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INTRODUCTION

The Eastern part of Wielkopolska Lowland is covered with relatively high 
productive soils used by agriculture for more than 600 years [Hładyłowicz 
1932].

Two geomorphological units were distinguished in this area: Kujawy Up­
land with so-called Kujawy black earths and Gniezno Upland, where lessivé 
soils dominate. According to Soil Taxonomy [1992] they are classified to typic 
Endoaqualls and typic Hapludalfs, respectively.

The soils studied are comparable in geological origin, developed on the 
glacial till of the ground moraine of Baltic glaciation (Wiirm), Poznan stage 
[Cieśla 1968]. Soils in this area differ in humus and clay fraction contents, 
particularly in the upper horizons.

The results of the studies on microelements status showed that soils from 
different regions of Poland differentiate due to parent materials, contents of 
organic matter and clay fraction as well as genesis of soils [Andruszczak, Czuba 
1984; Chudecki, Błaszczyk 1983; Czarnowska 1983; Czarnowska, Gworek 
1987; Dudka 1989; Kabata-Pendias 1981; Kabata-Pendias, Pendias 1993; 
Patorczyk-Pytlik, Spiak 1992]. The aim of the present work was to gather more 
information about the specific features of soils from the Eastern part of the 
Wielkopolska Lowland by means of total content of microelements: Cu, Zn, 
Cr, Ni, and Pb.
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MATERIALS AND METHODS

Soil samples were taken from all of the main arable areas of Eastern part of 
Wielkopolska Lowland (Fig. 1). The sampling areas have been selected as 
being typical of the soils they represent. The sampling points were located far 
away from roadways and point sources of pollution. Surface and subsurface 
samples were taken at each location (from depth of 0 to 20 cm and 30 to 40 
cm). A total of 214 soil samples were collected.

Soil samples were analysed after being dissolved in a mixture of concentra­
ted hydrofluoric and perchloric acids (4:1).

Concentrations of Cu, Zn, Ni, Cr, and Pb were determined by atomic 
absorption spectrometry (AAS) using a PU 9100X (Philips) instrument.

Because of a tendency for trace metals in soils and plants to exhibit 
positively skewed frequency distributions, microelements data were analysed 
on a logarythmic basis [Connor et al. 1976; Dudka 1989]. The analytical data 
was converted to logarithms and to measure the central tendency of a given 
element; the geometric mean (GM) was calculated for every metal.

The range of variation of studied elements is expressed by geometric 
deviation (GD) values. On the basis of this values, 95% expected ranges for 
investigated metals were calculated.

Fig. 1. Location o f sampling sites on the study area



Microelements in arable soils 81

Considering the natural abundance of microelements as well as the buffer 
capacity (vulnerability) of soils to the toxic level of metals depending on clay 
fraction content, soil samples were subdivided into three groups on the basis 
of clay content (0-5%, 5-10% and > 10%).

RESULT AND DISCUSSION

The median value for each element is generally slightly below the mean 
(Table 1-3). The dispersion, as measured by standard deviation (SD), varies 
for each element: the smallest is for copper and largest for lead (3.0 and 48.6 
respectively).

It was found that expected range of a given element is usually higher for 
samples with greater clay fraction content.

The total copper contents are not high and range from 3.3 to 31.7 mg/kg. 
Generally, copper contents tend to increase slightly with increased clay fraction 
content. The average copper content of the rich in clay fraction samples (>10%) 
is higher than that of more sandy texture. Usually subsurface samples contain 
a bit more Cu than the overlaying soil. The ranges for total Cu in investigated 
soils are similar with these reported for soils of other agricultural region of 
Poland [Andruszczak, Czuba 1984; Chudecki, Błaszczyk 1983; Patorczyk-Pyt- 
lik, Spiak 1992].

The range of determined Zn contents fluctuates from 19.8 to 167.3 mg/kg. 
The calculated mean values for Zn are higher for surface samples compared to 
subsurface soil samples. It was found that soils with higher amounts of clay 
fraction usually contain more zinc (Table 3.).

