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Abstract: The paper presents the results of total mercury content in terms of pollution of agricultural soils of

Gniezno Lakeland by this element, as well as spatial characteristics of this metal. Statistical relationship

between content of mercury in arable-humous horizon and active, exchangeable and hydrolytic acidity,

organic carbon and total nitrogen was also demonstrated. For the analysis 213 bulk samples from surface

horizons were collected. The total mercury content in selected soil samples were determined by mercury

analyzer AMA 254. The precision of the method and obtained results was confirmed with reference material

TILL-3 (Certificate of Analysis 1995) and S-VM (Certificate Czechoslovak Reference Material) for Hg

determination. Physical and chemical properties of soil samples were determined following standard

procedures. Statistical analysis of results was evaluated on the basis of computer programme “STATISTICA”

6.0 PL.

Studies of the total mercury content showed relatively small differences in the concentrations of the

element in analyzed area. The total mercury content ranged from 0.0081 to 0.1620 mg × kg–1, and only in the

one case exceeded the average natural concentration of this element. On the basis of statistical analysis

between the total mercury content and selected physicochemical properties of soil such as pH in H2O, pH in

KCl, hydrolytic acidity, organic carbon and total nitrogen was found that there are average correlations by

Pearson (0.3 £ rxy < 0.5).
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Soil is one of the most important factors in heavy metals cycle. Among various

heavy metals mercury is worthy of interest. It is a trace element which is an

environmental problem because of its toxicity to all living organisms, especially at

elevated concentrations [1]. The compounds of mercury are involved in many kinds of

natural cycles. Biogeochemical Hg cycle depends on both concentration and reactions
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influenced forms of its occurrence. This metal is hazard contaminant on account of high

geochemical and biochemical activity and also easy conversion from liquid to volatile

state [2].

In consideration of source and geochemical properties, there are three types of origin

of mercury: lithogenic, pedogenic and anthropogenic [3]. Hg gets into the soil largely in

form of Hg0, with dusts (Hg2+) and with the rainfall [4, 5]. The increased concentration

of mercury can occur in soils under the influence of geological factors (migration of

ore) and as a result of diverse human activities (use of mercury fungicides, uncontrolled

emission of industrial dust, improper storage of waste, the use of outdated processes).

Circulation of volatile mercury in the soil air and its transition into the atmosphere to

some extent reduces the content of this element in soil. Mercury vapor sorption by

organic matter and clay minerals results in an increased accumulation of mercury and

reduce migration, despite of its volatility. Therefore, a gradual increase in content of

this metal, especially in the surface layers of soil, is noticed [2].

Mercury in soil undergoes various transformations, whose direction depends on

factors such as cation exchange capacity and the type of sorbents, soil pH, redox

conditions, microbial activity, the content of sulfur, iron, manganese, aluminum and

chlorine compounds, the amount and form of input mercury and sunlight, moisture and

specific surface, of which the most important is organic matter and soil pH [6–8].

The aim of this study was to evaluate the total mercury content and the possibility of

accumulation of this element in some of the Gniezno Lakeland arable soils. Statistical

relationship between Hg content and the various physicochemical properties of some

soils was also evaluated.

Material and methods

As a research material soil samples from Gniezno Lakeland were gathered. The

object of the study was soils derived from the four sampling sites located in the Jeziora

Wielkie district. Soil samples were taken from surface (0–20 cm) horizon, using drill

loop. The individual samples, collected from each hectare, were combined into bulk

samples. The number of 213 samples were analyzed.

Soil samples were dried and sieved with 1 mm mesh. Such prepared samples were

subjected to physicochemical analysis. pH in H2O and in 1 mol × dm–3 KCl solution [9],

hydrolytical acidity (Hh) using Kappen’s method [10], the total content of organic

carbon using Turin’s method [9] and the total content of nitrogen by Kjeldahl method

[10].

The total mercury content was determined in solid samples with atomic spectrometry

method, using a mercury analyzer AMA 254. The accuracy of the method and obtained

results was confirmed with reference material TILL-3 (Certificate of Analysis 1995)

and S-VM (Certifikate Czechoslovak Reference Material) for Hg determination. The

analyses were triplicated.

