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Abstract

The city of Poznan is located in west-central Poland. With over 578,900 inhabitants it is one of the big-
gest industrial centres in Poland. The aim of this study was to determine distribution of mercury in bottom

sediments and soil from Poznan. Total mercury concentrations have been determined in bottom sediments

(ponds, lakes, streams and rivers) and soil samples collected in 2003 from Poznan. Mercury was determined

using the cold vapour atomic fluorescence spectrometry method (CV-AFS). Total mercury concentration

in the bottom sediments was 97 + 70 ng/g dry weight (range 29-283). Average total mercury concentration
in the soil from urban areas was 146 + 130 ng/g dry weight (range 17-746). The results of the study have
shown that mercury distribution in the samples of water and bottom sediments, collected from various sites

in Poznan, is relatively uniform. In contrast to the above, the concentration of mercury in the soil samples

varies over a relatively large range. The soils were grouped according to the present land use, i.e. lawn and

meadow soils, urban forests soils, soils of not current agricultural use and agricultural soils.

Keywords: mercury pollution, bottom sediment, soil, Poznan City, Poland.

Introduction

Mercury is generally considered one of the most tox-
ic metals found in the environment. Most anthropogenic
mercury emissions are released to the air as by-products
of various industrial processes, including coal combus-
tion, fossil fuel combustion, mercury vapour lights and
chloroalkali production [1]. The total mass of mercury
emitted to the atmosphere from industrial sources in
Poland has been estimated at 40 tons per year [2]. The
main source of mercury emission to the atmosphere
is fuel combustion. As a consequence of this process,
about 26 tons of mercury is emitted to the atmosphere
per year. Processes of combustion of hard coal and lig-
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nite are responsible for the release of 44% and 18.3% of
total mercury emitted to the atmosphere. Other sources
of mercury, such as the cement production process and
used fluorescent lamps, are responsible for the release
of 16.6% and 6.4%, respectively [2]. The main sources
of mercury in urban areas are combustion facilities, in-
cluding coal-fired power plants, municipal solid waste
incineration and hospital incineration. Other sources
of mercury contamination in urban area are hazardous
waste and sewage sludge [3]. Mercury is primarily emit-
ted to air and water. Eventually, mercury accumulates in
soils and, since cities often are located at rivers, also in
bottom sediments. The sediments can therefore provide
time integrated fingerprints of aquatic environments, at
least for mercury that has a reasonably strong affinity to
natural particles [4,5].
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Poznan is a city in west-central Poland with over
578,900 inhabitants. Located by the Warta River, it is one
of the oldest Polish Cities, an important historical center
and the capital of Wielkopolska District. Poznan is the
fourth biggest industrial center in Poland, with dominant
food, mechanical, electrotechnical and chemical indus-
tries. The aim of this study was to determine a distribution
of mercury in bottom sediments and soils from Poznan
and to identify potential sources of mercury pollution.

Materials and methods

The concentration of total mercury was determined
in 23 samples of bottom sediment samples (ponds, lakes,
streams and rivers) (0-10 cm) (Fig. 1). Moreover, mer-
cury was determined in 61 samples of urban soil (0-20
cm). Samples were collected in 2003 at sites whose geo-
graphical coordinates were measured by a GPS instru-
ment (Garmin eTrex Summit). Sediment and soil sam-
ples were collected with a hand corer made of stainless
steel. They were placed in plastic boxes of 1 L volume
and transported to the laboratory where they were dried
at room temperature to constant weight. Subsequently,
the samples were homogenized in agate mortar. Then the
samples were sieved through first 2 mm mesh, then 0.5
mm, and were once again homogenized in an agate mor-
tar. Finally the samples were sieved through the 0.150
mm mesh.

For determination of mercury, sediment and soil sub-
samples (~1 g) were wet digested with aqua regia in a
glass apparatus consisting of a round-bottom flask, par-

tial condenser (30-cm long) and water cooler. 17 mL of
aqua regia were added to the samples and the mixture
was allowed to stand for 16 h. The flask was then gently
heated for 2.0 h boiling. After cooling, the water cooler
and condenser were rinsed with 5 mL of redistilled water.
The digest was filtered by blotting paper and diluted with
redistilled water up to 100 mL. Finally mercury content
was determined by cold vapour atomic fluorescence spec-
troscopy (CV-AFS) using a Millenium Merlin Analyzer
(PS Analytical).

