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Abstract

The study aimed at finding a relationship between the content of cad-
mium in the soil material and in the above ground parts of plants taken from
the areas of the municipality of Trzebinia. Research areas were designated
in areas degraded by mining and processing industries, which are now fal-
lows. The total content of cadmium in soil and plant samples as well as soil
factors such as organic matter content, granulometric composition, pH and
electrolytic conductivity were marked in laboratory analyzes. The concen-
tration of the element in the soils of the municipality exceeded the national
regulations for agricultural land (Journal of Laws 2002). Similarly, the metal
content in plants is higher than the acceptable standards for animal feed as
stated in Regulation of the Minister of Agriculture and Rural Development
(2012a). The results indicate a positive relationship between the content
of cadmium in the soil at the level of 0-20 cm and its concentration in the
above ground parts of plants of fallow lands of the Trzebinia municipality.

Keywords: heavy metals, cadmium, soil, plant, fallow land, pollution

INTRODUCTION

Among chemical elements cadmium contamination is grave and poses a se-
rious threat to the environment and to human health (Sarkar, 2002, Babelewska
2012). This element is easily taken in by plants particularly in the cationic form
(Cd*") and accumulated in all plant tissues. The process of absorption is per-
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formed by aboveground parts of plants and roots; however, the micro-organisms
of the rhizosphere create a protective barrier, trapping the metal in cells. Acid-
ic soils, contaminated and fertilized with phosphorus fertilizers or with sewage
sludge and manure (Kabata-Pendias 2000, Gw6zdz and Kopyra 2003) create the
most favourable conditions for the absorption of Cd. Wet and dry precipitation
containing cadmium may be the rich source of the element which is supplied to
the soil (Babelewska 2012). Plants assimilate cadmium occurring naturally in
source rocks with difficulty. The element shows a high mobility in soil environ-
ment. It is relatively easily leached into groundwater. It reaches the concentra-
tion of 300pug/dm? in soil solutions. Soils in the areas of mines and zinc and lead
metallurgical plants contain the largest amount of the element (Staszewski et al.,
2008). There is a close and direct causality between the presence of cadmium
in soils and in plants. Its natural content in soil is determined by its mechanical
composition, type of soil, climate and the content of the element in the bedrock.
The amount of cadmium in uncontaminated soils (especially clay and organic
ones) fluctuates in the range of 0.01 and 2.5mg/kg, including arable soils of Po-
land. Terelak et al. (2000) denotes the range of 0.01 and 50.0 mg/kg. National
regulations (Journal of Laws 2002) set the following limits on the content of the
element in (mg/kg) for protected areas: 1, for industrial sites: <15, for agricultur-
al land: <5. In general, the balance of Cd in soil reaches a positive value between
1-3 g/hal/year. Fuel combustion, metallurgy of iron and steel, municipal pollution
are the main source of Cd in the air. It is used for the production of plastics, dyes,
glass, accumulators and anticorrosive protection (Kabata-Pendias and Mukher-
jee 2007, Kabata-Pendias 2010).

