
Introduction

Higher plants are capable of accumulating heavy metals
without any toxic symptoms to such levels that can be haz-
ardous for human health. This is particularly dangerous in
industrial regions, i.e. in an environment exposed to con-
stant pressure of toxic factors [1]. The availability of chem-
ical elements to plants as well as the dynamics of their
uptake from soil are influenced by environmental factors,
both of natural and anthropogenic nature. These factors
include: soil-climatic conditions (concentrations of mineral

and organic colloids, temperature, soil moisture, oxygena-
tion, and pH, among others) and the applied agrotechnical
practices. These factors modify the intensity of uptake and
transport of chemical elements that are connected with
changes in the intensity of biochemical processes affecting
their availability for plants [2, 3].

In Poland, in accordance with Article 9 of the Bill
adopted in 2001 concerning health conditions  of food and
nutrition [JL 2001 No. 63, Item 634 with later amend-
ments], regulations were implemented that specify maxi-
mum levels of chemical and biological contamination that
may be found in food articles. Legal regulations currently
in force in the case of heavy metals include limits on lead
and cadmium concentrations in plant material intended for
consumption [4].
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Abstract

The objective of our study was to investigate the activity of selected soil enzymes (dehydrogenases,

phosphatases, urease, and protease), as well as cadmium and lead concentrations, in soils and vegetables from

gardening allotments in areas exposed to industrial contamination and from areas of similar physiographic

conditions but that were not exposed to the direct impact of industrial emissions. Investigations comprised

eight gardening allotments situated in the area of Upper Silesia (Miasteczko Śląskie, Zabrze) and in cities in

eastern Poland (Lublin, Stalowa Wola). Strong correlations were demonstrated between cadmium and lead

concentrations in the soil and root systems of analyzed plants (red beet, carrot, parsley). The observed high

inactivation of the examined enzymes in soils exposed to strong anthropogenic influence (the area of Upper

Silesia) confirms that soil environment contamination with Cd and Pb reached levels that threaten living

organisms.
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One of the good markers of changes taking place in the
soil environment under the influence of natural and anthro-
pogenic factors is the activity of enzymes responsible for
transformations of its constituents [5-7]. Changes in soil
enzymatic activities are among the earliest signals indicat-
ing changes in the intensity of environmental life processes
that result from the fact that many chemical compounds
assume a toxic or mutagenic character following metabolic
transformations occurring in living organisms [8].

The objective of the performed investigations was to
examine the activity of the selected soil enzymes and cad-
mium and lead concentrations in soils and plants derived
from gardening allotments situated in areas exposed to
strong pressure resulting from industrial contaminations,
and from areas of similar physiographic conditions but that
were not directly exposed to industrial emissions.
Investigations in this field will make it possible to assess the
extent of negative impact of industrial contamination on soil
ecosystems and potential hazards caused by the consump-
tion of plants cultivated in given soil conditions.

Material and Methods

The experiments comprised eight gardening allotments
situated in the region of Upper Silesia (Miasteczko Śląskie,
Zabrze) and towns in eastern Poland (Lublin, Stalowa
Wola). The study involved simultaneous investigations of
gardening allotments located in areas exposed to strong
pressures of industrial contamination, as well as those situ-
ated in similar physiographic conditions but not subjected
to direct exposure to industrial emissions: 
a) potentially high anthropogenic influence (gardening

allotments situated near industrial plants – Lublin – 1;
Miasteczko Śląskie – 1; Stalowa Wola – 1; Zabrze – 1; 

b) potentially low anthropogenic effect (gardening allot-
ments situated in municipal suburbs – Lublin – 2;
Miasteczko Śląskie – 2; Stalowa Wola – 2; Zabrze – 2. 
In each of eight selected areas of gardening allotments,

one representative allotment was chosen. The performed
soil analyses revealed that sandy loam (SL) occurred on the
examined objects.

In June 2008, soil samples from humus horizons as well
as roots of plants (red beet, carrot, parsley) cultivated in
those conditions were collected. The analyzed soil and
plant samples were means from 5 samples collected from
each of the experimental gardens. In soil samples, activities
of the following enzymes were determined: dehydrogenas-
es [9], phosphatases [10], urease [11], protease [12], pH in
1 mol·dm-3 KCl [ISO 10390], organic carbon [ISO 14235],
and total nitrogen [ISO 13878]. 

