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ABSTRACT

Aim of the study
The aim of the study was to assess the degree of heavy metal pollution in bottom sediments of lakes on the
basis of geochemical and ecotoxicological indicators.

Material and methods

The analysis was conducted for 16 lakes located in the Gniezno Lakeland in central-western Poland.
The studied lakes were included in the research program obtained from the Inspector of Environmental
Protection within the framework of the State Environmental Monitoring. The Contamination Factor (CF),
Pollution Load Index (PLI) and Metal Pollution Index (MPI) were calculated to assess the level of sed-
iment contamination. Assessment of the potential toxic effects of heavy metals accumulated in bottom
sediments were made on the basis of TEC, MEC and PEC values. Cluster analysis (CA) was used to
show similarities between lakes in terms of heavy metal concentration in bottom sediments. To identify
factors affecting metal content in bottom sediments and potential sources of pollution, the PCA analysis
was applied.

Results and conclusions

The analyses showed a large variation of heavy metals concentration in bottom sediments. The bottom
sediments of lakes were polluted mostly with lead. High concentrations of lead in individual lakes may
cause harm to living organisms. The lowest concentrations of heavy metals were found in the bottom
sediments of Kamienieckie Lake and the highest in Ostrowieckie Lake. Cluster analysis allowed to divide
the lakes into two groups with similar concentration of heavy metal in bottom sediments. The studies did
not allow to clearly expose the factors responsible for determining the heavy metal content in bottom
sediments of lakes.
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INTRODUCTION tal monitoring programs (Szyczewski et al., 2009).

Great interest is associated with the bioaccumulation
Research on heavy metal content in the aquatic en-  of heavy metals and a possible negative impact on
vironment has been widely carried out from many living organisms, even at low concentrations. Heavy
years by various scientific centres and laboratories  metals can be found in surface waters due to the geo-
around the world as part of national environmen- logical structure, relief and climatic conditions that
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shape the rate of geochemical processes. Over the last
century, there have been drastic changes in the natu-
ral environment. The transformation of the land use
structure has accelerated the circulation of matter, in-
cluding an increase in sedimentation and pollution in
lakes. A large part of heavy metals is supplied to wa-
ter by anthropogenic sources, i.e. points of munici-
pal and industrial sewage discharge, mine waters and
surface runoff from agricultural and urbanized areas
(Borek, 2018; Dabrowska et al., 2016; Sojka et al.,
2016). Heavy metal transport is associated with the
presence of silty and clay fractions in river waters,
and with the content of organic matter (Frankowski
et al., 2009). Heavy metals with debris are carried in
the aquatic environment, and sediment under favour-
able hydrodynamic conditions (Sojka et al., 2018a).
Research show that heavy metal concentrations in
the bottom sediments of rivers are generally lower
than in the bottom sediments of the reservoirs (Soj-
ka et al., 2018b). Their concentrations in the bottom
sediments of reservoirs depend on the characteristics
of pollution sources, while spatial variability is con-
nected to the hydraulic conditions and the content of
organic matter in the sediments as well as to silty and
clay fractions (Sojka et al., 2013). Heavy metals in
the bottom sediments provide good evidence of the
anthropopressure impact on lakes and aquatic eco-
systems. Their concentrations in bottom sediments
are particularly important for studying long-term
effects. Heavy metals are responsible for a specific
type of pollution, because they are not biodegrad-
able, but instead accumulate in various elements of
aquatic ecosystems (Glinska-Lewczuk et al., 2009).
Assessment of the pollution degree of bottom sed-
iments with heavy metals is most often performed
in reference to the values of the geochemical back-
ground (Zhou et al. 2019). These, however, are used
to calculate geochemical indicators, e.g. Geo-accu-
mulation Index (Igeo), Enrichment Factor (EF), Pol-
lution Load Index (PLI), Sediment Pollution Index
(SPI) and Sediment Metal Enrichment Index (SEF).
These indicators allow assessment of pollution or
comparison of bottom sediment pollution between
reservoirs (Dung et al., 2013). Values of indicators of
bottom sediment pollution help answering the ques-
tions: what is the impact of anthropogenic activities
on a lake? What is bottom sediment pollution? What
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is the potential ecological threat? (Raut et al., 2017;
Yang, 2018). The identification of heavy metal sourc-
es in bottom sediments is particularly difficult due to
the overlapping of various sources mainly of anthro-
pogenic origin (Karthikeyan et al., 2018; Sojka et al.,
2019a; Sojka et al., 2019b). Frequently, identification
of pollution sources is performed indirectly by statis-
tical methods that highlight the share of individual
pollution sources supplying heavy metals to lakes
(Kumar et al., 2019; Siepak and Sojka, 2017; Sojka
et al., 2008, Wiatkowska , 2019).