FIELD AND LABORATORY METHODS

The study was conducted in the municipality of Trzebinia. Field work was
carried out in each case in June and July in the years of 2010-2012. These works
included the delineation of research plots, and collection of plant and soil materi-
al. Field studies were conducted on the sample plots. Each surface had a shape of
square with a side length of 5 m (25 m?). Geographical coordinates using a GPS
(Garmin GPSMAP 62s) and basic parameters of the habitat such as altitude, slope
and orientation towards the cardinal directions were identified for each area. The
locations of research areas were chosen so as they reflected the diversity of soils
and vegetation in the municipality of Trzebinia. The designated areas used to be
agricultural lands in the 80s whereas now they are fallow lands. This was done
by analysing topographic maps at a scale of 1:10000. Additionally, on the basis
of sozological maps, the distribution of deposits and areas of former mining and
processing of minerals as well as potentially existing pollution sources were tak-
en into account. In total, 83 areas were selected. The differentiation in number of
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research areas selected in each of the rural administrative units resulted from the
uneven distribution of both fallow lands and historical as well as current mining
sites of mineral deposits and emitters of pollutants. Most areas were designated
in Trzebinia (23), the fewest in the rural administrative unit of Dulowa (1). Two
samples were collected from each point: one at the depth of 0-20 cm and one at
the depth of 20-40 cm. Four samples of plant material were collectively gathered
from each research area. A total of 332 plant samples and of 664 soil material
samples were collected. The analysis of soil material involved the determination
of granulometric composition of the soil with the use of the Casagrande method
modified by Prészynski (according to industry standard BN-78/9180-11), soil
reaction in 1M KCI and in water with the use of the potentiometric method,
electrolytic conductivity of the soil with the use of the conductometric method,
content of organic matter in soil by its annealing using the modified Tiurin meth-
od, the total Cd content in the soil using the FAA method. The analysis of plant
material was based on the determination of the total content of Cd in plants using
the atomic absorption spectrometry. The results obtained concerning the content
of Cd heavy metals in plant and soil material were verified by reference stand-
ards and were statistically analysed. Basic descriptive statistics were calculated
i.e. minimum value, maximum value, the arithmetic mean, the standard devia-
tion, the median to determine the quantitative relationship between the contents
of respective elements in the soil (separately from the level of 0-20 cm and 20-40
cm) and the content of these elements in the plant, between the value of pH (sep-
arately in H,O and KClI) of soil and the content of these metals in the soil (0-20
and 20-40 cm), between the metal contents in the soil (0-20 cm and 20-40 cm)
and the content of organic matter in the soil, between the content of the metals in
the soil (0-20 cm) and at the level of 20-40 cm. The content of the element turned
out not to have a normal distribution which was examined by Shapiro-Wilk test.
For this reason the statistical analysis was performed using Spearman correlation
coefficient determining the degree of dependence among variables.

CHARACTERISTICS OF THE RESEARCH AREA

The town and the municipality area of Trzebinia is located on the border
of the Olkuska Upland, Pagory Jaworznickie and the Krzeszowice Trench in the
western part of the province of Malopolska, in the Chrzanowski County (Fig-
ure 1). In the north, it is adjacent to the communities of Bukowno and Olkusz,
in the east it borders the Krzeszowice community, in the south the Alwernia
community and in the west it is adjacent to the municipalities of Chrzanow and
Jaworzno (Environment Programme 2013).

Basic minerals which have transregional significance such as coal, dolo-
mite and sand backfilling and common minerals such as loam and limestone,
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mostly consumed by the local economy were identified in the area of the munici-
pality (Pietraszek 1961, Szuwarzynski 2009). The development of metallurgy of
zinc and glass was observed in the first years of the nineteenth century. The first
galvanizing plant was launched in Siersza in 1811. A private alum brewhouse
operated occasionally there (Pietraszek 1961, Peckowski 2013).

TRZEBINIA

Figure 1. Location of Trzebinia in the map of Poland

Leached brown soils and pseudo podzolic soils created from pieces of loess
of aeolian origin are typical soils of the area of the municipality. They constitute
a large area estimated at about 525 hectares in the eastern part of the municipal-
ity including the rural administrative units of Psary, Karniowice, Mtoszowa and
Dulowa. Loess soils of loose sand compactness occur in the area of the rural
administrative unit of Karniowice. Eroded leached brown soils with periodic
moisture deficit were identified in the loess areas with steeper slopes. These soils
are classified as complex III and are characteristic of Karniowice, Psary and
Mtoszowa. In the loess area brown soils of unquestionably deluvial origin creat-
ed as a result of slopes being leached by rainwater can be found. They form the
bottom structure of the gutter and narrow depressions degraded by water gorges
(ravines) (Kiryk 1994, Szuwarzynski and Kryza 1995, Environment Programme
2013, Kot — Niewiadomska 2013, Peckowski 2013).

The most noteworthy energy and industrial emitters of pollutants into the
atmosphere of Trzebinia are the following companies: the Trzebinia Refinery
Capital Group, ,,Szczakowa” PCC Rail JSC, the ,,Siersza” Power Plant in Trze-
binia, the metallurgical slag heap of the ,, Trzebinia” Metallurgical Plant and the
stockpile of flotation tailings of the ,, Trzebionka” Mining plant (Kot 2011; Environ-
ment Programme 2013).
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FINDINGS AND DISCUSSION

The mean content of cadmium in the plants and in soil was 1.09mg/kg.
The range of metal content in plants fell into the brackets of 0.15-10.18 mg/kg.
The mean content of cadmium in the soil at the depth of 0-20 cm was equal to
6.2mg/kg. At the depth of 20-40 cm the mean cadmium content was 5.16 mg/kg
(Table 1).