The total cadmium and lead concentrations in soils and
plants were determined by emission spectrometry with the
assistance of a Leeman Labs PS 950 apparatus with ICP
excitation in argon. Soil and plant samples were wet-min-
eralized in a mixture of concentrated acids: HCl+HNO3

(3:1) – soil and HNO3+HClO4 (1:3) – plants [13]. All assays
were performed in three repetitions.

The significance of differences between individual val-
ues of enzymatic assays was estimated by Tukey test at sig-
nificance level p<0.05. In addition, the authors calculated
coefficients of simple correlation between the content of
heavy metals in soils and plants, as well as between enzy-
matic activity of soils and heavy metals.

Results and Discussion

Generally speaking, soils of gardening allotments situ-
ated in urban suburbs were characterized by a slightly acid
reaction, while soils from industrial regions exhibited neu-
tral reaction (Table 1). Soil alkalisation close to industrial
plants is associated mainly with the fallout of alkaline dusts
[6].

The organic carbon content in soils derived from the
industrialized regions of Upper Silesia (Miasteczko Śląskie,
Zabrze) was clearly higher than in the soils from the areas
of eastern Poland (Lublin, Stalowa Wola) characterized by
smaller intensity of anthropogenic impact (Table 1). The
factor modifying the Corg. concentrations in soils derived
from industrialized regions is the quantity of this con-
stituent which reaches soils with dry or wet fallout (among
others, emissions derived from industrial enterprises and
means of transport). The value of the C:N ratio in soils
derived from gardens situated close to industrial enterpris-
es following increased supply to the soil environment of C
of anthropogenic origin was higher than in soils from urban
suburbs (Table 1).

Considerable variability was determined in cadmium
and lead contents (Table 2), which were associated with the
degree of soil exposure to industrial contamination [14].
Estimating the extent of soil contamination with cadmium
and lead in accordance with the criteria recommended by
Kabata-Pendias et al. [15], it can be said that the examined
soils were characterized by varying accumulation of these
elements indicating five classes of their concentrations
(Table 3): natural content (level 0), elevated content (level 1,
mild contamination (level ll), moderate contamination
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City/Town No. pHKCl C (g·kg-1) N (g·kg-1) C:N

Lublin
1 7.1 1.96 0.16 12.2

2 6.4 1.68 0.17 9.8

Stalowa Wola
1 7.2 1.94 0.15 12.9

2 6.6 1.67 0.18 9.2

Miasteczko
Śląskie

1 6.8 3.50 0.23 15.2

2 6.2 2.92 0.24 12.1

Zabrze
1 7.0 2.75 0.19 14.4

2 6.5 1.92 0.21 9.1

Table 1. Soil reaction, organic carbon and total nitrogen con-
tents, C:N ratio of investigated soils.



(level lll), strong contamination (level lV), and very strong
contamination (level V). Soils derived from the region of
Upper Silesia were found to be most contaminated with
these chemical elements and the pollution was so high that
it ruled out field cultivations and the growing of vegetables
[15].

The content of the examined heavy metals in soils
derived from the gardening allotments situated in industrial
regions was several times higher than in soils derived from
suburbs (Table 2). This testifies to the point pressure of the
anthropogenic factor. It is important to emphasise an
extremely high Cd concentration in the soil of a gardening
allotment situated close to a zinc and lead smelter in
Miasteczko Śląskie (Miasteczko Śląskie 1) of up to 88.9
mg·kg-1, as well as of Pb (1,936.8 mg·kg-1).

