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ABSTRACT

The exposure of heavy metals in the Drenas site — Kosovo has risen dramatically in the last 30 years because of
mining and smelting activities. The study investigated the heavy metal in soil, accumulation in different parts of
apple trees near the industrial sites of Drenas. The accumulation ratio values of heavy metals were calculated to
assess the potential health risks. The mean concentrations of the heavy metals in the soil were in the following
order of magnitude Ni > Zn > Fe > Cr > Cu > Pb > Cd > As, while that in the apples were in the order of magni-
tude Ni > Cr > Fe > Cu > Pb > Zn > Cd > As, in the leaves — Fe > Zn > Cu > Cr > Ni > Pb > Cd > As and in the
shoots — Zn > Fe > Cu > Cr > Ni > Pb > Cd > As. Compared to control, the contents of analyzed metals from plant
tissues of apple trees in the contaminated area were significantly higher (p<0.001). The concentration of Ni, Pb,
Cr, Fe etc. in the apple tissue increased along with the heavy metal content in soils in the polluted area. The high
accumulation ratio values for Pb (1.1), Cd (0.62), Cr (0.93) and Ni (0.46) were characteristic for the investigated

species and indicate the accumulation ability.

Keywords: toxic/heavy metals, polluted soils, plant/soils, accumulation, distribution, health.

INTRODUCTION

Today, many studies have focused on soil pol-
lution and the mobilization of heavy metals in liv-
ing organisms. These studies have often revealed
that the environmental pollution by toxic metals
has increased steadily since the Industrial Revolu-
tion, thereby causing serious ecological problems
(Akguc et al. 2008; Huseyinova et al. 2009). Pol-
lution occurs when an element or a substance is
present in the concentrations greater than natural
(background), as a result of human activity and
has a net detrimental effect on the environment
and its components. Thus, from a plant, animal,
and human health perspective, soils are not con-
sidered polluted unless a threshold concentration
exists that begins to affect biological processes
(Kabata-Pendias et al. 1989).

Food safety is a major public concern around
the world. Over the past few years, increased
food safety has stimulated the research on the

risk associated with the consumption of food
products contaminated by pesticides, heavy ele-
ments or toxins (D’Mello 2003; De Santis et al.
2007). Heavy metal contamination can occur due
to contaminated water, fertilizers and pesticides,
industrial emissions. Plants can accumulate trace
elements; especially trace metals, in or on their
tissues due to their great ability to adapt to vari-
able chemical properties of the environment.
Thus, plants are intermediate reservoirs through
which trace elements from soils, and partly from
waters and air, move to man and animals. The
absorption and accumulation of heavy metals in
vegetables and fruits are influenced by many fac-
tors, including: the concentration of heavy metals
in soil, composition and intensity of atmospher-
ic deposition, including precipitations, phase of
plant vegetation (Vontsa et al. 1986). Each case
of plant pollution is unique and should be studied
for a specific environment. There is an increasing
awareness that the results of the studies based on
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simulation-type systems cannot be related to those
in a natural system. The trace pollutants entering
plant tissues are active in metabolic processes,
but can also be stored as inactive compounds in
cells and on the membranes.

Metals can be transferred from soil pore water
into the plants through the roots in the form of dis-
solved ions (e.g., Cd*") (McLaughlin et al. 2011).
Series of complex processes occur in the soil pore
water and crop rhizosphere. The degree of metal
enrichment in crops can be described with the en-
richment factor, which is defined as the ratio of
particular element content in a plant to that in soil.
Recently, the application of enrichment factor in
the form of transfer factor, bio concentration fac-
tor (BCF), and plant uptake factor has been ex-
panded to the research on soil, water system, and
sediment, as well as assessment of heavy metal
pollution in environmental geochemistry (Khan
et al. 2010; Brioschi et al. 2013). BCF is an im-
portant quantitative indicator of crop contamina-
tion and has commonly been used for estimating
the metal transfer from soil into plants (Garcia et
al. 2009). In order to ensure soil quality and pre-
vent the accumulation of toxic heavy metals in
plants, it is essential to understand the dynamics
of heavy metals in the soil-leaf-fruit system, since
their presence in soils does not necessarily imply
their adverse effects if they do not occur in a form
that is easily absorbed by plants. Moreover, while
assessing the usability of a soil for agricultural
production with respect to heavy metal contami-
nation, it is vitally important that careful consid-
eration be given to the chemical properties of the
soil and their effect on the uptake, transport and
accumulation of heavy metals in the plant.