Table 1. Basic statistics of the cadmium content in the soil and plants and of selected
parameters of soil samples from the municipality of Trzebinia

Parameter Mean SD Min Median Max
. 0-20 cm 3.82 1.44 1.33 3.75 8.1
Organic matter [%]
20-40 cm 2.7 1.36 0.61 2.35 6.99
Heavy metals inplants | =y 1.09 131 0.15 076 | 10.18
[mg/kg]
Heavy metals in soil
0-20 cm [mg/ke] Cd 6.2 6.44 0.9 3.9 435
Heavy metals in soil
20-40 om [mg/ke] Cd 5.16 7.55 0.25 3.1 54.37
in water 6.31 0.48 5.2 6.4 7.4
pH 0-20 cm -
in KC1 5.92 0.67 4.4 6 7
in water 6.7 0.52 52 6.8 7.7
pH 20-40 cm -
in KC1 6.19 0.68 44 6.4 7.4
The electrolytic conductivity 175.46 9789 3 165 464
0-20 cm [puS]
The electrolytic conductivity
20-40 em [ pS] 155.71 100.25 31 137.7 540
sand 68.36 19.41 19 72 95
Share of fraction of [%] | particles 22.14 16.63 3 16 74
silt 9.49 6.45 0 8 37

The mean percentage of organic matter in the soil for the depth of 0-20
cm was 3.82% and the median amounted to 3.75%. The matter content at this
depth was in the range of 1.33-8.1%. For the depth of 20-40 cm the mean content
of organic matter in the soil was equal to 2.7% and the median was 2.35%. In
this layer of soil the matter content ranged from 0.61 to 6.99% (Table 1). The
mean electrolytic conductivity of the soil at the depth of 0-20 cm was equal to
175.46 uS and the median amounted to 165 puS. The conductivity in the layer of
soil varied from 32.00 to 464 pS. For the depth of 20-40 cm the mean electro-
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lytic conductivity was lower and amounted to 155.71 uS, and the median came
to 137.7 uS. The range of values of electrolytic conductivity of the soil in the
analyzed layer was in the range of 31-540 uS (Table 1). The mean pH of the
soil, assuming acidic reaction, determined in water for the 0-20 cm layer added
up to 6.31 and the median was 6.4. The pH values ranged from 5.2 to 7.4, that
is, from acidic reaction to slightly alkaline one. For the depth of 20-40 cm the
mean pH value determined in water came to 6.7 and the median was 6.8 which
corresponded to the acidic reaction, similarly to the reaction of the soil in the
0-20 cm layer. The pH values for the depth of 20-40 cm ranged from 5.2 to 7.7
that is from acidic to alkaline reaction similarly to the 0-20 cm layer of the soil.
The mean pH of the soil determined in KCI for the 0-20 cm layer corresponded
to 5.92 and the median was 6.0 consequently showing acid reaction. The range
of values of pH fluctuated between 4.4 and 7.0 oscillating between acidic and
neutral reaction. For the depth of 20-40 ¢cm the mean pH value determined in
KCI amounted to 6.19, and the median was 6.4. Thus, it was acidic reaction such
as in the 0-20 cm layer. At the depth of 20-40 cm the pH range of the soil fluc-
tuated between 4.4 and 7.4 falling into the range from acidic to slightly alkaline
reaction. That was in contrast with the 0-20 cm layer wherein the pH ranged
from acidic to neutral reaction (Table 1). In terms of granulometric composition,
the soils in the municipality of Trzebinia are dominated with clay, sand and silt
soils. The biggest share of the samples was defined as sandy loam (15.66%).
A significant part of the remaining samples was classified as loamy sand and
boyer loamy sand (12.05%), fuquay loamy sand (10.84%). One sample of each
type that is ordinary dust, clay dust, dusty sand loam, medium clay and heavy
clay (1.20%) was classified. The mean percentage of the sand fraction amounted
to 68.36%, of the dust fraction came to 22.14% and of the silt fraction added up
to 9.49% (Table 1).