To determine relationships among mercury content and physicochemical properties

of soils Pearson’s correlation coefficient were evaluated by statistical calculations using

Statistica 6.0 programme.
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Results and discussion

Soil acidity increases the solubility of potentially toxic elements, and thus, increases

their accumulation in plants [11]. The higher cation exchange capacity (CEC) and pH

value, the soil is more resistant to degradation, due to the immobilization of most heavy

metals [12, 13]. Depending on the sampling site, pH in H2O varied within the range of

5.79–7.09, while the lowest value was found in Wola Ko¿uszkowa, and the highest in

Siedlimowo (Table 1).

Table 1

Minimum, maximum and average values of pH and hydrolytic acidity of analyzed soils

Sampling site

pH in H2O pH in 1 M KCl
Hh

[mmol(+) × kg–1]

mini-

mum

maxi-

mum
mean

mini-

mum

maxi-

mum
mean

mini-

mum

maxi-

mum
mean

Kozuszkowo 6.04 6.99 6.43 5.77 6.36 5.97 74.6 127.3 100.5

Siedlimowo 5.96 7.09 6.35 5.72 6.45 5.94 66.6 146.9 109.8

Wola Kozuszkowa 5.79 7.01 6.31 5.27 6.37 5.89 64.9 144.7 110.1

Wojcin 5.88 7.01 6.32 5.21 6.80 5.87 61.1 179.4 105.6

The pH value in KCl was in the range from 5.21 to 6.80. The lowest and the highest

values were found in samples taken from the site located in Wojcin. Considering the

division of Polish soils depending on the pH value [14], both the active and

exchangeable acidity, analyzed soils were placed in the acidic to neutral soils. Mean

soils pH values of the four tested sites indicated that it was slightly acidic.

Hydrolytic acidity of soils ranged from 61.1 to 179.4 mmol × kg–1. The lowest and the

highest values of Hh were recorded in Wojcin. The results analysis of the active,

exchangeable and hydrolytic acidity of soil samples showed no significant differences

in acidification status of arable-humous horizon of the studied area. Such results may be

affected by systematic soil manure fertilization, which reduces the acidification of soils

and increased the content of organic matter and also liming, which decreases the value

of hydrolytic acidity [15].

Humus content increases cation exchange capacity, stabilizes pH, takes part in the

creation of aggregate structure, and also improves the ratio between water and air in

soils [16]. The results of the analysis showed that organic carbon content in studied soils

of Gniezno Lakeland ranged from 10.8 to 52.4 g × kg–1 (Table 2). Both the lowest and

the highest content were found in soils of Wojcin.

The average carbon content of various sites was in the range between 13.0 and

17.7 g × kg–1. These values are lower than the average levels of humus content in the

arable-humous horizons of Polish soils. The total nitrogen content in the analyzed soil

samples was in the range of 0.9 to 3.3 g × kg–1. The average nitrogen content in the soils

of four tested sites ranged from 1.1 to 1.5 g × kg–1 and was in the typical range for Polish

soils.
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Table 2

Content of organic carbon, total nitrogen and C/N ratio of studied soils

Sampling site

Org. C

[g × kg–1]

N

[g × kg–1]
C/N

mini-

mum

maxi-

mum
mean

mini-

mum

maxi-

mum
mean

mini-

mum

maxi-

mum
mean

Kozuszkowo 11.5 15.6 13.5 0.9 1.5 1.2 9.83 14.12 11.48

Siedlimowo 10.6 17.5 13.6 0.9 1.6 1.1 8.61 16.76 12.14

Wola Kozuszkowa 11.0 15.3 13.0 0.9 1.6 1.1 7.98 17.06 11.96

Wojcin 10.8 52.4 17.7 0.9 3.3 1.5 6.00 18.61 12.06

The C/N ratio determines the intensity of the transformation of soil organic matter.

Fluctuations in the value of C/N are usually only on an annual basis and may be due to

the value of C/N of used fertilisers. In the analyzed soils carbon to nitrogen ratio was in

the range of 6:1 to 18.61:1. Extreme values were recorded at Wojcin area. Mean ratio of

carbon to nitrogen corresponded to the typical values in Polish arable soils and ranged

from 11.48:1 to 12.14:1.