The comparison of total zinc content with data for arable soils of Northern 
part of Poland, presented by other authors [Czarnowska, Gworek 1987] pointed 
out that investigated soils are richer in zinc. This fact probably reflects the 
predominance of loamy fine grain texture soils among Wielkopolska soils. 
Although, geometric mean (GM) as well as calculated expected 95% range of

T A B L E  1. Total elem ent contents [m g/kg] in: A -  surface so ils (0 -2 0  cm ) and В -  subsurfa­
ce  so ils (3 0 -4 0  cm ) containing 0 -5%  o f  clay fraction

Element Mean Range SD Median GM GD Calculated 
95% range

A  -  surface so ils -  no o f data 45
Cu 10.3 3 .3 -19 .5 3.0 10.4 9.9 1.4 5 .1 -1 9 .0
Zn 37.4 19 .8 -79 .9 10.6 35.0 36.1 1.3 2 1 .0 -6 1 .9
Cr 23.1 0 .3 -6 1 .8 16.8 19.8 15.5 3.1 1 .6 -148.5
Ni 23.3 0 .5 -7 5 .2 22.9 14.7 9.2 6.0 0 .3 -330 .5
Pb 54.6 2 .0 -182 .0 34.9 44.7 43.8 2.3 8 .6 -2 2 3 .8
В -  subsurface so ils -  no o f data 42
Cu 9.2 1 .6-25.9 4.4 8.5 8.7 1.8 2 .6 -2 8 .9
Zn 28.5 1 2 .0 -54 .9 9.6 29.9 26.9 1.4 13.1-54.9
Cr 18.2 0 .3 -5 3 .9 16.9 11.6 9.8 3.8 0 .7 -1 4 0 .0
Ni 23.9 0 .5 -99 .3 27.8 10.7 9.3 5.0 0 .4 -233 .5
Pb 63.7 2 .0 -179 .0 42.7 45.8 50.9 2.1 11.2-231.1
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T AB L E  2. Total elem ent contents [nig/kg] in: A -  surface so ils (0 -2 0  cm ) and В -  subsurface  
so ils (3 0 -4 0  cm ) containing 5-10%  o f  clay fraction

Element Mean Range SD Median CM CtD Calculated 
95% range

A -  surface so ils - no of data 42
Cu 14.1 7 .0 -31 .7 6.5 12.0 13.2 1 .5 6 .0 -28 .8
Zn 45.9 2 2 .0 -9 8 .4 17.1 41.9 43.4 1.4 22 .5 -83 .9
Cr 19.2 0 .3 -44 .3 13.9 16.0 11.9 3.6 0 .9 -155 .7
Ni 22.6 0 .5 -7 3 .4 20.7 12.7 12.4 3.6 0 .9 -164 .3
Pb 75.4 23.9-195.0 44.2 65.3 64.0 1.8 11.4 -207 .3
В -  subsurface so ils -  no of data 33
Cu 14.0 7 .0 -30 .6 5.1 13.8 13.2 1.4 6 .3 -27 .2
Zn 42.2 5 .0 -74 .6 15.4 44.0 38.6 1.6 14.3 -103 .7
Cr 21.1 0 .3 -58 .5 14.8 17.5 13.3 3.8 0 .9 -190 .2
Ni 23.5 0 .5 -6 4 .6 19.3 18.5 13.3 3.9 0 .9 -205 .9
Pb 59.7 2 .0 -1 8 9 .0 36.1 70.1 47.9 2.2 9 .7 -235 .9

zinc values corresponded well to the geometric mean and "natural contents” of 
zinc for soils of Poland calculated by Dudka [1989].

The ranges for total Cr and Ni are generally in the average concentrations 
that have been reported for other agricultural regions [Czekała 1986; Pator- 
czyk-Pytlik, Spiak 1992]. It was stated that there is no relationship between 
chromium or nickel content and clay fraction content in the investigated soils.

The lead contents of Eastern Wielkopolska Lowland soils lie within the 
range 2-195.0 mg/kg. The average value for surface sandy samples (0-5% clay 
fraction) is about 54 mg/kg (Table 1) and for loamy samples is about 97 mg/kg 
(Table 3). No distinct increase in the Pb content was observed in the surface 
samples compared to subsurface samples.

These values correspond well to the average of Pb concentration in the soils 
in the whole territory of Poland [Dudka 1989].