The average content of cadmium in the soil for the area in question exceed-
ed (<5 mg / kg dry weight) for agricultural land according to national standards
(Journal of Laws 2002). Cadmium content in soils as indicated by the Dutch List
(2011) is as follows: for heavily contaminated soils — 20 mg/kg, for moderately
contaminated soils — 5 mg/kg, for uncontaminated soils — 1 mg/kg. According
to this scale the soil of the municipality should be classified as moderately con-
taminated. Studies conducted as part of Monitoring of Chemistry of Arable Soils
in Poland (2012) revealed a very high content of cadmium in soils of Piekary
Slaskie (57.5 mg/kg dry weight), which were under a long-term influence of the
steel industry of zinc and lead. In turn, the range of the element in the soils in
the vicinity of Metallurgial Plant in Katowice fell into the scope of 4.6-64 mg/kg
dry weight which was in line with the results obtained by Abramowska (2006).
The heap soil of Bolestawiec near Olkusz contained the extreme concentration
of the metal within the range of 170-200 mg/kg (Abramowska 2006). In soils
contaminated by mining and other industries cadmium content can be as high as
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1780 mg/kg dry weight. In the agricultural soils of the Czernichéw county in the
vicinity of Krakow the mean cadmium content came to 1.13 mg/kg dry weight
(Terelak et al. 2000). Kabata-Pendias and Pendias (1999) note that the highest
concentration of cadmium in soils appears mainly in the vicinity of metallurgical
plants, mines of lead, zinc and copper ores. It is then associated with the pro-
duction of non-ferrous metals and coal combustion. According to Trzebiatowski
(1971) cadmium is mostly present in copper, zinc and lead sulphide ores. The
authors’ results confirm the relationship between the former and present mining
and processing of local raw materials activities and cadmium contamination of
the soils of the municipality of Trzebinia and its individual rural administrative
units where toxic cadmium content was found in soils. The highest concentra-
tion of cadmium in the plant material was found in Psary and Ploki which soils
are contaminated with this metal. Vegetation of Myslachowice and Karniowice,
where nowadays historical emitters of pollution do not have an impact on cad-
mium concentration in soils and there are no currently active emitters, contained
the lowest content of the element. Kabata-Pendias and Pendias (1999) report that
natural cadmium content in plants can fluctuate from <0.1 to 1 mg/kg dry weight,
and the critical content in the range of 5-10 mg/kg dry weight. Curzydto (1995)
revealed toxic symptoms of cadmium concentration in plants at the content of
5-30 mg/kg dry weight. In the analyzed plant samples of all rural administrative
units the mean cadmium concentration equalled 1.09 mg/kg dry weight. Com-
paring the obtained cadmium contents with the literature data of Kabata-Pendias
and Pendias (1999) it can be noted that the test plants contain the element in
amount which does not exceed the critical content enabling their growth. Ac-
cording to the Regulation of the Minister of Agriculture and Rural Development
(2012a) the maximum permissible concentration of cadmium in animal feed
coming from vegetation (hay, silage, fresh grass) is lower or equals to < 1 mg/kg
dry weight. That means that vegetation from the research areas cannot be used
for animal feed. In the area of the county of Lublin which is considered to be
uncontaminated, the mean concentration of cadmium in grasses came to 0.1 mg/
kg dry weight (Ward 1997) and it was almost 10 times lower than the concentra-
tion of cadmium in vegetation of fallow lands in Trzebinia. The mean cadmium
content in grass vegetation in Roztocze, in Lomza and in the surroundings of the
metallurgical plant in Dabrowa Gornicza equalled successively: 0.037 mg/kg
dry weight, 0.04 mg/kg dry weight and 0.3 mg/kg dry weight. (Biernacka and
Wojcik 1998). In contrast, cadmium content in plants from the border belt of the
eastern Poland ranged from 0.05 to 2.62 mg/kg dry weight (Mikos-Bielak and
Tujaka 1999). In the area of Jeleniogodrskie county cadmium content in plants
ranged from 0.1-0.8 mg/kg dry weight, with the mean of 0.2 mg/kg dry weight
(Kaszubkiewicz and Kawatko 2009). Although the results of cadmium content
for the whole municipality and rural administrative units of Psary, Ptoki and the
town of Trzebinia indicate contamination of soil with cadmium, the concentra-
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tion of the element in vegetation of the listed rural administrative units and the
whole municipality of Trzebinia does not allow to conclude that it is contaminat-
ed with the element. Also, the proposed by Gorlach and Gambus$ (2000) range
of permissible cadmium content in herbaceous plants (1-5 mg/kg dry weight)
confirms the assertions of contamination with the element of vegetation in the
municipality of Trzebinia. A positive correlation between the content of cad-
mium in the soil and the content of this metal in plants (Table 2) was revealed.
Studies showed that plants in response to the contamination of soil with heavy
metals can develop adaptive mechanisms aiming at achieving a particular level
of tolerance by adjusting, for example, to excessive content of trace elements
in the soil solution, as exemplified by metallophytes and hyperaccumulators
(Baranowska-Morek 2003 ).