Standard Reference Materials: SRM 2711 — Montana
Soil, SRM 2709 — San Joaquin Soil and LGC 6137 — Es-
tuarine Sediment were analyzed routinely as laboratory
reference materials. The values for total mercury 6.06
+ 0.07 pg/g (SRM 2711, n=3), 1.44 + 0.03 ug/g (SRM
2709, n=4) and 0.37 + 0.01 pg/g (LGC 6137, n=4) were
in agreement with the certified concentrations of 6.25 +
0.19 pg/kg, 1.40 £ 0.08 pug/kg and 0.34 + 0.05 pg/g, re-
spectively. Procedural blanks were run with each set of
sample analyses.

Results

In the bottom sediments from the same sites at which
the samples of water were collected in Poznan, total mer-
cury concentration was 97 + 70 ng/g dry weight (range
29-283). A relatively high concentration was noted in
the sediments from ponds 154 + 80 ng/g (range 33-253),
while lower o in the sediments from the Warta River 118
+ 96 ng/g (range 47-283) and from rivers and streams 76 =
37 (range 33-113). Relatively the lowest average concen-
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Fig. 1. Map of study area with sediment sampling points.
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Table 1. Mercury concentration in samples of bottom sediments from Poznan.
ol;hsl;lrt:glre Sampling sites and description Geographical coordinates s dinl?grtli(snﬁlg /o]
1 Warta River - 500 meters before of reservoir of drinking water | N 52°22°25,3” | E 16°53°58,9” 60
2 Warta River - 500 meters after reservoir of drinking water N 52°21°56,3” | E16°55°36,8” 80
3 Warta River - Krolowa Jadwiga Bridge N 52°23°58,0” | E16°56°31,4” 47
4 Warta River — Lech Bridge N 52025°52,1” | E16°57°59,3” 121
5 Warta 500 meters after wastewater treatment plant N 52028°29,6” | E16°58°17,6” 283
6 Gtowna River — Bridge on Gdynska Street N 52025°24,5” | E 16°58°34,4” 58
7 Cybina River - between Olszak Pond and Maltanskie Lake N 52023°40,3” | E 16°59°46,7” 100
8 Bogdanka River — Biskupifiskia Street N 52926°50,5” | E 16°50°24,2” 33
9 Junikowski Stream — Wykopy Street N 52022°21,2” | E16°51°25,6” 113
10 Kierskie Lake — northern waterside N 52°28°26,6” | E 16°46°57,1” 29
11 Kierskie Lake — southern waterside N 52°26° 30,2 E 16°47°50,9” 38
12 Strzeszynskie Lake — northern waterside N 52027°50,9” | E16°49°11,5” 81
13 Strzeszynskie Lake — southern waterside N 52°27°27,0” | E 16°49°44,9” 64
14 Rusatka Lake — outflow Bogdanka River N 52025°48,7” | E16°52° 73 64
15 Rusatka Lake — south-eastern waterside N 52025°24,4” | E16°53° 16,4 75
16 Malta Lake - outflow Cybina River N 52924279 | E16°57°32,3” 63
17 Malta Lake - inflow Cybina River N 52°23°59,7” | E 16°59’14,3” 31
18 Czapnica Lake N 52°20" 6,6” | E16°54°52,5” 73
19 Sotacki Pond N 520251747 | E16°54°21,9” 253
20 Stara Baba Pond N 52°22°334” | E16°51° 5,57 209
21 Rozlany Pond N52°22° 49”7 | E16°51°41,9” 156
22 Mtynski Pond N52°24> 397 | E17°01°18,5” 93
23 Borowik Pond N 52023°42,1” | E17°00°56,9” 33
24 Olszak Pond N 52°23736,0” | E17°00° 19,6” 181

tration of mercury was noted in the sediments collected
from lakes 58 + 20 ng/L (range 29-81). Results of total
mercury concentrations in bottom sediments are shown
in Table 1.

The average total mercury concentration in soils
from Poznan was 146 + 130 ng/g dry weight (range
17-746). Relatively higher average concentrations of
mercury were found in the soil samples taken from
lawns and meadows 183 + 184 ng/g d.w. (range 31-749),
lower in soil collected from urban forests 151 + 129 ng/g
d.w. (range 17-469) and in the soil samples of no current
agricultural use 136 + 85 ng/g d.w. (range 50-378). The
lowest average mercury concentration was determined
in the samples of soils of current agricultural use 84 + 52
ng/g d.w. (range 31-207). Generally, the samples of soils
along the busy streets contained higher concentrations of
mercury 170 + 149 (range 31-746) than those collected
along quiet streets 118 + 99 ng/g d.w. (range 17-469).

Discussion

Spatial distribution of mercury in the soil is presented
in Fig. 2.

