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Under natural conditions, lake sediments are formed through 
the accumulation of allochthonous material derived from erosion 
and weathering of rocks occurring in the catchment area of a 
water body (including the accumulation of quartz and feldspar 
grains, carbonate minerals and clay minerals) and through the 
deposition of biogenic autochthonous material (which forms 
at the site of sedimentation) and inorganic autochthonous 
material.  Inorganic autochthonous material is represented by 
chemical compounds, such as silica, calcium carbonate, iron and 
manganese hydroxides, iron sulphides, and calcium phosphate, 

which precipitate out of the water. Chemical composition of these 
sediments, including the concentration of trace elements, is 
controlled by the properties of rocks occurring in the catchment 
area of the lake and by climatic conditions [Bojakowska, Gliwicz 
2009; Fei Zhang et al 2013]. 
In the recently accumulated sediments, elevated concentrations 
of a number of elements, including chromium, zinc, cadmium, 
copper, lead and mercury, are often observed compared to the 
concentrations of these components in the sediments that were 
formed during pre-industrial times [Aleksander-Kwaterczak, 
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Streszczenie
W zlewni rzeki Brdy zbadano osady 54 jezior, które zostały 
pobrane ze strefy profundalnej z powierzchniowej 5cm warstwy. 
W pobranych próbkach oznaczono zawartość Ag, As, Ba, Cd, 
Co, Cr, Cu, Ni, Pb, Sn, Sr, V i Zn oraz Al, Ca, Fe, Mg, Mn, P i S 
metodą ICP-OES, po roztworzeniu próbek w wodzie królewskiej 
oraz oznaczono zawartość Hg metodą TMA i węgla organicznego 
- metodą kulometryczną z próbki stałej. Większość zbadanych 
próbek charakteryzowała się niską zawartością pierwiastków 
śladowych. Osady zawierały średnio 0,9 mg/kg Cd,0,107 mg/kg 
Hg, 8 mg/kg Ni, 46 mg/kg Pb, 8 mg/kg As, 78 mg/kg Ba, 12 mg/kg 
Cr, 94 mg/kg Zn, 3 mg/kg Co, 12 mg/kg Cu, 1,3 mg/kg Mo, 105 mg/
kg Sr i 16 mg/kg V. Stwierdzono, że obecność podwyższonych 
zawartości Cr, Cu, Ni i V w osadach jezior uwarunkowana jest 
czynnikiem geogenicznym - wietrzeniem utworów pochodzenia 
polodowcowego, zaś obecność podwyższonych zawartości Pb, 
Zn, Hg i Cd spowodowana jest czynnikiem antropogenicznym. W 
przeważającej ilości zbadanych osadów stężenia As, Cd, Cr, Cu, 
Hg, Ni były niskie i niestwarzające zagrożenia dla organizmów 
wodnych. W blisko połowie próbek zawartość ołowiu była 
podwyższona do poziomu, przy którym może być obserwowany 
negatywny wpływ tego pierwiastka na organizmy wodne, a w 
przypadku cynku w około 25% próbek.

