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ABSTRACT

The aim of this study is to measure the levels of heavy metals lead (Pb), cadmium (Cd), chrome (Cr),
nickel (Ni), arsenic (As), zinc (Zn), copper (Cu) and iron (Fe) in apple fruits with some selected
rootstock from the Mitrovica region, Kosovo. The concentrations of heavy metals in soil and apple
tissue plants were determined by using atomic absorption spectrometry (AAS). Compared with the
reference site in contaminated areas, soil and plant contents of all analyzed metals are higher. The
results of this study showed that different types of rootstock have different affinities for heavy metals.
The average concentrations ranged from 1.85, 0.37, 6.88, 8.03, 0.05, 2.03, 4.36, 5.09 mg/kg for Pb, Cd,
Cr, Ni, As, Zn, Cu and Fe with rootstock mm106. In rootstock m26 concentrations ranged from 1.91,
0.22, 6.31, 7.06, 0.05, 3.28, 3.62, 4.35 mg/kg for Pb, Cd, Cr, Ni, As, Zn, Cu, Fe. While in m9 rootstock
these values were found 1.67, 0.24, 5.36, 5.49, 0.03, 2.07, 2.39, 5.16 mg/kg for Pb, Cd, Cr, Ni, As, Zn, Cu
and Fe. The highest mean levels of Cd, Cr and Ni were detected in apple fruits with mm106 rootstock.
The results of this study showed that continuous industrial production of heavy metals over the years
in the study area and permanent pollution were responsible for environmental pollution and
particularly soil contamination resulting in high bioaccumulation of heavy metals in fruits.
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INTRODUCTION

The high amount of heavy metals on earth may
possibly be considered the most harmful
pollutants due to their non-biodegradable
nature and their high potential to cause
undesirable effects to the living world. Heavy
metals are  released  from  various
anthropogenic activities, such as industrial
activities for energy production, mining and
transportation. Environmental pollution due to
these toxic pollutants is an important issue in
recent times. Heavy metals are such a
dangerous pollutant that poses serious threats
to the environment and human health (23). The
term “heavy metals” refers to any metallic
element that has a relatively high atomic
weight, high density (those having a specific
weight higher than 5 g cm™) and is toxic or
poisonous even at low concentration (19).
Heavy metals accumulate in the ecological
food chain through receiving at the level of the
primary  producer and then through
consumption at customer level. Agricultural
crops obtained from contaminated heavy
metals represent an important global challenge
for the health of the living world, attributable
to both industrial and mining activities. Food
security is a major public concern around the
world and food consumption has been
identified as the main route for human
exposure to certain environmental pollutants.
In recent years, increased food safety has
stimulated research into the risk associated
with the consumption of heavy metals
contaminated foods (10). Plant nutrition
depends on the contamination of arable land
which is related to anthropogenic activities
such as mining and ore and metal processing.
Food contamination with heavy metals can
also occur due to irrigation with polluted
water, the addition of fertilizers and pesticides
with  metal base, industrial emissions,
transportation, harvesting process, storage,
transportation and marketing. Accumulation of
heavy metals in plant parts used as food may
have a detrimental effect on the health of the
inhabitants living there and the surrounding
areas (13). The excessive amount of these
metals in food is related to the origin of a
variety of diseases, particularly  with
cardiovascular diseases, kidney, nerve, and
bone diseases. Also, food insects containing

257

heavy metals can cause carcinogenesis,
mutogenesis and teratogenesis. Studies have
shown that fruit and vegetable consumption is
the primary pathway of human exposure to
heavy metals (2). Therefore, it is of practical
significance to assess the extent of heavy
metal accumulation from soil into plants such
as fruits and vegetables, and relevant research
has gained increasing attentions. Adamsa (1)
and Cairns (1980) defined biological
monitoring as the regular application of
biological assessment techniques and methods
to obtain information about the quality and
condition of a biological system. Thus, living
organisms provide monitoring capabilities
which take into account the actual responses of
organisms or populations to environmental
variables including pollutants. Wagner and
Miiller (28) concluded that the accumulation
of pollutants in plants or their reaction to them
was a better indication of a system's pollution
stress than direct pollution measurement,
provided that enough is known about the
system itself. Heavy metals may be leached,
absorbed by vegetation or retained by the soil
and their toxicity depends on factors such as
concentration, speciation (the form in which
they are present in the soil) and bioavailability
(the ease with which they pass into the soil
solution and thereby into the trophic chain).