To this end, the present study assessed the ex-
tent of heavy metal accumulation in apple tissues
commonly grown in agricultural areas in the Dre-
nas region. It is essential to investigate the heavy
metal dynamics in the soil-leaf-fruit system in
fruit crops as these provide staple food for human
diet. Given the above, the objective of the present
study was to evaluate the dynamics of heavy met-
als Pb, Cd, Cr, Ni, As, Zn, Cu and Fe in an inten-
sive apple (Deleciose, cv. Supercheef) planting
located in the region of Drenas, and give insight
into the potential for safe fruit production on the
study location. However, this study aimed 1) at
investigating the level of heavy metal contamina-
tion in the soil, 2) studying bioaccumulation of
heavy metals in growing plants in the Drenas re-
gion and 3) identifying which rootstock used is
the largest barrier in the accumulation of heavy
metals in fruit trees.
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MATERIALS AND METHODS

Description of the Study area:

The present study was conducted in the Dre-
nas town, an urban area located 20 kilometers far
from Prishtina (capital of Republic of Kosovo) in
the west, one of the important mining and smelt-
ing locations in Kosovo (Fig. 1). The smelter
(Ferronickel) has operated since 1982. The Fer-
ronikel complex has three open pit mines: the Du-
shkaja mine with estimated reserves of 6.2 million
tonnes; the Suka mine — 0.8 million tonnes and
the Gllavica with 6.8 million tonnes. The Ferroni-
keli smelter is well-known for the final produc-
tion of Ferro- nickel. In metallurgical processing,
the mineral base is treated by an oxide mineral
of nickel (two sources) with the following aver-
age chemical structure: Ni+Co=1.2%; Fe=26.0%;
Si0,=47.0%; Ca0=2.5%; Cr,0,=1.2%;
MgO=11.0%. The produced slag has the follow-
ing chemical structure: Ni-0-08%; SiO, 55-57%;
MgO 10.0%; Fe total 20%; Ca) 4.0%. The ca-
pacity of the smelter in the technological lines
(rotating furnace and electrical furnace) is about
12.000 t Ni/year (Rizaj et al. 2008). In recent
times, the smelter plant is has been active and it is
known as “New CO Ferronickel”.

Sample collection

The sampling locations were chosen near
farmland and industrial areas. Individual soil
samples were collected from each plant to assess
the metal content in the immediate plant environ-
ment. The samples of fruits, leaf, shoots and soil
were analysed for eight heavy metals (Pb, Cd, As,
Ni, Zn, Cu, Cr and Fe). In total, 20 samples of soil
and 90 apple samples were collected in the Drenas
region and the reference area during September-
November 2017 (Fig. 1). Three kinds of apple tis-
sues were collected during the harvest period, in-
cluding fruits, leaf and shoots. In order 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). The
soil samples were taken from the surface layer
(0-20 cm). All the samples were sealed in poly-
ethylene 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
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Figure 1. View from the studied area — Drenas

and sieved through 80 meshes (0.2 mm). For all
samples, the decay and withered tissues were re-
moved and the edible parts were washed with tap
water to remove the surface dirt. The edible parts
of fruits or leaf were repeatedly rinsed with deion-
ised 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), the field samples were obtained
in accordance with the respective protocols and
consisted in sampling the soil from apple planted
surfaces within the respective localities. The sam-
ples obtained were labelled with all relevant data
(location, sampling date, and other notes). The
concentration of metals in the soil samples was
determined by the Atomic Spectrometer Absorber
(AAS) of the Perkin-Elmer model 1200 mark. The
work samples (2.0 gr of soil sample) were treated
with a 1:3 aqueous regia mixture (4 ml HNO, +
12 ml of concentrated HCI) in an electrical reso at
a temperature of 200°C for 60 minutes. Prior to
mineralization with aqua regia, the organic mat-
ter was disintegrated with concentrated hydrogen
peroxide (35% H,0,). Then, the mineralized sam-
ples were mixed with distilled water and filtered
with Watman 0.45 pm filtration paper. The filter
was placed on a volumetric balloon of 50 cm?

and levelled up to the mark with distilled water.
Such samples were read with AAS and spectro-
photometer. The AAS calibration was done with
the standard reference material of 1000 ppm (mg/
kg) from which the respective metal standards
were prepared. BCF was calculated for different
plant parts (shoot, leaf and fruits) by the follow-
ing equation: BCF = metal in plant part/metal in
soil (mg kg™ dw).

