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Abstract

This study assesses the total concentration of eight toxic metals As, Cd, Co, Cr, Cu, Ni, Pb, and Zn in the soil and plant of
Salix purpurea samples collected from Mitrovica mining region in Kosovo. The concentration, accumulation and transfer
from soil to roots, stem and leaves were assessed using bioconcentration factor (BCF) and translocation factor (TF). The
total metal content in the soil and plant was high following the trend of Zn >Pb>Ni> Cd > Cu> As > Co > Cr. The relevance
between soil and accumulation of heavy metals in Salix purpurea was assessed using correlation matrix and principal
components analysis. The results indicate that Salix Purpurea can be used in phytoremediation and stabilization of soil

contaminated by heavy metals.
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The presence of mining waste, originating from the zinc
extraction industry in Kosovo, is considered hazardous due
to the presence and the mobility of toxic metals that it con-
tains (Deconta 2009; Frese et al. 2004; Kerolli Mustafa et al.
2015a, 2015b; Rydergren and Montelius 2004; Zoi 2010). Its
open disposal in many tailing damps close to the urban areas
has become a major environmental concern. Contamination
of urban lands and other natural habitats by heavy metals
has become a severe hazard to the environments (Huszar
et al. 2020). Among various heavy metal contaminants,
cadmium (Cd), lead (Pb), zink (Zn) and arsenic (As) are
identified as some of the most significant pollutants due to
their strong bio-toxicity and high transfer risk (Houri et al.
2020). The dependence between metal concentrations in the
soil and plants was observed in individual plant species due
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to the different degrees of absorption observed in individual
plant species (Mleczek et al. 2009). The willow material
was mainly used to assess the levels of heavy metal pollu-
tion (Mleczek et al. 2009). The presence and the form of
metals in soil depend on the chemical forms and the affin-
ity to influence their reactivity and mobility (Brininstool
2010; Caporale and Violante 2016). Thus, the presence of
metals in the soil also defines their possible transfer into
water or plants, known as “bioavailability”. Therefore, plants
remain an important indicator in determining the bioavail-
ability of heavy metals and pollution in a particular area.
According to Rosselli et al. (2003), different genotypes of
the same species uptake different amounts of heavy met-
als. If plants accumulate > 1000 or > 10,000 mg kg~! of
metals are categorized as metals hyperaccumulators (Yoon
et al. 2006). Researchers report that metal and plant interact
in a very specific way that is linked with soil type, plant,
growth conditions and the presence of other ions (Yoon et al.
2006; Rosselli at al. 2003; Caporale and Violante 2016).
Several methods such as bioaccumulation, translocation,
principle component analysis and correlation matrix have
been used to assess soil and plant contamination levels with
heavy metals (Kerolli Mustafa et al. 2015b). The purpose
of this study is to assess the heavy metal pollution levels
of soil and plants in the vicinity of mining area in Mitro-
vica, Kosovo by applying the following methods such as
the bioconcentration factor (BCF), translocation factor (TF),
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principal component analysis and correlation matrix, and to
make a comparison of the obtained result with reference lim-
ited values and other research outcomes (Sijakova-Ivanova
et al. 2017).

Materials and Methods

Six sampling locations were chosen for our study situated in
the Mitrovica region in Kosovo close to the Trepca mining
complex. The selected area is comprised of industrial (S1,
S2, 83, S5), vegetation (S4) and residential areas (S3, S6)
(Fig. 1).

Six soil samples at 20 cm depth were collected with a
hand soil sample auger allowing reaching depth. Samples
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Fig. 1 Sampling location in Mitrovica Region, Kosovo

were air-dried at room temperature, sieved through a 2 mm
size sieve, mixed and homogenized (from 0O to 20 cm) using
coning and quartering method and stored in polyethylene
containers until analyzed. Soil and plant samples were ana-
lysed was following guidelines from the ICARDA’s manual
(Estefan et al. 2013) and Sijakova et al. (2017). Willow
material (six samples of Salix purpurea) was collected from
June 2018 to October 2019. Determination of elements (As,
Cd, Co, Cr, Cu, Ni, Pb, and Zn) in soil samples was carried
out using the assisted microwave digestion method (HCI/HF/
HNO;/H;BO;) followed by dissolution in aqua regia (HCI:
HNO;=3:1). A triacid wet digestion method was used to
analyse the heavy metal content in plants. The means of
element content in soil and plant samples were determined
using inductively coupled plasma—optical emission spec-
trometry (ICP-OES Optima 2100 DV, Perkin-Elmer). Certi-
fied reference materials (S JR-3 and S Jsy-1) for soil and the
NIST 1575a (Pine Needles) and NCS DC 73,350 (Leaves of
Poplar) for plants were analyzed to test the accuracy of the
applied method for the determination of total metal concen-
trations in investigated soil and plants samples (Table 1).

