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Abstract: Allchar mine, located in the southern part of the Republic of Macedonia, is a unique deposit within
the world, due to the variety of its mineral composition especially in the high content of arsenic and thallium. The goal
of'this investigation was to establish the intensity of accumulation of various elements (Ag, Al, As, Ba, Ca, Cd, Co, Cr,
Cu, Fe, Ga, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Sr, Tl, V and Zn) with focus on As, Sb and TI, in three
endemic plant species from Allchar locality, Onobrychis degenii Dorfler, Knautia caroli-rechingeri Micev. and Cen-
taurea kavadarensis Micev. Samples of different parts of these plants and corresponding soils were collected, prepared,
digested and then analyzed by inductively coupled plasma — atomic emission spectrometry (ICP-AES). From this in-
vestigation it was found that the content of As and Tl in soil samples that were taken from the locations where the plants
grow was high ranged from 102 mg/kg to 5288 mg/kg and from 4.45 mg/kg to 409 mg/kg, respectively. In comparison
to the content of As and Tl in soil samples, the content of Sb was lower ranged from 8.4 mg/kg to 80.7 mg/kg. The
results showed that the accumulation of As, Sb and Tl in the investigated endemic species is significant, indicating that
they are able to hyperaccumulate toxic elements in their roots and shoots. Accumulation of these elements in the studied
endemic species may be used as a valuable tools for bioindication, while, from the other hand, the accumulation of
these toxic elements in the plants can cause high risk to the human and animal health.
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INTRODUCTION

Contamination of soils with toxic elements
represents a serious threat to environmental quality
and human health. Although toxic elements can be
incorporated into soils from natural sources (weat-
hering of parent materials, emissions from volca-
noes, mining, etc.), most of their inputs have an
anthropogenic origin (Alloway, 1995). Soil toxicity
has become a global concern in areas with the
increasing contamination of soil, water and plants in
many regions of the world.

Among the most toxic elements emitted by mi-
ning activities are antimony, arsenic and lead. These
elements are frequently present together in ore
minerals or in mineral associations. The exploittati-
on of such deposits for the economic ore minerals

provokes a simultaneous release of such toxic ele-
ments into the environment. None of them has a
known biological function in animals or plants,
being highly toxic, especially to mammals. Inorga-
nic arsenic species are generally highly toxic to
plants. In humans arsenic and antimony cause a gre-
at variety of adverse health effects, including muta-
genic and carcinogenic effects, whereas Pb mainly
causes hematological, gastrointestinal and neuro-
logical dysfunctions, with children being particula-
rly sensible (Winship, 1987; Lockitch, 1993; Man-
dal and Suzuki, 2002; Sundar and Chakravarty,
2010). Arsenate acts as a phosphate analog and af-
fects phosphate metabolism, whereas arsenite reacts
with sulphydryl groups of enzymes and tissue
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proteins, leading to inhibition of cellular function
and death (Meharg & Hartley-Whitaker, 2002). In
As nonhyperaccumulating plants, resistance to en-
vironmental As has been shown to involve a decre-
ased uptake of arsenate due to suppression of the
high-affinity phosphate uptake system (Meharg &
Macnair, 1991, 1992). The study of the environ-
mental status of this kind of scenarios is, therefore,
crucial to establish the current and eventual environ-
mental and health impacts and to assess the right
measures to be undertaken in order to minimize
such impacts.

So far, a number of many studies have been
carried out for the extraction and accumulation of
heavy metals in many plants (Baroni et al., 2004;
Antosiewicz et al., 2004; Chang et al., 2005). The
extraction of heavy metals from the soil by the plant

still depends on the presence and the solubility of
the heavy metals in the soil where the plant grows
and develops, the physical-chemical properties of
the soil, the type of plants, the age of the plants, and
the exposure time of these plants on such soils
(Marin et al., 1992).

The main objectives of this work are: i) to
carry out the environmental characterization of the
soils impacted by the former exploitation of As—Sb—
Tl deposit “Allchar”, Republic of Macedonia, ii) to
study the endemic plants species Onobrychis dege-
nii Dorfler, Knautia caroli-rechingeri Micev. and
Centaurea kavadarensis Micev. that spontaneously
growing in this area, and iii) to evaluate the toxic
elements phytoavailability and the consequent
environmental and health implications.

