cd. This dependency was not
noted in the case of D. polymorpha, as this mussel is not very tolerant of high
temperatures (Staiczykowska 1976, Sinicyna et al. 2001), which limited its occurrence
in this basin. The levels of heavy metals in the soft tissues of mollusks can be
determined by the metal content in the environment, the filtration rates of different
species, the conditions set by species characters, and environmental factors. The mean
contents of heavy metals in the soft tissues of S. woodiana inhabiting the Konin lakes
were from several to several tens of times higher than in the soft tissues of D.
polymorpha. The metals determined accumulated in the mussel shells in much lower
quantities than they did in the soft tissues. S. woodiana was particularly adept at
accumulating biophilic metals, especially copper, zinc, and manganese in its soft

tissues. The relatively high concentration of zinc (3022.4 mg kg_l; Fig. 3a) and lead (66
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mg kg'1 ; Fig. 6a) in the soft tissues of S. woodiana inhabiting the initial cooling basin
are worthy of mention.

Considering that metals emitted from the chimneys of power plants are carried on
the smallest dust fractions (Linak and Miller 2000), when estimating the impact of
pollution emitted from the Konin and Patnéw power plants on the accumulation of
heavy metals in the Konin lake environments, it would also be useful to analyze the
content of these elements in the water, including in the seston. This is indicated, among
other factors, by the accumulation of metals in the soft tissues of the mussels studied.
The results of the current research suggest that the contents of heavy metals in the fish

caught in the Konin lakes should also be analyzed.

CONCLUSIONS

1. The accumulation of zinc and cadmium in the bottom sediments of the Konin lakes
system does not exceed the values proposed as the geochemical background values
for Polish lakes; however, lead and copper contents are in excess of the background
values.

2. The submerged macrpohytes occurring in the Konin lakes (V. spiralis) accumulate
zinc, copper, cadmium, and lead in higher amounts in relation to emerged aquatic
vegetation (Potamogeton sp or Myriophyllum spicatum) occurring in other Polish
basins. The accumulation of manganese and iron is similar in the two plant types.

3. The mussels (S. woodiana and D. polymorpha) inhabiting the lakes were noted to
have higher heavy metal contents than mussels belonging to the same families
occurring in other regions of Poland.

4. The fish caught in the Konin lakes should be analyzed for heavy metal contents.
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STRESZCZENIE

METALE CIEZKIE W SYSTEMIE JEZIOR KONINSKICH

Jeziora koninskie potozone w poblizu elektrowni Konin i Patnéw (rys. 1) narazone sa na dziatanie
zanieczyszczen, w tym metali ciezkich, emitowanych z elektrowni. W pracy przedstawiono wyniki ozna-
czen zawarto$ci metali: Cu, Zn, Mn, Fe, Pb i Cd w osadach dennych jezior koninskich i kanatach oraz
w Vallisneria spiralis (L.), matzach Sinanodonta woodiana (Lea) i Dreissena polymorpha (Pall.) (rys. 2-7).
Ustalono, ze zawarto$¢ otowiu i miedzi w osadach dennych systemu jezior koniniskich przekracza wartosci
uwazane za normalne dla jezior Polski. Koncentracja miedzi, cynku, otowiu i kadmu w tkankach V. spira-
lis jest znacznie wigksza niz zawarto$¢ tych metali w roslinach zanurzonych wystepujacych w zbiornikach
niezanieczyszczonych. Takze matze zasiedlajace jeziora koninskie kumuluja metale cigzkie w podwyzszo-
nych ilo$ciach w stosunku do rodzin, reprezentowanych przez badane gatunki, zasiedlajacych inne zbior-
niki Polski.
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