Generally, heavy metals are not biodegradable,
have long biological life and have high
potential for accumulating in different plant
tissues - fruits and food chains to be deposited
in various body organs leading to unwanted
side effects (12). Fruit consumption is
beneficial to human health, however these
foods may contain levels of lead, cadmium,
nickel, etc., so it is important to monitor the
levels of these toxic metals in these foods.

This study aims to assess the current state of
soil contamination taking into account the
sources of oil pollution and the most exposed
areas in the region of Mitrovica region. The
Mitrovica area is affected by the presence of a
bullet foundry near the residential areas. The
fruit trees growing around this area are
exposed to the wind and groundwater of
landfills that carry heavy metals. This paper
aims to investigate the content of heavy metals
in the soil and the various apple tissues in the
Mitrovica area and analyze their transfer
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factors in plants as a "real" indicator of soil and Zn (11). Environmental pollution in
contamination Mitrovica and its surroundings as an

MATERIALS AND METHODS
Description of the Study area

The city of Mitrovica lies in the north of
Kosovo, at the joining of the Ibar and Sitnica
rivers. The region's economy has been
dominated by the metallurgical industries,
associated with the "Trepca” Combine. The
"Trepca” Combine was referring to a
conglomerate of metallurgical industries
operating in the northern part of Kosovo,
including mining, flotation, melting and
processing of Pb minerals. The study area
contains significant polymetallic deposits of
Pb, Zn, Mn, Cr and significant deposits of Pb

ecological problem began in 1925, when an
English company bought the rights to use
heavy metal reserves (19). The main sources
of industrial pollution have in the past been the
starting point for different technological units
(smelter, refinery, flotation, battery factory and
sulfuric acid factory), the "Trepca” Combine,
and the Superfosfate Fertilizer Plant. The work
of these wards caused the city of Mitrovica
(with its surroundings) to be one of the most
polluted cities in Europe. From the high smoke
plant in Zvecan, within the year, about 1,500
tons of dust was emitted into the atmosphere,
which contained up to 60% of the bullet.

Figure 1. View from the studied area — Mitrovica

According to the data of Shllaku (26), 70% of
the lead values, recorded by the measurements
made in the city of Mitrovica in 1989,
(January to May) exceed the maximum
allowed values. This enormous pollution of the
atmosphere in this region resulted in
contamination of the soil, water, and therefore
the contamination of plants, animals and
humans. Large amounts of lead and zinc are
deposited on the ground. Although, in most
cases, lead is bound to the soil as a form of
soil, yet there remains an amount that the
plants receive through the root system. High
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concentrations of lead were also found in
spinach - 145.8 pg/g of dry mass, onion -
17.35 pg/g, in potatoes - 16.2 ug/g (6).
Sample collection

Individual soil samples were collected from
each plant to assess metal content in the
immediate plant environment. Samples of
fruit, leaf, shoot and soil have been analysed
for eight heavy metals (Pb, Cd, As, Ni, Zn, Cu,
Cr and Fe). 20 samples of soil and 90 apple
samples were collected in the Mitrovica region
and reference area during September—
November 2017 (Fig 1). Three kinds of apple
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tree tissues were collected during the harvest
period, including fruit, leaf and shoot. To
reduce the effect of other agro environmental
factors on the issue analysed, the experiment
included a row of fruit trees with the same age
(6 years), grafted on the same rootstock
(mm106, m26, m9). Soil samples were taken
from the surface layer (0-20 cm). All samples
were sealed in polyethylene bags and
transported to the laboratory within 6 h of
collection. The soil samples were air-dried at
room temperature, with impurities manually
removed. Then, the soils were ground and
sieved through 80 meshes (0.2 mm). For all
samples, the decay and withered tissues were
removed and the edible parts were washed
with tap water to remove surface dirt. The
edible parts of fruits or leaf were repeatedly
rinsed with deionised water and dried at 60 °C
to a constant weight.

