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Abstract: The soil accumulates many chemical pollutants including heavy metals. In order to evaluate

pollution of the environment the soil samples were taken on four forest stands in the Mogilski forest, in the

Niepo³omicka primeval forest, in Skalki Twardowskiego Landscape Park and in the grove in Zawada. At

these stations also collected necrotic bark of the common pine (Pinus sylvestris L.), which is a popular tree in

Poland. The outer bark of common pine is extremely sensitive biomarkers of environmental pollution.

The content of heavy metals in the forest soils at four positions, and the bark of pine forest growing on these

soils. Chemical analyses of heavy metals were performed by determining the contents of general forms

of lead, cadmium, copper, nickel and zinc using the AAS method. The range of metals content in soils

amounted to properly: 0.47–2.32 ppm Cd; 9.98–73.7 ppm Pb; 72.5–224.9 ppm Zn; 6.39–12.17 ppm Ni and

7.69–10.85 ppm.

The results indicate that the concentrations of heavy metals do not exceed the standards set out in the

Regulation of the Minister of the Environment on soil quality standards and earth quality standards (Polish

Journal of Laws DzU 2002 No. 165, item 1359 of 4 October 2002). The content of lead, copper and nickel in

the studied soils were higher than in the bark of trees growing in this stations. The concentration of cadmium

was varied at different positions. The highest content of Cd was observed both in the soil (2.32 ppm) and in

the necrotic pine bark (1.55 ppm) in Skalki Twardowskiego Landscape Park, that is a part of Bielansko

Tyniecki Landscape Park.
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The development of industry, transport and a significant increase in urbanisation

have contributed to environmental pollution by chemical substances, including heavy

metals. Heavy metals pose a serious threat to all ecosystems. An increased heavy metal

content in soils can affect the biological properties of the soil, be a potential source of

danger to plants and to groundwater, and consequently contaminate the food chain

[1–6]. It is therefore necessary to monitor their concentration in the individual elements

of ecosystems [7]. The distribution and concentration of trace elements in soils depends
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primarily on the content and quality of the humus, their grain size composition, and the

acidity of the soil [8–10]. The content of heavy metals in soil is largely related to the

distance from roads, industrial plants, traffic density, terrain, and the way they are used

[10–12].

Environmental contamination with heavy metals is a current global problem and

therefore requires constant control and monitoring. For this purpose, different bio-

indicators are used. A good bioindicator for air pollution with acidifiers and heavy

metals is the bark of trees, both deciduous and coniferous [10–20]. It is dead tissue and

is no longer growing, in contrast to other bioaccumulators such as mosses, lichens, and

the leaves of various plants. Pollutants accumulate on the outermost layer of the bark,

which is exposed to prolonged activity from polluted air [21]. Chemical analyses of

bark enable not only examination of the current layers of accumulation of elements and

pollutants, but also an assessment of the course of this process in previous years. Both

in Poland and other countries, the bark of pine trees (Pinus sylvestris L.), common in

Poland, is used to assess the degree of pollution by atmospheric air [11, 15, 16, 21–23].

It is easy to remove the outer layer of bark from this tree. Clear changes occur in its

physical and chemical properties due to air pollution. To evaluate the pollution level are

applied, among others, such physicochemical properties of the bark as the pH of water

extracts and the capability to absorb some chemical elements [16, 23]. The pH also

depends on the species, age and the health of the trees, and on the soil they grow on, the

storage tests, techniques, harvest time and the degree of porosity of the cortex [22, 23].

The aim of this study was the comparison of accumulation of Pb, Cd, Ni, Cu and Zn

in soil and in necrotic pine bark at four forest positions.

Material and methods

In order to evaluate pollution of the environment the soil samples were taken with the

use of soil sampler (25 cm2) in four forest sites – I in forest 100 m from the street in

Zawada (in the district Bochnia), II in Mogilski Forest about 3 km away from the

Arcelor Mittal Poland in Krakow, III in Niepolomice Forest and IV in the Park Skalki

Twardowskiego (Krakow).

On the selected sites soil was collected from a depth of 10cm during spring 2011– 2012.

At each station also collected necrotic bark of the common pine (Pinus sylvestris L.).

The environmental condition was analyzed owing to the detection of reaction of the

soil, its humidity, content of heavy metals – Pb, Cd, Ni, Zn, Cu, pH and content of the

metals in the pine bark obtained near the area where the soil samples were taken. In

forest, from which soil was sampled, outer bark samples were taken from ca forty year

old trees, having similar size of 40 to 50 cm breast height diameter, ca 2 to 4 m away

from each other. The bark, was taken from the trunk at the height of 1.5 m above the

ground. Chemical analyses of heavy metals were performed by determining the contents

of general forms of lead, cadmium, copper, nickel and zinc using the AAS method.