Abstract
Total of 54 samples (of sediments taken from the surface of 5-cm 
layer of profundal zone of lakes in the catchment of the river 
Brda) were tested in presented research. The collected samples 
were analysed for the concentrations of Ag, As, Ba, Cd, Co, Cr, 
Cu, Ni, Pb, Sn, Sr, V and Zn, and Al, Ca, Fe, Mg, Mn, P and S, 
using inductively coupled plasma atomic emission spectroscopy 
(ICP-AES), after sample digestion in aqua regia. The Hg 
concentration was determined from solid samples using atomic 
absorption spectroscopy (TMA). The organic carbon content was 
determined using the coulometric method. Sediments of most of 
lakes examined in the Brda catchment area are characterised by 
low concentrations of trace elements. Sediments contained an 
average of 0.9 mg/kg of Cd, 0.107 mg/kg of Hg, 8 mg/kg of Ni, 
46 mg/kg of Pb, 8 mg/kg of As, 78 mg/kg of Ba, 12 mg/kg of Cr, 
94 mg/kg of Zn, 3 mg/kg of Co, 12 mg/kg of Cu, 1.3 mg/kg of Mo, 
105 mg/kg of Sr and 16 mg/kg of V. The presence of elevated 
concentrations of chromium, copper, nickel and vanadium is 
controlled by a geogenic factor – weathering of glacial deposits 
containing fragments of  igneous and metamorphic rocks which 
are the source of heavy metals. The presence of elevated 
contents of Pb, Zn, Hg and Cd is caused by anthropogenic factor. 
Most of the lake sediments show low concentrations of As, Cd, Cr, 
Cu, Hg and Ni, which do not pose a threat to aquatic organisms. 
The concentrations of lead in almost half of the samples are 
elevated to a level at which a negative effect of this element can 
be observed. In the case of zinc, the proportion of such samples 
is about 25%. 
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 Prosowicz 2007; Cooke et al. 2007; Pulford et al. 2009; Tylmann 
2004; Pompeani et al. 2013]. This is due to the human economic 
activity carried out in lake’s catchment area, deposition of 
pollutants from the atmosphere and rainwater and melt water 
runoff [Rocher et al. 2004; Wildi et al. 2004; Cui et al. 2010; 
Taylor, Owens 2009]. Lake sediments are characterised by their 
ability to accumulate inorganic contaminants and countless 
types of organic pollutants, for example, polychlorinated 
biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and 
organochlorine pesticides. The presence of high concentrations 
of potentially harmful metals in the sediments, such as Zn, Cu, 
Cr, Cd, Pb, Ni and Hg, as well as of persistent organic pollutants, 
adversely affects the quality of surface water environment. 
Contaminated sediments are a threat to organisms inhabiting 
them and participating in the biogeochemical transformations 
that play a crucial role in maintaining good water quality and 
distribution of organic matter. Contamination of modern water 
sediments is currently one of the most important environmental 
problems because of the potentially harmful impact on biological 
resources and often indirectly on human health. Contaminants 
found in sediments can accumulate in the trophic chain to  
a level that is toxic to aquatic organisms, especially predators 
[Radomski et al. 2006: Fu et al 2013]. They can also pose a risk to 
humans and animals consuming fish or shellfish inhabiting areas 
where such sediments occur [Vink 2009; Sorour, Harbey 2012;  
Xiao et al., 2013].  

2. STUDY AREA

The Brda river is a 238-km long left tributary of the Vistula 
river. Its catchment area is   4627 km2. The river flows from 
Lake Smołowe in the Bytów Lakeland northeast of the town of 
Miastko and enters the Vistula river at its 771 km in Bydgoszcz. 
According to the physiographic division, the Brda river catchment 
area belongs to the South-Baltic Lakeland [Kondracki 2002], 
occupying almost the whole Charzykowy Plain, the entire Brda 
Valley, south-western part of the Tuchola Forest, eastern part 
of the Krajeńskie Lakeland, the eastern Świecko Upland and a 
small part of the Toruń Valley. The Brda river catchment area 
is characterised by a late-glacial relief with hills and numerous 
lakes. Quaternary sediments that occur at the surface, mainly 
glacial tills and glaciofluvial sands, are typified by low contents of 
potentially harmful trace elements.
The Brda river basin is an agricultural and forest area. Agricultural 
land accounts for 48.6% of the catchment area, forests and semi-
natural ecosystems – 45.8%, anthropogenic areas – 2.4%, and 
wetland – 0.2% (Hobot et al. 2012). Local exploitation of common 
raw mineral materials (clay, till, sand, peat) is a small hazard 
to the environment of this area. Major cities and towns in the 
Brda river catchment area are Bydgoszcz (population 356,200), 
Chojnice (population 39,900), Tuchola (population 13,900), 
Koronowo (population 11,000), Czersk (population 9,800) and 
Sępolno Krajeńskie (population 9,100).
In the Brda river basin, the Tuchola Forest National Park has been 
established to protect its outwash plain oligotrophic landscape. 
There are also landscape parks – Zaborski Landscape Park, 
Tuchola Landscape Park and Wdzydze Landscape Park – 

protected landscape areas, nature reserves and special areas of 
habitat conservation. The surface water environment in this area 
is polluted mainly because of agriculture and animal husbandry 
and by pollutant emissions from fuel burning for household and 
municipal needs and in transportation.