Sample analysis

For the research needs of the metal content:
Lead (Pb), Cadmium (Cd), Chromium (Cr),
Nickel (Ni), Arsenic (As), Zinc (Zn), Copper
(Cu), Iron (Fe) field samples were obtained in
accordance with the respective protocols and
consisted in sampling soil from apple planted
surfaces within the respective localities.
Samples received are labelled with all relevant
data (locality, sampling date, and other notes).
Concentration of metals in soil samples was
determined by the Atomic Spectrometer
Absorber (AAS) of the Perkin-Elmer model
1200 mark. Work samples (2.0 gr of soil
sample) were treated with a 1:3 aqueous regia
mixture (4 ml HNO3 + 12 ml of concentrated
HCI) in an electrical reso at a temperature of
200°C for 60 minutes. Prior to mineralization
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with aqua regia, the organic matter was
disintegrated  with  hydrogen  peroxide
concentrated (35% H202). Then the
mineralized samples were mixed with distilled
water and filtered with Watman 0.45 pum
filtration paper. The filter is placed on a
volumetric balloon of 50 cm® and is levelled
up to the mark with distilled water. Such
samples are read with AAS and
spectrophotometer. The AAS calibration is
done with the standard reference material of
1000 ppm (mg/kg) from which the respective
metal standards are prepared.

Statistical analysis

The data were statistically analyzed using
GraphPad Prism - version 7.05, and Microsoft
Excel, 2010, computer packages. The level of
significance was set at p <0.05.

RESULTS AND DISCUSSION
Concentrations of heavy metals in plant tissue
samples (fruit, leaf, shoot) of apple trees in the
Mitrovica region and control zone, expressed
as milligrams per kilogram of dry weight
(DW), are shown in Table 1 and Table 2. The
obtained results showed that the content of
heavy metals in fruit were generally above the
EU's maximum allowable concentrations in
foods. The main sources of heavy metals for
plants are their growing environments or the
lands where they are cultivated (14). Ph values
in all analyzed soil samples were distributed
from 5.8 to 7.6, indicating that the soil
analyzed was neutral and basically weak. The
general concentrations of metals in soils
between the two analyzed regions (Mitrovica
and the reference site) showed significant
differences in scale.
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Table 1. Heavy metal concentration (mg kg™) in soil, shoot, leaf and fruit of apple species
depending on rootstocks type from Mitrovica region.

Heavy metals (mg/kg™)

Rootstock | Tissues Level Pb Cd Cr | Ni As Zn Cu Fe
Shoot Mean 8.43 0.67 2.39 1.36 0.18 35.1 19.5 47.6
SD (2) 1.35 0.11 0.19 0.14 0.03 1.84 1.67 2.87
CV (%) 16.1 16.4 7.04 10.2 16.7 5.24 8.56 6.02
M106 Leaf Mean 3.91 0.51 5.78 2.07 0.25 43.7 11.6 72.1
SD (1) 0.37 0.08 0.56 0.31 0.06 2.04 151 1.96
CV (%) 9.46 15.6 9.68 14.9 24.1 4.66 13.1 2.71
Fruit Mean 1.85 0.37 6.88 8.03 0.05 2.03 4.36 5.09
SD (1) 0.77 0.17 1.63 1.91 0.02 0.79 1.16 1.17
CV (%) 416 45.9 23.7 23.7 40.2 38.9 26.6 22.9
Shoot Mean 10.6 0.52 2.47 1.82 0.27 56.7 23.2 56.1
SD (2) 1.56 0.15 0.33 0.21 0.09 2.45 1.49 3.34
CV (%) 147 28.8 13.3 115 33.3 4.32 6.42 5.95
M26 Leaf Mean 4.43 0.48 4.61 2.41 0.51 49.9 16.7 98.1
SD (1) 0.58 0.07 0.44 0.35 0.11 3.88 1.13 2.64
CV (%) 131 145 9.54 145 215 7.78 6.76 2.69
Fruit Mean 1.91 0.22 6.31 7.06 0.05 3.28 3.62 4.35
SD (%) 0.61 0.11 1.25 1.77 0.01 0.85 1.09 0.93
CV (%) 323 50.1 19.8 25.1 20.4 25.9 30.1 21.7
Shoot Mean 5.89 0.36 2.12 0.88 0.08 60.5 175 54.2
SD (%) 0.67 0.07 0.28 0.11 0.01 4.43 1.81 3.26
CV (%) 11.3 195 13.2 125 12.6 7.33 10.3 6.12
M9 Leaf Mean 2.78 0.31 4.62 1.81 0.09 53.8 155 91.3
SD (1) 0.23 0.06 0.47 0.19 0.03 3.14 1.62 7.11
CV (%) 8.28 19.3 10.1 104 33.3 5.84 104 7.79
Fruit Mean 1.67 0.24 5.36 5.49 0.03 2.07 2.39 5.16
SD (+) 0.58 0.07 0.91 1.28 0.01 1.05 1.12 1.15
CV (%) 348 29.1 16.9 23.3 33.3 50.7 46.9 22.3
Mean 3.32 0.79 18.8 16.5 0.009 40.3 10.7 12.7
Soil SD (%) 0.79 0.32 1.81 251 0.003 3.71 151 1.95
CV (%) 237 40.5 9.63 15.2 33.3 9.21 14.1 15.3