MATERIALS AND METHODS

Study area

The locality of Allchar is volcanogenic hydro-
thermal deposit and is situated at the northwestern
part of the Kozuf Mts. (Republic of Macedonia),
close to the border between the Republic of Mace-

donia and Greece (Figure 1). From the geotectonic
point of view, ore mineralization is related to a
Pliocene volcano-intrusive complex (Jankovi¢ et
al., 1997; Volkov et al., 2006; Boev and Jelenkovi¢,
2012; Amthauer et al., 2012).

Scale (km)
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Fig. 1. The location of the Allchar mine
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The Allchar locality consist several geological
formations: complex of Precambrian metamorphic
rocks; complex of Mezozoic rocks; complex of
Upper Cretaceous sediment rocks; complex of
Pliocene sediments, pyroclastites and volcanic
rocks; complex of Quaternary sediments. Several
ore bodies occur within a zone of 2 km in length and
around 300-500 m wide. The most important ore
minerals are Fe-sulphides, As- and Tl-minerals,
cinnabarite, and As-, Pb- and Sb-sulphosalts (Bali¢
Zunié et al., 1993; Boev et al., 1993, 2001-2002;
Volkov et al., 2006; Jelenkovi¢ and Boev, 2011). As
a result of mineralization the entire area of a few
square kilometers is enriched with arsenic, thallium
and antimony.

Study species

In addition to our previously investigated
endemic species, such as Viola allchariensis G.
Beck, Viola arsenica G. Beck and Viola mace-
donica Boiss. & Heldr. (Baceva et al., 2014b),
Thymus alsarensis Ronniger (Baceva et al., 2016)
and Centaurea leucomalla Bornm. (Baceva, 2013),
that are grow in the area of Allchar locality, another
three endemic plant species: Onobrychis degenii,
Knautia caroli-rechingeri and Centaurea kavada-
rensis could be found.

Onobrychis degenii (Figure 2) is a significant
plant species on the Red List of Threatened Plants
of the IUCN (International Union for Conservation
of Nature) (Walter & Gillet, 1997), which is of
indefinite status. This species grows only at the
Allchar locality, near the village Majdan. However,
it could be a Macedonian (sub)endemic species,
tough in floristic literature is also stated for Bulgaria
(Kozhukharov, 1976, 1992).

Fig. 2. Onobrychis degenii
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Knautia caroli-rechingeri (Figure 3) is a local
Macedonian endemic species that is described by
Micevski (1981), found only in the vicinity of the
village Majdan, Allchar locality, and represents his
Locus classicus. This plant occupies a very isolated
position in relation to other species of the Knautia
genus that are developed on the territory of the
Republic of Macedonia, so that in the taxonomic
relation it is closest to the Knautia dinarica species.
For this time being, this species is known only for
two sites located near the village of Majdan.

Fig. 3. Knautia caroli-rechingeri

Centaurea kavadarensis (Figure 4) belongs to
the Centaurea deusta group and it is a local endemic
species that can be found in the surroundings of the
village Majdan, Allchar (Micevski, 1987).

Fig. 4. Centaurea kavadarensis

During the summer of 2011, soil samples and
endemic plant specimens of these three endemic
plant species were collected in the vicinity of the
abandoned Allchar mine (Figure 5). The plant
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material was collected according to their presence
in the area. In each of the locations, 5 to 10 subsoil
samples are taken to the part where the plant is
located. For the soil samples the possible organic
layer was removed.

Fig. 5. Sampling locations in the Allchar locality

Cleaning, drying and preparation of soil samples

Collected soil samples were dried at room
temperature for several days, and after extraneous
material was removed, soil samples were sowing
using a plastic sieve with a 2 mm mesh. A certain
amount of the sieved material is grinded into an
agate mill until a powder having a particle size of
0.125 mm is obtained (Salminen et al., 2005). Such
prepared samples were collected in polyethylene
bags ready for chemical analysis. Digestion of soil
samples was performed by taking exact weighted
sample (0.2500 g), placed in a PTFE digestion

vessel and digested on a hot plate at about 100°C.
Digestion was performed in three steps. First, HNO;
was added to remove all organic matter. Then, a
mixture of HF and HC1O4 was added. To the end,
HCI and redistilled water were added to dissolve the
residue. The solution was transferred quantitatively
into 25 ml volumetric flask and then analyzed.