The content of cadmium and lead in the analyzed plants
differed depending on the extent of soil contamination with
these elements (Table 2). The amount of Cd and Pb in the
examined vegetable samples fluctuated within a wide range
of values, from 0.02-0.08 mg·kg-1 d.m. and 0.15-0.55 mg·kg-1

d.m. (Lublin, Stalowa Wola) to 0.09-2.34 mg·kg-1 d.m and
0.32-2.85 mg·kg-1 d.m. (Miasteczko Śląskie, Zabrze),
respectively. Acceptable content levels of these metals were
found to be exceeded in vegetable samples derived from
Upper Silesia (Miasteczko Śląskie, Zabrze) [JL. 2001, No.
9]. The performed investigations confirmed the existence of
strong correlations between cadmium and lead concentra-
tions in the soil-root system of the analyzed plants and the
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Town/City No. Metal Soil
Plant

Red-beet Carrot Parsley

Lublin

1
Cd 3.0 0.07 0.04 0.06

Pb 63.8 0.69 1.23 0.53

2
Cd 0.4 0.05 0.02 0.05

Pb 42.6 0.19 0.26 0.15

Stalowa Wola

1
Cd 3.3 0.07 0.04 0.08

Pb 47.4 0.71 1.02 0.55

2
Cd 0.5 0.06 0.03 0.06

Pb 25.1 0.12 0.19 0.03

Miasteczko Śląskie

1
Cd 88.9 2.34 1.82 2.27

Pb 1,936.8 2.34 2.85 2.02

2
Cd 7.6 1.12 0.68 1.13

Pb 351.2 0.52 0.67 0.43

Zabrze

1
Cd 4.3 1.22 0.74 1.19

Pb 180.7 0.94 1.23 0.69

2
Cd 3.6 0.08 0.06 0.09

Pb 110.0 0.36 0.44 0.32

Table 2. Content of heavy metals in soils and plants in mg·kg-1 d.m.

Town/City No. Cd Pb

Lublin
1 I 0

2 0 0

Stalowa Wola
1 I 0

2 0 0

Miasteczko
Śląskie

1 V III

2 IV II

Zabrze
1 III II

2 II II

Table 3. Soil contamination classes by Kabata-Pendias et al.
[15].

0, I, II, III, IV, V – soil contamination classes.

Heavy metals Red-beet Carrot Parsley

Cd 0.76* 0.72* 0.74*

Pb 0.65* 0.60* 0.62*

Table 4. Correlation coefficients between the content of heavy
metals in soils and plants.

*significant at p=0.05



highest values of correlation coefficients were recorded in
the case of cadmium (Table 4). Similar relationships were
also reported by other researchers [16-19].

From among the analyzed vegetables, the highest
quantities of cadmium were found to accumulate in red
beet and parsley (Table 2). The same sequence of cadmi-
um accumulation in vegetables was reported by
Leszczyńska [20] and  Jagiełło et al. [21]. In the case of
lead concentrations in roots of the examined vegetables,
the sequence was as follows: carrot > red beet > parsley
(Table 2), which is in keeping with data presented by
Jagiełło et al. [21]. A different sequence of lead accumula-
tion was reported by Jasiewicz [22] (red beet > parsley >
carrot) and still different – by Leszczyńska [20] (parsley >
red beet > carrot). The quantity of a given element
absorbed by a plant depends on its concentration in the soil
solution, environmental factors, properties of the element
itself, and its hydrolytic capability, as well as on the plant
developmental phase determining the change of the chem-
ical composition of its own ecological niche and, conse-
quently, the intensity of biochemical processes [1, 4, 15,
23]. Live activities of microorganisms are stimulated by
products of photosynthesis secreted by roots into soil [24].
Different populations of one species may exert differing
influence on the activity of enzymes catalyzing the activa-
tion of soil constituents, including those that are ecologi-
cally unfavourable [5].

The obtained research results revealed high inactivation
of the examined enzymes in the case of areas exposed to
strong pressures from industrial contamination (Table 5).
Soils derived from Upper Silesia (Miasteczko Śląskie,
Zabrze) were characterized by the smallest enzymatic
activity. The activity of all the analyzed enzymes in the soils
derived from the gardening allotments situated in regions
not exposed to direct industrial emissions was a couple of
times higher in comparison with the gardening allotment
situated in the industrial zone.