3. RESEARCH SCOPE AND METHODS

The study has used the research results of the National 
Environmental Monitoring running in order to monitor the 
concentrations of potentially harmful elements and persistent 
organic pollutants in recent sediments of rivers and lakes and 
to record their changes over time. During the implementation of 
the tasks of the State Environmental Monitoring, sediments of 
54 lakes were surveyed in the Brda river catchment area in the 
period 1995–2014. Sediment samples were taken from a 5-cm-
thick sediment layer of the profundal zone of the lakes, using a 
Van Veen sampler.
The samples collected were analysed for the concentrations of 
Ag, As, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sn, Sr, V and Zn, and Al, Ca, 
Fe, Mg, Mn, P and S, using inductively coupled plasma optical 
emission spectrometry (ICP-OES), after sample digestion in 
aqua regia. The concentration of Hg was determined from solid 
samples using thermal decomposition amalgamation atomic 
absorption spectrometry (TDA AAS). The organic carbon content 
was determined using the coulometric method. In order to assess 
the research quality, reference lake sediment material WQB-
3 was also analysed (standard – Trace Metals in Sediments, 
developed by the Aquatic Ecosystem Protection Branch, National 
Water Research Institute, Canada, Burlington, ON).

4. RESULTS AND DISCUSSION

The studies have shown that the average concentrations of trace 
elements in lake sediments of the Brda river catchment area are 
higher than the average concentrations of these elements in water 
sediments of Poland [Lis, Pasieczna 1995]. As regards the most 
harmful elements to aqueous organisms (Cd, Hg, Ni and Pb), the 
sediments contain the following amounts on an average: 0.9 mg/
kg of Cd, 0.107 mg/kg of Hg, 8 mg/kg of Ni and 46 mg/kg of Pb. 
Considering the group of trace elements that are important for 
the environment quality, but pose a lesser threat to the biota, the 
sediments contain the following amounts on an average: 8 mg/kg  
of As, 78 mg/kg of Ba, 12 mg/kg of Cr, 94 mg/kg of Zn, 3 mg/kg 
of Co, 12 mg/kg of Cu, 1.3 mg/kg of Mo, 105 mg/kg of Sr and 
16 mg/kg of V. Moreover, the sediments contain in an average 
of 0.086% of P, 0.46% of Al, 0.21% of Mg, 0.087% of K, 1.094% 
of S, 0.017% of Na, 11.58% of Ca, 1.62% of Fe and 9.18% of 
organic carbon (Table 1). Histograms of the concentrations of 
cadmium, mercury, lead and zinc in lake sediments of the Brda 
river catchment area are shown in Figure 1.
An elevated cadmium concentration, above 2 mg/kg, was found 
in the sediments of lakes Ślepe, Okonińskie and Orle, and an 
increased nickel concentration was recorded in, for example, Lake 
Jeleń and Lake Stobno. A mercury concentration of above 0.2 mg/kg  
was measured in the sediments from lakes Gwiazda, Milachowo 
and Ślepe, and a lead concentration exceeding 100 mg/kg  
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 Table 1. The concentrations of some elements in lake sediments of the Brda river catchment area

Element Detection 
limit Mean Geometric mean Median Minimum Maximum Standard 

deviation

Arsenic
Barium
Chromium
Tin
Zinc
Cadmium
Cobalt
Manganese
Cooper
Molybdenum
Nickel
Lead
Mercury
Silver
Strontium
Titanium
Vanadium

mg/kg
3 8 6 6 <3 22 5
1 78 68 79 14 188 37
1 12 9 9 1 47 10
2 <2 <2 <2 <2 3.4 0.8
1 94 81 78 10 230 51