Note: Values are expressed as means X and * SD.

Concentrations of heavy metals vary widely
between the Mitrovica area and the control
area. While significant differences in
concentrations of metals in plant tissues mean
that different apple rootstock had different
abilities and capacities to take up and
accumulate different metals. The average
values of Pb, Cd, Cr, Ni, As, Zn, Cu, Fe in
apple plant tissues with different rootstock in
the Mitrovica area are given in Figures 1, 2, 3.
Concentrations of heavy metals in the fruit of
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the apple with the rootstock mm106 were quite
different as: 1.85 mg / kg dw for Pb, 0.37
mg/kg dw for Cd, 6.88 mg/kg dw for Cr, 8.03
mg/kg dw for Ni, 0.05 mg/kg dw for As, 2.03
mg/kg dw for Zn, 4.36 mg/kg dw for Cu, 5.09
mg/kg dw for Fe. The heavy concentrations of
metals in apple with rootstock m26 were: 1.91
mg/kg dw for Pb, 0.22 mg/kg dw for Cd, 6.31
mg/kg dw for Cr, 7.06 mg/kg dw for Ni, 0.05
mg/kg dw for As, 3.28 mg/kg dw for Zn, 3.62
mg/kg dw for Cu, 4.35 mg/kg dw for Fe.
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Table 2. Heavy metal concentration (mg kg™) in soil, shoot, leaf and fruits of apple species
depending on rootstocks type from Reference site

Heavy metals (mg/kg™)
Rootstock Tissues Level Pb Cd Cr Ni As Zn Cu Fe
Shoot Mean 3.23 0.23 0.26 3.76 nd 56.17 5.12 34.05
SD (3) 1.09 0.17 0.18 0.54 10.3 0.91 4.16
CV (%) 33.7 73.9 69.2 14.3 18.3 17.7 12.2
M106 Leaf Mean 1.69 0.16 1.13 0.93 nd 23.2 8.55 79.14
SD () 0.81 0.15 0.19 0.47 4.67 2.63 4,51
CV (%) 47.9 93.7 16.8 50.5 20.1 30.7 5.69
Fruit Mean 0.51 0.009 1.27 0.28 nd 0.88 0.98 3.36
SD (1) 0.34 0.001 0.63 0.07 0.44 0.32 1.79
CV (%) 66.6 11.1 49.6 25 50 32.6 53.2
Shoot Mean 2.65 0.17 0.18 2.44 nd 48.02 6.31 41.03
SD () 1.69 0.24 0.11 1.08 11.03 1.41 4.37
CV (%) 63.7 141.1 61.1 44.2 22.9 22.3 10.6
M26 Leaf Mean 1.38 0.19 1.06 041 nd 41.15 11.7 104.3
SD (1) 0.7 0.16 0.43 0.33 6.66 3.92 9.55
CV (%) 50.7 84.2 40.5 80.4 16.1 335 9.15
Fruit Mean 0.38 0.08 0.99 0.18 nd 0.74 0.78 3.23
SD (3) 0.26 0.05 0.58 0.17 0.36 0.56 0.74
CV (%) 68.4 62.5 58.5 94.4 48.6 71.7 22.9
Shoot Mean 212 0.13 0.42 3.33 nd 62.11 4.97 36.14
SD () 1.05 0.09 0.14 1.38 12.17 1.65 6.09
CV (%) 49.5 69.2 33.3 41.4 19.5 33.1 16.8
M9 Leaf Mean 0.85 0.06 0.86 0.31 nd 29.2 9.84 94.9
SD (+) 0.82 0.04 0.28 0.28 6.96 2.93 11.24
CV (%) 96.4 66.6 325 90.3 23.8 29.7 11.8
Fruit Mean 0.31 0.003 0.49 0.19 nd 0.31 0.93 4,13
SD (%) 0.21 0.001 1.37 0.27 0.13 0.87 2.59
CV (%) 67.7 33.3 279.5 142.1 41.9 93.5 62.7
Mean 1.03 0.05 0.39 1.99 nd 4.72 1.92 9.22
Soil SD () 0.66 0.009 0.31 1.43 1.14 0.39 3.58
CV (%) 64.1 18 79.4 71.8 24.1 20.3 38.8