Cleaning, drying and preparation of plant samples

Plant material was collected according to the
presence of the plant of the endemic species (10-20
specimens of plants, represent composite material
for one sample for analysis). After collecting the
plants, the whole plant was very carefully washed
with redistilled water in order to remove the
accumulated impurities from the ground, and then
split into the root, stem, leaf and flower. The plant
material after drying at room temperature for 7-14
days to a constant mass is homogenized and
prepared for complete digestion.

A specific mass (0.5000 g) of each plant
sample is weighed into PTFE container to which 7
ml of concentrated HNO3; and 2 ml H»O, (30%,
m/V) were added, then the PTFE vessels are placed
in a microwave digestion system (CEM, Mars). In
the first step of the previously established method,
the temperature of 180°C is reached for 15 min and
then heated at the same temperature for additional
20 min. Then, the PTFE vessels are removed from
the microwave digestion system when the sample
temperature is close to room temperature. The
solutions obtained after the thermal decomposition
of the plant tissues are quantitatively transferred
into 25 ml calibrated flasks.

Extractions with various soil extraction plants

To determine the degree of extraction (bioava-
ilability) of the analyzed soil elements, three
different extraction solutions were used (Pansu and
Gautheyrou, 2006):

— Extraction with water. With this extraction,
the natural conditions for extraction of heavy metals
from the soil were simulated. To determine which
elements can be extracted from the soil if it rains in
nature under normal conditions.

— Reagent for extraction of diethylenetriamine
pentaacetic acid-calcium chloride-triethanol amine
(DTPA-CaCl,-TEA). This extraction solution is
very often used to determine the extraction of trace
elements or biogenic elements which the plant most
often uses for its growth and development.

Geologica Macedonica, 32, 1, 33-44 (2018)
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— Dissolve with low pH value is used to deter-
mine potentially accessible forms that are difficult
to extract from the soil. In this case, 0.1 M HCI
solution was used.

With the simulation of these extraction solu-
tions, we managed to determine the level of avai-
lable soil elements where plants are being develop-

ed.
Instrumentation

All analyzed elements were determined by the
application of atomic emission spectrometry with

inductively coupled plasma, ICP-AES (Varian, 715-
ES) applying an ultrasonic nebulizer CETAC (ICP/
U-5000AT") for better sensitivity. For this study,
certified reference materials were used to validate
the method for all considered elements and the
difference between measured and certified values
was satisfied ranging within 15%. Thus, the quality
control was ensured by standard moss reference
materials M2 and M3 (Steinnes et al., 1997) as well
as JSAC 0401 soil reference material. The measured
concentrations were in good agreement with the
recommended values.

RESULTS AND DISCUSSION

After statistical process of the results for plant
specimens of the species Onobrychis degenii Dor-
fler, Knautia caroli-rechingeri Micev. and Centau-
rea kavadarensis Micev., and the corresponding
soil samples are presented in the Table 1. In Table 1
the contents of the 27 analyzed elements from
different parts of the plant (root, stem, leaf and
flower) that grow on the Allchar locality, are
presented. Endemic species Onobrychis degenii and
Knautia caroli-rechingeri were taken in the Crven
Dol area, or a hydrothermal-modified rocks area,
where the mineralization of the As and TI is
predominant, and opposite of them the plant
Centaurea kavadarensis was taken 5.5 km from the
hydrothermal altered stones along the river of
Majdanska Reka. In parallel with the endemic
plants, soil samples were collected from the same
places where plants are taken. From the results that
are presented in Table 1 it can be seen that plants
that grow on soils rich with As and TI show higher
contents of these elements distributed in different
parts of the plants. Similar to the other endemic
plants that are collected from the same region of
Crven Dol (Baceva et al., 2014a, 2014b, 2016), it
can be noted that the plants O. degenii and K. caroli-
rechingeri have higher content of the As and TI in
their roots.