Statistical analysis

The data were statistically analyzed using
GraphPad Prism — version 7.05, and Microsoft
Excel, 2010, computer packages. Pearson corre-
lation coefficients were calculated to determine
the relationship between heavy metal contents in
the fruits, leaf, shoot and in the soils. The level of
significance was set at p <0.05.

RESULTS AND DISCUSSION

The concentrations of heavy metals Pb, Cd,
Cr, Ni, As, Zn, Cu and Fe in the apple tissues
(delicious, cv. supercheef) varies depending on
the type of rootstock. Table 1 shows the distribu-
tion values of the heavy metals in soils and the
analyzed tissues (fruit, leaves and shoots) of the
apple sp. with rootstock mm106, m26, m9 in the
region of Drenas.
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Comparisons were made by analyzing the
same element and subtype types with the refer-
ence area — Kovrage, Table 2. The analyses in soil
samples show these values: Pb — 2.44 mg / kg,
Cd-0.39mg/kg,Cr—13.4mg/kg,Ni-33.12mg/kg,
As—0.007mg/kg,Zn—-20.69mg/kg,Cu—11.3mg/kg
and Fe — 15.96 mg / kg. The distribution of heavy
elements in soil was followed by this sequence:
Ni> Zn> Fe> Cr> Cu> Pb> Cd> As. The pH val-
ues in all analyzed soil samples were distributed
from 6.45 to 7.8, indicating that the soil analyzed
was neutral and basically weak. The general con-
centrations of metals in soils between the two
analyzed regions (Drenas and the reference site)
showed significant differences in scale.

As compared to the soils, the apple tree tis-
sues contained less heavy metals with obvious

variations among different rootstocks (table 1).
The concentrations of Pb in tissues with differ-
ent rootstocks were 0.17-1.55 mg kg™! (mm106),
0.07-1.49 (m26) and 0.08-2.17 (m9). The Cd
values in fruit were 0.05-0.21 (mm106), 0.09—
0.17 (m26), 0.02—0.18 (m9). The Cr values were:
3.12-11.6 (mm106), 3.38-8.22 (m26), 2.81-8.31
(m9). The Ni values were: 0.79-17.2 (mm106),
0.24-16.5 (m26), 0.49-15.33 (m9). Arsenic was
not detected in plant tissue with rootstock mm
106 and m26, while in the fruits with rootstock
m9, the recorded value was: 0.009 mg kg™!. The
Zn values were: 1.51-65.2 (mm106), 1.78-81.1
(m26), 2.03-59.2 (m9). The Cu values were:
2.24-19.3 (mm106), 2.87-23.1 (m26), 2.05-24.2
(m9). The Fe values reached: 2.49-76.4 (mm106),
2.27-23.1 (m26), 2.05-24.2 (m9). These results

Table 1. Heavy metal concentration (mg kg™') in soil, shoot, leaf and fruits of apple species depending on

rootstocks type from Drenas region

Specification Heavy metals (mg/kg™')

Rootstock Tissues Level Pb Cd Cr Ni As Zn Cu Fe
Mean 1.21 0.21 3.12 1.58 nd 65.2 19.3 58.5

shoot SD (%) 0.52 0.17 1.15 0.67 8.86 6.17 15.2

CV (%) 42.9 80.9 36.8 42.4 13.5 31.9 259

Mean 0.17 0.05 5.53 0.79 nd 255 9.62 76.4

M106 leaf SD (%) 0.08 0.04 2.19 0.31 4.7 3.57 10.1
CV (%) 471 80 39.6 39.2 18.4 371 13.2