The concentration of mercury in bottom sediments is

a good indicator of water pollution with this element. On
the one hand, bottom sediments are where mercury ac-
cumulates as a result of simple sedimentation, and on the
other, mercury is released from the sediments, becoming
available for further biogeochemical transformations. The
rates of the two processes significantly depend on the spe-
cific environmental conditions in a given aquatic system
[6]. There are considerable differences in the background
concentration of mercury between different types of bot-
tom sediments. The natural total concentrations of mer-
cury in the bottom sediments can vary from 10 to 200



214

Boszke L., Kowalski A.

Fig. 2. Spatial distribution of mercury in soil from Poznan city.

ng/g dry mass [3, 7]. In unpolluted river sediments, the
background concentration of mercury is about 200 ng/g
d.w., because of a much higher proportion of suspended
matter observed in rivers [3, 8]. In polluted river sedi-
ments, the concentration of total mercury reaches a few
tens pg/g. For example, the total mercury concentration
was up to 1000 pg/g in bottom sediments from rivers in
Almaden, Spain [9].

In this study, the background concentration of mercury
was exceeded only in three samples — from Warta River
in the sample collected at 500 meters from the wastewater
treatment plant (283 ng/g), Sotacki Pond (253 ng/g) and
Stara Baba Pond (209 ng/g). Higher mercury concentration
in bottom sediments from these sites may be affected not
only by mercury input via the atmosphere but also by other
sources, i.e. surface runoff. For the Warta River, at a sew-
age treatment plant may be a possible source of mercury.
Higher mercury concentration in water flowing at sewage
treatment plant was affected by higher particulate mercury
concentration. For example, in the Chattahoochee River to-
tal particulate mercury concentration increased from 90 ng/
g above Atlanta to 200 ng/g at the sewage treatment plant
[10]. In the Warta River, in the water sample collected at
the same site at which the sediment sample was collected,
the mercury concentration was 36 ng/L [11]. It seems that
at the water treatment plant mercury is effectively removed
from raw sewage. For example, in the river water from the
city of Winnipeg (Canada) mercury concentration ranged
from 3 to 31 ng/L and in raw sewage it varied widely, from
2 to 150 ng/L [12].

Relative to the results of this study, much higher mer-
cury concentrations in bottom sediments from the Warta
River have been reported by other authors, on average
1550 ng/g (range 180-5750) [13]. The bottom sediment
samples from various sites in Poland, collected at the near
neighbourhood to or within the urbanized and industrial-

ized areas, showed much higher mercury concentrations:
up to 490 ng/g in ponds and streams, up to 690 ng/g in
rivers, and up to 1800 ng/g in channels [14]. In the bot-
tom sediment samples from the Odra River collected at
the sites under direct influence of such cites as Eisenhut-
testadt, Frankfurt/Oder, Stubice and Kostrzyn, mercury
was detected up to 2990 ng/g dry weight [15,16]. Gener-
ally, the concentrations of mercury in the bottom sediment
samples from the water reservoirs in Poznan are higher
than in the bottom sediments from sites relatively distant
from urbanized and industrialized areas in Poland. The
samples of bottom sediments from streams, lakes, rivers
and channels in Poland contained mercury in the follow-
ing concentrations: 12 ng/g, 11-50 ng/g, 21-70 ng/g and
16-44 ng/g, respectively [14].

Soils in urban environments differ in several respects
from those in other environments. Urban soils have a
highly variable and often unknown history as a result of
differences in land use, displacement of dirt related to e.g.
excavation works, the addition of new soil materials etc.
Until now, systematic quantitative knowledge regarding
mercury contents in urban soils in Poznan has been lim-
ited. Generally, mercury concentrations in Poznan soils
agglomeration obtained in this study do not exceed the
legally acceptable value (2000 ng/g) for mercury in soils
in urbanized areas in Poland [17]. The highest mercury
concentrations (up to 746 ng/g) were noted in the soil
sample collected from the centre of Poznan. It seems that
the most anthropogenic emissions in the Poznan area are
released as products of coal combustion. There are two
large municipal coal-fired powerplants and many local
coal-fired sources, especially in the city center [18]. The
average mercury concentration in soil from Poznan ob-
tained in this study is higher than in the earlier reports
specifying the mercury concentration as 95 ng/g d.w. [19].
Relative to our results, the average mercury concentra-
tion in the Krakoéw area was lower (100 ng/g), while it
was higher in the Warszawa area (350 ng/g) and in Up-
per Silesia (200 ng/g) [20]. Although the highest mercury
concentration obtained in this study was 746 ng/g, it was
lower than in the other urban agglomerations in Poland.
The highest concentration of mercury in the urban soils
was reported in Warszawa (up to 1080 ng/g), Wroctaw (up
to 1140 ng/g), Krakéw (up to 1380 ng/g) and Upper Sile-
sia (up to 4010 ng/g) [20]. As regards the mean mercury
concentration in other parts of Europe, in urban soils it
was 590 + 1160 ng/g in Stockholm (Sweden) [21], 4240
ng/g in Mieres (Spain) [22], 570 ng/g in Aviles (Spain)
[23], 480 ng/g in Oslo (Norway) [24] and Aveiro (Portu-
gal) 15-500 ng/g [25].