Mercury content in the analyzed soils ranged between 0.0081 and 0.1620 mg × kg–1

(Fig. 1).

In Wola Kozuszkowa soils there was reported both the lowest and the highest content

of this metal. The average mercury content in the analyzed soils developed range of

0.0187 mg × kg–1 in Wola Kozuszkowa to 0.0332 mg × kg–1 in Wojcin. It is assumed that

the natural level of total mercury content in Polish soils is within the limits 0.05–0.3

mg × kg–1 [2], so determined contents of this element in the studied soils were at levels

found to be natural. Among all studied samples only in the one case the natural average

content of mercury in soils was exceed, with a value of 0.1 mg × kg–1 [2], and its also
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Fig. 1. Range, mean and standard deviation of mercury content in individual sampling sites and total



lower than permissible level for agricultural areas [17]. That is why the analyzed soils

were qualified as non-contaminated by this metal.

Statistical analysis of results showed on average no significant correlation between

the mercury and selected physicochemical properties of soils.

Conclusions

1. Total mercury contents were within the range considered to be natural. The content

of Hg did not exceed 2 mg × kg–1, and allows to qualify the soils as non-contaminated.

2. Statistical analysis of the results showed no significant relationship between the

total mercury content and selected physicochemical properties of arable-humous

horizon.

3. The studies of the total mercury content in Gnieznienskie Lakeland soils show

relatively low variation in the contents of Hg, which ranges between 0.0081 and 0.1620

mg × kg–1.
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Abstrakt: W pracy przedstawiono wyniki badañ ca³kowitej zawartoœci rtêci w aspekcie zanieczyszczenia
gleb uprawnych Pojezierza GnieŸnieñskiego tym pierwiastkiem, a tak¿e specyfiki rozmieszczenia prze-
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strzennego tego metalu. Oceniono równie¿ statystyczne zale¿noœci pomiêdzy zawartoœci¹ rtêci a kwasowoœci¹

czynn¹, wymienn¹ i hydrolityczn¹, zawartoœci¹ wêgla organicznego oraz ogóln¹ zawartoœci¹ azotu. Do analiz

pobrano 213 zbiorczych próbek z powierzchniowych poziomów ornopróchnicznych. Ca³kowit¹ zawartoœæ

rtêci w wybranych do analiz próbkach glebowych oznaczono w analizatorze rtêci AMA 254. Dok³adnoœæ

zastosowanej procedury analitycznej oznaczania Hg potwierdzono na podstawie analizy certyfikowanego

materia³u odniesienia TILL-3 oraz S-VM. W³aœciwoœci fizykochemiczne próbek glebowych oznaczono

metodami analitycznymi ogólnie przyjêtymi w gleboznawstwie. Analizê statystyczn¹ wyników badañ

przeprowadzono za pomoc¹ programu komputerowego „STATISTICA” 6.0 PL.

Badania ca³kowitej zawartoœci rtêci wykaza³y stosunkowo niewielkie zró¿nicowanie stê¿enia tego

pierwiastka na analizowanym obszarze. Ca³kowita zawartoœæ rtêci waha³a siê w zakresie od 0,0081 do 0,1620

mg × kg–1, i tylko w jednym przypadku przekroczy³a naturalne œrednie stê¿enie tego pierwiastka. Na podstawie

przeprowadzonych obliczeñ zale¿noœci statystycznych pomiêdzy ca³kowit¹ zawartoœci¹ rtêci i wybranymi

w³aœciwoœciami fizykochemicznymi ornopróchniczych poziomów gleb uprawnych, tj. kwasowoœci¹ czynn¹,

wymienn¹ i hydrolityczn¹, zawartoœci¹ wêgla organicznego oraz ogóln¹ zawartoœci¹ azotu stwierdzono,

¿e pomiêdzy badanymi zmiennymi wystêpuj¹ przeciêtne statystycznie korelacje wg Pearsona (0,3 £ rxy< 0,5).

S³owa kluczowe: rtêæ, gleba, poziom powierzchniowy, zmiennoœæ przestrzenna
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