The aim of the study was: (1) assessment of bot-
tom sediment pollution by heavy metals (Cr, Ni, Cu,
Zn, Cd and PD) in lakes, (2) determination of poten-
tial toxic effects of heavy metals on living organisms,
(3) indication of similarities and differences in heavy
metal content in bottom sediments of lakes and (4) de-
termination of factors affecting heavy metal content in
bottom sediments.

MATERIALS AND METHODS

Location and characteristics of lakes and
catchments

The research was carried out for 16 lakes located in
the Gniezno Lakeland (see: Fig. 1). The area of in-
dividual lakes ranges from 37.4 ha (Kamienieckie)
to 550.9 ha (Niedziggiel), while the volume ranges
from 687 thou. m® (Kamienieckie) to 38239.5 thou.
m?® (Popielewskie) (see: Table 1). The average depth
varies from 1.8 m (Kamienieckie) to 12.4 m (Pop-
ielewskie). The length of shorelines is very diverse
and ranges from 2.29 km (Lednica) to 26.68 km
(Popielewskie), while the shoreline development in-
dex is between 1.2 (Zninskie Duzy) and 4.3 (Pop-
ielewskie). The minimum value of exposure index
is 6 (Fotuskie), and the maximum is 100.2 (Nied-
ziggiel).

The catchment area of the studied lakes is diverse.
For example, Szydtowski Lake supplying the smallest
area and has only 20.9 km?, the largest supply area
belongs to Lake Rogozno with about 690.9 km? (see:
Table 2). The average catchment heights are between
87.7 and 117.5 m a.s.l. The catchment areas are rela-
tively homogenous. At the Lednica, Ostrowski, Star-
ski and Wilczynski lake catchments, the mean slopes
are the lowest (about 1%), while in the Popielewskie

www.acta.urk.edu.pl/pl



Sojka, M., Jaskuta, J., Wrézynski, R. (2019). Analysis of heavy metals contamination in bottom sediments of lakes located in the
Gniezno Lakeland. Acta Sci. Pol., Formatio Circumiectus, 18 (4),137-149. DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.4.137

16%Zninskie
Duze
@7

15.Wolickie
Q 3.Kierzkowskie
4/ f'46!0strowieckie

§

\

A, il .Eoluskie,

\10.Starskie Tonowskie

B

0
|

(¢]

|:| catchments

D Pojezierze Gnieznienskie

7 j12.Szydiowskie
/7@

off .Kminieckie .Ostrowskie

e

14:Wilczynskie

A
\ ( J i
U5INisaziegiel 11:Suszewskie
) L

~ »«{

lakes

10 20 km
] J

Fig. 1. Lakes location in the Gniezno Lakeland

Lake catchment the mean slope is the highest (about
2.2%). In terms of the use structure, arable lands
cover between 55.5% and 93.6% of the catchments.
Exception is Niedziggiel Lake, where only 32,1% of
catchment area is arable. Also, forests cover a diverse
share of the catchments, from 0% in Szydlowski Lake
up to 38,1% in Niedziggiel Lake. In the catchment ar-
eas of Ostrowski, Tonowski, Wilczynski and Zninski
Duzy lakes, the share of built-up areas is above 5%,
while in the catchments of Szydtowski and Starskie
lakes it does not exceed 1%. Besides the built-up ar-
eas comprising a large part of the Wilczynski Lake
catchment, but also its density of road network is the
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highest. The catchment of Starskie Lake is character-
ized by the lowest road network density. Whereas, the
Niedziggiel Lake catchment has the highest share of
forests, meadows and surface waters. The least mead-
ows were found in the Szydtowski Lake catchment,
while the least surface waters in the Foluskie Lake
catchment area. The density of river network, which
indirectly describes soil permeability, is varied and
ranges from 0.75 to 1.85 km?. The most intense water
exchange occurs in Kamienieckie Lake over 21 times
a year, while the least frequent water exchange occurs
in Szydtowski Lake — on average once every eight
years.
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Table 1. Basic parameters of the lakes

