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Abstract

Potentially toxic elements (PTES) are present in the environment as a result of natural processes, but
also numerous anthropogenic activities. A large part of PTE in the soil originates from industrial
plants or from contaminated water used to irrigate agricultural fields. Thus, they are taken up by
plants used for human consumption or by plants grown to feed domestic animals (fodder). In order to
determine the presence of B, Cu and Ni in the food chain and to evaluate and reduce the risk of
growing plants for livestock feed on potentially contaminated soils in the immediate vicinity of coal
mines and thermal power plants, samples of alfalfa (Medicago sativa L.) and soil were collected from
the territory of municipalities of Obrenovac (village Krtinka) and Lazarevac (village Sokolovo), while
the territory of the municipality of Surcin (village Jakovo) was chosen as the control site.
Furthermore, the bioconcentration factor (BCF) was calculated, which can provide information about
the potential efficiency of the removal of elements from the soil by the plant. The results of the content
of the studied elements in fodder were within the usual concentrations for conventional production.
However, Ni content in the soil was above the proposed MAC for soils according to the regulations of
the Republic of Serbia (50 mg kg™) and higher than the limit values proposed by the Council Directive
of the European Community (30-75 mg kg™). These results urge caution in the cultivation of fodder at
investigated sampling sites.

Keywords: potentially toxic elements, Medicago sativa, soil contamination, bioconcentration
factor.

INTRODUCTION

Intensive urbanization and industrialization led to the development of new and the
expansion of existing cities and industrial areas, the main problem being the pollution of air,
water, soil and vegetation. The main sources of pollution in such environments are
combustion products from industry, traffic, urban heating plants, domestic heating,
construction activities, and improper storage of industrial and municipal waste. Potentially
toxic elements (PTES) are present in the environment, both as a result of natural processes and
numerous anthropogenic activities. A large proportion of PTEs and other pollutants in soil
and water originate from industrial facilities, as a result of the use of pesticides and mineral
fertilizers or from contaminated water used to irrigate agricultural fields. Thus, elements are
taken up by plants grown for human consumption or to feed domestic animals. Sometimes
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these concentrations can rise to levels that are toxic to plants, animals, and thus to humans
who consume food produced on such soils, as they are incorporated into the food chain [1-4].

Regardless of the origin of PTEs in the soil, their concentration, mobility and potential
availability to plants depend on the parent substrate, the pH reaction, the proportion of organic
matter and clay in the soil, the physical properties of the soil, moisture, the presence of other
chemical substances and other factors [4—6].

In order to determine the presence of B, Cu and Ni in the food chain, to assess and reduce
the risk of growing plants for animal feed on soils in the immediate vicinity of coal mines and
thermal power plants, samples of alfalfa (Medicago sativa L.) and soils were collected on the
territory of the municipalities of Obrenovac (village Krtinka) and Lazarevac (village
Sokolovo). The area of Sur¢in municipality (village Jakovo) was chosen as the control site
without direct industrial activity. In addition, the bioconcentration factor (BCF) was
calculated, which can provide information about the potential efficiency of the removal of
chemical elements from the soil by the plant.

Medicago sativa is a perennial herb that is one of the most important fodder crops. Apart
from feeding livestock, it is also important for improving the physical, chemical and
microbiological properties of the soil, as its harvest leaves significant amounts of organic
matter in the soil, which is further decomposed. Owing to its deep root system, it helps
improve the nitrogen fertility of the soil and protect it from soil erosion. The depth of root
system makes it very resistant, especially to droughts [7].

MATERIALS AND METHODS
Sample collection and preparation

Sampling was conducted in three municipalities — Obrenovac (village Krtinka), Lazarevac
(village Sokolovo) and Sur¢in (village Jakovo), in gardens located in the vicinity of the fly
ash disposal site of the “Nikola Tesla-A” thermal power plant. At each of the three villages,
three sampling sites (gardens) were randomly selected for plant and associated soil sampling.
Medicago sativa was sampled in the form of hay for livestock feed in the amount of
approximately 2 kg. Samples of plant material were dried for 10 days at room temperature,
and then in a drying chamber (Binder, Tuttlingen, Germany) to a constant weight. Dried
samples were grounded with a stainless-steel mill and sieved through 1.5 mm stainless-steel
sieve (Polymix, Kinematica AG). The associated soil at each sampling site was also sampled
from three individual sampling points at the depth of 0—20 cm following a harmonised
sampling regime. These were then mixed into a composite sample with the total weight of
approximately 2 kg. Soil samples were dried at 105 °C to a constant mass and homogenized.
The surface layer of soil was chosen for analysis because PTE deposition in soil mostly
occurs in top soil [8].