Mean 1.55 0.21 11.6 17.2 nd 1.51 2.24 2.49

fruits SD () 1.09 0.02 4.74 8.06 0.99 1.74 1.33

CV (%) 70.3 9.52 40.8 46.8 65.5 77.6 53.4

Mean 0.89 0.17 3.38 1.18 nd 81.1 231 73.5

shoot SD (%) 0.47 0.1 1.13 0.41 8.53 5.96 9.97

CV (%) 52.8 64.7 33.4 347 10.5 25.8 13.5

Mean 0.07 0.09 4.34 0.24 nd 37.5 12.4 91.1

M26 leaf SD (1) 0.05 0.05 1.18 0.54 6.85 4.03 10.8
CV (%) 71.4 55.5 27.1 225 18.2 325 11.8

Mean 1.49 0.17 8.22 16.5 nd 1.78 2.87 2.27

fruits SD (%) 0.63 0.11 2.84 3.47 0.68 0.88 0.94

CV (%) 42.2 64.7 34.5 211 38.2 30.6 41.4

Mean 0.94 0.12 3.63 1.34 nd 59.2 24.2 62.3

shoot SD (%) 0.38 0.07 0.41 0.5 7.16 5.85 10.4

CV (%) 40.4 58.3 1.2 37.3 121 241 16.7

Mean 0.08 0.02 2.81 0.49 nd 22.2 15.9 106.1

M9 leaf SD (%) 0.05 0.02 0.99 0.42 5.51 5.43 11.22
CV (%) 62.5 100 35.2 85.7 24.8 34.1 10.5

Mean 217 0.18 8.31 15.33 0.009 2.03 2.05 3.12

fruits SD (%) 1.69 0.09 4.47 6.77 0.001 0.91 1.39 1.64

CV (%) 77.8 50 53.7 441 11.1 44.8 67.8 52.5
Mean 244 0.39 13.4 33.12 0.007 20.69 11.3 15.96

Soils SD (%) 1.63 0.1 2.34 19.7 0.001 6.77 2.24 3.32
CV (%) 66.8 28.2 17.4 59.4 14.2 327 19.8 20.8

Note: Values are expressed as means X and + SD. Nd — not detected.
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demonstrate that Pb, Cd, Cr, Ni and As are the
dominant metal pollutants accumulated in fruits
apple grown in the agricultural soils in the Drenas
region. On the other hand, Zn, Cu and Fe are the
dominant metals accumulated in the shoots and
leaf to apple tree in this region. In m26 and m9
rootstocks, the largest quantity of Pb is stored in
the fruit. The highest amount of Cd is stored on
the fruit and is registered in the mm106 rootstock.
Chromium and Ni were mostly stored in the fruit
at the three studied rootstock. Arsenic was detect-
ed in the highest amount only in the m9 rootstock
while in other rootstock, it was not detected at
all. Zinc and copper in the highest amount were
found in shoots in three different rootstocks. The
analyses conducted for heavy metals in plant tis-
sues showed high levels of accumulation of Zn
in leaves and shoot compared with the amount of
Cu. This is known as an antagonist effect.

The following results represent a rootstock
that tends to accumulate more severe elements:
Pb/fruit: m9> mm106> m26; Cd / fruit: mm106>
m9>m26; Cr/ fruit: mm106> m9> m26;

Ni/fruit: mm106 > m26 > m9; As/fruit: m9 >
mm106 > m26; Zn/shoot: m26 > m9 > mm106;
Cu/shoot: m9 > m26 > mm106; Fe/leaf: m9 >
m26 > mm106. On the basis of the obtained re-
sults it was observed that the cultivar with root-
stock mm106 has a high tendency to absorb
heavy metals (lead, cadmium, chromium, nickel,
arsenic) with toxicity. Meanwhile, m9 rootstock
has a tendency to absorb the elements that are
necessary for the plant (Fe, Cu).