LA MD L w SD EI

Nroo Lake X Y ha] [tysm’] [m] [m] [m] Mg ]
1 Foluskie 52°47°31” 17°50°29” 624 6520.3 104 1705 450 4650 1.7 6.0
2 Kamienieckie 52°33°10” 17°58°39” 374 687.0 1.8 1700 410 4325 2.0 20.8
3 Kierzkowskie 52°50°57” 17°53°7” 77.3 6195.3 8.0 2100 530 5150 1.7 9.7
4 Lednica 52°32°9” 17°22°42” 339.1 24397.1 7.0 7300 825 2290 3.4 48.4
5 Niedziggiel 52°26°51” 17°53°22” 5509 30089.9 5.5 5920 1450 24280 2.9 100.2
6  Ostrowskie 52°32°5” 18°7°20” 314.5 312429 99 6800 1080 19925 3.2 31.8
7  Ostrowickie 52°49°28” 17°51°34” 276.7 22987.0 8.3 6255 1190 21625 3.6 333
8 Popielewskie 52°34°31” 17°52°16” 308.5 38239.5 124 10000 620 26680 4.3 249
9 Rogozno 52°44°3” 17°1°9” 125.8 3808.5 3.0 5100 350 10925 2.8 41.9
10 Starskie 52°45°24” 17° 6’ 53” 67.5 3809.8 5.6 2460 480 5800 2.0 12.1
11  Suszewskie 52°28°52” 18°5°28” 81.7 5325.7 6.5 3080 430 7900 2.5 12.6
12 Szydtowskie 52°35°10” 17°56°13” 140.2 158839 11.3 5000 300 12425 3.0 12.4
13 Tonowskie 52°46°9” 17°35°9” 159.9 3189.9 1.9 3900 750 10175 2.2 84.2
14  Wilczynskie 52° 28507 18°6°41” 173.8 126154 7.3 5700 520 13200 2.8 23.8
15 Wolickie 52° 51’577 17°53°34” 243.5 118889 49 2450 1350 6950 1.3 49.7
16 Zninskie Duze 52°51°46” 17°43°60” 431.6 29492.6 6.8 3250 1865 8500 1.2 63.5

DATA AND SOURCE MATERIALS

The study uses the results of research on the content
of Cr, Ni, Cu, Zn, Cd and Pb in bottom sediments of
lakes, conducted as part of the State Environmental
Monitoring (GIOS, 2016). A 5-centimeter surface lay-
er of sediments was collected with a van Veen sampler
for testing. One sample was taken from lakes with an
area of less than 250 ha, from lakes with an area of 250
to 500 ha — 2 samples, and 3 samples from lakes with
an area of 500 to 1000 ha. So-called averaged sam-
ples were prepared for sampling from several points
(GIOS, 2016). Cr, Ni, Cu, Zn, Cd and Pb were deter-
mined by atomic emission spectrometry with induc-
tively coupled plasma excitation (ICP-OES) in accor-
dance with PN-EN ISO 11885: 2009.

The parameters of each lake were measured on the
basis ofthe Atlas of Polish Lakes (Janczak 1996), taking
into account the basic characteristics: lake area (LA),
volume (V), mean depth (MD), width (W), length (L),
shoreline length (SL), shoreline development indica-
tor (SD) and exposure index (EI). In addition, a total
catchment area was specified for the lakes on the ba-
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sis of the Raster Hydrographic Map of Poland made
available by the Polish National Water Management.
Numerical terrain models (NMT) were developed for
the catchments on the basis of altitude data with a grid
interval of at least 100 m provided by the Head Office
of Geodesy and Cartography (GUGIK). On the basis
of the NMT, the basic physiographic characteristics
of catchments were determined, i.e. height differenc-
es, maximum, minimum and mean height (MH) and
mean slope (MS). The structure of land cover for in-
dividual catchments was determined on the basis of
data contained in the General Geographic Database
(BDOO). The following land cover classes have been
distinguished: arable land (AL), forests (F), built-up
areas (BA), meadows and pastures (G), surface wa-
ters (SW). In addition, river density (RiD) and road
network (RoS) was calculated, as well as the num-
ber of intersection points of road and river network
(RRI). For each of the lakes, the water exchange rate
(WEI) was measured as the quotient of outflow from
the catchment and the lake volume (see: Table 2). Out-
flows from a catchment were determined on the basis
of a map of average unit outflows from Poland.
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Table 2. Basic parameters of basins with water exchange index of the lakes