Note: Values are expressed as means X and £ SD.
nd- not detected.

The heavy concentrations of metals in apple
with rootstock m9 were: 1.67 mg/kg dw for
Pb, 0.24 mg/kg dw for Cd, 5.36 mg/kg dw for
Cr, 5.49 mg/kg dw for Ni, 0.03 mg/kg dw for
As, 2.07 mg/kg dw for Zn, 3.62 mg/kg dw for
Cu, 4.35 mg/kg dw for Fe. At the reference
site, the amount of the heavy metals
concentration was the lowest and the pollution

rate was also very low. Therefore, to
determine the amount of accumulation of
heavy metals in selected plant tissues, the
transfer factor (TF) was determined. TF is an
index for estimating the possible transfer of a
metal from soil to plants versus the ability of
fruit trees to accumulate a particular metal
with respect to its concentration on the
substrate of the earth (Adamo et al., 2014).
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Figure 2. Average concentrations of heavy metals in apple shoot and soil in three different
rootstocks at Mitrovica region
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Figure 3. Average concentrations of heavy metals in apple leaf and soil in three different
rootstocks at Mitrovica region.
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Figure 4. Average concentrations of heavy metals in apple fruit and soil in three different
rootstocks at Mitrovica region.
Table 3. Transfer factor of heavy metals (Pb, Cd, Cr, Ni, As, Zn, Cu, Fe) in the Mitrovica