In order to determine the pH value, the bark samples were dried at 65 °C for 3 hours,

and next they were ground in mortar and pulverised using impact mill. From each
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sample, 2 g each of bark powder was weighed and 8 cm3 distilled water added. After 48

hours, pH was measured using a WTW 330 pH-meter [24].

Chemical analyses of heavy metals were performed by determining the contents of

general forms of lead, cadmium, nickiel, copper and zinc using the AAS method. Dried

samples of bark and soil (2.5 g) were subjected to mineralisation process. For this

purpose dry water was poured over 3 cm3 of 65 % HNO3 and heated for about 4 hours.

The filtered liquid was poured into measure flasks and filled with distilled water to

volume of 25 cm3. In solutions of the soil prepared in that manner the content of heavy

metals on the spectrometer of atomic absorption was marked (AAS firmy Cole-Parmer,

BUCK 200A).

Also examined the correlation between the content of heavy metals in soil and bark

at every position. The differences were statistically significant at p < 0.05. All the

analyses were performed using STATISTICA 10 computer program.

Results

The soils in the test positions displayed pHs from the acidic to the slightly alkaline.

However, pH of bark in all positions was acidic (Table 1).

Table 1

Selected parameters of the soil and pine bark in the studied sites

Parameters I II III IV

pH of soil
5.33

(5.12–5.6)

5.63

(5.43–5.76)

4.23

(4.15–4.32)

7.65

(7.56–7.74)

pH of bark
3.97

(3.62–4.31)

3.53

(3.13–3.70)

3.13

(2.92–3.81)

3.71

(3.31–3.97)

Heavy metals in soil (mean in mg/kg d.m.)

Pb 100* 12.53 9.9 73.7 59.63

Cd 4* 0.63 0.91 0.47 2.32

Ni 100* 12.17 8.91 6.39 15.79

Cu 150* 8.95 7.69 8.48 10.85

Zn 300* 93.98 224.97 91.63 72.47

* Limit values for the heavy metal content set out in the Minister of Environment Regulation on the soil

quality standards and earth quality standards for group B (Polish Journal of Laws DzU 2002, No. 165, item

1359 of 4 October 2002).

I, II, III, IV– study sites.

The reaction of the bark at localities examined fluctuated from pH 3.13 to 3.97

(Table 1). The metal content in the soils was, respectively: 0.47–2.32 mg/kg Cd;

9.9–73.7 mg/kg Pb; 72.47–224.97 mg/kg Zn; 6.39–15.79 mg/kg Ni and 7.69–10.85

mg/kg Cu (Table 1). However, concentrations of heavy metals found do not exceed the

limits stipulated in the Minister of Environment Regulation on the soil quality and
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farmland quality standards (Polish Journal of Laws DzU 2002, No. 165, item 1359 of

4 October 2002) [25]. Concentrations of the heavy metals tested – Pb, Cd, Ni, Cu and

Zn – slightly exceed the limits for metal content in soils containing contaminants of

anthropogenic origin established by Kabata-Pendias et al [8]. They amount to 70 mg for

lead, 150 mg for zinc and 1 mg/kg for cadmium. The results obtained are characterised

by these contents exceeding these limits at individual sites (Pb at III, Zn at II, and Cd at

site IV). A high zinc content of 225 mg/kg d.m. was noted at site II (in Mogilski Forest),

where the soil pH was 5.63 (Table 1).

A change in the soil pH greatly influences the concentration and mobility of zinc.

The increasing pH of the soil is accompanied by a reduction in the zinc concentration,

which may be caused by the increased binding of this element by the oxides of iron and

aluminium, or their precipitation into less soluble forms [8].

Copper at all soil sites showed low concentrations (7.61–10.85 mg/kg), not

exceeding the limit values. The highest concentration of cadmium was recorded in the

soil at site IV (Table 1). Cd is one of the trace elements that is especially dangerous to

man and the environment as a whole. Of all the elements, it is the most prone to

bioaccumulation by plants from soil and water, and thus entry into the food chain [6, 8].

The concentration of heavy metals in the pine bark presented in Table 2.

Table 2

Content of heavy metals in the pine bark [mg/kg]

Sites Pb Zn Cu Cd Ni

I 5.61 92.98 5.13 1.29 3.87

II 5.93 83.37 5.81 0.43 5.06

III 34.38 143.3 5.42 1.05 7.34

IV 41.85 32.37 10.23 1.55 8.72

The statistical analysis showed no significant correlation between the concentration

of lead, zinc, copper and nickel in the soil and in the bark at any tested positions

(p � 0.09).

The highest concentration of zinc amounting to 143 mg/kg d.m. was recorded in the

bark at site III (Table 2).

Accumulation of lead, copper and nickel in the pine bark was significantly lower

than in the soil on which grow tested trees (Fig. 1–3).