o Jetioro A MH MS RiD RoS RRI AL F BA G SW WEI
Lake [km?] [m.asl] [%] [km/km?] [km/km?] [-] [%] [%] [%] [%] [%] [-]
1 Foluskie 96.2 104.4 1.6 0.89 0.69 31 69.8 24.1 33 0.9 1.9 1.40
2 Kamienieckie 155.0 106.4 1.6 1.22 0.91 54 555 296 14 5.6 7.9 21.35
3 Kierzkowskie 130.0 102.2 1.9 0.82 0.71 37 661 256 34 1.8 3.1 1.99
4 Lednica 43.1 115.7 1.0 1.48 0.77 24 803 7.0 3.1 1.4 8.2 0.17
5 Niedziggiel 42.2 108.7 1.1 0.97 0.8 11 321 381 26 124 148 0.13
6 Ostrowskie 154.3 105.8 1.0 1.53 0.98 35 597 26 59 2.8 5.6 0.47
7  Ostrowickie 121.5 102.9 1.8 0.81 0.71 83 657 265 3.6 1.4 2.8 0.50
8 Popielewskie 110.8 117.5 2.2 1.67 0.99 65 713 151 4.1 6.4 3.1 0.27
9 Rogozno 690.9 104.6 1.3 1.66 0.82 344 71 211 2.7 32 2 17.16
10 Starskie 25.7 87.7 1.0 1.82 0.65 11 66.6 27 0.9 3.1 2.4 0.64
11 Suszewskie 70.2 107.7 1.1 1.69 1.08 44 742 134 47 3.8 39 1.25
12 Szydlowskie 20.9 103.9 1.2 0.75 0.89 11 93.6 0 0.3 0 6.1 0.12
13 Tonowskie 458.8 110.5 1.4 1.42 0.83 146 64.2 22 6 4.7 3.1 13.61
14 Wilczynskie 32.6 105.9 1.0 1.85 1.28 20 73 9.6 105 2.1 4.8 0.24
15 Wolickie 130.0 102.2 1.9 0.82 0.71 37 661 256 34 1.8 3.1 1.03
16 Zninskie Duze  184.3 99.0 1.5 0.81 0.76 46 734 116 5.7 2.8 6.5 0.59

INDICATORS FOR THE DEGREE OF BOTTOM
SEDIMENT POLLUTION
To assess the degree of bottom sediment pollution,
the Contamination Factor (CF), Pollution Load Index
(PLI) and Metal Pollution Index (MPI) were calcu-
lated for individual metals (Jahan and Strezov, 2018;
Raut et al., 2017; Sojka et al., 2019a; Yang, 2018).
The CF index was proposed by Martin and Meybeck
(1979):
cr -G
Bi
where:
C, — concentration of the analyzed heavy metal in
the bottom sediments [mg - kg '],
B; — geochemical background of the analyzed he-
avy metal [mg-kg™'].

The following geochemical background values
were adopted: Cd — 0.5 mg-kg!, Cu— 6 mg-kg!, Cr
-5mg-kg!',Ni-5mg-kg!,Pb—10mg-kg'and Zn
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— 48 mg-kg! (Bojakowska and Sokotowska, 1998).
The CF index makes it possible to assess the bottom
sediment pollution individually for each element. The
CF index values allowed the classification of the con-
ditions of bottom sediment pollution into one of four
classes: low contaminated (CF < 1), medium contami-
nated (1 < CF < 3), significantly contaminated (3 < CF
< 6) and very contaminated (CF < 6).

Total heavy metal contamination of bottom sed-
iments was assessed using the PLI index proposed
by Tomilson et al. (1980) and Jahan and Strezov
(2018):

1 i
PLI =(CF,-CF, -...-CF,)i PLI = Cu G Cu
B, B,

nl

where:
i — number of analyzed heavy metals,
CF, — pollution index for the analyzed heavy
metal (calculated according to the formula
above).
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On the basis of the PLI values, the heavy metal bot-
tom sediment pollution can be assigned to uncontami-
nated (PLI < 1) or contaminated (PLI > 1) class.

Limitations and difficulties of statistical analy-
sis for indexes determining individual metal con-
taminations were followed by the development of
multi-metal indexes. Metal Pollution Index (MPI)
was calculated in order to compare total content of
heavy metals among the lakes. The MPI is a com-
monly used index for assessing pollution, including
soils and bottom sediments (Joksimovic et al., 2019;
Singovszka et al., 2017). The MPI was calculated as
follows:

1 1

MPI=(C,-Cy .- C)i MPI =(C,y - Cpy v Gy )i

where:
C, — concentration of the analyzed heavy metal in
bottom sediments [mg - kg ],
i — number of analyzed heavy metals.

Ecotoxicological indices

The study adopts ecotoxicological criteria, which
were applied to the assessment of the effect of heavy
metal pollution on aquatic organisms. The evalua-
tion of the potential toxic impact of heavy metals
accumulated in bottom sediments was performed on
the basis of TEC, MEC and PEC values (MacDon-
ald et al., 2000b). The Threshold Effect Concentra-
tion (TEC) value is defined as the limit value be-
low which there are no harmful effects on benthic
organisms, whereas Probable Effect Concentration
(PEC) is a value which if exceeded leads to toxico-
sis of benthic organisms. Midpoint Effects Concen-
trations (MEC) is the mean value between the TEC
and PEC limits. Based on the method developed by
MacDonald et al. (2000a), four levels of sediment
pollution and their impact on living organisms have
been distinguished: I (< TEC), II (> TEC<MEC), 111
(> MEC<PEC), IV (> PEC). According to the adopt-
ed methodology, sediments classified as level I, II,
III (<PEC) can cause occasional harm to organisms,
while sediments at level IV (> PEC) are often fol-
lowed by symptoms of toxicosis. It is assumed that
the sediment is classified as harmful to living organ-
isms when the PEC exceeds in at least one tested
heavy metal (see: Table 3).
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Table 3. Ecotoxicological criteria for assessing the qual-
ity of lake bottom sediments using the TEC, MEC and
PEC values (mg - kg™)