The means and standard deviations (SD) for the calcu-
lated results were calculated using Microsoft Office Excel
2019. The pH value in soil samples was measured following
ISO 10,390 standard (2005). The background values and
thresholds for heavy metals are used from Administrative
Instruction No. 11/2018 from Kosovo, while Vamerali et al.
(2010) and Yanitch et al (2017) are used for heavy metals
thresholds in plants. To evaluate the metal accumulation
efficiency in plants the bioconcentration factor (BCF) and
translocation factor (7F) were calculated. As per Wu et al.
(2008) the BCF is the ratio of the metal concentration in the
roots to that in soil:

Table 1 Results of total metal content for certified reference material S JR-3, S Jsy-1, SRM 1575, NCS 73,350

CRM S JR-3 S Jsy-1

Elements Unit Certified value Measured value Certified value Measured value
Pb mg/kg 52.8+.5 50.04+3 149+10 148,05+ 10
Zn mg/kg 209+3 200.89+7 3.8+0.9 3.79+0.5
Cr mg/kg 3.5+04 349+0.3 2+0.2 2.55+0.4
Cu mg/kg 129+1.2 12.86+1.5 3.3+0.7 3.12+0.3
Co mg/kg 21.1+0.104 21.05+1.01 12.1+0.202 11.57+0.9
As mg/kg 1.1+0.01 1.105+0.101 0.90+0.2 0.85+0.1
CRM SRM 1575 NCS 73,350

Pb mg/kg 10.8+0.5 9.84+0.03 1.5+0.3 1.47+0.11
Zn mg/kg 65+10 65.76 +05 37+3 37.9+2.25
Cr mg/kg 2.6+0.2 2.53+0.5 0.55+0.07 0.52+0.05
Cu mg/kg 3.0+0.3 3.55+04 63+1.0 6.5+0.07
Co mg/kg 0.1 0.109+0.01 0.42+0.03 0.44+0.06
As mg/kg 0.21+0.04 0.20+0.1 0.37+0.06 0.38+004
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BCF =metal concentration in plant root ( mg kg~')/metal
concentration in soil (mg kg ~1).

while TF is the ration of metal concentration in the stem
to the roots:

TF=metal concentration in plant stem (mg kg~!) / metal
concentration in plant roots (mg kg™!).

If plants have BCF and TF greater than one they have
the potential to be used for phytoextraction. In this study,
response surface plots concentration characteristics, Pear-
son’s correlation matrix r and principal components analysis
(using Minitab 19 Statistical Software) was used to elucidate
the data to find the relationships between heavy metals in
soil, roots, leaves, stem from the Mitrovica Region (Kerolli
Mustafa et al. 2015a, b). Statistical comparison of obtained
data was performed by two-paired #-test at a significance
level of p=0.05. A calculated ¢-value of 0.432 was lower
than a critical value of 2.25 which implies the two sets of

Results and Discussions

The results of heavy metal concentration in soil and plant
accumulation patterns of selected metals (As, Cd, Co,
Cr, Cu, Ni, Pb, and Zn) are presented in Table 2. Mostly,
the higher uptake of metals from the soil and plant Salix
purpurea was recorded in the area close to mining flo-
tation and Mitrovica Industrial Park. The mean of total
contents of eight heavy metals in all six soil samples
were found in the range of: As 48.91 — 881.26 mgkg ™",
Cd 5.48-238.57 mgkg~!, Co 17.83-31.25 mgkg~!, Cr
34.98-168.56 mgkg™!, Cu 58.93-943.8 mgkg~!, Ni
82.86-282.33 mgkg~!, Pb 359.26-4662.22 mgkg~!
and Zn 386.21-4482.26 mgkg~!. As can be seen from
Table 2, the concentrations of metals in sample 5 were
higher than the concentrations of metals in all other sam-
ples. By comparing the results with the Kosovo limited

values were not significantly different.

