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Abstract: The study aims to determine the concentration of A13*, Cd** and Mn2*
in the soil and parts of evergreen plant species — juniper and white pine — at the
surface mine Sastavci (Badanj) and its vicinity in order to determine the pos-
sibility of using evergreen plants as an ecological indicator or for phytorem-
ediation. Globally, as a result of various anthropogenic activities such as traffic,
agricultural activities, waste incineration, industrial production, mining, etc., it
represents a serious problem leading to pollution with toxic and potentially toxic
metal cations. One of the more innovative techniques used for the remediation
of mining areas is phytoremediation. By applying phytoremediation, certain
plant species in polluted areas have the ability to act as accumulators or hyper-
accumulators, absorbing toxic metals from the soil through the plant roots and
transporting them to the upper parts. This research has been conducted to
determine the concentration of AI3*, Cd?* and Mn?* at the surface mine itself
and its surroundings, as well as to monitor the distribution of metal cations in the
system of roots, branches, needles, and fruits of the evergreen plant species —
white pine and juniper. The results showed that the sampled soil was contam-
inated with Cd in zones I and II for both plant species, since the concentrations
exceeded the limit values, while the concentration of Cd in zone III, as well as
in the control zone was below the determination limits for both plant species.
The concentration of Mn in the soil from the white pine and juniper zone was
above the world average in all three zones, as well as in the control zone itself.
The soil was most enriched with the analysed elements in the surface mine of
zonec [ and II. According to the analysis of elements in the parts of white pine,
roots, branches, needles and fruits, the highest concentration of Al was detected
in the root in zone I, while the lowest concentration was recorded in the fruit
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(cones) in the control zone, an increased concentration of Cd was recorded in the
branches in zones I and II, and the highest concentration of Mn was recorded in
needles in zone II. The highest Al concentration was recorded in the juniper root
in zone I and the lowest in the juniper fruit in the control zone, the Cd
concentration was the highest in the juniper root zone I, and the lowest in the
juniper fruit and the highest Mn concentration was recorded in the juniper
needles in zone 1. Based on the obtained values of the coefficient of biological
absorption, it can be concluded that white pine is not suitable for phytoextraction
or phytostabilization of the tested elements. The analysis of biological factors
(bioconcentration, translocation and bioaccumulation factor) indicated a pos-
sible usage of juniper in phytoextraction for Cd only.

Keywords: trace elements; ICP-OES; ICP-MS; juniper; white pine; phytorem-
ediation.

INTRODUCTION

The quantity of heavy metals originating from natural sources is almost
negligible, when compared to the quantity of heavy metals generated as a result of
anthropogenic activities. Trace elements — heavy metals, represent pollutants of
significant concern due to their potentially harmful effects on the environment.1—3
Long-term and excessive intake of these elements can burden the environment, as
they enter and circulate within biogeochemical cycles. Due to their inability to
degrade, these elements accumulate through the food chain, and depending on their
concentration and toxicity, they pose a risk to human health as well as to eco-
systems.3> Heavy metals cannot be degraded through physical or biological
processes, which makes them more persistent in soil. These metals can remain in
the soil for extended periods, accumulating and causing harmful effects on ecosys-
tems and human health.® For the removal of heavy metals from contaminated
areas, people employ various techniques. These techniques can often be combined,
depending on the specific contamination conditions and the goals of remediation.
Phytoremediation has proven to be one of the best solutions, as technological
methods have shown to be ineffective and uneconomical.” Phytoremediation is an
ecological method that applies plant species to remove or reduce the contamination
of heavy metals from soil. The plant species used in phytoremediation have the
ability to accumulate heavy metals from the soil through processes such as
phytoextraction or phytostabilization.8 Different plant species have varying abil-
ities to absorb pollutants from the soil, including heavy metals. These diverse
capabilities of plants to absorb pollutants play a crucial role in preserving the
environment from the harmful effects of pollutants.®-10 Some heavy metals pose a
significant problem worldwide due to their toxicity and ability to induce cytotoxic
and mutagenic effects on all living organisms, including plants.!!-17 Some plant
species have developed tolerance and resistance to high concentrations of heavy
metals. They can absorb and accumulate large amounts of heavy metals in their
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tissues without significant negative effects on their growth and development.!18-20
For the subject of investigation in this study, two evergreen plant species were
selected - juniper and white pine. Juniper belongs to the group of long-lived plant
species, as its needle-like leaves function throughout the year. Previous research
has shown that juniper is a promising candidate for phytoremediation.2! The use
of juniper as a plant for phytoremediation and the restoration of contaminated soil
has proven to be promising. Juniper possesses specific properties of heavy metal
accumulation, meaning it can uptake and concentrate large amounts of these metals
from the environment into its tissues. Juniper is also known for its rapid biomass
growth, which is an additional advantage in its use for phytoremediation.22 Juniper
is ideal for phytostabilization of contaminated soil due to its deep root system, high
tolerance to heavy metals, and ability to grow in nutrient-poor soils.23 The second
evergreen plant species examined in this study is the white pine. White pine is
widely distributed and often used to monitor changes in the environment due to its
extensive prevalence compared to its relatives.24 White pine is a conifer that
thrives on various types of soil, including dry, moist, rocky, and sandy soils, as
well as marshy areas. It grows in diverse conditions, ranging from fertile to dry
and infertile habitats.25-26 The needles of the white pine have the ability to absorb
and retain heavy metal cations from the surrounding environment, making them
important indicators of environmental conditions. By studying the content of heavy
metals in the needles of the white pine, we can obtain information about the degree
of pollution and the quality of the environment. White pine is known for its effi-
cient abilities in absorbing heavy metals from the soil.27-28 Establishing surface
mines represents one of the greatest sources of changes in the natural environment.
This can lead to catastrophic consequences, including the release of heavy metals
into the environment.29-3! The aim of the research was to evaluate the content of
elements (A13", Cd?™ and Mn2") in soil and parts of white pine and juniper (root,
branches, needles and fruits) in order to study their potential use in phytorem-
ediation and the possibility of using evergreen plants as an ecological indicator.