TEC, MEC, PEC
EZ?;?S] level T level 11 level 111 level TV
(< TEC) (>1\}EECC)§ (>I1,\EEC§ S (>PEQ)
Cr <43 43-76.5 76.5-110 > 110
Ni <23 23-36 36-49 >49
Cu <32 32-91 91-150 > 150
Zn <120 120-290 290-460 > 460
Cd <0,99 0.99-3.0 3.0-5.0 >5,0
Pb <36 36 36-83 83-130 > 130
STATISTICAL ANALYSIS

In order to present the general characteristics of heavy
metal pollution of bottom sediments of lakes in the
Gniezno Lakeland, basic statistics were analyzed, i.e.
minimum, maximum, average, median values and
coefficients of variation. The statistical analysis was
carried out on the basis of 16 values for each of the
heavy metals. The division of lakes into groups char-
acterized by similar content of heavy metals in bottom
sediments was made by cluster analysis (CA). Group-
ing was done by the Ward method, and the square of
Euclidean distance was used as a measure of similar-
ity. For the division into groups, the criteria proposed
by Ptak et al. (2018) were applied. The significance of
differences in the heavy metal content in these groups
was evaluated using the non-parametric Mann-Whit-
ney U test. The principal component analysis (PCA)
was conducted to determine the potential sources of
heavy metals in bottom sediments. The PCA anal-
ysis was carried out in relation to the morphometric
parameters of the lakes and hydrological conditions —
the coefficient of water exchange intensity in a lake,
physiographic characteristics of a catchment and the
catchment usage. The following morphometric pa-
rameters of the lakes (AL — area of lake; V — volume,
MD — mean depth; SD — shoreline development index
and EI — exposure indicator), water exchange intensity
index in lakes (WEI) and catchment parameters were
taken into account during the analysis (A — catchment
area; MH — mean catchment height; MS — mean slope
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in catchment; RiD — river network density; RoS —road
network density; AL — share of arable land; F — share
of forests; BA — share of built-up areas; G — share of
meadows; SW — share of surface water; RRI — the
number of points of intersection of the road and riv-
er networks (see: Table 2). The values of geochem-
ical and ecotoxicological indices were calculated in
an Excel spreadsheet, while statistical analyses were
performed using the Statistica 13.1 and CANOCO 5.0
programs.

RESULTS AND DISCUSSION

The content of heavy metals in the bottom sediments
of lakes located within the Gniezno Lakeland is pre-
sented in Table 4. Based on the average content values
in bottom sediments, heavy metals can be arranged

in descending order Zn>Pb>Cu>Cr>Ni>Cd. A simi-
lar sequence of metal content was obtained in studies
for the lakes of the Leczna-Wtodawa Lake District by
Szafran (2003). The lowest content of Cr, Ni and Pb
was found in the bottom sediments of Kierzykowskie
Lake, Cu and Cd in the sediments of Kamienieckie
Lake and Zn in the sediments of Foluskie Lake. The
highest content of Cr and Ni was determined in the
sediments of Wilczynski Lake and Cu, Zn, Cd and Pb
in the sediments of Ostrowieckie Lake. Among the ex-
amined heavy metals, the highest variability in bottom
sediments was recorded for Cu and the lowest for Ni.

Analysis of the CD index shows that bottom sed-
iments of the lakes located in the Gniezno Lakeland
are characterized by varied pollution. For most lakes,
the pollution index (CF) values remained low or me-
dium (see: Table 5). In most lakes the Cr and Ni con-

