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Abstract 

Concentrations of heavy metals in bottom sediments of three selected reservoirs from South-Eastern 
Poland are presented. Masluchowskie and Piaseczno lakes are located at the Pojezierze 
Łęczyńsko-Włodawskie region and the artificial reservoir Zalew Zemborzycki is located at the Lublin town 
border. The metal concentrations were measured by XRF method. 
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Introduction 

Pollution of the environment is reflected by levels of 
contamination of rivers, lakes and other reservoirs. There 
are sites of accumulation of impurities coming from hu-
man activity, due to dissolution, precipitation and ad-
sorption. Contaminating elements and compounds are 
transported by water and gather in bottom and alluvial 
sediments. Recently, the problem of some heavy metal 
concentrations in bottom sediments was widely examined 
[1-6, 12-17]. 

In this paper the concentrations of heavy metals in 
bottom sediments of some lakes of South-Eastern Poland 
were examined. Lakes are located at 51°15' - 51"45'N, 
22°50' - 23°20'E, at the agriculture region of the Wyżyna 
Lubelska. Artificial lake Zalew Zemborzycki is 40 km 
from both lakes and is situated at the border of Lublin 
town (population 400,000, heavy industry). 

Experimental 

Bottom sediments from deep points were taken with 
a special sampler (Fig. 1), and from shallow sites (up to 
4 m) with a tube sampler [6]. The mean depth of the 
profile was 15 cm. In every point the depth of the lake 
was measured and 5 portions of the sediment were col- 

lected and treated as one sample. A distribution of col-
lection points for the examined lakes is presented in Fig-
ure 1. They were selected allowing for bathymetric maps 
of the lakes, their depth and profile of the bottom. These 
maps enable us to collect samples from the same depth 
and consider sediment transportation, caused by thermic 
movement of water and gravimetric sedimentation. 

Examined lakes are karst origin and were formed 
10-12 thousands years ago, at the end of Baltic Glaciation 
Era [4, 5]. The maximum depth is 38 m for Piaseczno and 
8 m for Maśluchowskie lake. Zalew Zemborzycki was for-
med as an artificial lake in 1974, in the valley of the 
Bystrzyca river. Its greatest depth is 3 m. 

All collected samples were carefully dried at 50°C, then 
at 80°C. Dry samples were grounded in a porcelain mortar 
and sieved through a nylon sieve (1 mm). From the 50 
g portion 2 g was pressed with KBr to form pellets for 
heavy metal analysis. The fluorescence spectrometer XRF 
(ED-XRF) was applied with semiconductor detector by 
Canberra, (USA). The fluorescent spectra were analyzed 
with the AXIL ver. 3.2 computer program by Canberra 
(55Fe, 109Cd, and 24lAm isotopes were applied as a source of 
radiation). For the calculation of the examined metal 
concentration Ka and La lines were considered. The limit 
of detection ranged 2-10 ppm, depending on the matrix, as 
the detection level increases with atomic number. The 
measurement error ranged from 3 to 9% of the measured 



 

Fig. 1. The map of examined lakes wilh the points of bottom sediment samples. 

value. Obtained results allow to analyze concentrations of 
the following metals: Mn, Fe, Cu, Zn, Sr, Pb, Ba, Cd, 
and Cr. 

In Tables 1-3, the results of measurements of the se-
lected metals in all collected samples are presented with 
regard to the depth of the reservoir. In no examined 
sample was the presence of Cd observed. Instead, in three 
points in Masluchowskie Lake the considerable quantities 
of Cr ions were detected. The concentration of this el-
ement was 160, 171, and 127 ppm, respectively, in points 6, 
9 and 11 at depths 7.5, 5.5 and 7.5 m. It should be noted 
that 7.5 m was the greatest depth for Masluchowskie lake 
samples. For the comparison, the average concentration of 
Cr in bottom sediments of the rivers was estimated at 50 
ppm. 