However, it should be stressed that Pb contents of analysed soils are higher 
than expected for soils beyond the anthropopression.

To assess the quality of soils from investigated area, the contents of metals 
were compared to the reference values for nonpolluted, contaminated and 
polluted soils [Kabata-Pendias etal. 1993]. It was found that soils from Eastern

T A B L E  3. Total elem ent contents [mg/kg] in: A -  surface so ils (0 -2 0  cm ) and В — subsurfa­
ce so ils (3 0 -4 0  cm ) containing >10% o f  clay fraction

Element Mean Range SD Median GM GD Calculated 
95% range

A -  surface so ils - no of data 20
Cu 17.2 10 .3 -24 .4 3.4 17.7 16.9 1.2 11.2-25.5
Zn 54.8 29 .6 -84 .3 14.1 54.1 53.1 1.3 3 1 .4 -8 9 .8
Cr 18.7 1.0-38.7 13.5 15.6 12.0 3.2 1.2-120.9

Ni 17.8 0 .5 -62 .5 16.9 14.7 9.6 4.0 0 .6 -153 .8
Pb 97 .0 23 .5 -184 .3 45.6 87.6 85.1 1.8 2 7 .2 -266 .5

В -  subsurface so ils -  no of data 32
Cu 17.3 4 .4 -28 .8 5.9 16.2 16.2 1.5 7 .2 -36 .3
Zn 53.7 25 .0 -167 .3 24.9 44.4 49.9 1.4 24 .1 -103 .6
Cr 27.5 1.0-58.1 15.9 20.1 16.9 2.8 2 .2 -132 .8
Ni 22.5 0 .5 -70 .9 20.9 10.3 10.3 5.0 0 .4 -259 .3
Pb 69.7 2 .0 -184 .4 44.5 48.6 51.0 2.8 6 .6 -394 .5
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part of Wielkopolska due to the contents of Cu, Zn, Cr, Ni and Pb can be 
qualified to noncontaminated soils. Only in a few samples, a higher contents 
of Ni and Pb were found.

The comparison of calculated on the basis of geometric mean and geometric 
deviation expected values of microelements contents in Wielkopolska Lowland 
soils with the references values [Kabata-Pendias et al. 1993] pointed out that 
these soils can be classified as 1 class, in a 6-degree scale. Thus investigated 
soils are of good quality and can be used for growing all plants. The slight 
excess of calculated maximum contents for lead and nickel is caused by the 
dispersion of experimental results for these elements.

However, it should be stressed, that the comparison of the contents of 
microelements in investigated soils with the standard values for nonpolluted 
soils of Europe [Bridges 1989] indicates that Wielkopolska Upland soils are of 
good quality, with a trace pollution level with these metals.

CONCLUSIONS

1. Lessivé soils of the Eastern part of Wielkopolska Lowland and Kujawy 
Upland, where black earths dominated, due to Cu, Zn, Cr, and Pb contents can 
be classified to nonpolluted soils. They can be intend for farming and growing 
plants.

2. Analysis of the results with respect to the granulometric composition 
pointed out that soil samples which are richer in clay fraction, contain more 
zinc than sandy soils.
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W. Cieśla, H. Dąbkowska-Naskręt, J. Długosz, W Zalewski

OCENA ZAWARTOŚCI MIKROELEMENTÓW W GLEBACH UPRAW­
NYCH WSCHODNIEJ CZĘŚCI NIZINY WIELKOPOLSKIEJ

Katedra G leboznaw stw a Akadem ii Techniczno-R olniczej w  B ydgoszczy

STRESZCZENIE

Badano zawartości całkowite Cu, Zn, Ni i Pb w glebach wschodniej części Niziny W ielkopolskiej, 
wytworzonych z gliny zwałowej (czarne ziemie i gleby płowe) i będących w  intensywnej uprawie 
rolniczej. Wyniki wykazały, że badane gleby mogą być zakwalifikowane do gleb dobrej jakości, z 
nieco podwyższonym poziomem zawartości ołowiu. Jednakże ilości poszczególnych metali nie 
przekraczają wartości dopuszczalnych dla gleb przeznaczonych pod uprawę roślin, którym sa£ 
stawiane w ysokie wymagania zdrowotne.
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