PTEs and statistical analysis

The concentration of B, Cu and Ni in the collected plant material was measured after
digestion with HNO3; and H,0, (USEPA 3052). Element concentrations were measured by the
method of optical emission spectrometry for simultaneous multielemental analysis (ICP-OES,
Spectro Genesis), using the reference material beech leaves (BCR-100) for validation of the
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analytical procedure and quality control of the laboratory protocol. The analysis was
performed in six replicates (n=6). The detection limits (mg kg™) are as follows: B-0.001,
Cu-0.007 and Ni-0.089. The element content in the soil was determined in the same manner
as for the plant material, using the USEPA method (3052) and the standard reference material
(Loam soil - ERM - CC141) to validate the analytical procedure, with detection limits
identical to those of the plant material.

The data from this study was analysed using statistical analysis (ANOVA) and means were
separated with a Bonferroni test at a level of significance of p<0.05, using the Statistica
software package (StatSoft In., Tulsa, USA, 2007).

Based on the obtained element concentrations in soil and plant material, the
bioconcentration factor (BCF) was determined, which indicates the potential efficiency of
removal of chemical element from soil by plants. This factor defines the ratio between the
available amount of a chemical element in the soil and the amount in the plant material
([Element]iear or bark/[Element]soii] [9,10]. A value of BCF > 1 indicates the potential of plant
for phytostabilization of certain soil element.

RESULTS AND DISCUSSION

The concentrations of PTEs in plant material were compared with reference values for the
leaves of most herbaceous plants [11], and the maximum allowable concentration of certain
elements in fodder that do not adversely affect the diet of domestic animals (Table 1) [12,13].

Table 1 Limit values of PTEs in plants and fodder (mg kg™)

B Cu Ni
TL? 50-200 20-100 10-100
MAC" / 12-200 50

4 Critical or toxic levels in leaf tissue for various species [11]; ® maximum allowable
concentration in fodder [13].

The concentrations of PTEs in fodder and associated soil at the investigated sampling sites
are shown in Figure 1.

Boron is an essential trace element for higher plants, and its requirement varies from
species to species (10-100 mg kg™, [11]), so the range between B deficiency and its toxicity
is smaller than for any other element. Its uptake in plants depends directly on the physical and
chemical properties of the soil, but also on the form of B and on plant transpiration [14]. In
the literature, B is often cited as one of the most toxic phytonutrients due to its high solubility
[15]. In the examined Medicago sativa samples normal concentrations of B were measured
(18-25 mg kg, [11]) (Figure 1a), with statistically significant differences in accumulation
capacity determined between all sampling sites (Table 2). Regulation on maximum allowable
concentrations of harmful substances and ingredients in livestock fodder does not set
permissible concentration for this element (Table 1). Soil boron content ranged from
130-155 mg kg™ (Figure 1b), with the highest values measured in soil samples from Surcin.
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Statistically significant differences in B content (p<0.05") were found between the control site
in Jakovo and Obrenovac (Table 2).

a) b)

Fodder Soil

[ Suréin - Jakovo
Lazarevac - Sokolovo
[ Obrenovac - Krtinska

Suréin - Jakovo 160
Lazarevac - Sokolovo
[ Obrenovac - Krtinska

2

N\

N\

\\

NN
A\

oncentration (mg kg™
ent concentration (mg kg™')
S

7
.

2

B Cu Ni B - Cu Ni
Figure 1 Potentially toxic elements content in a) fodder and b) associated soil at examined
sampling sites (mean values and standard deviation)

The B content was above the MAC set by the regulations of the Republic of Serbia
(50 mg kg), at all sites examined, and its increased concentration may be related to coal
combustion and ash formation, considering the proximity of thermal power plants [15]. Ash
from thermal power plants is characterized by high content of macro and microelements,
especially B, which is one of the most important environmental pollutants in the vicinity of
thermal power plants and ash landfills due to its high mobility [16]. However, high B content
in soil does not necessarily imply a potential risk to the environment, as its transport is
affected by numerous soil parameters (texture, organic matter content, CaCOg, type of parent
substrate, etc.), but mainly by the pH reaction [17].