Table 2. The relationship between the cadmium content in the soil (0-20 cm) and

in the plant
Heavy metal Spearman correlation value Direction of the Power of the
y coefficient P relationship relationship
Cd 0.22 0.046 positive weak

In his studies Briiggemann (1999) confirms the disproportionate increase
in the content of heavy metals in plants in relation to their concentration in the
soil solution. The metal content in plants is not only related to their content
in the soil, but is determined by many factors. Depending on the place of re-
search, the species composition of the vegetation and the type of heavy metal,
some reports found a relationship between metal content in soil and its content
in plants whereas some others did not find such a link. The research conducted
by Wactawek and Macko (2001) in the Ktodzka Valley, where contamination of
soil with copper (mean content above 19 mg/ kg) was noted, showed no con-
tamination of plant material with the metal. Similarly, in the works of Pratas et
al. (2013), Szarek-Lukaszewska and Niklinska (2002) and Yoon et al. (2006)
no contamination of plants with Zn, Pb and Cd despite soil contamination of
the aforementioned elements was observed. The lack of correlation between the
copper and zinc concentration in the bedrock of the Beskidy Mountains and in
the moss (Polytrichum formosum) was also noted by Panek (2000). There was no
correlation between the cadmium content in plants and in the soil layer of 20-40
cm (Table 3). This can be attributed the high value of organic matter and the soil
pH in the top layer of the soil which forming a barrier immobilizing the metal in
the soil solution hampered the transport of the elements from the lower layers of
the soil to plants.
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Table 3. The relationship between the cadmium content in the soil (20-40 cm) and

in the plant
Heavy metal | SPearman correlation value Direction of the | Power of the
vy coefficient p-valu relationship relationship
Cd 0.181 0.101 - —

The revealed correlations with the positive direction of the relationship
between the soil pH and the heavy metals content in the soil layers of 0-20 cm
(Table 4) and of 20-40 cm (Table 5) suggest that an increase in soil pH results in
an increase in the content of sparingly soluble metal ions in the given soil layer.
The demonstated relationships reflect findings presented in the literature. Nu-
merous authors (Gorlach, Gambus 1991, Weber 1993, Chiopecka 1994, Gworek
and Borowiak 1994, Wisniewski and Kowalewski 1997) confirmed the increase
in the mobility of heavy metals and their bioavailability by plants along with the
decrease in the pH of the soil that is with the surge in its acidity.

Table 4. The relationship between the pH value and the content of cadmium in
soil (0-20 cm)

n Spearman correlation —value Direction of the Power of the

p coefficient p relationship relationship
in H,O 0.462 <0.001 positive average
in KC1 0.489 <0.001 positive average

The decrease of the soil pH to acidic and strongly acidic results in the in-
crease in the concentration of active metal forms available for plants in the soil
solution. The increase in soil pH that is lowering its acidity to a slightly acidic pH
as well as neutral and alkaline cause the increase in the concentration of metals
in the soil levels (Weber, 1993; Chlopecka 1994).

Table 5. The relationship between the pH value and the content of cadmium in
soil (20-40 cm)

H Spearman correlation —value Direction of the Power of the

p coefficient P relationship relationship
in H,0 0.32 0.003 positive average
in KCI 0.451 <0.001 positive average
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The demonstrated positive correlations between the content of organic
matter and heavy metals in the soil, both in the layer of 0-20 cm (Table 6) and
in the layer of 20-40 cm (Table 7) as well as between the organic matter content
influenced the vegetation contamination with heavy metals and the higher accu-
mulation of elements in the soil material than in the plant material.