In some rivers the mean Cr concentration was as fol-
lows: Bug - 13 ppm, Odra - 80 ppm, Warta 70 - ppm, 
Wisla - 50 ppm [1]. For the more contaminated points the 
concentration of Cr can be considerably higher. For 
example, 1200 ppm in Leba and 700 ppm in upper run of 
Wisla. The concentration of chromium in the bottom sedi-
ments of Pojezierze Kaszubskie (NW Poland) ranged from 
2 to 45 ppm and its geometrical average was 15 ppm. The 
calculated geometric mean for 101 lakes of Poland was 
9 ppm [4]. The increased concentration of chromium in 
the bottom sediments of Masluchowskie lake may result 
from accidental contamination by farm wastes. This lake is 
located far from industrial centers and has no inflows. For 
this lake, a correlation observed by Bojakowska et al. [4], 

concerning the higher concentration of chromium with the 
concentration of iron and manganese, (see Table 2), can 
be confirmed. 

The results presented in Tables 1-3 show how various 
may be the concentrations of some metals in the same 
reservoir. 

In Table 1 the selected metal contents in the bottom 
sediments of horizontal profiles of Piaseczno lake are 
presented. There were 24 samples of bottom sediments 
taken along the isotonic lines of the batymetric map (Fig. 
1). The Piaseczno lake has no inflow and outflow and its 
greater depth equals 38 m in the southern part. 

The encountered heavy metals are of geochemical origin 
and they can come from precipitation. Namely aerosols, 
dusts and superficial waters of surrounding fields and lakes. 
Generally, the minimal and maximum values of the all 
examined metal concentrations are close to values obtained 
for the lakes of the Pojezierze Kaszubskie region [4]. 

For Piaseczno lake, Kowalik et al. [6] published de-
tailed values of heavy metal contents in water, bottom 
sediments and biological samples. ASA examinations 
allow to arrange the decreasing order of the concentra-
tions of the metals: Fe>Zn>Mn>Pb>Cu>Cd>Co for 
water, bottom sediment and biological samples. 

Based on the average arithmetical values of the metal 
concentrations (established by XRF method from the 
collected samples) the following order of the metal de-
creasing concentrations can be presented: Fe>Ba>Mn> 
>Zn>Sr>Pb>Cu. 
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Table 1. Piaseczno lake. 
 

 

Beside the place occupied by zinc and mangane, the 
average concentrations of the examined metals from the 
bottom sediments of this lake also differ from those of 
Kowalik's paper [6]. The mean concentration of zinc in 
sediments examined in Kowalik's paper (482.5 ppm) [6], 
seems to be much overestimated in comparison to the 
value obtained by XRF method (85.2 ppm). The mean 
concentration of zinc in bottom sediments of Polish lakes 
is 73 ppm [10]. 

Presented measurements were done seven years after 
the ones presented by Kowalik et al. [6]. Therefore, one 
should expect similar or higher measured values because 
of the accumulation of the radioactive isotopes such as 
other contaminations [11]. The apparent lowering of the 
zinc concentration in bottom sediments of Piaseczno lake 

is difficult to explain, even considering different methods 
of analysis. The average concentration of manganese, for 
bottom sediments of Piaseczno lake, was 183.8 ppm and 
it was much greater than in these ones described in the 
paper by Kowalik et al., equal to 98.4 ppm [6], The latter 
results can be acceptable. 

From the above results, one can summarize the data 
of the metal concentration in bottom sediments of the 
lake (Tab. 1). The copper concentration does not change 
for the most samples of the different depth, whereas the 
concentrations of zinc and lead increase with the depth 
of the collected bottom sample. The same is for Mn, Fe, 
Ba and Sr (see Table 1.). For all mentioned metals the 
increase of their concentration is irregular. 

In the examined sediments the accumulation of metal 
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Table 2. Maśluchowskie lake. 
 

 

with the depth was also observed for radioactive caesium 
Cs-137 [11]. These results may suggest the tendency to 
translocate contamination down to the deeper sites of the 
lake. 