The soil samples collected from Poznan city centre
showed higher mercury concentrations (Fig. 2). Gener-
ally, higher mercury concentrations in city centres were
noted for other urban agglomerations [21, 24]. For ex-
ample, the soil samples collected from the city centre of
Stockholm showed a higher mercury concentration (on,
average 860 + 960 ng/g) and concentrations of mercury
were 50 times higher in the city centre than in rural (ar-
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Table 2. Mercury concentration in Poznan soil samples.

rsnjﬂgleer Sampling sites Geographical coordinates [:;/i;]
1 Sztormowa Street N 52°28°51.1” | E 16°46’55.5” 113
2 Nad Jeziorem Street N 52°28°14.1” | E 16°47°34.1 95
3 Stupska Street and Stobnick Street — crossroad N 52°27°14.3” | E 16°48°00.7” 91
4 Wirska Street and Migdzychodzka Street -crossroad N 52026°23.5” | E 16"48°20.9” 131
5 Biskupinska Street N 52027°15.4” | E16°51°15.5” 92
6 Koszalinska Street N 52°28°18.5” | E 16°49°52.0” 140
7 Koszalinska Street N 52°28°18.5” | E 16°48°58.1” 113
8 Rusa Residental N 52°23”18.3” | E 16°58’55.5” 115
9 Serbska Street N 52°26°09.6” | E 16°54°06.9” 114
10 Omankowskia Street N 52°27°05.1” | E 16°53°29.6” 173
11 Meteorytowa Street - wood N 52028°31.0” | E 16°53°40.3” 254
12 Lopianowa Street N 52029°12.0” | E16°56°11.9” 107
13 Btazeja Street N 52027°21.3” | E16"56°33.8” 99
14 Battycka Street - wood N 52°25°44.8” | E17°00°37.9” 239
15 Gdynska Street N 52°26°09.6” | E 16°58°46.7” 103
16 Bozywoja Street N 52°27°44.4” | E 16°57°30.1” 86
17 Nadwarcianska Street N 52°29°19.3” | E 16°58°03.8” 79
18 Piotunowa Street N 52°30°10.8” | E16°57°21.1” 86
19 Starotgcka Street N 52°20°28.8” | E 16°55°03.0” 82
20 Gluszyna Street N 52020°04.0” | E 16"55°30.1” 86
21 Babicka Street N52°19°12.3” | E 16°56°52.8” 185
22 Silniki Street N52°18°41.4” | E 16°58°36.6” 73
23 Sypniewo Street N 52°18°02.3” | E 16°59°40.9” 53
24 Sypniewo Street N 52°17°47.6” | E 16°59°53.8” 59
25 Rusa Quarter N 52°18°36.2” | E 16°59°50.3” 31
26 Rudzka Street N 52°20°36.8” | E16°59°16.2” 92
27 Skibowa Sreet N 52021°48.6” | E17°00°30.4” 288
28 Gospdarska Street N 52021°09.9” | E17°01°36.2” 44
29 Borecka Street N 52°21°07.4” | E17°02°23.7” 115
30 Boreckia Street N 52°22°43.1” | E17°02°37.2” 32
31 Darzyborskia Street N 52022°56.2” | E 17°02°20.3” 76
32 Piwna Street N 52°23°17.7” | E17°00°554” 160
33 Hetmanska Street N 52°23°07.1” | E 16°54°00.9” 321
34 Sciegiennego Street N 52°23°27.6” | E 16°52°24.2” 579
35 Cmentarna Street N 52°23°27.6” | E 16°50°09.6” 91
36 Hiacyntowa Street N 52°22°46.3” | E 16°48°24.5” 84
37 Wotczynskiej Street N 52°22°13.9” | E 16°50°28.3” 71
38 Ostatnia Street N 52°22°50.5” | E16°52°11.2” 146

Table 2 continues on net page...
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39 Poligonowa Street N 52°29°44.5” | E16°56’13.3” 91