BCF is an index for assessing the possible
transfer of a metal from soil to plants versus fruit
ability to accumulate a particular metal with re-
spect to its concentration on the substrate of the
earth (Adamo et al., 2014). Bioaccumulation

Table 2. Heavy metal concentration (mg kg™') in soil, shoot, leaf and fruits of apple species depending on

rootstocks type from Reference site

Specification Heavy metals (mg/kg™')

Rootstock Tissues Level Pb Cd Cr Ni As Zn Cu Fe
Mean 3.23 0.23 0.26 3.76 nd 56.17 5.12 34.05

shoot SD (%) 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
Mean 1.69 0.16 1.13 0.93 nd 23.2 8.55 79.14

M106 leaf 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

Mean 0.51 0.009 1.27 0.28 nd 0.88 0.98 3.36

fruits SD (t) 0.34 0.001 0.63 0.07 0.44 0.32 1.79

CV (%) 66.6 1.1 49.6 25 50 32.6 53.2
Mean 2.65 0.17 0.18 244 nd 48.02 6.31 41.03

shoot SD (%) 1.69 0.24 0.1 1.08 11.03 1.41 4.37

CV (%) 63.7 141.1 61.1 442 22.9 22.3 10.6
Mean 1.38 0.19 1.06 0.41 nd 41.15 1.7 104.3

M26 leaf SD (+) 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

Mean 0.38 0.08 0.99 0.18 nd 0.74 0.78 3.23

fruits SD (%) 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 7.7 22.9
Mean 2.12 0.13 0.42 3.33 nd 62.11 4,97 36.14

shoot SD () 1.05 0.09 0.14 1.38 12.17 1.65 6.09

CV (%) 49.5 69.2 33.3 414 19.5 33.1 16.8

Mean 0.85 0.06 0.86 0.31 nd 29.2 9.84 94.9

M9 leaf SD (&) 0.82 0.04 0.28 0.28 6.96 2.93 11.24
CV (%) 96.4 66.6 32.5 90.3 23.8 29.7 11.8

Mean 0.31 0.003 0.49 0.19 nd 0.31 0.93 413

fruits SD (#) 0.21 0.001 1.37 0.27 0.13 0.87 2.59

CV (%) 67.7 33.3 279.5 1421 41.9 93.5 62.7

Mean 1.03 0.05 0.39 1.99 nd 4.72 1.92 9.22

Soils SD (&) 0.66 0.009 0.31 1.43 1.14 0.39 3.58
CV (%) 64.1 18 79.4 71.8 241 20.3 38.8

Note: Values are expressed as means X and + SD. nd — not detected
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Factor (BCF) table 3 summarizes the BF value in
the study area. The plant species apple delishese
in fruits showed higher BF values for Pb: m9 >
mm106 > m26 (1.1, 0.61, 0.57); Cd: mm106 >
m9 > m26 (0.62, 0.51, 0.44) Cr: mm106 > m9 >
m26 (0.93, 0.66, 0.65). Similarly, leaf and shoot
showed high BF value for Fe, Cu and Zn. The
concentrations of heavy metals in mine soil are
almost high as compared to plants, and the bioac-
cumulation value is restricted to all most all plant
species of the study area.

This restriction of heavy metals can be due to
physical parameters like PH, EC of soil and met-
als resistance in plant body (Gupta et al. 2008).
The concentrations of heavy metals in fruits also
exhibit significant differences between samples,
which shows the high variation coefficient (CV)
(ranging from 62.8 to 185.7%) in table 1. The cor-
relation between the heavy metals in the soil and
the plant tissues are presented in the tables 4, 5,
and 6. On the basis of the presented results and
the correlation analysis, most metals did not show
correlation. However, some metals indicated cor-
relation, so in shoots with rootstock mm106, Cd
showed high correlation with Cr and Ni (r=0.718
and r = 0.728). The same correlation Cd was also
shown with Ni and Cu in fruits with rootstock
mm106 (r=0.691 and r = 0.759).

In the m26 rootstock, there was a significant
negative correlation (r = -0.742) between Pb and
Cr. Negative correlation is also present between
Zn and Cu in the leaves (r = -0.808). A negative
correlation (r = -0.791) between the Cd and Fe
in the shoot tissue was observed in m9 rootstock.