0.5 0.9 0.7 0.7 <0.5 2.8 0.6
1 3 2 2 1 8 2
1 1277 773 753 50 10550 1634
1 12 10 12 2 28 6

0.5 1.3 1.0 1.0 <0.5 5.2 1.0
1 8 7 7 1 24 5
3 46 37 34 6 141 31

0.005 0.107 0.091 0.100 0.014 0.273 0.058
0.5 <0.5 <0.5 <0.5 <0.5 1.3 0.2
1 105 78 96 6 298 69
1 103 91 92 16 239 49
1 16 13 13 2 41 9

Phosphorus
Aluminium
Magnesium
Potassium
Sulphur
Sodium
Calcium
Carbon org.
Iron

%
0.005 0.121 0.105 0.111 0.011 0.401 0.070
0.01 0.55 0.41 0.36 0.05 2.12 0.48
0.01 0.210 0.191 0.180 0.027 0.590 0.094

0.005 0.096 0.073 0.080 <0.01 0.330 0.076
0.005 0.979 0.862 0.970 0.149 2.182 0.455
0.005 0.018 0.017 0.017 0.009 0.043 0.006
0.01 12.38 7.49 13.65 0.18 31.34 8.58
0.05 11.54 10.09 9.48 1.71 33.20 6.41
0.01 1.48 1.23 1.40 0.09 4.10 0.79

  

  

 

Figure 1. Histograms of Cd, Hg, Pb and Zn contents in lake sediments. 
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Fig. 1. Histograms of Cd, Hg, Pb and Zn contents in lake sediments
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 was found in, for example, Lake Długie (municipality Lipnica) 
and Lake Orle. It is worth noting that the presence of high zinc 
concentrations, more than 150 mg/kg, in the sediments of the 
following lakes: Długie, Okonińskie, Ślepe, Orle, Kamień, Gwiazda, 
Charzykowskie and Orłowskie. A chromium concentration of 
above 30 mg/kg was recorded, among others, in the sediments 
of  lakes Charzykowskie, Sępoleńskie and Okonińskie, 
and an elevated copper concentration, above 20 mg/kg,  
was found in the sediments of lakes, for example, Jeleń, Orle 
and Gwiazda. An arsenic concentration of above 10 mg/kg was 
recorded in 12 lakes, including Lake Długie (municipality Lipnica), 
Lake Okonińskie and Lake Trzemeszno. Sediments of some 
lakes also reveal an increased concentration of molybdenum, 
for example, in lakes Borzyszkowskie, Lipczyno, Gwiazda and 
Drzycimskie. The presence of  tin at a concentration above the 
determination limit was reported in the sediments sampled from 
lakes, among others, Orłowskie and Charzykowskie, and a silver 
concentration above the determination limit was detected only 
in the sediments of Lake Sępoleńskie and Lake Charzykowskie. 
A barium concentration exceeding 100 mg/kg was found in 
the sediments of 17 lakes, for example, Krzywe,  Stobno and  
Sępoleńskie, and an elevated strontium concentration, above 
200 mg/kg, was recorded in the sediments of the following lakes: 
Krasne, Gwiazda, Laska, Strzyżyny, Parzyn and Śpierewnik.  
A vanadium concentration of above 35 mg/kg was found in the 
sediments of lakes Stobno, Okonińskie  and Jeleń. Sediments 
of the examined lakes are characterised by a low cobalt 
concentration, not exceeding 8 mg/kg.
The study has revealed spatial variation in the occurrence 
of trace elements in the sediments of the Brda river basin. 
Increased Cr, Cu, Ni and V concentrations were recorded in 
sediments of lakes that developed on moraine deposits. Lower 
concentrations were found in sediments of lakes in areas of 
glaciofluvial deposits. The slightly higher concentrations of 
Ba, Cr, Ni, V and Sr in the lake sediments than those in river 
sediments of Poland are of geogenic origin and result from 
sedimentation of materials originating from surface runoff in 
areas adjacent to the lakes. Glacial deposits, being subject to 