Table 4. Content of heavy metals in the bottom sediments of the lakes (mg-kg™') on the background of ecotoxicological

criteria
Heavy metals
Nr Lake )
Cr Ni Cu Zn Cd Pb
1 Foluskie 5.39 3.95 7.58 22.39 0.24 14.93
2 Kamienieckie 4.95 3.66 0.40 29.34 0.14 23.63
3 Kierzkowskie 3.24 2.96 5.12 25.02 0.21 14.63
4 Lednica 12.05 9.21 19.96 88.76 0.92 50.14
5 Niedziggiel 11.79 8.66 2.63 71.05 0.98 52.57
6  Ostrowskie 11.79 8.56 3.07 65.92 0.76 38.95
7 Ostrowieckie 17.48 15.31 32.86 262.00 1.89 83.45
8  Popielewskie 5.70 441 3.14 52.51 0.28 15.03
9  Rogozno 4.48 4.52 11.54 60.30 0.39 28.37
10 Starskie 5.50 4.60 13.12 42.32 0.44 21.41
11 Suszewskie 5.34 4.77 4.72 34.48 0.31 18.28
12 Szydtowskie 7.08 5.48 3.10 51.82 0.23 21.76
13 Tonowskie 11.46 8.45 7.51 23.58 0.18 14.85
14 Wilczynskie 22.37 16.40 7.54 103.60 1.27 61.78
15 Wolickie 7.09 8.43 23.66 205.40 0.53 35.70
16  Zninskie Duze 20.19 11.63 30.41 155.40 0.73 44.75
Min — max 3.24-22.37 2.96-16.40 0.40-32.86 22.39-262 0.14-1.89  14.63-83.45
Mean — median 9.7-7.1 7.6-7.0 11.0-7.5 80.9-56.4 0.6-0.4 33.8-26.0
Variablility (%) 60.7 54.1 93.1 86.2 81.0 59.8

Ecotoxicological criteria for assessing the lakes quality using TEC. MEC and PEC values:

X —level 1, X —level 2, X —level 3, X —level 4
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Table 5. Contamination Factor (CF) values in the bottom sediments of lakes

Nr Lake Cr Ni Cu Zn Cd Pb
1 Foluskie 1.08 0.79 1.26 0.47 0.47 1.49
2 Kamienieckie 0.99 0.73 0.07 0.61 0.28 2.36
3 Kierzkowskie 0.65 0.59 0.85 0.52 0.41 1.46
4 Lednica 241 1.84 3.33 1.85 1.85 5.01
5 Niedziggiel 2.36 1.73 0.44 1.48 1.96 5.26
6 Ostrowskie 2.36 1.71 0.51 1.37 1.52 3.90
7 Ostrowieckie 3.50 3.06 5.48 5.46 3.78 8.35
8 Popielewskie 1.14 0.88 0.52 1.09 0.57 1.50
9 Rogozno 0.90 0.90 1.92 1.26 0.78 2.84
10 Starskie 1.10 0.92 2.19 0.88 0.88 2.14
11 Suszewskie 1.07 0.95 0.79 0.72 0.61 1.83
12 Szydtowskie 1.42 1.10 0.52 1.08 0.46 2.18
13 Tonowskie 2.29 1.69 1.25 0.49 0.37 1.49
14 Wilczynskie 4.47 3.28 1.26 2.16 2.54 6.18
15 Wolickie 1.42 1.69 3.94 4.28 1.06 3.57
16  Zninskie Duze 4.04 2.33 5.07 3.24 1.46 4.48

Bottom sediments pollution: X — low, X — medium, X — high, X — very high

tent in the sediments was moderate, while in the lakes
Lednica, Ostrowieckie and Znifiskie Duze sediments
were significantly polluted. The values of the CF in-
dex for Cu allowed to classify the sediments of four
lakes (Lednica, Ostrowieckie, Wolickie and Zninskie
Duze) as significantly contaminated with this element.
The sediments of the Ostrowieckie, Wolickie and
Zninskie Duze lakes were significantly contaminated
by Zn, while the sediments of the Ostrowieckie Lake
by Cd. Sediments in the other lakes were weakly or
moderately polluted by Cu, Zn and Cd. The values of
the CF index for Pb for most lakes indicated average
sediment pollution, only five lakes were significant-
ly polluted (Lednica, Niedzificationsiel, Ostrowskie,
Wolickie, Zninskie Duzy), and the other two highly
polluted (Ostrowieckie, Wilczynskie).

The PLI values ranged from 0.52 (Kamieniecki)
to 4.65 (Ostrowieckie), with the mean value being
1.71. The recorded values exceeded the limit value
in ten cases (see: Fig. 2a), respectively for lakes: Os-
trowieckie (4.65), Zninskie Duze (3.16), Wilczynskie
(2.93), Lednica (2.51), Wolickie (2.31), Niedzifica-
tionsiel (1.74), Ostrowskie (1.60), Rogozno (1.28),
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Starskie (1.24) and Tonowskie (1.05). The MPI also
took large values ranging from 2.98 to 26.71, with
a mean of 9.83. The lowest value was observed in
Kamieniecki Lake, while the highest in Ostrowieckie
Lake (see: Fig. 2b).