The positive correlation was observed in the
leaves between Pb and Cd (r = 0.706) while nega-
tive between Cd and Zn (r = -0.764). The positive
correlation in fruit was found between Cd and Cr
(r =0.632) and between Cd and Zn (r = 0.681).
In this study, the concentrations of heavy metals
analyzed in apple tissues and especially in fruit
were tens of times higher than the allowed maxi-
mum limits. The obtained results showed that the
fruits were powerful accumulators of heavy met-
als, considering that for some types of rootstocks,
the concentrations of heavy metals in the samples
exceeded the allowed values.

Our results are in line with those reported by
Zhen et al. (2008), Xiao et al. (2010) 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. The fruits culti-
vated in the mining areas were prone to contami-
nation with heavy metals (Xiao et al., 2010). The
results of the present work exhibited differential

Table 3. BCF of heavy metals in plant species of the study area

BCF=Cp/Cs Drenas region BCF= Cp/Cs Reference site
Heavy metals Rootstock Leaf Shoot Fruits Heavy metals Rootstock Leaf Shoot Fruits
MM106 0.02 1.08 0.46 MM106 0.42 1.63 0.12
Ni M26 0.04 0.03 0.44 Ni M26 0.17 1.05 0.07
M9 0.01 0.03 0.41 M9 0.13 1.44 0.08
MM106 0.06 0.47 0.61 MM106 1.81 3.62 0.57
Pb M26 0.04 0.34 0.57 Pb M26 1.55 2.97 0.42
M9 0.03 0.19 1.1 M9 1.92 2.38 0.34
MM106 0.14 0.61 0.62 MM106 2.14 3.28 1.28
Cd M26 0.21 0.48 0.44 Cd M26 2.7 2.42 1.14
M9 0.05 0.34 0.51 M9 0.85 1.85 0.04
MM106 Nd Nd Nd MM106 Nd Nd Nd
As M26 Nd Nd Nd As M26 Nd Nd Nd
M9 Nd Nd Nd M9 Nd Nd Nd
MM106 1.08 2.72 0.06 MM106 6.74 16.3 0.25
Zn M26 1.63 3.46 0.07 Zn M26 11.9 13.9 0.21
M9 0.94 2.52 0.08 M9 8.4 18.1 0.08
MM106 0.44 0.25 0.93 MM106 1.18 0.27 1.33
Cr M26 0.34 0.27 0.65 Cr M26 1.1 0.18 1.04
M9 0.22 0.29 0.66 M9 0.91 0.14 0.51
MM106 4.96 3.79 0.16 MM106 10.2 4.42 0.43
Fe M26 5.91 4.77 0.14 Fe M26 13.5 5.32 0.41
M9 6.88 4.04 0.21 M9 12.3 4.68 0.53
MM106 0.59 1.19 0.13 MM106 2.78 1.65 0.31
Cu M26 0.77 1.43 0.17 Cu M26 3.81 2.05 0.25
M9 0.98 1.51 0.21 M9 3.21 1.61 0.31

Note: BCF — bioaccumulation factor.
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Table 4. Calculation of correlation coefficient (r) between heavy metals in soil, shoot, leaf and fruit to apple
cultivar (delicious v. supercheef) with mm106 rootstock

Pb Cd Cr Ni As Zn Cu Fe
Soil
Pb 1.000 0.042 -0.114 0.182 -0.423 -0.221 0.578 0.357
Cd 1.000 -0.216 0.131 -0.364 -0.378 0.531 -0.064
Cr 1.000 -0.354 0.309 0.484 -0.503 0.037
Ni 1.000 -0.485 0.182 0.511 0.186
As 1.000 -0.147 -0.456 -0.162
Zn 1.000 -0.339 0.248
Cu 1.000 -0.079
Fe 1.000
Shoot
Pb 1.000 -0.384 -0.237 -0.228 nd -0.075 -0.133 -0.024
Cd 1.000 0.718" 0.728" nd -0.338 -0.563 0.572
Cr 1.000 0.581 nd 0.116 -0.385 0.451
Ni 1.000 nd -0.157 -0.339 0.462
As nd nd nd nd
Zn 1.000 0.237 -0.399
Cu 1.000 0.032
Fe 1.000
Leaf
Pb 1.000 -0.576 0.236 0.614 nd 0.303 0.161 0.214
Cd 1.000 -0.552 -0.189 nd 0.145 -0.266 -0.417
Cr 1.000 0.282 nd -0.617 0.085 -0.137
Ni 1.000 nd -0.008 -0.047 0.026
As nd nd nd nd
Zn nd 1.000 -0.349 0.211
Cu nd 1.000 0.198
Fe nd 1.000
Fruits nd