Table 6. The relationship between the content of organic matter and cadmium in
soil (0-20 cm)

Heavy metal Spearman correlation value Direction of the Power of the
y coefficient P relationship relationship
Cd 0.503 <0.001 positive strong

The presented relationships indicate the existence of high impact of organ-
ic matter content on the soil pH (Wiater 2008, Kwiatkowska-Malina and Ma-
ciejewska 2009, Jozefowska 2009), and thereby on the immobilization of heavy
metals in the soil layers concerned, on precipitation of sparingly accessible metal
ions to plants, on limiting their bioavailability for plants, on obstruction of the
transport of metals from the soil environment to the aboveground parts of plants
and thereby on reducing the fitoavailability of ions of the elements.

Table 7. The relationship between the content of organic matter and cadmium in
soil (20-40 cm)

Heavy metal Spearman correlation —value Direction of the Power of the
y coefficient p relationship relationship
Cd 0,585 <0,001 positive strong

The verification of the naturalness of systems of soil levels in the study
area of the municipality of Trzebinia was also the aim of determining the con-
tent of trace elements and soil parameters for the two soil layers i.e. 0-20 cm
and 20-40 cm. The natural or disturbed order of the layers of the soil profile is
one of the important factors affecting the distribution of heavy metals in the soil
environment, the transport of elements between soil and plants, and thus their
availability for plants (Kabata-Pendias and Szteke 2012, Yan ef al. 2012, Remon
et al. 2013). In most research areas, the metal content decreased with the depth
of the soil profile which should be associated with the natural distribution of soil
levels. The distribution of metals in the soil, therefore, enhanced their bioavail-
ability because plants absorb most of the components from the top layer of soil.
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CONCLUSIONS

1. The obtained results of the concentration of cadmium in soil samples
are higher than the national standards designated for agricultural lands
(Journal of Laws 2002) both at the depth of 0-20 cm and 20-40 cm.
It can therefore be concluded that soils of the municipality of Trze-
binia are contaminated with cadmium. The causes of the contamina-
tion might be associated with intensive, long-term activities of mining
and processing conducted in the areas which are currently fallows and
industrially active.

2. The research carried out on fallow lands in the municipality of Tr-
zebinia showed a positive direction of the relationship between the
concentration of cadmium in the soil layer of 0-20 cm and the above
ground parts of plants.

3. Soil factors significantly influenced the migration of the element from
the soil environment to plants. The observed concentrations of cadmi-
um in the plant samples should not be regarded as a simple reflection
of'its content in the soil material.

4. The disclosed content of cadmium in plant material disables its use as
feed for breeding purposes. The concentration of the element exceeded
the limit values for the feed specified in the Regulation of the Minister
of Agriculture and Rural Development (2012a).

REFERENCES

Abramowska A.( 2006). Armeria maritima — Gatunek rosliny przystosowanych do
wzrostu na glebach skazonych metalami ciezkimi. Kosmos.nr.2-3. Tom.55,s,217-227.

Babelewska A. (2012). Zanieczyszczenia parkow krajobrazowych ziemi czgstochowskiej
metalami cigzkimi. Monography. Jan Dlugosz University in Czg¢stochowa. Czgstochowa.

Baranowska-Morek A. (2003). Roslinne mechanizmy tolerancji na toksyczne dzialanie
metali cigzkich. Kosmos-Problemy Nauk Biologicznych., 52,2,283-298.

Biernacka E., Wojcik M. (1998). Wplyw antropogenizacji srodowiska na zawartos¢ Zn,
Pb, Cd w roslinnosci trawiastej. Przeglad Naukowy Wydziatu Melioracji i Inzynierii
Srodowiska., 14,15-24.

Briiggemann J. (1999). Auswirkungen der aktuell diskutieren Héchswerte fiir Blei
und Cadmium auf Weizen und Roggen aus Deutschland. VDLUFA-Schriftenreihe
52,449-452.

Chtopecka A. (1994). Wplyw roznych zwigzkow kadmu, miedzi, otowiu cynku na formy
tych metali w glebie oraz na ich zawartos¢é w roslinach. ITUNG seria R.

1253



Agnieszka Petryk

Curzydto J. (1995). Skazenia motoryzacyjne wzdluz drog i autostrad oraz sposoby
przeciwdzialania ujemnym skutkom motoryzacji w srodowisku. Zeszyty Problemowe
Postepow Nauk Rolniczych PAN, 418, 265-270.