region
Rootstock Transfer factor (TF) Pb Cd Cr Ni As Zn Cu Fe
TF=C(shoot)/C(soil) 253 117 786 121 005 114 054 026
M106 TF=C(leaf)/C(shoot) 046 076 241 152 138 124 059 151
TF=C(fruit)/C(leaf) 047 072 119 387 021 004 037 007
TF=C(shoot)/C(soil) 319 065 013 011 302 141 216 441
M26 TF=C(leaf)/C(shoot) 041 092 18 132 18 08 071 174
TF=C(fruit)/C(leaf) 043 045 136 292 009 006 021 004
TF=C(shoot)/C(soil) 177 045 011 005 88 151 163  4.26
M9 TF=C(leaf)/C(shoot) 047 08 217 205 112 088 089 168
TF=C(fruit)/C(leaf) 061 077 116 303 033 003 015 005
Table 4. Transfer factor of heavy metals (Pb, Cd, Cr, Ni, As, Zn, Cu, Fe) to the reference site
Rootstock Transfer factor (TF) Pb Cd Cr Ni As Zn Cu Fe
TF=C(shoot)/C(soil) 3.13 4.61 0.66 1.88 nd 11.9 2.66 3.69
M106 TF=C(leaf)/C(shoot) 0.52 0.69 4.34 0.24 nd 0.41 1.66 231
TF=C(fruit)/C(leaf) 031 005 1.12 0.31 nd 0.03 0.11 0.04
TF=C(shoot)/C(soil) 2.57 341 0.46 1.22 nd 10.1 3.28 4.44
M26 TF=C(leaf)/C(shoot) 052 111 5.88 0.16 nd 0.85 1.85 2.53
TF=C(fruit)/C(leaf) 027 042 0.93 0.43 nd 0.01 0.06 0.03
TF=C(shoot)/C(soil) 2.05 2.63 1.07 1.67 nd 13.1 2.58 3.91
M9 TF=C(leaf)/C(shoot) 0.41 0.46 2.04 0.09 nd 0.47 1.97 2.62
TF=C(fruit)/C(leaf) 036  0.05 0.56 1.18 nd 0.01 0.09 0.04
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On average, the transfer of heavy metals from
soil to shoot, leaf and fruit of the apple with
the rootstock mm106 was in the order:
TF=C(shoot)/C(soil) Ni (12.1) > Cr (7.86) >
Pb (2.53) > Cd (1.17) > Zn (1.14) > Cu (0.54)
> Fe (0.26) > As (0.05). TF=C(leaf)/C(shoot)
Cr (2.41) > Ni (1.52) > Fe (1.51) > As (1.38) >
Zn (1.24) > Cd (0.76) > Cu (0.59) > Pb (0.46).
TF=C(fruit)/C(leaf) Ni (3.87) > Cr (1.19) > Cd
(0.72) > Pb (0.47) > Cu (0.37) > As (0.21) >
Fe (0.07) > Zn (0.04). Transfer factor to apple
tissues with rootstock m26 was in the order:
TF=C(shoot)/C(soil) As (30.2) > Fe (4.41) >
Pb (3.19) > Cu (2.16) > Zn (1.41) > Cd (0.65)
> Cr (0.13) > Ni (0.11); TF=C(leaf)/C(shoot)
As (1.88) > Cr (1.86) > Fe (1.74) > Ni (1.32) >
Cd (0.92) > Zn (0.88) > Cu (0.71) > Pb (0.41);
TF=C(fruit)/C(leaf) Ni (2.92) > Cr (1.36) > Cd
(0.45) > Pb (0.43) > Cu (0.21) > As (0.09) >
Zn (0.06) > Fe (0.04). Transfer factor to apple
tissues with rootstock m9 was in the order:
TF=C(shoot)/C(soil) As (8.88) > Fe (4.26) >
Pb (1.77) > Cu (1.63) > Zn (1.51) > Cd (0.45)
> Cr (0.11) > Ni (0.05); TF=C(leaf)/C(shoot)
Cr (2.17) > Ni (2.05) > Fe (1.68) > As (1.12) >
Cu (0.89) > Zn (0.88) > Cd (0.86) > Pb (0.47);
TF=C(fruit)/C(leaf) Ni (3.03) > Cr (1.16) > Cd
(0.77) > Pb (0.61) > As (0.33) > Cu (0.15) >
Fe (0.05) > Zn (0.03). The Ph value of the soil
all the samples has ranged from 5.8 to 7.6. PH
of the soil may be affected also by the sewage
and irrigation of Sitnica river which is
considered highly polluted. According to
SEPA, 2005, the maximum permissible limits
for Cd, Cr, Cu, Ni, Pb and Zn for vegetables
and fruits are 0.1; 0.2; 0.5; 20; 10; 9 and 100
mg/kg, respectively, in dry weight. Our study
analyzes showed that concentrations of heavy
metals (Pb, Cd, Cr, Ni, As, Cu, Zn and Fe) in
the analyzed tissue samples were higher in
areas near the industrial zone of Mitrovica
region compared to control area. Our findings
are consistent with those reported by
Demirezen et al. (7), Kumar et al. 2009,
Lacatusu et al. 2008, which in their studies
show high metals values. As is known, Cd is
accepted as a carcinogen in the first instance.
The obtained results show that the inputs are
anthropic (industrial pollution, contaminated
water for irrigation, traffic, etc.) in the
Mitrovica region have raised the levels of
heavy metals in the soil, and as a result, the
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concentrations of metals in fruit trees have
increased. Our study showed that levels of
pollution with heavy metals in the soil and
fruit were mainly related to local and regional
resources. Levels of heavy  metal
concentrations  compared  between the
contaminated area and the reference area were
found to be significantly different. The
obtained results showed that the fruits were
powerful accumulators of heavy metals,
considering that for some types of rootstocks
the concentrations of heavy metals in the
samples have exceeded the allowed values.