EXPERIMENTAL
Description of the investigated area

Since the 1920s, the first explorations of lead-zinc ore deposits began in the vicinity of
Ragka. Mining has a long history in this part of Serbia. In the medieval period, mining was one
of the most significant economic activities in the territory of present-day Serbia, and Mount
Kopaonik was known for its rich mineral deposits. The lead—zinc ore deposit of Sastavci (Bad-
anj) is located at the source of the RadisSicka River, on the slopes of Mount Kara¢ (916 m) and
Sanac (1098 m), in an altitude zone ranging from 720 to 905 m above sea level. The estimates
determine that this deposit contains approximately 364,000 tons of ore with an average content
0f 2.05 % lead and 5.59 % zinc. On the mine site, a high content of Au was discovered, but the
content of As was also high, leading to the cessation of exploitation. Although mining is no
longer a dominant industry in this region, one of the problems that remains as a consequence of
exploitation is tailings, an unusable material that remains as residual toxic waste after ore pro-
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cessing. Mine tailings can contain various harmful substances and metals that pose a potential
threat to the surrounding soil and water systems. While surface mines lead to soil degradation,
they often contain heavy metal cations that accumulate through the food chain, causing toxicity
and posing a serious threat to animals and human populations.

Sampling of soil and plant material

White pine and juniper, which were used for the purpose of this research, were selected
for sampling based on several criteria. These plant species are perennial and are adapted to
different living conditions, which allows them to survive and thrive. When it comes to long-
-term anthropogenic pollution, these plants can provide some useful information since they are
perennial plants and have the ability to accumulate pollutants over time. This means that the
presence of certain toxic elements in white pine and juniper tissues may indicate the presence
or history of pollution in the area. White pine and juniper have an important role in human
nutrition and medicine. If white pine and juniper grow in polluted areas, there is a risk that toxic
elements accumulate in their tissues. If these plants are used for food or medicinal purposes,
there is a possibility that toxic elements can be transferred to the human body, which can be
harmful to health.

Description of the zones and places of sampling of soil and plant material for the Sastavci
(Badanj) surface mine and its vicinity

Legend
] Ragka municipality
Badanj settiement
* cities
sampling locations

48N
L

4N
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N
L

Fig. 1. Map of the surveyed area with sampling locations of soil and plant material by zones
of the Sastavci (Badanj) surface mine (points 1, 3 and 5 are samples of white pine; points
2, 4 and 6 are samples of juniper).

The sampling of soil and plant material was conducted in three different zones (6 sampling
sites) with varying degrees of contamination. The sampling locations were selected based on
the assumption that the concentration of metal cations would decrease with the distance from
Sastavci (Badanj) surface mine. For soil sampling, a stainless-steel probe was used, and soil
samples were taken from a depth of 20 cm, where the highest concentration of roots was
observed. After the composite samples were collected, the removal of leaves, stones, twigs, and
other visible impurities was performed. The sampling locations of plant material and soil (Fig.