From the results shown in Table 1 it can be
seen that the content of As in soil samples taken
from the sites where O. degenii, K. caroli-rechin-
geri and C. kavadarensis grow are 5288 mg/kg,
4932 mg/kg and 102 mg/kg, respectively. The
content of T1 in the soil samples is also high, for the
soil sample taken from the O. degenii vicinity is 330
mg/kg, for soil from site of the K. caroli-rechingeri
it is 409 mg/kg and for C. kavadarensis site the
content of Tl in the soil is 4.45 mg/kg. Unlike As
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and TI in soil samples taken from plant sites of O.
degenii, K. caroli-rechingeri and C. kavadarensis,
the content of Sb is low and it is 80.7 mg/kg, 30.9
mg/kg and 8.4 mg/kg, respectively. These plants
exist on soils with high contents of As and TI in the
area of hydrothermal alterations in the immediate
vicinity of the mine. The reason for the high content
of these elements in the soil is due to the surface
mineralization that has occurred in the past in this
area as well as from the mining activities in the past
(Stafilov et al., 1988; Jankovi¢, 1993; Frantz et al.,
1994; Baceva et al., 2013, 2014a, 2014b, 2016).
Therefore, the contents of these elements are high,
especially in the roots of these plants.

Thus, the content of As in the root of O.
degenii is 114 mg/kg, and for K. caroli-rechingeri
is 354 mg/kg (Figure 6). The content of As in the
above-ground parts of the plant O. degenii is 4.03
mg/kg in the leaf and 3.49 mg/kg in the flower. For
K. caroli-rechingeri, the content of As in the leaf is
3.78 mg/kg (Table 1, Figure 6). The content of Tl in
the root of these plants is also high, ranges from 86.7
mg/kg in the roots of O. degenii to 216 mg/kg in the
roots of K. caroli-rechingeri (Table 1, Figure 7). For
the other parts of the plants (stem, leaf and flower),
the content of Tl in O. degenii is 6.3 mg/kg, 6.8
mg/kg and 6.19 mg/kg, respectively, while for the
K. caroli-rechingeri the content of Tl in the stem,
leaf and flower is higher: 26.3 mg/kg, 10.4 mg/kg
and 4.31 mg/kg, respectively (Table 1, Figure 7).

The content of Sb is significantly lower in
different parts of the plants compared to the content
of As and TI (Table 1). The reason for this due to
the low content of Sb in the part of Crven Dol
locality and therefore its accumulation by the plants
is much lower (Table 1).
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From the results shown in Table 1 and Figures of the other two plants (Baceva et al., 2013, 2014a),
6 and 7 it can be noticed that the contents of As, Sb and therefore the accumulation of these elements is
and Tl in the soil sample collected from the site much smaller in C. kavadarensis compared to O.
where C. kavadarensis samples are collected are degenii and K. caroli-rechingeri.

much lower than in the soil samples from the sites

Table 1

Contents of 27 analyzed elements in soil and different parts of plants of Onobrychis degenii,
Knautia caroli-rechingeri and Centaurea kavadarensis

Onobrychis degenii Knautia caroli-rechingeri Centaurea kavadarensis

Element/Unit | Soil Root Stem Leaf Flower Soil Root Stem Leaf i Soil Root Stem Leaf Flower

As, mg/kg 5288 114 058 4.03 349 4932 354 1.66 3.78 ¢ 102 <0.50 <0.50 <0.50 <0.50

Sb, mg/kg 80.7 <0.50 <0.50 <0.50 <0.50 309 0.68 <0.50 <0.50: 8.40 <0.50 <0.50 <0.50 <0.50
T, mg/kg 330 86.7 634 683 6.19 409 216 263 104 i 445 431 413 538 3.18
Ag, mg/kg <1 <0.02 0.02 <0.02 <0.02 <1 0.03 <0.02 <0.02: <1 0.03 <0.02 <0.02 <0.02