40 Glinienko Street N 52°29°33.0” | E 16°54°40.9” 76
41 Strzeszynska Street N 52°28°18.0” | E16°51°15.7” 75
42 Bojerowa Street N 52028’ 17.5” | E16"45°43.4” 88
43 Pelplinska Street N 52°25°38.8” | E 16°49°22.4” 278
44 5 Stycznia Street N 52°25°26.4” | E 16°51°00.0” 378
45 Butgarska Street N 52°24°37.2” | E 16°52°05.4” 207
46 Ztotowska Street N 52°24°25.1” | E16°49’07.7” 175
47 Ztotowska Street - wood N 52°24°03.3” | E 16°48°29.8” 131
48 Torowa Street N 52°22°00.9” | E 16°58°57.2” 119
49 Okopowa Street N 52022°02.0” | E 16°56°49.8” 123
50 Grobla Street N 52°24°11.9” | E 16°56’34.1” 746
51 Brandtstaettera Street N 52025°33.2” | E16°56°04.1” 269
52 Droga Dgbinska Street N 52°23°24.8” | E 16°55°50.9” 136
53 Czekalskie Street N 52°24°19.0” | E 16°59’08.6” 50
54 Ziemowita Street N 52°24°20.4” | E 17°00°29.0” 97
55 Podle$na Street N 52°25°03.4” | E17°02°35.9” 67
56 Piaskowa Street N 52°20°49.3” | E 16°49°39.4” 17

57 Marcelinski Street N 52°24°18.5” | E 16°53°28.1” 157
58 Jabtonkowska Street N 52°21°47.0” | E 16°53°54.2” 158
59 Uradzka Street N52°21°08.5” | E16°51°21.3” 48

60 Glogowska Street N 52°21°19.5” | E 16°50’ 14.7” 31

61 Darniowa Street N 52°25°49.4” | E17°03°07.1 469

able) soils in the Stockholm region [21]. The median
value of mercury in the soil from the centre of Oslo was
480 ng/g - 8 times higher than in the rest of the city [24].
Although the soil from Stockholm region was highly
contaminated with mercury, the mercury concentration
in leachate was 50 times lower than the maximum con-
centration detected in groundwater, indicating the exis-
tence of other probable sources of contamination with
mercury [26]. The average mercury concentration in
soil from lawns and meadows in Poznan 183 + 184 ng/
g (range 31-749) was higher than the average mercury
concentration in soils from parks and lawns in Poland
[19]. In Poland, the concentration of mercury in urban
soils from parks and lawns was 160 ng/g (4.7-930) [19].
In Poland, different samples of barren soil contained 430
ng Hg/g (9.94800) [19]. For example, in Stockholm the
average mercury concentration was 120 + 150 ng/g in
undisturbed soils, 460 + 610 ng/g in the soil samples
from parks and 140 £ 160 in the soil collected along the
roadside [21]. However, in the soil samples from Aveiro
City (Portugal) no differences in mercury concentra-
tion could be traced in correlation to different land use
(ornamental gardens, parks, roadsides, playground and

riverbank) [25]. The average concentration of mercury
in the soil samples from farmlands under direct effect
of anthropopressure in Poland was 130 ng/g dry mass
(range 2.3-450) [19]. Soil samples from typical villages
near industrial centres in Poland showed much higher
mercury concentrations [27]. In these areas the mercury
concentrations were between 150 and 3700 ng/g [27].
The average mercury concentration in different soil
samples from agricultural areas in Poland was 61 ng/g
(range 7.3-250) [19]. The mean mercury concentration
reported for European agricultural soils is very close to
100 ng/g d.w., the results vary in the range 70-120 ng/g
[28]. European forest soils contain much less mercury
than agricultural soils, usually 50-150 ng/g [28]. In Po-
land, the forest soils contained, on average, 95 ng Hg/g
(range 38-250) [19].

Conclusions
The results of the study show that the distribution of

mercury in the samples of bottom sediments collected
from various sites in Poznan are relatively uniform. In
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contrast to the above, the concentration of mercury in
soil samples varies in a relatively large range. The soil
samples from the city centre contained higher mercury
concentration. Generally, mercury concentrations in
samples of bottom sediments and soils from Poznan
agglomeration obtained in this study did not exceed ac-
ceptable legally admissible values for mercury in Po-
land. It seems that the most anthropogenic emissions in
the Poznan area are released as products of coal com-
bustion from municipal large power plants and from
local sources in the city centre. Although at present the
state of the Poznan city pollution with mercury is satis-
factory, taking into regard the extreme toxicity of some
of its species and the fact that the buffer properties of
the Poznan agglomeration are unknown, the monitor-
ing of this metal in the Poznan ecosystem should be
continued.
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