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



EVERGREEN PLANTS AS AN PHYTOREMEDIATION INDICATORS 1 633

1) are divided into different sampling zones. Samples were collected at the primary source of
pollution, i.e., at the surface mine, Zone I. This part represents the most polluted area. The
samples were collected in the immediate vicinity of the surface mine, representing a secondary
source of pollution, Zone II. A lower degree of pollution is expected in this zone, when
compared to Zone 1. Samples collected in the tertiary zone are located at a distance of 1,700 m
from the surface mine, Zone III. Here, the degree of pollution is expected to be lower compared
to the previous two zones. The control sampling zone is located 5 km straight-line distance from
the Pb-Zn surface mine near the village of Knezeviéi. This zone is considered uncontaminated.

Description of the sampling procedure of plant material and soil

The indigenous plant species used for analysis were in good condition, without the pre-
sence of visible signs of disease or pests, which was important in order to ensure quality and
representative samples for analysis. These precise measures were taken to ensure maximum
accumulation of metal cations in the selected plant species and to obtain accurate analysis
results. Soil samples were collected at a depth of 20 cm and weighed approximately 500 g. At
the same depth, roots up to 1 cm in diameter were sampled. For juniper, samples were collected
at a height of 50-70 cm, and for white pine at a height of approximately 1.50—1.80 cm. Samples
were collected from different sides of each plant and weighed 4-5 g. When it comes to sampling
mature juniper berries and pine cones, those with similar shape and colour were selected.
Samples for both plant species were collected from the same branches. Sampling procedure was
applied according to the given protocol, whereby soil and various parts of plants (roots,
branches, needles and fruits) were prepared as composite samples (Fig. 2).32 This sampling
methodology was used to ensure the representativeness of samples for the detection of con-
centrations of metal cations in soil and various parts of plants.

Fig. 2. Sampling scheme (roots, branches, needles and (fruits) cones); a) juniper and
b) white pine.

Materials and methods

For the investigation of this locality and the investigation of the persistence of toxic
elements in the soil and parts of white pine and juniper, sampling was carried out that was
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adapted to the morphology of the terrain and wild plant species, whereby a total of 6 soil samples
and 24 samples, parts of white pine and juniper (roots, branches, needles and (fruits) cones) in
three different zones. Microwave dissolution of soil and plant material samples was performed
at the Faculty of Chemistry in Belgrade. The content of major elements in traces was determined
using two analysis methods: inductively coupled plasma-optical emission spectrometry (ICP-
-OES) and inductively coupled plasma-mass spectrometry (ICP-MS). These methods enable
precise measurement of concentrations of various elements in the samples, which is crucial for
assessing contamination. Microwave digestion was performed in SpeedWave XPERT instru-
ment, manufactured by Berghof. About 0.4 g of sample was measured in Teflon cuvettes. 6 ml
of purified nitric acid and 2 ml of hydrogen peroxide (30 %, Fluka) were added. Purified nitric
acid was made through purification of HNOs (65 % p.a., Sigma Aldrich), on Berghof-purific-
ation apparatus-BSB-939-IR. Degradation of samples was performed according to Microwave
Digestion of Soil according to EPA 3051A, Application Note Environment & Geology, Digest-
ion, Berghof (https://www.berghof-instruments.com/en/application/microwave-digestion-of-
soilaccording-to-epa-3051a/). After completion of the program and cooling of the cuvettes, the
samples were quantitatively transferred and diluted with ultra-pure water (Milli Q water,
Thermo Scientific, UK) in volumetric flasks of 50 ml. All samples were filtered with Syringe
filters (25 mm, PTFE membrane 0.45 um). 3 elements were analysed in samples. On ICP-OES
(ICP-OES, iCAP 6500 Duo, Thermo Scientific, UK) Al was analysed, and on ICP-MS (ICP-
-MS, iCAP Qc, Thermo Scientific, UK) Cd and Mn were analysed. Standard series were made
from internal standards of 1000 pg L'!, and diluted with ultra-pure water to appropriate concen-
tration. The data on the concentration of each element were obtained on the basis of three mea-
surements. For the analyses, calibration solutions were made from the standard stocks (Multi-
-Element Plasma Standard Solution 4, Specture®, Alfa Aesar; Major Elements Stock, EPA
Method Standard, VHG Labs, Merck). The determination of soil pH values, both active (pH
(H20)) and potential acidity of the soil (pH (KCI)), was conducted in accordance with ISO
standard 10390:2005.33 For this purpose, the Orion Star A221 instrument by Thermo Scientific
was used. The determination of pH values was carried out in a suspension of 1g soil and 100
ml distilled water or 1g soil and 1 mol L*! solution of KCl, using the Orion Star A221 instru-
ment, Thermo Scientific. It is important that the soil has an optimal pH value between 6.5 and
7.8 because this provides ideal conditions for the absorption of nutrients, access to water, and
good root ventilation, contributing to a healthy and improved plant growth.3435 The attached
soil samples were dried at a temperature of 10545 °C in a drying oven, to a constant mass. The
gravimetric method of mass loss (LOI — loss on ignition) was used to determine the content of
organic matter in the soil after drying. The samples were weighed on an analytical balance,
brand KERN model ABJ-NM/ABS-N, then they were transferred to porcelain containers and
placed in an annealing furnace (high-temperature furnace, VTP-1,2, Elektron), where the soil
samples were annealed for of 2 h in which the temperature gradually increased to 440 °C. In
soil samples, the content of organic matter was determined based on mass loss at high tempe-
rature.3% Organic matter in soil originates from various residues, including animal and plant
materials, and plays a crucial role in maintaining soil quality and the circulation of nutrients
within it. The content of organic matter in the soil has a great influence on maintaining the
biological productivity of the soil.3” The enrichment factor is a method used to estimate the
degree of contamination of soil and plant material in the investigated area compared to an
uncontaminated area.3238:39 To determine the degree of soil contamination, there are five cat-
egories, each of which represents a different degree of enrichment, EF <2 no or minimal enrich-
ment, 2 < EF <5 moderately enriched, 5 < EF < 20 significant enrichment, 20 < EF < 40 very
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high enrichment and EF > 40 extremely high soil enrichment.*? The value of the bioconcen-
tration factor (BCF) is defined as the ratio of the concentration of elements in the roots of the
plant to the concentration of elements in the soil. It is considered that the accumulation of
elements from the soil in the roots occurs when the BCF value is > 1.41-44 Biological absorption
coefficient (BAC) is defined as the ratio of the concentration of elements in plant leaves to the
concentration of elements in the soil. BAC values are classified into five groups: BAC, 10-100
(intense absorption), BAC, 1-10 (strong absorption), BAC, 0.1-1 (medium absorption), BAC,
0.01-0.1 (weak absorption) and BAC, 0.001-0.01 (very weak absorption).*> The translocation
factor (TF) is defined as the ratio of the total concentration of elements in the root and the
concentration in the aerial part of the plant. It is considered that the translocation of elements is
efficient from the roots to the aerial part of the plant when the value is >1,42:4346-48