Al, mg/kg 50300 911 340 826 49.0 19600 890 113 76.0 {44800 403 335 517 49.8
Ba, mg/kg 573 7.70 456 3.08 2.05 915 10.8 2.03 1.82 : 1117 141 3.69 11.1 6.25
Ca, % 5.83 242 079 130 1.15 0.80 236 090 1.03: 482 042 032 2.07 0.96
Cd, mg/kg 3.53 0.14 <0.05 <0.05 <0.05 314 138 0.05 0.07: 355 024 0.14 040 0.37
Co, mg/kg <0.5 <0.05 <0.05 <0.05 <0.05 <0.5 040 <0.05 <0.05 <0.5 <0.05 <0.05 0.16 <0.05
Cr, mg/kg 81.4 1.19 022 049 034 381 075 0.15 080 387 548 052 6.16 0.90
Cu, mg/kg 353 4.00 548 443 414 453 13.1 814 559 387 639 289 530 9.09
Fe, mg/kg 30300 447 46.2 854 59 26700 681 179 85 130600 554 413 496 82.9
Ga, mg/kg 72.5 0.81 <05 <05 <05 73 0.87 <05 <05 : 103 140 <05 1.00 <0.5
K, % 1.60 076 166 099 1.18 206 142 259 158 256 095 099 192 1.41
Li, mg/kg 20.3 038 0.03 0.05 0.03 121 024 0.02 005 156 022 0.04 0.37 0.04
Mg, mg/kg 15900 754 1110 1115 1089 5700 1269 969 1239 {18700 767 457 1356 1162
Mn, mg/kg 1397 24.1 122 327 279 1272 144 895 16.7 { 1000 18.7 237 213 9.89
Mo, mg/kg 11.2 12.8 237 047 0.70 11.7 055 031 042 <1 021 024 0.60 <0.20

Na, mg/kg 3300 837 223 199 179 3700 47.1 243 214 7600 679 207 344 37.5

Ni, mg/kg 71.0 280 249 884 10.0 40.1 1.80 135 350 415 811 091 7.78 7.46
P, % 0.15 0.04 015 0.12 0.22 020 012 024 0.19 023 0.09 0.10 0.19 0.28
Pb, mg/kg 85.1 0.65 1.01 0.68 0.50 110 140 052 102 113 054 051 1.17 0.99

Rb, mg/kg 7.25 11.1 143 105 15.0 7.80 19.1 257 151 105 293 267 647 5.72

S, % 0.18 0.19 o0.11 0.17 0.17 024 010 0.12 0.18 : 0.15 0.10 0.07 0.19 0.18
Sr, mg/kg 250 11.6  3.71 2.88 1.96 214 128 391 288 : 569 11.1 7.88 219 10.9
V, mg/kg 82.6 1.17 <0.05 <0.05 <0.05 87.8 136 <0.05 <0.05 748 141 <0.05 0.837 <0.05
Zn, mg/kg 341 8.87 16.4 126 19.7 283 819 194 347 654 162 439 13.0 18.2
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Fig. 6. Content of As in the various parts of the three endemic species:
Onobrychis degenii, Knautia caroli-rechingeri and Centaurea kavadarensis
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Fig. 7. Content of Tl in the various parts of the three endemic species:
Onobrychis degenii, Knautia caroli-rechingeri and Centaurea kavadarensis

The extraction, mobility and accumulation of
toxic elements from the soil depend on the solubility
of those metals present in the soil, as well as on the
ability of the plant to extract and accumulate
elements of the soil. Until now, the accumulation of
As, Sb and TI was investigated, as well as the
connection between the accumulation and mobility
of these elements to the endemic plant species of
Allchar — Viola allchariensis G. Beck, Viola
arsenica G. Beck and Viola macedonica Boiss. &
Heldr. (Baceva et al., 2014b), as well as Thymus
alsarensis Ronn. (Baceva et al., 2016) which are
present in the area of Allchar locality with the
increased contents of As, Sb and T1 in the soils. In
order to determine the degree of extraction and
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accumulation of toxic elements from the soil, for the
new three endemic species (Onobrychis degenii,
Knautia caroli-rechingeri and Centaurea kavadar-
ensis) the same extraction solutions as described in
the experimental section were used (Baceva et al.,
2014b; 2016).