Average Cu concentrations in leaves range from 5 to 30 mg kg™ [11], whereas in fodder
they can vary from 2 to 69 mg kg™ [12,18]. The Cu content of the studied fodder was in the
normal range (8.06-10.16 mg kg™, Figure 1a), but statistically significant differences were
found between all the examined sites (Table 2). Copper content in the examined soils did not
exceed the MAC in soil set by regulations of the Republic of Serbia (100 mg kg™) [19,20] and
the limits set by the Council Directive of the European Community (50-140 mg kg™) [21] and
ranged from 18.87 mg kg™ in Obrenovac to 31.2 mg kg™ in Suréin. Statistically significant
differences were found between all sampling sites (Table 2).

The lowest Ni content in fodder was measured in Sur&in (2.04 mg kg™) and the highest in
Lazarevac (5 mg kg™) and was within the normal range for plants and below the value
specified for animal food ingredients MAC (Table 1). Nickel is accumulated mainly in the
roots of plants, and its uptake depends primarily on the characteristics of the soil (OM
content, clay, pH), the origin of Ni, and the characteristics of the plant itself. Statistically
significant differences were found between all sampling sites in fodder (Table 2). Nickel
content in the studied soils was higher than the MAC values for soils according to the
regulations of the Republic of Serbia (50 mg kg?), except at the Lazarevac site
(34.37 mg kg, Figure 1b), and higher than the limit values proposed by the Council Directive
of the European Community (30-75 mg kg?) [21]. These results are not unexpected,
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considering that soils in the Republic of Serbia are characterized by high Ni content due to
their geological origin [22,23], but contamination of soils by Ni is possible due to the
influence of industry [24].

Table 2 Difference in PTEs content between sampling sites in fodder and associated soil
Fodder Soil

B (mg kg™ Sur¢in Lazarevac Obrenovac Suréin Lazarevac Obrenovac

Suréin Jakovo / - - / ns :

Lazarevac Sokolovo o / ) ns / ns

Obrenovac Krtinska / ’ ns /

Cu (mg kg™)

Suréin Jakovo /

Lazarevac Sokolovo

Obrenovac Krtinska

Ni (mg kg™)

Suréin Jakovo /

Lazarevac Sokolovo

Obrenovac Krtinska
ANOVA, n=5, "p<0.05; “p<0.01; “"p<0.001; ns — no statistical significance.

*HH *x *hK *hK

/

FhK *kk

*kk

*kk *kk

Phytostabilization is the formation of chemical compounds by plants and the
immobilization of pollutants, which reduces their availability. The investigated Medicago
sativa did not prove to be effective in immobilizing the examined PTEs, as all obtained values
for BCF were below 1.

CONCLUSION

The concentration of the studied PTEsS measured in livestock fodder from the selected
sampling sites was within the usual concentrations for conventional production. Medicago
sativa was found not to be a significant accumulator of B, Cu and Ni, as the values of the
bioconcentration factor were below 1, indicating that fodder is not suitable for
phytostabilization of these elements in the studied soils. It was found that the highest content
of all elements in fodder was measured in the Sokolovo village (Lazarevac) and the lowest in
the control site in Jakovo (Surcin). In contrast, the highest concentrations of the examined
elements in the soil were measured at the control site, where the Ni values were above the
MAC values for soils according to the regulations of the Republic of Serbia (50 mg kg™*) and
above the limit values proposed by the Council Directive of the European Community
(30-75 mg kg™). Such results for Ni are not unexpected, considering that soils in the Republic
of Serbia are characterized by high Ni content of geological origin, but soil contamination is
also possible due to the influence of industry.

Despite the common concentrations of the studied elements in fodder, caution should be
exercised in their use, as certain elements are present in the soil in high concentrations. Soil is
a dynamic system in which, under suitable conditions (change in pH, redox potential and
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salinity), elements can be easily transported to above-ground plant parts, which could lead to
significant accumulation.
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