Table2 The average concentrations of heavy metal in soil and Salix purpurea samples from Mitrovica region, + se (range) and limited values
(concentration unit is in mgkg™' dry weight)

Samples (mgkg™) As Cd Co Cr Cu Ni Pb Zn
Soil 351.69+1.5 2936+2.1 27.29+04 4239+2.1 187.34+1.4 94.52+24 388.38+2.4 658.73+2.3
1 Roots 12.63+0.1 6.36+0.7 8.68+0.02 9.67+0.53 2291+1.3 61.25+2.1 3092+2.6  546.13+0.02
Stem 522+12 26705 3.73+04 456+0.12 52+04 17.46+1.7 12.68+0.7  395.52+0.3
Leaves 0.35+0.05 2.29+0.02 4.07+0.6 2.44+0.3 16.3+03  7.49+0.13 30.79+£0.06 886.99+0.05
Soil 640.05+1.3 76.65+0.5 17.83+0.9 58.23+0.9 148.1+2.6 19524+1.5 4692.22+1.5 2867.78+2.1
2 Roots 25.89+0.06 13.67+0.5 8.73+0.7 5.98+0.05 3290+0.8 32.87+0.07 1986+2.5 3045.65+1.6
Stem 16.97+09 7.98+0.01 432+0.6 3.76+0.8 14.87+0.6 18.65+1.8 387.28+0.4 1095.86+2.6
Leaves 17.75+£0.06 1093+0.5 6.45+1.7 2.95+0.12 20.63+£0.16 27.72+0.19 598.96+0.25 2950.9+0.02
Soil 45221+19 21.73+1.8 18.32+19 3498+1.4 116.66+1.8 82.86+1.2 1985.64+2.1 387.35+2.8
3 Roots 2.09+0.07 19.98+0.09 17.54+2.3 574+1.75 21.98+0.09 17.85+2.1 28.92+0.09 221.54+0.06
Stem 098+04 8.65x+15 8.63+0.06 1.95+032 587+1.01 4.74+0.07 798+14 108.98 +2.7
Leaves 0.18+0.05 15.21+0.8 5.69+02 2.39+0.17 10.97+0.17 6.98+0.03 19.94+0.14 194.95+0.21
Soil 4891+1.2 545+2.1 16.53+14 94.67+19  5893+1.8 154.90+2.1 428.85+2.3 586.21+24
4 Roots 1.09+£0.04 654+16 658+1.6 574+28 179+0.06 189+0.07 21.9+0.06 376.2+0.08
Stem 0.04+09 439+1.09 3.87+0.08 3.74+0.04 595+05 698+1.8 598+0.5 196.8 £0.05
Leaves 0.06+0.05 3.82+0.21 4.06+0.3 2.26+0.03 8.24+0.03 8.52+036 9.54+0.27  238.39+0.17
Soil 881.26+0.9 238.57+13 31.25+1.2 168.56+0.15 943.8+04 282.33+2.8 2091.74+2.6 4482.26+2.5
5 Roots 13.9+0.06 372+25 876+0.05 6.87+0.09 31.8+15 539+2.6 296.98+0.08 4747.8+2.4
Stem 5.64+0.18 10.8+0.04 3.87+0.54 1.98+023 9.09+2.8 239+0.08 108.9+2.6 1876.4 0.5
Leaves 8.82+0.3 17.7£0.25 432+04 2.56+0.03 18.54+0.21 31.36+0.25 197.38+0.18 2043.07+0.19
Soil 320.17+0.6 14.26+14 21.98+0.5 67.9+1.3 98.95+1.5 12459+2.1 259.26+2.6 2956.23+3.1
6 Roots 2.87+0.08 129+0.05 798+04 654+098  27.18+045 164+23  27.9+0.65 2794.9 +0.05
Stem 1.09+1.7 17.8+04  2.89+0.18 1.95+0.5 10.83+£0.09 498+0.67 3.98+2.6 886.8+1.8
Leaves 0.08+0.25 10.39+0.06 4.39+0.2 2.45+0.12 18.53+£0.18 9.92+0.32 9.74+0.28 1559.75 £0.5
No. 11/2018 30-55 3-12 20-240 300-600 200-300 300-600 200-300 300-500
A-B*
HM Threshold in <5 2 15 2 40 30 20 150
plants ***