Dutch List. (2011). Soils and ground water criteria used in The Netherlands for
contaminated land. [www.epd.gov.hk/eia/register/report.] (Accessed on 02 March 2014)

Environmental Program for the municipality of Trzebinia for the years 2010-
2013 together with strategic environmental impact assessment of the program.

Gorlach E., Gambus$ F. (1991). Desorpcja i fitotoksycznos¢ metali cigzkich zaleznie od
wlasciwosci gleb. Rocz. Glebozn, 207-214.

Gorlach E., Gambus$ F.( 2000). Potencjalne toksyczne pierwiastki sladowe w glebach
(nadmiar, szkodliwos¢, przeciwdzialanie). Zeszyty Problemowe Postepéw Nauk
Rolniczych, 472,275-296.

Gworek B., Borowiak M. (1994). Jak usunqgé metale cigzkie z gleb. Owoce — Warzywa-
Kwiaty, 110.

Gwo6zdz E., Kopyra M. (2003). Reakcje komorek roslinnych na metale cigzkie-aspekty
biotechnologiczne. Biotechnologia. 3(62),107-123.

Industry standard BN-78/9180-11. Gleby i utwory mineralne — podzial na frakcje i grupy
granulometryczne.

Journal of Laws 2002 No. 165, item 1359. Regulation of the Minister of Environment
dated 4 October;, 2002 on standards for soil quality and land quality.

Jozefowska A. (2009). Materia organiczna gleby i metody jej frakcjonowania.
Wielokierunkowos¢ badan w rolnictwie i lesnictwie. Monography. T.I1,517-523.

Kabata — Pendias A., Pendias H.( 1999). Biogeochemia pierwiastkow sladowych.
PWN. Warsaw.

Kabata-Pendias A. (2000). Biogeochemia kadmu. éW.‘]Kadm w srodowisku-
problemy ekolo§iczne i metodyczne. Zeszyty Naukowe Komitetu Czlowiek
1 Srodowisko. The Polish Academy of Sciences.14,11-19.

Kabata-Pendias A. (2010). Trace Elements in Soils and Plants. Fourth Edition.

Kabata-Pendias A., Mukherjee A.B.( 2007). Trace elements from soil to human.
Springer, Berlin.

Kabata-Pendias A., Szteke B. (2012). Pierwiastki sladowe w geo-i biosferze, Pulawy.
Kaszubkiewicz 1., Kawatko D. (2009). Zawartos¢ wybranych metali ciezkich w glebach
i roslinach na terenie powiatu jenonogorskiego. Ochrona Srodowiska i Zasobow

Naturalnych,40,177-189.

Kiryk F. (1994). Trzebinia. Zarys dziejow miasta i regionu. Wydawnictwo 1 drukarnia
Secesja,

1254



Assessment of the content of heavy metals in plants and soil...

Kot A. (2011). Wskazniki geochemiczne do oceny stanu zanieczyszczenia metalami
ciezkimi Srodowiska gruntowego terenu poprzemystowego Zaktadow Metalurgicznych
,, Trzebinia”. Materiaty VI Krakowskiej Konferencji Mtodych Uczonych 2011.Sympozja
i Konferencja KKMU nr.6. AGH Pro Futuro,603-612.

Kot-Niewiadomska A. (2013). Ocena stanu srodowiska gruntowego w rejonie
poprzemystowym  zaktadow  metalurgicznych ,, Trzebinia ’(ZMI). Zeszyty
Naukowe Inzynieria Srodowiska Uniwersytet Zielonogorski, 31,5-17.

Krakow.Szuwarzynski M., Kryza A. (1995). Ocena wplywu zaktadow
przemystowych —ZG Trzebionka, ZM Trzebini, Rcz?nerii Nafty w Trzebini, ZSO
i in. Na rozmieszczenie metali ciezkich w glebach i wodach obszaru Trzebini-
Chrzanow. Centr. Arch. Geol. PIG. Warszawa.

Kwiatkowska-Malina J., Maciejewska A. (2009). Wplyw materii organicznej na
pobieranie metali cigzkich przez rzodkiewke i facelie. Ochrona Srodowiska i Zasobow
Naturalnych,40,217-223.