According to the ecotoxicological criteria, it was
presented that in the 9 lakes heavy metal content in bot-
tom sediments was lower than TEC and were classified
to level I. It was found that in bottom sediments of other
lakes, the heavy metal affecting the quality assessment
was primarily Pb (6 lakes), Zn (3 lakes), Cd (2 lakes)
and Cu (1 lake). For the bottom sediments of six lakes,
the metal content was higher than TEC and lower than
MEC: Lednica (Pb — 50.14 mg-kg '), Niedziggiel (Pb
— 52.57 mg-kg™), Ostrowskie (Pb — 38.95 mg-kg™),
Ostrowieckie (Cu—32.86 mg-kg !, Zn—262 mg-kg !,
Cd - 1.89 mg-kg), Wilczynskie (Cd — 1.27 mg - kg,
Pb-61.78 mg-kg ), Wolickie (Zn —205.40 mg-kg ),
and Znifiskie Duze (Zn — 15540 mg-kg™', Pb —
44.75 mg-kg"). Due to the fact that the lead content
(Pb — 83.45 mg-kg™") in Ostrowieckie Lake exceeded
the MEC value, the bottom sediment pollution of the
lake was classified at level I11.

www.acta.urk.edu.pl/pl



Sojka, M., Jaskuta, J., Wrozynski, R. (2019). Analysis of heavy metals contamination in bottom sediments of lakes located in the
Gniezno Lakeland. Acta Sci. Pol., Formatio Circumiectus, 18 (4),137-149. DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.4.137

A
) 16A 3 A5
9‘ A10 134 1/\ !
12
A L2 4
11 14
A
/\ no pollution
A pollution

15

B) 16 3
[ g

1311 a

120 6
14
5' 111

Pojezierze Gnieznienskie

Fig. 2. Classes of (a) Pollution Load Index (PLI) and (b) Metal Pollution Index (MPI) in bottom sediments of lakes

CA analysis allowed to divide the studied lakes
into two groups. The first group included Kamienieck-
ie, Kierzkowskie, Popielewskie, Rogozno, Starskie,
Suszewskie, Szydtowskie and Tonowskie lakes, which
were characterized by a lower heavy metal content in
bottom sediments (see: Fig. 3a). Analysis of heavy
metal content in bottom sediments of separate groups
using the Mann-Whitney U test, showed that for Cr,
Ni, Zn, Cd and Pb the differences were statistically
significant at the significance level of 0.05. Only in the
case of Cu the differences were statistically non-sig-
nificant. The diversity of heavy metal content in bot-
tom sediments of the first group was at a lower level.

Analysis of the main components of PCA allowed
the presentation of the content of the examined heavy
metals in relation to lake morphometric parameters,
total catchments characteristics and the coefficient of
water exchange intensity in a lake (see: Fig. 3b). Two
main components with eigenvalues greater than 1
were distinguished. PC1 and PC2 refer to 73.3% and
12.4% of the internal data structure, respectively. The
content of Cr, Ni, Zn, Cd and Pb was strongly posi-
tively correlated with PC1, while the content of Cu
was less correlated. In addition, a strong correlation
of Cu content with PC2 was demonstrated. It was ob-
served that the Cu and Zn content in the bottom sed-
iments of lakes were positively correlated with built-
up areas in the catchment area of the studied lakes
(BA). Further, heavy metal content was negatively
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correlated with the shoreline development indicator
(SD), which may suggest their supply from areas di-
rectly adjacent to the lakes.

The obtained results show that despite the location
of the lakes in a relatively small area of the Gniezno
Lakeland, the variability of heavy metal content in
bottom sediments is high. The content of heavy met-
als in the bottom sediments of the lakes of the Gniez-
no Lakeland are at a similar level to those recorded in
the Masurian Lakeland (Tylmann et al., 2011), with
the exception of Pb, which is almost twice as high.
The average content of heavy metals in the bottom
sediments of the lakes located in the Gniezno Lake-
land is lower compared to the results obtained from
the Suwalki Lakeland. The exception is Pb, its con-
tent is at a similar level. Compared to lakes located
within the Wielkopolski National Park (Sobczynski
and Siepak, 2001) heavy metal content is smaller.
The functioning of the lakes in national and landscape
parks does not provide them a full protection, because
pollution comes mainly from the catchment along
with waters from the supplying rivers (Choinski and
Macias, 2008).