The concentrations of the selected metal taken from 
Masluchowskie lake are presented in Table 2. The samp-
ling points were located according to isotonic lines, such 
as for Piaseczno lake. Masluchowskie lake has a gutter-
like shape, with maximum depth equal to 8 m. From the 
table one can see that the amount of the metals are in the 
range of Piaseczno and the Pojezierze Kaszubskie lake 
concentrations [4]. The similar concentrations were 
obtained for the bottom sediments of Goreckie lake from 
Wielkopolski National Park [16, 17]. This lake has 
a shape similar to Masluchowskie lake; therefore, the re-
sults are more approximate than for other lakes. Point 15 
is an exception, in spite of the sharp decrease of Zn, Sr 
and Pb concentration. 

For Masluchowskie lake we can arrange the following 
order of the metal concentrations: Fe>Mn>Ba> 
>Zn>Sr>Pb>Cu. 

In Table 3 the results for Zalew Zemborzycki are 

presented. The average concentrations of selected metals 
differ for Masluchowskie and Piaseczno lakes. That re-
sults from the type of this reservoir and the influence of 
the river that may carry contaminations. For Zalew Zem-
borzycki the metal concentrations in bottom sediments 
look as follows Fe>Sr>Mn>Ba>Zn>Cu>Pb. 

Generally, we can say that except for copper, the con-
centrations of the examined metals are higher for the 
deeper points of Piaseczno and Masluchowskie lakes. 
The similar remarks are presented by Bojakowska [5] for 
selected lakes of the Pojezierze Mazurskie Region. This 
tendency is not observed for Zalew Zemborzycki because 
of the river and sediments are removed by water flow. 
The concentrations of some metals are different for both 
types of reservoirs. These metals that may be emitted to 
atmosphere by industry, (Cu, Fe, Sr) reveal higher con-
centrations for Zalew Zemborzycki (located in Lublin 
town vicinity). The concentrations of others are smaller. 
This confirms the influence of the industry on pollution 
of environment. 

Obtained results are compared with those for other 
examined Polish lakes [4, 5, 10, 12]. Often, comparison is 
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Table 3. Zalew Zemborzycki. 
 

 

difficult because of the different procedures applied for 
sample collection. The results obtained by Bojanowska 
et. al. [4, 5, 12] concern samples collected from the 
deepest sites of the lakes. This method may be justified 
by the assumption of the contamination concentration in 
these sites. These results are not representative for the 
contamination of the whole reservoir. They also do not 
reflect different physicochemical properties of the sedi-
ments from various sites (shallow near the bank and the 
deepest at the center) [16, 17]. The data presented in 
Table 4 concern the bottom sediments from the lakes: 
Piaseczno,   Masluchowskie   and   Zalew   Zemborzycki, 

taken from the deepest sites. There are mean values of 
the measurements of the sediments collected from 16-38 
m for Piaseczno, 5-7.5 m Masluchowskie and 2 - 3.8 
m for Zalew Zemborzycki. Observed difference in the 
concentrations may be explained by the different geo-
chemical background of the investigated reservoirs. The 
most surprising are results for Piaseczno and Masluchow-
skie lakes, both from the Pojezierze L^czyfisko-Wlodaw-
skie territory administered by Zarz^d Gospodarki Wod-
nej Warszawa. The concentration of Cu, Sr and Pb are 
the most approximate to the results obtained for other 
Polish lakes [10]. 
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Table 4. Average values of the concentrations (in ppm) of some metals in bottom sediments of Poland. 
 

 

The obtained data allow to state as follows: 
- The lower and higher concentrations of the exam 

ined metals are similar to those of other Polish lakes. 
- The concentration of the examined metals increases 

with the depth of the lake. 
- The sequences of metal concentrations are very 

similar. 
Piaseczno lake Fe>Ba>Mn>Zn>Sr>Ph»Cu 
Masluchowskie lake Fe>Mn>Ba>Zn>Sr>Pt»Cu 
Zalew Zemborzycki Fe>Sr>Mn>Ba>Zn>Cu>Pb. 
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