*Republic of Kosovo/Ministry of Environment and Spatial Planning, Administrative instruction No. 11/2008, A-B values from A clean to B
acceptable contamination values but further needs investigations; Vamerali et al. (2010) and Yanitch et al (2017) for arsenic***
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values (GRK No. 11/2018), the obtained results showed
to be quite high and above the limits in the areas close
to mining and industrial zones. The industrial activities
and opened tailing damps in Mitrovica, Kosovo presents
a serious threat to the environment and human health of
the population in that area. The mobility of heavy met-
als from mining solid waste including to urban and veg-
etation areas originate from multiple sources, including
weathering, mining, metallurgy, manufacturing of metal-
containing product and vehicle emissions (Wahsha et al.
2012; Rengel 2015). As reported in other publications
Mitrovica Industrial Park is also 3 km away from the
lead smelter and the largest lead tailing in the country,
it is also characterised by the influence of strong winds
which have an important effect on the increase of heavy
metal concentration in the area (Ferat et al. 2015; Ren-
gel 2015; Brereton et al. 2016). A similar trend is also
in the samples for Salix purpurea. The roots, stem and
leaves of Salix purpurea have been analysed in six identi-
fied locations. The means of total metal content in all six
Salix purpure samples for roots/stem/leaves were found
in the range of As 1.09/0.04/0.06 — 25.89/16.97/17.75
mgkg~!, Cd 6.36/2.67/2.29-37.2/10.8/17.7 mgkg™!,
Co 6.58/3.37/4.06-17.54/8.63/5.69 mgkg™!,
Cr 5.74/1.95/2.39-9.67/4.56/2.44 mgkg~', Cu
17.9/5.95/8.24-32.9/14.87/20.63 mgkg™~!, Ni 17.85/4.74
16.98-61.25/17.46/7.49 mgkg™', Pb 21.9/5.98/9.54-1986
/387.28/598.96 mgkg~! and Zn 3045.65/1095.86/2950.9
mgkg~!. The results in Table 2 shows a very high concen-
tration of As, Cd, Pb and Zn in Sample 5 which is located
close to Mitrovica Industrial Park and S2 located close to
the mining flotation area in Tuneli i Pare. These results are
consistent with other studies that demonstrate substantial
levels of heavy metals in soil and air in this area (Kerolli
Mustafa et al. 2015a, 2015b; Ferati et al. 2015).

Three—dimensional surfaces were plotted for the heavy
metal accumulation in Salix purpurea samples(roots, stem
and leaves) for all six locations in the Mitrovica region in
Kosovo (Fig. 2). When comparing the plot of the results
obtained for the results of roots, stem and leaves of Salix
Purpurea, it is possible to visualize that the region where
the concentration of heavy metals is maximized is not the
same in all graphs for each analyzed elements. The surfaces
presented in the following figures describe the variations of
the roots, stem and leaves for Salix purpurea grown in that
region.

The pH values of soil range between 3.4 and 7.2 which
present a suitable condition for the mobility of metals
around the mining complex Trepca where acidity is low.
Also, the bioconcentration factor (BCF) and transloca-
tion factor (TF) values > 1 have been used to evaluate the
potential of plant species for phytoextraction and phytosta-
bilization of metals in soil (Sijakova-Ivanova et al. 2017;
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Rengel 2015; Wu et al. 2008). By comparing BCFand TF
we can observe the ability of Salix purpurea grown close
to the mining area in taking up metals from soils and trans-
locating them into other parts of the plant. The results for
the bioconcentration factor (BCF) and translocation factor
(TF) for the ratio roots/soil and stem/roots are presented
in Table 3.

The highest increase of BCF value was observed for zinc
followed by cadmium and other selected metals: Zn 1.1, Cd
1.2, Co 0.95, Ni 0.65, Cu 0.27, Pb 0.42 As 0.04 and Cr
0.22. The translocation factor (TF) results show the simi-
lar trend that this factor increases for the stem/roots ratio
for As, Pb, Cd, Cr and Z. The highest value of TF factor
was observed for sample 2 for Zn, while the lowest value
of the translocation factor (0.02) was calculated for As in
samples 6. Observed interactions and the response surface
plots, correlation matrix and principal components analysis
confirmed that the uptake of metals by Salix purpura as well
as the degree of accumulation was high in the region close
to Mitrovica Industrial Park. Correlations matrix between
the contents of the element in the investigated soil and Salix
purpurea were established using bivariate statistics. The
revealed strong correlation between Cd and As, Cr and Cd,
Cu and Cd, Ni and Cd, Cu and Cr, Ni and Cr, Ni and Cu and
Zn and Ni is shown in Table 4. In general, the correlation
coefficient used for analysing the correlation between ele-
ments in the investigated samples showed a very positive
correlation between metals in soil and Salix purpurea sam-
ples coming from the common source of pollution. The sta-
tistical results confirm that there is the original relationship
between the heavy metals analysed and the same anthropo-
genic and lithogenic sources.