weathering and erosional processes, contain erratic boulders 
of igneous and metamorphic rocks, which are the source of 
these elements. Compared to the lake sediments in the Biebrza 
river catchment area, the sediments in the Brda river basin are 
characterised by lower concentrations of Ba and Cu but higher 
concentrations of Zn, Mn and Pb. However, compared to the 
sediments of the Drava river catchment area, the concentrations 
of trace elements are very similar [Bojakowska, Gliwicz 2009; 
Bojakowska et al. 2014] (Table 2). 
Factor analysis has grouped the elements into four factors. The 
first factor, whose proportion is 29.1%, connects Co, Cu, Ni, V and 
Ti with Mg, Al and K. It can be called a geogenic–lithological factor 
associated with deposition of material derived from weathering of 
glacial deposits. The second factor, whose proportion is 16.3%, 
correlates As, Mo and Pb with organic carbon. Because of the 
presence of lead in this factor, it can be called an anthropogenic 
factor, because the increased concentration of this element in 
the environment is associated with human economic activity. The 
third factor, whose proportion is 14.6%, includes P, Ba, Fe and 
Mn. It is associated with the sedimentary conditions prevailing 
in the lakes profundal zone. The fourth factor, whose proportion 
is 13.9%, groups heavy metals and can be determined as an 
anthropogenic factor (Table 3).
It is worth noting the occurrence of markedly elevated 
concentrations of trace elements in sediments of lakes situated 
within the boundaries of landscape parks. The sediments of 
Lake Długie (Zaborowski Landscape Park), situated on a water 
route to Lake Laska, contain 22 mg/kg of As, 2.0 mg/kg of Cd, 
0.254 mg/kg of Hg, 141 mg/kg of Pb and 230 mg/kg of Zn. The 
sediments of  Lake Ślepe (Tuchola Landscape Park) contain  
12 mg/kg of As, 2.8 mg/kg of Cd, 0.239 mg/kg of Hg, 102 mg/kg  
of Pb and 191 mg/kg of Zn. The sediments of two lobelia lakes, 
located in a nature reserve in the Brda river’s headwaters, 
typically show greatly elevated concentrations of trace elements. 
The sediments of  Lake Orle contain 2.4 mg/kg of Cd, 23 mg/kg 
of Cu, 110 mg/kg of Pb and 187 mg/kg of Zn, and the sediments 
of Lake Kamień – 1.8 mg/kg of Cd, 0.148 mg/kg of Hg, 95 mg/kg 
of Pb and 178 mg/kg of Zn.

Table 2. Comparison of the concentrations of trace elements in the catchment areas of the Drawa, Biebrza and Brda rivers

Element catchment areas of the 
Drawa river (n = 37)

catchment areas of the 
Biebrza river (n = 42)

catchment areas of the Brda 
river (n = 54)