Extracted amounts of As, Sb and TI from the
soil samples are summarized in Figures 8—10, which
indicate that As and T1 were the most abundant in
soil samples based on HCI extraction. From the
same locations from which the endemic plant
species were collected, soil samples were taken and
the extractions with three extraction solutions were
carried out on these soil samples: 0.1 M HCI; H,O
(at pH = 7) and DTPA-CaCl,-TEA.
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Different degrees of availability can be esti-
mated depending on the extracting power of the
reagent that is used. The most commonly used ex-
traction media for testing the bioavailability of soil
elements are the following (Pansu and Gautheyrou,
2006): extraction with water (provides information
on the actual availability of elements from the soil
solution), sequestering reagents as a DTPA-CaCl»-
TEA solution (pH = 7.3) of triethanolamine (0.1 mol
It TEA), CaCl, (0.01 mol I'") and diethylenetri-
aminepentaacetic acid (DTPA, 0.005 mol I'!) accor-
ding to the ISO 14870 method; and acid reagents
(usually 0.1 mol I"! HCI solution).

From Figure 8 it can be seen that the highest
amount of As was extracted with an extraction
solution of 0.1 M HCI. Thus, the extracted content
of As from the soil where the plant Knautia caroli-
rechingeri grows is 343 mg/kg or 6.96% of As in
the soil. From here it can be concluded that the plant
Onobrychis degenii, although it does not grow on a
soil with high content of As, yet it has a lower ability
to extract arsenic by 0.1 M HCI solution (0.85
mg/kg or 0.85% of the As in the soil). The extract-

Mass frachon,

0.0+
0.1 M HCL

ability of As from the soil originated from the area
where Centaurea kavadarensis was collected is also
low (0.45% of the As from the soil).

Although the content of Sb in the soil is much
lower that those for As and TI, its extractability is
noticeable for the soil samples from all three
locations and for all of three extraction solutions
(Figure 9). However, the extraction of Sb is the
highest in 0.1 M HCI with the degree of extraction
up to 1.19% for soil from the location of C. kava-
darensis. It is also obvious that the extractability of
Sb is higher for the same soil with the two other
extraction solutions (Figure 9).

From Figure 10 it can be noticed that the extra-
ctions with 0.1 M HCI, H,O and DTPA + TEA +
CaCl, extraction solutions for T1 from the soil of the
three endemic plants are similar. Thus, the extrac-
tion with 0.1 M HCI provides the highest thallium
extraction. It has also been shown that the soils from
Centaurea kavadarensis and Knautia caroli-rechin-
geri locations provide the highest Tl extractability
with all the extraction solutions (Figure 10).
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Fig. 8. Extraction of As in 0.1 M HCI, H2O and DTPA+TEA+CaCl: extraction solutions
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Geologica Macedonica, 32, 1,33-44 (2018)



Bioaccumulation of some toxic elements by endemic plant species from Allchar locality 41

1.07
o
= 08
3 064
E 04
=

0.2

0.0+

0.1 M HC1

. L.

H,0 DTFA

B Centaures Kavadarensiz B Onobricmys gegenii B Encntia caroli-rechingeri
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For the rest of the analyzed elements (Table 1)
it can be concluded that there was no statistically
significant correlation between their contents in all
three investigated endemic species. Data show that
the contents of Al, Ca, Fe, K and Mg in soil samples
is significantly high (from 1.96 to 5.03% for Al,
from 0.80 to 5.83% for Ca, from 2.67 to 3.06% for
Fe, from 0.99 to 1.60% for K and from 0.57 to
1.87% for Mg). Relatively higher contents were
found also for Ba, Mn, P and Zn. It can be also seen
(Table 1) that the Allchar locality has relatively uni-
form amounts of major oxides such as CaO, Na,O
and KO that classifies these rocks as monzonites.
Mineralization is associated with Triassic carbo-
nates (dolomites and marbles), the Tertiary magma-
tic rocks and volcano-sedimentary sequence (tuffa-
ceous dolomite) (Volkov et al., 2006; Jelenkovié
and Boev, 2011; Boev and Jelenkovi¢, 2012). It
refers to their contents in the endemic species and
no big differences were observed for the contents of
Al, Ba, Ca, Fe, K, Mg, Na, P and S in all of the
investigated endemic species. From most of the
analyzed trace elements the highest content was
observed in the roots of the plants compared with
their contents in the other parts of the plants (stem,
leaf and flower).