The diversity of heavy metal content in the bottom
sediments of lakes stems from diversity of catchment
structures and a probable impact of point-type pollu-
tion. The analysis of the main components of the PCA
did not present evidently those among the examined
factors, which are responsible for supplying heavy
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Fig. 3a and 3b. Division of lakes into groups in terms of (A) heavy metals content in bottom sediments and (B) relation-
ships between the characteristics of the lakes and their catchments and the content of heavy metals in bottom sediments
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metals to waters. Results obtained by Karwacka et al.
(2013) indicate at least partial anthropogenic origin of
heavy metals in sediments. The results of the analysis
presented in the paper indicate that in order to describe
the presence of heavy metals in bottom sediments, the
condition of water and sewage management in catch-
ments should be further examined and an analysis
of development of areas directly adjacent to lakes or
direct catchments should be carried out. In addition,
Kuriata-Potasznik et al. (2016) show that the supply
of heavy metals may be responsible for the so-called
linear sources of pollution, mainly associated with the
road network. This research indicates no relationship
between road networks and interaction points of road
networks and river catchments of the studied lakes and
the heavy metal content in bottom sediments.

CONCLUSIONS

The analysis of heavy metal content in the bottom
sediments of lakes located in the Gniezno Lakeland,
in relation to morphometric parameters, hydrological
conditions and characteristics of direct catchments, al-
lowed to present the following conclusions:
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The diversity of heavy metal content in the bot-
tom sediments of lakes stems from diversity of
catchment structures and a probable impact of po-
int-type pollution,

the bottom sediments of the lakes were heavily
polluted with lead, while for other heavy metals,
strong pollution was recorded in individual cases,
lead content in the bottom sediments of individu-
al lakes may cause harmful effects on organisms,
while the risk posed by other heavy metals rema-
ined at a lower level,

the lowest content of heavy metals was found in
the bottom sediments of Kamieniecki Lake, and
the largest in Ostrowieckie Lake,

the analysis allowed the division of lakes into two
groups characterized by a similar content of heavy
metals in bottom sediments,

the research did not isolate clearly the factors that
are responsible for the content of heavy metals in
the bottom sediments. Therefore, it is necessary to
study the condition of water and sewage manage-
ment in catchments as well as the development of
the adjacent areas.
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ANALIZA ZAWARTOSCI METALI CIEZKICH W OSADACH DENNYCH JEZIOR POJEZIERZA

GNIEZNIENSKIEGO

ABSTRAKT

Cel pracy

Celem pracy bylo wykorzystanie wskaznikow geochemicznych i ekotoksykologicznych w ocenie stopnia
zanieczyszczania metalami cigzkimi osadow dennych jezior.

Materiat i metody

Do badan wybrano 16 jezior zlokalizowanych na obszarze Pojezierza Gnieznienskiego w centralo-zachodniej
Polsce. Dane na temat zawartosci metali cigzkich w osadach pochodzity z bazy Panstwowego Monitoringu
Srodowiska. Do oceny stopnia zanieczyszczenia obliczono wskaznik zanieczyszczenia poszczegélnym me-
talem (CF — Contamination Factor); wskaznik sumarycznego tadunku zanieczyszczen metalami (PLI — Polu-
tion Load Index) oraz wskaznik zanieczyszczenia metalami (MPI — Metal Pollution Index). Oceng potencjal-
nego dziatania toksycznego metali cigzkich zakumulowanych w osadach dennych dokonano na podstawie
wartosci TEC, MEC i PEC. Do wyeksponowania podobienstw pomigdzy jeziorami w zakresie zawarto$ci
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metali cigzkich w osadach dennych, zastosowano analizg skupien (CA). Do identyfikacji czynnikow ksztattu-
jacych zawarto$¢ metali w osadach dennych oraz potencjalnych zrodet zanieczyszczen zastosowano analiza
sktadowych gtéwnych (PCA).

Wyniki i wnioski

Przeprowadzone analizy wykazaty duze zroznicowanie zawartos$ci metali cigzkich w osadach dennych jezior.
Najsilniej osady denne jezior zanieczyszczone byly otlowiem. Duze zawartosci otowiu w osadach dennych
niektorych jezior moga powodowac szkodliwie oddziatywanie na organizmy zywe. Najmniejsza zawartos$cia
metali cigzkich charakteryzowaly si¢ osady denne jeziora Kamienieckiego, a najwigksza jeziora Ostrowiec-
kiego. Analiza skupien pozwolita na podziat jezior na dwie grupy, charakteryzujace si¢ podobna zawartoscia
metali cigzkich w osadach dennych. Badania nie pozwolity w sposob jednoznaczny wyeksponowac czynni-
kow, ktore odpowiedzialne sa za ksztattowanie zawartosci metali cigzkich w osadach dennych jezior.

Stowa kluczowe: zanieczyszczenie, osady denne, jezioro, ekotoksycznos¢, indeksy geochemiczne

www.acta.urk.edu.pl/pl 149