Arsenic 8 7 8
Barium 75 105 78

Chromium 11 11 12
Zinc 97 88 94

Cadmium 0,9 0,8 0,9
Cobalt 3 3 3

Manganese 882 983 1277
Copper 13 16 12
Nickel 8 8 8
Lead 44 30 46

Mercury 0.108 0.112 0.107
Silver 0.5 <0.5 <0.5

Strontium 100 99 105
Vanadium 15 16 16
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There are also elevated concentrations of trace elements in 
sediments of lakes that are used for recreational purposes, 
especially those on which recreational and agrotourism centres 
are situated, for example, the sediments of  Lake Okonińskie 
contain 19 mg/kg of As, 2.6 mg/kg of Cd, 0.190 mg/kg of Hg, 
102 mg/kg of Pb and 206 mg/kg of Zn, and the sediments of 
Lake Kiedrowickie contain 87 mg/kg of Pb and 148 mg/kg of Zn. 
Elevated concentrations of trace elements were also found in the 
sediments of  Lake Gwiazda (1.7 mg/kg of Cd, 0.273 mg/kg of Hg, 
95 mg/kg of Pb and 174 mg/kg of Zn) with the village of Borowy 
Młyn on its shore and in the sediments of  Lake Charzykowskie 
(1.3 mg/kg of Ag, 47 mg/kg of Cr, 3 mg/kg of Sn and 163 mg/kg 
of Zn) with the holiday villages of Charzykowy and Kopernica.
Elevated concentrations of trace elements, such as lead, zinc and 
mercury, and locally silver and tin, in sediments of some lakes 
are caused by the anthropogenic factor. In the Brda catchment 
area, these elements have been released into the environment 
primarily as a result of the following processes and activities: 
(1) burning of coal (Hg, Zn), (2) road transport (Pb, Zn Cd), (3) 
destruction of building and finishing materials by atmospheric 
agents (Zn, Pb), (4) use and maintenance of canoes, boats (Zn, 
Cu, Cd, Hg, Sn), (5) fishing and angling (lead weights of fishing 
nets and rods) and (5) hunting (lead and arsenic are constituents 
of shot pellets, mercury is a constituent of primers).
Sediments of most of the lakes analysed within the study 
show relatively low concentrations of trace elements. The 
concentrations of  As, Cd, Cr, Cu, Hg, Ni, Pb and Zn are lower 
than their TEC (threshold effect concentration) levels, which 
are the lower limits for harmful effects on aquatic organisms 
(MacDonald et al. 2000). The concentration of arsenic is higher 
than its TEC value (10 m/kg) in 11 samples, of cadmium (1 mg/
kg) in 29.09% of samples, of chromium  (43 mg/kg) in 1 sample, 
of mercury (0.18 mg/kg) in 5 samples, of  nickel (2 mg/kg) in 1 
sample, of  lead (36 mg/kg) in 45.45% of samples and of zinc 
(123 mg/kg) in 23.63% of samples  (Figure 2). None of  the 
samples has yielded a copper concentration value greater than 
the TEC, which is 32 mg/kg. Elemental concentrations exceeding 
the PEC (probable effect concentration) values, which are the 
lower limits for harmful effects on organisms, have been found 
only in the sediments of Lake Długie where the concentration 
of lead is much greater than its PEC value (128 mg/kg). The 
assessment of the contamination level of lake sediments in the 
Brda river basin is shown in a map (Figure 2).
The assessment of  contamination level of lake sediments was 
also made with the use of geoaccumulation indices (Igeo= log2 
C/1.5 × B, where C is the elemental concentration and B is the 
geochemical background level) introduced by Müller (Förstner 
1989). These were determined using the values of regional 
geochemical background. Based on the geoaccumulation indices, 
it has been found that approximately 47.3% of analysed samples 
represent uncontaminated sediments with the geoaccumulation 
indices 0 and 1, and 50.9% of samples represent moderately 
contaminated sediments with the geoaccumulation indices 2 and 
3. There is only one lake of strongly contaminated sediments with 
the geoaccumulation index 4. The lake sediment contamination 
is commonly due to very high lead and mercury concentrations 
(Table 4). 

Table 3. Results of factor analysis of elemental concentrations in  
              lake sediments in the Brda river basin

Factor 1 Factor 2 Factor  3 Factor 4
Arsenic 0.072 0.795 0.366 0.136
Barium 0.452 −0.124 0.814 0.062

Chromium 0.554 −0.177 0.196 0.688
Tin −0.050 0.311 0.188 0.767
Zinc 0.436 0.281 0.347 0.679

Cadmium 0.131 0.427 0.354 0.507
Cobalt 0.978 0.044 0.105 0.123

Manganese −0.010 −0.006 0.916 0.097
Copper 0.758 0.322 0.293 0.323

Molybdenum −0.072 0.782 −0.116 −0.046
Nickel 0.953 0.046 0.129 0.138
Lead 0.303 0.791 0.092 0.366

Mercury 0.340 0.225 0.570 0.584
Silver −0.110 −0.264 0.188 0.787

Strontium −0.266 −0.546 0.157 −0.223
Titanium 0.804 0.242 0.192 0.027

Vanadium 0.911 0.169 0.186 0.177
Phosphorus 0.024 −0.008 0.789 0.308
Aluminium 0.947 0.090 −0.043 0.145
Magnesium 0.817 −0.214 0.149 −0.090
Potassium 0.975 −0.128 0.037 0.058

Sulphur −0.049 0.578 0.362 −0.074
Sodium 0.068 0.093 0.033 0.408
Calcium −0.507 −0.496 0.103 −0.349

Carbon org. −0.143 0.867 −0.107 0.096
Iron 0.299 0.101 0.757 0.111

Expl. Var.* 7.862 4.389 3.950 3.742
Prp. Totl.** 0.291 0.163 0.146 0.139

*   Explained variance.
** - Total proportion of variance.