Bioaccumulation is a process in which chemi-
cal substances are absorbed in the organism by all
routes of exposure as occurs in the natural environ-
ment. Essential and non-essential elements natu-
rally bioaccumulated using different pathways and
the toxicity of metals were highly influenced by
geochemical factors that can affect metal bioavaila-
bility. Assessment of the mobility and accumulation
of As, Sb and T1 in endemic plants is of great impor-
tance for environmental monitoring.
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Table 2 presents the results of the contents of
As, Sb and Tl in soil and in all parts of Centaurea
kavadarensis, Onobrychis degenii and Knautia
caroli-rechingeri, and calculations for the bioaccu-
mulation (BAF) and biotransfer factor (BTF). From
these results it can be concluded that the bioaccu-
mulation factor (transfer of the element from soil to
all parts of the plant) is very low for As (0.023 in
Onobrychis degenii and 0.073 in Knautia caroli-
rechingeri, while for Centaurea kavadarensis it
could not be calculated because the contents of As
in the parts of the plants are below the detection
limit), and for Sb. From the other side, BAF for
thallium is very higher ranges from 0.322 in Onob-
rychis degenii, 0.618 in Knautia caroli-rechingeri
and the highest values of 3.819 were found for
Centaurea kavadarensis.

From the other side, biological transfer factor
(BTF) which represents the ratio between the
content of that element in the flower (or seeds) and
in the root and again it is the highest for TI (from
0.048 in Knautia caroli-rechingeri to 0.737 in
Centaurea kavadarensis) which shows their capa-
bility to accumulate high amounts of TI. Probably
this behavior of thallium could be explain by the
interpretation given by Madejon et al. (2007) that
when Tl is present in soils it may be easily taken up
by plants because it is generally present as
thermodynamically stable TI(I), an analogue to
potassium or by the explanation that thallium(I) has
a very low stability that is constant with both
organic and inorganic ligands and therefore should
be easily extractable from the leaves (Kaplan and
Mattigod, 1998; Nriagu, 1998; Scheckel et al.,
2004; Baceva et al., 2014b).
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Table 2

Results from the analysis of plant material and calculations for bioaccumulation and biotransfer factor

Sample Root Stem Leaf Flower Sum Soil BAF® BTF®
As, mg/kg

Onobrychis degenii 114 0.58 4.03 3.49 122 5288 0.023 0.031
Knautia caroli-rechingeri 354 1.66 3.78 - 360 4932 0.073 0.011
Centaurea kavadarensis <0.50 <0.50 <0.50 <0.50 - 102 - -
Sb, mg/kg

Onobrychis degenii <0.50 <0.50 <0.50 <0.50 - 80.7 - -
Knautia caroli-rechingeri 0.68 <0.50 <0.50 - 0.68 30.9 0.022 -
Centaurea kavadarensis <0.50 <0.50 <0.50 <0.50 - 8.40 - -
T1, mg/kg

Onobrychis degenii 86.7 6.34 6.83 6.19 106 330 0.322 0.071
Knautia caroli-rechingeri 216 26.3 10.4 - 253 409 0.618 0.048
Centaurea kavadarensis 4.31 4.13 5.38 3.18 17.0 4.45 3.819 0.737

*BAF — Bioaccumulative factor: the ratio between the total content of the element in all parts of the plant and the presence of that element in the soil

"BTF — Biological transfer factor: the ratio between the content of that element in the flower (or leaf) and the root

CONCLUSION

The goal of this investigation is to establish the
intensity of bioaccumulation of various elements
(Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Ga, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Sr, T1, V and
Zn), with focus on As, Sb and TI, in three endemic
plant species from Allchar locality, Onobrychis
degenii Dorfler, Knautia caroli-rechingeri Micev.
and Centaurea kavadarensis Micev. It was found
that the contents of As and TI in soil samples that
were collected from the locations where the plants
grow were higher than the content of Sb. The results
showed that the accumulation of As and Tl in the
investigated endemic species is significantly high,

and they are able to hyperaccumulate toxic elements
in their roots and shoots. Accumulation of these
elements in the studied endemic species may be
used as a valuable tools for bioindication, while,
from the other hand, the accumulation of these toxic
elements in the plants causing high risk to the
human and animal health. Such behavior of As, Sb
and T1 was confirmed by the extraction tests with
various solvents of soil samples collected from the
same locations as the endemic plants. It was
established that in all extraction solutions T1 was the
most extractable element.
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Pesuwme