Mikos-Bielak M., Tujaka A.(1999). Akumulacja metali ciezkich w glebach i roslinach
z przygranicznego pasa Srodkowowschodniej Polski. Ochrona Srodowiska i Zasobow
Naturalnych,18,213-223.

Panek E. (2000). Metale sladowe w glebach i wybranych gatunkach roslin
obszaru polskiej czesci Karpat. Wydawnictwo Instytut Gospodarki Surowcami
Mineralnymi i Energia. The Polish Academy of Sciences. Krakow.

Peckowski J. (2013). Trzebinia: osada gorniczo-przemystowa w powiecie
chrzanowskim. Monografia. Trzebinia.

Pietraszek E.(1961). Zaglebie Krakowskie w latach 1796-1848. Kwartalnik Historii
Kultury Materialnej, R.IX 4.

Regulation of the Minister of Agriculture and Rural Development of 6 February 2012
on the Level of Undesirable Substances in Animal Feed, Journal of Laws 2012. item
203 [2012a].

Remon E., Bouchardon L., Guédard M.Le., Bessoule J., Conord C., Faure O. (2013).
Are plants useful as accumulation indicators of metal bioavailability? Environmental
Pollution, 175,1-7.

Sarkar B. (2002). Heavy metals in the environment. Marcel Dekker Inc. New York-Basel,
725.

Staszewski T., Kubiesa P., Lukasik W., Szdzuj J. (2008). Zawartos¢ otowiu i kadmu
w ekosystemach laséw i iglastych na terenie Polski. Metale cigzkie w Srodowisku.
Wydawnictwo Ekonomia i Srodowisko, Biatystok.

Szarek-ELukaszewska G., NiklinskaM.(2002). Concentration of alkaline and heavymetals

in Biscutella laevigata L. and Plantago lanceolata L. growing on calamine spoils (S.
Poland). Acta Biol Cracov Ser Bot, 44,29-38.

1255



Agnieszka Petryk

Szuwarzynski. M. (2009). Kopaliny uzyteczne ziemi chrzanowskiej i ich wykorzystanie.
Chrzanéw-studia z dziejow miasta i regionu. Tom III. Chrzanow.

Terelak H., Motowicka-Terelak T., Stuczynski T., Pietruch C.( 2000). Pierwiastki
sladowe (Cd, Cu, Ni, Pb, Zn) w glebach uzytkow rolnych Polski. TUNG, Warsaw.

Trzebiatowski W. (1971). Chemia nieorganiczna. PWN. Warsaw.

Wactawek W., Macko A.( 2001). Relationships between soil properties and speciation
forms of heavy metals. Chemia i Inzynieria Srodowiska,t.8,2-3.

Warda M. (1997. Wphw wiasciwosci gleb na akumulacje kadmu i niklu w trawach
i roslinach dwulisciennych wybranych z runi pastwiskowej. Zeszyty Problemowe
Postepoéw Nauk Rolniczych, 448a, 347-351.

Weber J. (1993). Wplyw zwigzkow prochnicznych na kumulowanie i migracje w glebie
niektorych metali cigzkich emitowanych przez przemyst. Zeszyty Problemowe Postepow
Nauk Rolniczych, 411,283-292.

Wiater J. (2008). Ocena zawartoSci miedzi i jej mobilnosci w glebach kwasnych
wybranych gmin Podlasia. Ochrona Srodowiska i Zasobdéw Naturalnych,35/36,346-350.

Wisniewski H., Kowalewski G. (1997). Ekologia z ochrong i ksztattowaniem Srodowiska.
Wydawnictwo Agmen, Warszawa.

www.trzebinia.pl

Yan X., Zhang F., Zeng C., Zhang M., Devkota L.P., Yao T. (2012). Relationship Between
heavy metal concentrations in soils and grasses of roadside farmland in Nepal. Int. J.
Environ. Res. Public Health,9,3209-3226.

Yoon J., Cao X., Zhou Q., Ma LQ. (2006). Accumulation of Pb, Cu, and Zn in native
plants growing on a contaminated Florida state. Sci Total Environ,368, 456—64.

Ing. Agnieszka Petryk, PhD

Department of Regional Economics
Cracow University of Economics

ul. Rakowicka 27,

31-510 Krakow

e-mail: agnieszka.petryk@uek krakow.pl

Received: 07.09.2016
Accepted: 13.10.2016