Our results are in line with the results reported
by Zhen et al. (31), Xiao et al. (29) in China.
Zhen (2008) reported that cultivated fruits near
the Shenyang-Dalian highway were polluted
with Pb and Cd with average concentrations of
0.082 and 0.010 mg/kg in apple fruit.
Cultivated fruits in the mining areas were
prone to contamination with heavy metals
(29). The results of the present work exhibited
differential distribution of heavy metals in
different tissues of apple tree. There are
different variations in the ability of to take up
heavy metals through their root tissues and
transport them to the edible parts of the plants.
This variation depends on the physicochemical
properties of heavy metals, industrial region,
species of crops, cultivation strategy, soil type
and growing conditions. Previous studies
showed that the higher the concentration of
heavy metals on soil, the higher its probability
will be in plant cultures (21). Poniedzialek
(24) found differences between cultures at the
level of accumulation of heavy metals in
specific organs. Like lead, cadmium is also
known for its toxic and negative effects on
human health. Cadmium can accumulate in the
human body and can cause kidney
dysfunction, skeletal damage and reproductive
deficiency. The cadmium content in the
literature was reported in the range of and
0.0002 0.527 mg/kg in fruit foods from the
Greek market (15). In our study, fruit analysis
from all sampling points was contaminated by
an excessive amount of Cd compared to the
permitted limit (0.05 mg/kg) proposed by FAO
/ WHO (8). The above results show that Cd
has a high capacity to be transferred from soil
to edible parts of fruit in agricultural lands of
the Mitrovica region. This can be attributed to
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the competition between Cd®* and Ca®". It is
easier for Ca** to be replaced by Cd** than
other metals due to their same valence (16). In
addition, Ca is an essential element for plants
and can enter plant tissues through active
transport, while most heavy metals (as non-
essential elements) can only be introduced into
plant tissues through passive methods (eg,
concentration diffusion and permeation) Costa
and Morel (5). The concentration of Cr in
delicious apple cultivars in three rootstock
mm106, m26 and m9 in the contaminated
studied fields was greater than in the reference
area. The content of chromium in the literature
was reported in the range of 1.48 - 6.43 mg/kg
in wet weight in various summer fruits from
Pakistan (31). There is no information on
maximum chromium levels in dried fruit
samples (2). Chromium (IlI) is an essential
nutrient that empowers the action of insulin
and thus affects the metabolism of
carbohydrates, lipids and proteins. However,
chromium (V1) is carcinogenic (27). This high
concentration of Cr can be dangerous to the
local community and fauna of the study area
(6). Ni levels in fruit were many times higher
than the maximum allowed limit (0.3 mg/kg)
(9). The content of nickel in literature was
reported in the range of 1.0-8.9 mg/kg in some
fruits from Pakistan (30). In the study area, the
nickel concentration in plant tissues was
observed a few times higher than the reference
site. Ni is an important and essential element
to plants; however, its excess causes variable
symptoms of toxicity (33). The low content of
copper in apple fruits is most likely due to the
poor movement of copper in plants as well as
the high concentration of zinc in soil known to
have an antagonistic effect on copper
absorption (4). The soil surface is a large
reservoir of heavy metals as well as a natural
buffer for transporting chemical elements into
the biosphere. The most harmful effect of
heavy metals is that they can enter the food
chain and seriously threaten human health.

Pollution at high levels of land in the
Mitrovica region appears as a result of
industrial activities, with smelters in this
region as potential contributors. The degree of
soil contamination where the trees are
cultivated is closely related to the emissions
released by the founders for years in the past,
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where all the metals have fallen between the
upper layers and the ground layers. This study
highlights the potential risk of accumulation of
heavy metals, particularly Pb, Cd, Cr and Zn,
in fruit growing near the foundry. Further
research should be undertaken to analyze the
levels of metals present in the atmosphere
(quantitative) and the bioaccumulative ratio of
metals to the fruit trees of the area
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