On the basis of the correlation analysis, an inverse lin-
ear relationship was demonstrated between the soil lead
concentration and the activity of the examined enzymes
(Table 6), although such regularity was absent in the case of
cadmium. It is interesting that the soil derived from the gar-
dening allotment situated in the outskirts of Miasteczko
Śląskie, despite significant cadmium contamination (7.6
mg·kg-1), was characterized by relatively high enzymatic
activity (Table 5). The obtained results encourage cautious-
ness with regard to the evaluation of the significance of the
heavy metal content toxicity levels in soils for living organ-
isms assessed on the basis of enzymatic activity.

Of all the examined enzymes, the activity of phos-
phatases turned out to be the most sensitive indicator of the
contamination of the examined soils with lead, as indicated
by the value of the correlation coefficient between the activ-
ity of this group of enzymes and soil Pb content (Table 5).
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Town/City No. Adh AF AU AP

Lublin
1 0.92b 36.15c 10.29c 2.63b

2 3.45d 86.24d 20.11d 7.12d

Stalowa Wola
1 0.78b 31.89b 5.83b 3.05b

2 3.09d 78.53d 18.30d 7.89d

Miasteczko Śląskie
1 0.32a 10.67a 2.38a 1.34a

2 2.43c 43.09c 12.45c 3.41b

Zabrze
1 0.54a 16.34a 5.16b 1.77a

2 2.27c 40.21c 12.57c 4.26c

Table 5. Enzymatic activity of soils.

DhA – dehydrogenases in cm3 H2·kg-1·d-1, 
PhA – phosphatase in mmol PNP·kg-1·h-1, 
UA – urease in mg N-NH4

+·kg-1·h-1, 
PA – protease in mg tyrosine·kg-1·h-1; 
values in the column followed by the same letter do not differ significantly at p < 0.05, t-test.

Heavy metals Dehydrogenases Phosphatases Urease Protease

Cd n.i. n.i. n.i. n.i.

Pb -0.64* -0.70* -0.60* -0.62*

Table 6. Correlation coefficients between enzymatic activity of soil and heavy metals.

*significant at p = 0.05, n.i. = non-significant.



Numerous data from the literature on this subject [7, 25-27]
corroborate the special sensitivity of phosphatases to soil
environment contamination with heavy metals. The toxic
impact of metal ions on enzyme structure as well as their
influence on changes in the soil pH environment results
both in the reduction in numbers of enzyme-secreting
organisms as well as in the weakening of enzyme activity
[27]. 

No significant correlation was observed in the discussed
investigations between the activity of the analyzed enzymes
and the content of organic carbon in soils. This can be
attributed to low proportions of humus substances in the
total content of organic matter of urban soils [28] and con-
sequently, limited access of easily available C determining
the development of soil bacteria producing enzymes.

Conclusions

1. Soil and plant cadmium and lead concentrations, as well
as the activity of the examined soil enzymes, showed
considerable variability depending on the intensity of
exerted anthropogenic pressure.

2. Soils of the examined gardening allotments situated in
Upper Silesia were characterized by Cd content indicat-
ing IInd to Vth degree and, in the case of Pb, – from IInd to
IIIrd degree of contamination, ruling out any gardening
cultivation in this region.

3. A close correlation was demonstrated to exist between
cadmium and lead content in the soil-roots system of
the analyzed plants.

4. From among the analyzed vegetables, the highest cad-
mium quantities were accumulated by red beet and
parsley, and in the case of lead content in the roots of
the examined vegetables the sequence was as follows:
carrot > red beet > parsley. Standards of acceptable
concentration of these metals were exceeded in veg-
etable samples derived from the region of Upper
Silesia.

5. High inactivation of the examined enzymes in soils
exposed to strong anthropogenic influence (area of
Upper Silesia) indicates that the contamination of the
soil environment by Cd and Pb reached levels that
threaten living organisms.

6. In the case of soils of the gardening allotments situated
in industrial zones, the content of the examined heavy
metals was several times higher and the activity of
enzymes several times smaller than in soils derived
from allotments situated in urban suburbs. This indi-
cates a point impact of the anthropogenic pressure fac-
tor.

7. A negative correlation was observed between the lead
content in soils and the activates of the investigated soil
enzymes. Such regularity was not observed in the case
of cadmium, which appears to indicate the need to
amend standards of soil heavy metal content accept-
ability with regard to their toxicity expressed in enzy-
matic activity.
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