Table 4. Assessment of the contamination level of lake sediments  
             (geochemical index)

Igeo
Class of 
sediment

As Cd Co Cr Cu Hg Ni Pb Zn Total

Number of samples

0 Uncontaminated 
sediments 27 34 44 30 24 22 41 4 38 2

1

Uncontaminated 
to moderately 

polluted 
sediments

20 12 9 14 27 21 11 24 15 24

2
Moderately 

polluted 
sediments

8 9 2 6 4 12 3 18 2 16

3
Moderately to 

strongly polluted 
sediments

5 8 12

4 Strongly polluted 
sediments 1 1
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Fig. 2. Estimation of pollution lake sediments of the catchment areas of the Brda river according to the criteria TEC and PEC.  1, 
Borówno; 2, Borzyszkowskie; 3, Bysławskie; 4, Cekcyńskie; 5, Charzykowskie; 6, Długie (municipality Śliwice); 7, Długie 
(municipality Lipnice); 8, Drzycimskie; 9, Dybrzyk; 10, Gwiazda; 11, Gwiazdy; 12, Jeleń; 13, Kamień; 14, Karsińskie; 15, 
Kiedrowickie; 16, Kielsk (Kielskie); 17, Kosobudno; 18 , Krasne; 19, Krępsko; 20, Kruszyńskie; 21, Laska; 22, Leśno Dolne; 
23, Lipczyno; 24, Lutowskie; 25, Milachowo; 26, Młosino; 27, Mochel; 28, Obrowo; 29, Okonińskie; 30, Orle; 31, Ostrowite; 32, 
Parzyn; 33, Raduń; 34, Sępoleńskie; 35, Słupowskie; 36, Somińskie; 37, Stobno; 38, Strzyżyny; 39, Studzienicki; 40, Suskie 
Wielkie; 41, Szczytno; 42, Szpitalne; 43, Ślepe; 44, Śpierewnik; 45, Świekatowskie; 46, Trzebielsk; 47, Trzemeszno; 48, 
Tuczno; 49, Węgorzyno; 50, Wiejskie; 51, Wierzchucińskie D.; 52, Wierzchucińskie M.; 53, Witoczno; 54, Zamarte. 
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5. CONCLUSIONS

1.	 Water sediments of most of the lakes examined in the Brda 
river catchment area are characterised by low concentrations 
of trace elements. The presence of elevated concentrations 
of chromium, copper, nickel and vanadium is controlled by  
a geogenic factor – weathering of glacial deposits containing 
fragments of igneous and metamorphic rocks, which are the 
source of heavy metals. 

2.	 Clearly, elevated concentrations of trace elements have 
been found in sediments of some lakes located within 
landscape parks, for example, Lake Długie (Zaborowski 
Landscape Park), Lake Ślepe (Tuchola Landscape Park) 
and the lobelia lakes of Orle and Kamień. 

3.	 The presence of elevated concentrations of trace elements 
has been recorded in sediments of some lakes with 
recreation centres and agrotourism sites on their shores, for 
example, in the following lakes: Okonińskie, Kiedrowickie, 
Gwiazda and Charzykowskie.

4.	 Most of the lake sediments show low concentrations of As, 
Cd, Cr, Cu, Hg and Ni, which do not pose a threat to aquatic 
organisms. The concentrations of lead in almost half of the 
samples are elevated to a level at which a negative effect 
of this element can be observed. In the case of zinc, the 
proportion of such samples is 23.63%. In the sediments of 
Lake Długie, the lead concentration is so high that it can 
frequently cause negative effects on living organisms.
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