RESULTS AND DISCUSSION

In Table I, the data on the content of organic matter in the root zone of the
evergreen plant species of white pine and juniper in the researched area are
presented. One of the key factors is the OM content influencing the capacity of
soils to sustain biological productivity and to maintain the environmental quality.*?
The organic matter content in the soil ranged from 4.78 to 15.96 %. Based on these
results, it can be concluded that the highest percentage of soil had a moderate
content of organic matter, while three sampled soil locations had a high content of
organic matter.50 The highest concentration of organic matter in the soil was rec-
orded in the root zone of white pine sample 5, while the lowest concentration of
organic matter was in the root zone of juniper sample 2.

TABLE I. Organic matter content (OM) in soil from the root zone of white pine and juniper in
the researched area

Sampling zone Sampling number Organic matter, OM / % Average

I S 1 (White pine) 11.13 7.955
S 2 (Juniper) 4.78

II S 3 (White pine) 6.95 7.515
S 4 (Juniper) 8.08

1 S 5 (White pine) 15.96 14.09
S 6 (Juniper) 12.22

Table II presents the pH values of active and potential soil acidity from the
root zone of white pine and juniper. Soil pH plays the most important role in
determining metal morphology, mineral surface solubility, migration and ultimate
bioavailability.51:52 One of the most frequently measured parameters is soil pH,
considering its influence on behaviour and condition bioavailability of elements in
s0il.>3 In the 6 to 7 range, soil pH is generally optimal for plant growth because
more plant nutrients are readily available in this pH range.>* According to the
acidity classification categories of soil,>4 the sampled soil can be classified as very
strongly acidic to slightly acidic. Based on the comparison of soil pH values in the
investigated area, we can see that the highest soil acidity was in the I zone, sample
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2, while the least acidity was in III zone, sample 6. Samples 1, 4 and 6 had a ApH
value (pH(H>O) — pH(KC)) slightly above 1 at the sampling sites, indicating a
tendency of soil acidification at these sampling locations.