According to Kabata-Pendias [8], a concentration of this element in plants above 100

mg/kg d.m. indicates contamination of the environment. Plants are good accumulators

of zinc and have a high resistance to an increase in its content. Klos et al [26] emphasise

that the accumulation of selected metals in lichen thalli may be due to different sources

of origin. The analytes contained in atmospheric aerosol can be locally lifted from the

soil in the form of dust, or may be derived from distant emissions. The increased zinc

content at the test site may be derived from alluvial sources, in this case, dust from the

Sendzimir Steelworks in Nowa Huta (Fig. 4).
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The concentration of Cd in the bark at most sites was higher than in the soil and

exceeded 1 mg/kg (Table 2). Only at site II (Mogilski Forest) was the concentration of

this metal in the bark two times lower than in the soil (Fig. 5). The highest cadmium

content in the outer bark of pine reported was similar to that in the soil, at site IV

(2.32 mg/kg in soil and 1.55 mg/kg in pine bark) (Fig. 5). However, the metal

concentration in that position was not significantly correlated with its content in the

bark (p = 0.881).

Only in the Niepolomice forest (at site III) showed a significant correlation between

concentrations of Cd in soil and pine bark (p = 0.003). At this site, the average

concentration of cadmium in the soil was determined at 0.47 mg/kg d.m., and in the

bark, concentration was 1.05 mg/kg (Fig. 5). Such a correlation has also been

demonstrated in similar soil and bark studies, inter alia in China [17]. A higher

cadmium content in bark than in soil may indicate that this metal is most likely

accumulated directly from atmospheric (industrial, transport) pollution.

Conclusions

1. The results indicate that the concentrations of heavy metals – lead, cadmium,

copper, zinc and nickel in the soil do not exceed the standards set out in the

Regulation of the Minister of the Environment on soil quality standards and earth

quality standards for group B (Polish Journal of Laws DzU 2002, No. 165, item 1359 of

4 October 2002).

2. Generally accumulation of heavy metals in pine bark was lower than the

concentration of metals in the soil.

3. Higher content of cadmium in the bark than in the soil may indicate that this metal

is probably the cumulative from air pollution (such as industrial pollution, com-

munication).

4. There were no significant correlations between the studied metals in the soil and in

the bark.
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ZANIECZYSZCZENIE GLEBY I KORY SOSNY METALAMI CIÊ¯KIMI

W WYBRANYCH LASACH

Instytut Biologii

Uniwersytet Pedagogiczny w Krakowie

Abstrakt: Gleba kumuluje wiele zanieczyszczeñ chemicznych w tym równie¿ metale ciê¿kie. Dla oceny

zanieczyszczenia œrodowiska pobierano próbki glebowe na czterech stanowiskach leœnych – w Lesie

Mogilskim, w Puszczy Niepo³omickiej, w ok. 40-letnim zagajniku sosnowym w Parku Skalki Twardowskiego

i w zagajniku w Zawadzie. Na tych stanowiskach pobierano równie¿ korê martwicow¹ sosny zwyczajnej

(Pinus sylvestris L.), która jest popularnym drzewem w Polsce. Kora martwicowa sosny zwyczajnej jest

wyj¹tkowo czu³ym biowskaŸnikiem zanieczyszczenia œrodowiska. Badano zawartoœæ metali ciê¿kich w glebie

na czterech stanowiskach leœnych i w korze sosen rosn¹cych na tych glebach. Analizy chemiczne dotycz¹ce

metali ciê¿kich przeprowadzono, wyznaczaj¹c zawartoœæ ogólnych form o³owiu, kadmu, miedzi, cynku i niklu

metod¹ AAS. Zawartoœci metali ciê¿kich w badanych glebach wynosi³y odpowiednio: 0,47–2,32 mg/kg Cd;

9,98–73,7 mg/kg Pb; 72,5–224,9 mg/kg Zn; 6,39–15,79 mg/kg Ni i 7,69–10,85 mg/kg. Wyniki badañ

wskazuj¹, ¿e stê¿enia metali ciê¿kich nie przekraczaj¹ norm okreœlonych w Rozporz¹dzeniu Ministra

Œrodowiska w sprawie standardów jakoœci gleby oraz standardów jakoœci ziemi (DzU 2002, nr 165 poz. 1359

z dn. 4.10.2002). Zawartoœæ o³owiu, miedzi i niklu w glebie na wszystkich stanowiskach by³a wy¿sza ni¿

w korze rosn¹cych na tym obszarze drzew. Stê¿enie kadmu by³o zró¿nicowane na poszczególnych

stanowiskach. Najwy¿sz¹ zawartoœæ Cd odnotowano zarówno w glebie (2,32 mg/kg), jak i w korze

martwicowej sosny (1,55 mg/kg) na stanowisku usytuowanym w Parku Skalki Twardowskiego nale¿¹cym do

Bielañsko-Tynieckiego Parku Krajobrazowego w Krakowie.

S³owa kluczowe: metale ciê¿kie, kora sosny, gleby leœne
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