To assess the relationship between soil and bioconcen-
tration of metals in Salix purpurea a principal compo-
nents analysis (PCA) was applied to evaluate the possible
relevance of the major elements with the highest environ-
mental impact such as Zn, Pb, Cd, Cu, Co, Cr, Ni and As
(Fig. 3). Two principal components (PCA 1 and PCA 2)
were extracted through principal components analysis of
each heavy metal of samples analyzed.

As shown in Fig. 2, the determination of the relevance
among heavy metals in soil and plant were grouped into two
classes of components. The closest relevance was shown
between Cd, Cu, Cr, Co and Zn and Ni and As and Pb on the
other side. The relevance of the heavy metals supports the
fact that Pb and As are more concentrated close to the Lead
smelting area, while other elements are more concentrated
on flotation and zinc smelter in Mitrovica Industrial Park.
The research showed that the soil and plant contamination
in the Mitrovica region, Kosovo is highly affected by min-
ing activities. Mitrovica urban area is facing a huge threat
after the deposition of mining waste in open tailing damps
without proper management.
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Fig.2 Response surface plots of the concentration characteristics of the heavy metals in roots, steam and leaves
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Table3 BCF and TF.for Sglix Samples As Cd Co Cr Cu Ni Pb Zn
purpurea from the Mitrovica
locality 1 BCF 0.036 0.21 0.31 0.22 0.12 0.65 0.08 0.82
TF 0.41 0.41 0.43 0.47 0.23 0.28 0.41 0.72
2 BCF 0.04 0.17 0.49 0.1 0.22 0.17 0.42 1.1
TF 0.64 0.58 0.5 0.62 0.43 0.56 0.19 0.35
3 BCF 0.004 0.91 0.95 0.16 0.18 0.21 0.015 0.58
TF 047 0.43 0.5 0.33 0.26 0.26 0.27 0.5
4 BCF 0.022 1.2 0.39 0.06 0.3 0.12 0.05 0.64
TF 0.03 0.67 0.58 0.65 0.33 0.36 0.27 0.52
5 BCF 0.015 0.15 0.28 0.04 0.03 0.2 0.14 1.06
TF 04 0.3 0.45 0.29 0.28 0.44 0.37 0.39
6 BCF 0.0089 0.9 0.9 0.09 0.27 0.13 0.1 0.95
TF 0.37 1.37 0.36 0.3 0.4 0.3 0.14 0.31
Table 4 Correlation matrix for As cd Co Cr Cu Ni Pb 7n
r values of heavy metals in soil,
roots, leaves, Stem from the As 1.00
Mitrovica Region cd 087 1.00
Co 0.58 0.71 1.00
Cr 0.47 0.83 0.55 1.00
Cu 0.79 0.97 0.81 0.86 1.00
Ni 0.68 0.89 0.44 0.89 0.81 1.00
Pb 0.64 0.38 -0.19 0.01 0.16 0.43 1.00
Zn 0.75 0.79 0.52 0.70 0.72 0.83 0.37 1.00
References

PCA2:17.30%

-1.0 -0.5 0.0 0.5 1.0
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Fig.3 Principal components analysis (PCA) diagram for heavy met-
als in selected samples from Mitrovica Region

The results also indicate that there is an increasing need
for further research mainly focused on the mechanisms of
remediation of the contaminated soil where the plants such
as Salix purpurea can survive in mining areas.

@ Springer

Administrative Instruction GRK No. 11/2018 On limited values of
emissions of polluted materials into the soil, Kosovo.