TABLE II. Soil acidity from the root zone of white pine and juniper in the studied area; ApH =
pH(H,0) — pH(KCI)

Sampling zone Sampling number pH(H,0) pH (KCI) ApH
I S 1 (White pine) 5.77 4.72 1.05
S 2 (Juniper) 4.72 4.01 0.71
I S 3 (White pine) 6.07 5.43 0.64
S 4 (Juniper) 6.11 5.03 1.08
11 S 5 (White pine) 6.16 5.29 0.87
S 6 (Juniper) 6.33 5.19 1.14

Fig. 3 shows the concentrations of elements AI3*, Cd?™ and Mn2" in the root
zone soil of white pine and juniper and they are also presented in the Table II1. The
obtained concentrations of the examined elements were compared with the cor-
responding remediation values and threshold values prescribed by the Regulation
of the Republic of Serbia.>5
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Fig. 3. Concentrations of metal cations a) Al, b) Cd and ¢) Mn in the root zone of white pine

and juniper at 6 sampled locations (solid line represents the threshold value according to the
Regulation of Serbia (Regulation No. 30/2018-50, 2018)).
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TABLE III. The concentrations (mg kg™!)of elements Al3*, Cd?" and Mn2" in the root zone soil
of white pine and juniper

Sampling zone Sampling number Al Cd Mn

I S 1 (White pine) 0.2760 1.9961 1029.0802
S 2 (Juniper) 0.1880 4.9970 712.5522

I S 3 (White pine) 0.2846 2.2058 1024.8884
S 4 (Juniper) 0.4531 3.2719 1587.4513

11 S 5 (White pine) 0.5016 0.1640 553.8400
S 6 (Juniper) 0.5173 0.1011 488.8714

Control White pine 0.0741 0.4213 601.2598

Juniper 0.0881 0.3811 62.6571

The concentrations of aluminium in the soil from the root zones of the ana-
lysed plant species are lower than the average values (1-5 %), indicating a relat-
ively low concentration of aluminium in the soil or the presence of factors that
reduce these concentrations. Slightly higher aluminium values were observed in
Zone I1I for both plant species. Fig. 3b shows the concentration of cadmium in the
soil from the root zone of white pine and juniper. The prescribed limit values for
cadmium in the soil according to the Regulation of the Republic of Serbia are 0.8
mg kg~1.55 The world average concentration of cadmium in the soil is 0.41 mg kg1.56
Cd concentrations that exceeded the limit values were recorded for both plant
species in zones I and II, while in soil samples from zone III as from the control
zone, the Cd concentration was below the determination limits for both plant
species. There are no defined limits and remediation values for manganese in the
soil according to the Regulation of the Republic of Serbia, while the world average
concentration of manganese in the soil is from 411 to 550 mg kg~1.56 The con-
centrations of manganese in the soil from the root zones of white pine and juniper
were above the global average in all three zones, as well as in the control zone.

The values of enrichment factors for AI3*, Cd2* and Mn2* in the soil of white
pine and juniper are presented in Table IV. The enrichment factors for aluminium
were greater than 2, indicating enrichment or contamination of soil with alu-
minium. The presence of aluminium can be considered anthropogenic at all samp-
ling locations, although there are differences in aluminium concentrations depend-
ing on the sampling location. Enrichment of soil with cadmium was observed for
both plant species in Zones | and II, while there was no soil enrichment with cad-
mium for white pine and juniper in Zone III. Most soil samples belong to the cat-
egory of moderate to significant enrichment with cadmium. The enrichment factor
values indicate no soil enrichment for most samples, while moderate enrichment
with manganese was observed in juniper soil in Zone II. Table V presents a liter-
ature review of the range of element concentrations in plant leaves.

Analysis of the concentration of Al, Cd and Mn (Fig. 4 and Table VI) was
conducted on various parts of the white pine at the surface mine Sastavci (Badanj)
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and its vicinity. The highest concentrations of Al were detected in the roots of the
white pine in Zone I, while the lowest concentration was observed in the fruit
(cone) in the control zone. For most samples of plant material, the concentration
of Cd was below the detection limit (< 0.2 mg kgl). The World Health
Organization (WHO) has established permissible levels for Cd herbal materials,
which amount to 0.3 mg kg-1.58 The content of these metals in unwashed pine
needles was 0.1-2.4 mg kg-! for Cd.59 However, an increased concentration of Cd
was observed in the branches of the white pine in Zone | and Zone II. Regarding
Mn, the highest concentrations were found in the needles of the white pine in Zone
11, while the lowest concentrations were observed in the control zone.