BUOAKYMYJIAIIMJA HA HEKOU TOKCUYHU EJIEMEHTHU Ol EHIEMCKUTE BUJTOBU
PACTEHUJA ONOBRYCHIS DEGENII DORFLER, KNAUTIA CAROLI-RECHINGERI MICEV.
N CENTAUREA KAVADARENSIS MICEV. O TOKAIUTETOT AJILLIAP,
PEITYBJIMKA MAKEJIOHUJA
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Pynnuxor Ammrap, koj ce Haora BO jy)KHHOT Jie Ha Pe-
nyonuka MakeoHHja, € YHUKATeH JEHO3HT II03HAT BO CBETOT
HopaJi pa3HOBUIHOCTA HA MHUHEPAIOLIKUOT COCTaB, OCOOCHO
HopaJii BUCOKATa COAP)KMHA Ha apceH M TanuyM. Llenta Ha oBa
HCTpaXkyBame € Ja ce YTBPJAW HHTCH3UTETOT Ha aKyMyJlalyja
Ha pa3nuuHuTe eneMeHTH (Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu,
Fe, Ga, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Sr, Tl, V
u Zn), co noceber ocBpT Ha As, Sb u Tl, Bo Tpu eHmeMcku
BUIOBH DPacCTeHHja O] JOKANMUTETOT Ha Ammap, Onobrychis
degenii Dorfler, Knautia caroli-rechingeri Micev. u Centaurea
kavadarensis Micev. 3eMeHHU ce IPUMEPOIH O] PA3IHYHH JIe-
JIOBH OJ1 OBHE PaCTEHHUja M COOJIBETHUTE TIOYBH, IOTOA MOATOT-
BEHH, PACTBOPEHU U QaHATU3HPAHH CO NIPUMEHA HAa HHIYKTHBHO
CIperHaTa Iula3Ma cO aTOMCKa E€MHCHOHa CIEKTPOMETpHja
(UCII-AEC). Co oBaa ucTpaxyBame € yTBpJEHO JIeKa COAPIKH-
Hata Ha As BO NPUMEPOLUTE OJ MOYBATa, 3EMEHH O] JIOKa-

UHTE KaJe ITO pacTaT pacTeHujaTa, ce ABmku ox 102 mg/kg
1o 5288 mg/kg, nomeka coapxunata Ha Tl Bo mpumeponuTe o
MoyYyBaTa MCTO Taka € BUCOKa, ox 4,45 mg/kg no 409 mg/kg. Bo
cnopeznba co coapxkunara Ha Sb u Tl Bo mpumepouuTte of moy-
BaTa, coJp>KuHaTa Ha Sb Oeiie HUCKa ¥ ce aBmxkH o1 8,4 mg/kg
no 80,7 mg/kg. JloOueHHUTEe pe3ynTaTy MOKaKyBaaT JeKa aKy-
Mysanyujara Ha As, Sb 1 Tl Bo HCTUTYBaHUTE €HAEMCKH BHIOBU
pacTeHHja e 3Ha4ajHa, IITO MOKaXKyBa Jieka THE UMaaT CIoco0-
HOCT Jia TM aKyMYJIMpaaT TOKCUYHHTE €JIEMEHTH BO HHBHHUTE
KOPEHH U HaJ3eMHHUTE AEIOBH. AKyMyJalyjata Ha OBHE elie-
MEHTH BO HCIHTYBAaHHTE CHIIEMCKH BH/IOBH OBO3MOXKYBa THE
Jla ce KOPHCTAaT Kako 3HauajHu OMOWHAWKATOPH, ONEKa, OJ
Jpyra cTpaHa, akyMyJjalyjaTta Ha OBHE TOKCHYHHU €IEMEHTH BO
pacTeHHjaTa MOXKe Jia IPeIM3BHKA BUCOK PU3HK 3a 3/IpaBjeTo
Ha JIyI'eTO ¥ )KUBOTHUTE.
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