Brereton NJB, Gonzalez E, Marleau J, Nissim WG, Labrecque M, Joly
S (2016) Comparative transcriptomic approaches exploring con-
tamination stress tolerance in salix sp. Reveal the Importance for
a Metaorganismal de Novo Assembly Approach for Nonmodel
Plants, Plant Physiol 171:3-24

Brininstool M (2010) Minerals Yearbook: The Mineral Industry of
Kosovo. USGS, Kosovo

Caporale AG, Violante A (2016) Chemical processes affecting the
mobility of heavy metals and metalloids in soil environments.
Curr Pollution Rep 2:15-27

Deconta, (2009) Consulting services for Environmental Assessment
and Remedial Action Plan for Mitrovica Industrial Park. UNDP,
Kosovo

Estefan G, Sommer R, Ryan J (2013) Methods of soil, plants and water
analysis. ICARDA 3:1-243

Ferati F, Kerolli Mustafa M, Kraja-Y1li A (2015) Assessment of heavy
metal contamination in water and sediments of Trepca and Sitnica
rivers, Kosovo, using pollution indicators and multivariate cluster
analysis. Environ Monit Assess 187:338-353

Frese SD, Eske RK, Pedersen K (2004) Environmental manage-
ment report. Heavy metal emission from trepca. TekSam I DM
2004:1-143

Houri T, KhairallahAlaa Y, ZahabBilal A, Dany O, Georges R,
Sedigheh H (2020) Heavy metals accumulation effects on the pho-
tosynthetic performance of geophytes in Mediterranean reserve. J
King Saud Univ Sci 32:874-880



Bulletin of Environmental Contamination and Toxicology (2021) 107:537-543

543

Huszar P, Karlicky J, Doubalova J, Novakova T, Sindelarova K, Svabik
F, Belda M, Halenka T, 74k M (2020) The impact of urban land-
surface on extreme air pollution over central Europe. Atmos Chem
Phys 20:11655-11681

1SO 10390 (2005). Soil quality -- Determination of pH.

Kerolli Mustafa M, Fajkovi¢ H, Ronéevi¢ S, Curkovié L (2015a)
Assessment of metals risks from different depths of jarosite tailing
waste of Trepca Zinc Industry, Kosovo based on BCR procedure.
J Geochem Explor 148:161-168

Kerolli Mustafa M, Curkovié L, Fajkovi¢ H, Roncevi¢ S (2015b) Eco-
logical risk assessment of jarosite waste disposal. Croat Chem
Acta 88(2):189-196

Mileczek M, Rissmann I, Rutkowski P, Kaczmarek Z, Golinski P (2009)
Accumulation of selected heavy metals by different genotypes of
Salix. Environ Exp Bot 66:289-296

Rengel Z (2015) Availability of Mn, Zn and Fe in the rhizosphere. J
Soil Sci Plant Nutr 15:397-409

Rosselli W, Keller C, Boschi K (2003) Phytoextraction capacity of
trees growing on metal contaminated soil. Plant Soil 256:265-272

Rydergren A, Montelius M (2004) Environmental remediation at pad-
dock tailings area, Gracanica. Kosovo Sida Evaluation 04:32-40

Sijakova-Ivanova T, Boev B, Zajkova-Paneva |V, Boev I, Karakaseva
E, (2017) Bioaccumulation and translocation factor of heavy
metals in the plants Linaria SP, Moricandia SP and Viola Lutea
Huds from Aslar Locality. Rep Of Macedonia, Geol Macedo
31(2):143-156

Vamerali T, Bandiera M, Mosca G (2010) Field crops for phytore-
mediation of metal-contaminated land: a review. Environ Chem
Lett 8(1):1-17

Wahsha M, Bini C, Argese E, Minello F, Fontana S, Wahsheh H (2012)
Toxicity assessment of contaminated soils from a mining area
in Northeast Italy by using lipid peroxidation assay. ] Geochem
Explor 123(2012):19-24

Wu G, Guan YX, Zhan X (2008) Effect of salinity on the activity,
settling and microbial community of activated sludge in sequenc-
ing batch reactors treating synthetic saline wastewater, Water Sci.
Technol 2:351-357

Yanitch A, Brereton NJ, Gonzalez E, Labrecque M, Joly S, Pitre FE
(2017) Transcriptomic response of purple willow (Salix purpurea)
to arsenic stress. Plant Sci 8:1115

Yoon J, Cao X, Zhou Q, Ma LQ (2006) Accumulation of Pb, Cu, and
Zn in native plants growing on a contaminated Florida site. Sci
Total Environ 368(2-3):456-464

Zoi Environment Network (2010) Case Study on Lead and Heavy
Metal contamination in Mitrovica. Kosovo, UNEP, Geneva

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Heavy Metal Contamination and Accumulation in Soil and Plant from Mining Area of Mitrovica, Kosovo
	Abstract
	Materials and Methods
	Results and Discussions
	References