TABLE IV. Enrichment factor for soil in the White Pine and Juniper Zone Sastavci (Badanj)

Zone | Zone 11 Zone 11
Element Sample 1 Sample 2 Sample 3 Sample 4  Sample 5 Sample 6
Al 3.7249 2.1341 3.8403 5.1431 6.7695 5.8713
Cd 4.7380 13.1120 5.2357 8.5854 0.3893 0.2653
Mn 1.7115 1.1444 1.7046 2.5495 0.9211 0.7851

TABLE V. Concentration ranges of the elements in mature leaves (mg kg'! dw);>’ dw — dry
weight basis, and ,,-* not defined

Element Deficient Sufficient or Excessive or toxic Toleral_)le n

normal agronomic crops
Cd - 0.05-0.2 5-30 0.05-0.52
Mn 10-30 30-300 400-1000 300

3Fresh weigh basis

TABLE VI. Concentration (mg kg'!) of Al, Cd and Mn in parts of the white pine

Sampling zone Sampling number Al Cd Mn
1 Root 593.1935 1.0142 93.3293
Branch 307.7305 3.7611 96.8308
Needle 183.2863 0.9624 301.8593
Strobilus 221.4027 0.7828 65.0804
11 Root 63.6972 1.7570 56.3886
Branch 192.7475 3.8288 164.2559
Needle 120.9598 1.7201 738.1713
Strobilus 112.0603 0.2243 64.8791
111 Root 135.0197 0.1560 9.7610
Branch 216.4097 0.2316 88.7822
Needle 449.4844 0.0512 602.5080
Strobilus 506.1707 0.0930 123.9799
Control Root 82.0100 0.2200 22.7200
Branch 70.9300 0.3400 30.7000
Needle 110.9300 0.4100 35.6100
Strobilus 33.0900 0.1100 25.1200
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Fig. 4. Concentration (mg kg'l) for a) Al, b) Cd and c) Mn in the root and above-ground parts
of the white pine.

In the examined area, concentrations of Al vary in the juniper (roots, branches,
needles, and fruit). The highest concentration of aluminium was observed in the
roots of juniper in the first zone, while the lowest was in the juniper fruit in the
control zone. Concentrations of Cd in the juniper, examined both at the open pit
and its immediate surroundings, also vary. The highest concentration of Cd was
found in the roots of spruce in Zone I, while the lowest was in the juniper fruit in
zone III. Regarding Mn, the highest concentrations were observed in the juniper
needles in the first zone of the examined area, while the lowest concentrations were
detected in the control zone (Fig. 5 and Table VII).

Table VIII displays the values of biological factors for white pine. It can be
observed that for Al, Cd and Mn, the criterion BCF > 1 and TF > 1 does not exist
in any zone or sample. When it comes to aluminium, cadmium and manganese, we
can conclude that white pine is not suitable for phytoextraction or
phytostabilization of the examined elements, under the given conditions of the
Sastavci (Investigation area) surface mine and its immediate vicinity.

Based on the tabular data for juniper in phytoextraction (Table IX), the
criterion BCF > 1 and TF > 1 is fulfilled only for Cd, sample 6, zone III. Based on
the BAC values, which were less than 1, it can be concluded that juniper excludes
the examined elements. In the case of Cd and Mn, the BAC value was greater than
1, indicating the potential accumulation of these elements in juniper needles.
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Fig. 5. Concentration (mg kg'!) of: a) Al, b) Cd and c) Mn in parts of the juniper.

TABLE VII. Concentration (mg kg'!) of Al, Cd and Mn in parts of the juniper

Sampling zone Sampling number Al Cd Mn
I Root 406.6835 2.2676 392.4029
Branch 115.3221 0.7331 96.2664
Needle 104.3762 0.3445 1073.6359
Strobilus 8.9993 0.2136 260.9904
11 Root 237.3809 0.8167 49.201
Branch 42.3422 0.9042 28.8402
Needle 82.92 0.4066 363.7125
Strobilus 9.4507 0.1623 54.5927
11 Root 270.3258 0.1466 23.4497
Branch 53.1025 0.2074 24.8062
Needle 80.6357 0.1676 212.4472
Strobilus 24.3274 0.1047 57.6395
Control Root 210.0100 0.6700 32.2900
Branch 54.2400 0.2700 27.3100
Needle 74.7100 0.1100 34.4200
Strobilus 36.2700 0.2700 31.5200

TABLE VIII. Bioconcentration factor (BCF), translocation factor (TF), and biological

absorption coefficients (BAC) for white pine

Factor Sampling site Al Cd Mn
BCF Sample 1 0.2149 0.5081 0.0913
Sample 3 0.0224 0.7965 0.0550
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TABLE VIII. Continued

Factor Sampling site Al Cd Mn
BCF 5 0.0269 0.9512 0.0176
TF 1 0.3090 0.9489 3.2137
3 1.8990 0.9790 13.0908
5 3.3290 0.3282 61.7261
BAC 1 0.0664 0.4821 0.2933
3 0.0425 0.7798 0.7202
5 0.0896 0.3122 1.0879

TABLE IX. Bioconcentration factor (BCF), translocation factor (7F) and biological absorption
coefficients (BAC) for juniper

Factor Sampling site/Elements Al Cd Mn
BCF 2 0.2163 0.4538 0.5507
4 0.0524 0.2496 0.0310
6 0.0523 1.4500 0.0037
TF 2 0.2567 0.1519 2.7361
0.3493 0.4979 7.3924
0.2983 1.1432 9.0597
BAC 2 0.0378 0.1726 1.0433
4 0.0291 0.1843 0.3549
6 0.0161 1.0220 0.3836

CONCLUSION

The exploitation of natural resources can have significant negative conse-
quences on soil, plant and animal life, and the environment in general. The results
indicate that there have been exceedances of the threshold values for elements in
the soil, particularly for Cd in zones I and II for both plant species. Enrichment
factors, which were mostly in the categories of moderate and significant enrich-
ment, were observed in most soil samples from the root zones of white pine and
juniper for Al, Cd, and Mn (only one sampled location). We conclude that Al, Cd
and Mn in the soil from the root zones of white pine and juniper originate from the
exploitation process of Pb—Zn ore. The natural origin was determined for mangan-
ese, while the enrichment was detected in only one sample, indicating that the
exploitation contributed to the increase in the concentration of this element. For
the Sastavci (Badanj) surface mine, the values of the bioconcentration factor (BCF)
for the examined elements were <1, indicating very low uptake of elements from
the soil through the roots of white pine. Based on the values of the bioconcentration
factor for juniper, BCF >1 was observed for Cd, while for other elements, the bio-
concentration factor value was <1. Based on the obtained values of the biological
absorption coefficient, the absorption intensity ranged from very weak to strong
intensity for Mn in white pine needles, while for juniper, the absorption of elements
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from the soil to the juniper needles was observed for Cd and Mn. The criteria for
the possibility of using juniper in the phytoextraction process, BCF > 1 and TF > 1,
were achieved only for Cd. Given that the research was conducted on a surface
mine of lead-zinc ore, there is a possibility that an increased concentration of other
toxic elements may be found on the surface mine, as well as in its immediate sur-
roundings. Given that for this research we used wild evergreen plant species, which
belong to the group of tolerant plants, which managed to develop and survive in
the polluted area and which did not prove to be good candidates for phytorem-
ediation of the investigated elements, further research can be carried out in order
to examination of some other wild plant species such as wild cherry, fern, oak,
since these plant species also survive in such a polluted area. The final research
should provide a scientific contribution to the assessment and/or rehabilitation of
such areas, using appropriate plant species for the phytoremediation process in the
form of erosion reduction, reforestation and environmental preservation.

H3BOI
MMPOLUEHA KOHIUEHTPALIMJE TOKCUYHUX METAJIA (AJIYMUHUIYM, KADMUJYM U
MAHTAH) Y 3EMJBUINTY U 3UM3EJIEHUM BUJBHHUM BPCTA HA ITOBPITMHCKOM
KOITY CACTABIIH U OKOJIMHH

MHJIHMLIA TOMOBUR!, JOBAHA TPAXOBALIZ, JEJIEHA JOJIWRZ, MAPHJA PAJIJOJKOBUR?, HATAIIA EJIE30BUR! u
KPCTUMHUP [TAHTUR!

Iynueepsuinemn y Mpuwinuny ca dpuspemenum cequuiiiiem y Kocosckoj Muinposunu, ®axyniieii
mexnuukux nayxa, Y. Kwaza Munowa 7, 38220 Kocoscka Mutaposuua, “Texnonowku paxyninen Hosu
Cag, Ynusep3suwuein y Hosom Cagy, bynesap uapa Jlasapa 1, 21000 Hosu Cag

Y pajiy je CIIpoBe/ieHo UCTpaXkHBake Y LIM/by YTBphuBama koHienTpanyje A3+, Cd2+ u MnZ*
Y 3€MJBUILTY U JIEIOBUMA 3UM3€EIEHUX OM/BHUX BpPCTa — KIIEKE U Oesor Hopa — Ha MOBPLUIMHCKOM
kory CacraBuu (bagam) ¥ HeroBoj OKOJIMHU U BEeroBoj OKOJIMHH y Wby YTBphHBama MoryhHocT
Kopulrhema 3UM3eneHnx Ou/baka Kao eKOIOLIKOT MHAMKATopa WM 3a duTtopeMenujaunjy. Ha
r100aTHOM HUBOY, K0 Pe3yiITaT PasIudUTHX aHTPOMOTeHUX aKTUBHOCTH Kao LITO Cy caodpahaj,
NOJbOTIPUBPENHE aKTUBHOCTH, Claj/bUBaibe OTHaja, MHAYCTPHjCKa NPOU3BOIKA, PyAapemne, UTA.,
npefcTaB/ba 030M/baH NPOOIEM KOjU IOBOAM 10 3arahema TOKCMYHHUM U MOTEHLHjaHO TOKCHY-
HUM KaTjoHMMa MeTaia. JemHa of MHOBaTUBHHjUX TEXHUKA KOja ce KOPUCTH 3a CaHaUWjy pynap-
CKHX HofipyyYja je duropemenujauyja. [IpumeHom uropemenujanuje ogpehese GuspHe BpcTe Ha
3aral)eHUM NOApPYYUjUMa MMajy CIOCODHOCT Ja Jelyjy Kao akyMy/laTOpH WIM XUNlepaKymysa-
TOPH, ancopdyjy TOKCUYHE MeTasle U3 3eMJbHLITA KPO3 KOpeH OMbKe U TPAHCIIOPTYje UX Y TOpHhe
nenose. OBO UCTPaXKMBAbLE je CIPOBEIEHO Y LBy opelHBata koHuenTpanuje Al3+, Cd2+ u Mn®*
Ha CaMOM TIOBPIIMHCKOM KOITy Y BeT0BOj OKOJIMHH, Kao U npahema AUCTpUOyLIMje METaTHUX KaT-
jOHa y CHCTeMY KODEH, TpaHe, UIJIALE U IIOJOBY 3UM3EJIEHUX OM/BHUX BPCTa — OEH DOP U KIIeKa.
PesynTaTu cy nokasanu fia je y30pKOBaHO 3eM/bHIITe koHTaMuHUpaHo Cd y sonu I u II 3a obe
OwbHe BpCTe, jep Cy KOHLIeHTpallyje Ipeasuie rpaHuuHe BPeoHOCTH, JOK je KoHneHTpauyja Cd
y 30uH4 I1I kao ¥ y KOHTpONHOj 30HK OWia uUcHox rpaHuua oxpehuBama 3a ode SubHE BpCTe.
KoHueHTpauuja Mn y 3eM/BHIITY U3 30HE Desior bopa U kieke duia je U3Haz CBETCKOr IpoceKa y
CBe TPH 30He, Kao ¥ 'y CaMOj KOHTPOJIHOj 30HU. 3eMJbHLITE je HajBulle odoraheHo aHaIU3UpaHUM
elleMEeHTHMa Yy MoBpIIMHCKOM Komy | u II 30He. AHanmu3oM efnleMeHaTa y fienoBuMa denor bopa,
KOpeHy, rpaHaMa, WIHliaMa U IJI0I0BUMa, Hajseha KoHeHTpanyja Al je OTKpHBEeHa y KOpeHy y
30HH I, 0K je HajMama KOHLEHTpauHja 3adenexeHa y oAy (IInapkamMa) y KOHTPOJIHOj 30HH,
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nosehaHa koHLeHTpanuja Cd 3adenekeHa je y rpanama y 3oHama I u 11, a Hajseha koHIleHTpanuja
Mn 3abenexeHna je y urnuuama y 3ouu 11. Hajseha konuenTpamuja Al 3abenexena je y kKopeHy
KJIeKe y 30HH I, a HajMawa y IIoAYy KiIeKe Yy KOHTPOIHOj 30HH, KoHIeHTpaudja Cd je HajBeha y
30HU KOpeHa Kieke I, a HajMamwa y oAy kieke U Hajeha KoHLeHTpanMja Mn 3adenexeHa je y
urnunama Kieke y 3004 1. Ha ocHOBY no0ujeHuX BpeqHOCTH koedHULMjeHTa DHOJIOIIKE alCcopI-
nuje, MoXxe ce 3aKby4yuTH na Oenu Hop Huje moronaH 3a (pUTOEKCTpaKUHjy WiIH dutocTadu-
JU3alujy UCTIUTHBAHUX ejleMeHaTa. AHanu3a duonourkux gakropa (dMOKOHILIEHTpaIuja, TpaHC-
Jokaudja U daxkTop droakymysanyje) ykasana je Ha Moryhy ynorpedy kieke y pUTOEKCTPaKIHjH

camo 3a Cd.
(ITpumibeHo 1. anpuna, pesuaupaso 30. anpuia, npuxsaheHo 18. jyna 2024)
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