Pb 1.000 0.005 0.021 -0.305 nd -0.051 -0.393 0.017
Cd 1.000 -0.215 0.691" nd -0.376 0.759" 0.052
Cr 1.000 0.102 nd 0.596 -0.552 -0.195
Ni 1.000 nd -0.494 0.526 -0.212
As nd nd nd nd
Zn 1.000 -0.457 0.245
Cu 1.000 0.258
Fe 1.000

Note: nd — not detected.

distribution of heavy metals in various 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 physi-
cochemical properties of heavy metals, industrial
region, species of crops, cultivation strategy, soil
type and growing conditions. Previous stud-
ies showed that the higher the concentration of
heavy metals on soil, the higher the probability
will be in plant cultures (Mapanda et al., 2007).
Poniedzialek (Poniedzialek et al., 1999) found
the 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 repro-
ductive 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
(Karavoltsos et al., 2002).

In our study, fruit analysis from all sam-
pling points was contaminated by an excessive
amount of Cd compared to the permitted limit
(0.05 mg/kg) proposed by FAO / WHO (1995).
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Table 5. Calculation of correlation coefficient (r) between heavy metals in soil, shoot, leaf and fruit to apple

cultivar (delicious v. supercheef) with m26 rootstock

Pb Cd Cr Ni As Zn Cu Fe
Shoot
Pb 1.000 -0.354 -0.742 -0.263 nd -0.456 0.017 0.023
Cd 1.000 -0.009 0.535 nd -0.471 0.209 -0.535
Cr 1.000 0.132 nd 0.508 -0.074 0.271
Ni 1.000 nd -0.277 0.584 0.153
As nd nd nd nd
Zn 1.000 -0.354 0.388
Cu 1.000 0.291
Fe 1.000
Leaf
Pb 1.000 -0.361 0.227 0.453 nd -0.291 -0.062 0.288
Cd 1.000 -0.341 -0.408 nd 0.566 -0.301 -0.277
Cr 1.000 0.162 nd 0.453 -0.387 0.203
Ni 1.000 nd -0.255 -0.142 0.601
As nd nd nd nd
Zn 1.000 -0.808" 0.025
Cu 1.000 -0.334
Fe 1.000
Fruits

Pb 1.000 0.155 0.256 -0.197 nd -0.371 -0.614 0.218
Cd 1.000 -0.251 -0.171 nd 0.591 0.009 0.041
Cr 1.000 0.407 nd -0.433 -0.446 -0.083
Ni 1.000 nd 0.071 -0.354 -0.334
As nd nd nd nd
Zn 1.000 0.264 0.169
Cu 1.000 0.234
Fe 1.000

Note: nd — not detected.

The results obtained in this study were also con-
sistent with those found in apples (2.21 mg/kg)
(Hamurcu et al. 2010).

The above-mentioned results show that Cd
has a high capacity to be transferred from soil
to edible parts of fruit in agricultural lands of
the Drenas region. This can be attributed to the
competition between Cd*" and Ca*. It is easier
for Ca?* to be replaced by Cd?* than other metals
due to their same valence (Kim et al. 2002). In
addition, Ca is an essential element for plants and
can enter plant tissues through active transport,
while most heavy metals (as non-essential ele-
ments) can only be introduced into plant tissues
through passive methods (e.g., concentration dif-
fusion and permeation) Costa and Morel 1993).

The concentration of Cr in delicious apple
cultivars in three rootstocks, i.e. 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
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various summer fruits from Pakistan (Zahoor et
al., 2003). There is no information on the maxi-
mum chromium levels in dried fruit samples
(Anonymous 2002). Chromium (III) is an essen-
tial nutrient that empowers the action of insu-
lin and thus affects the metabolism of carbohy-
drates, lipids and proteins. However, chromium
(VI) is carcinogenic (Tuzen and Soylak 2006).
This high concentration of Cr can be dangerous
to the local community and fauna of the study
area (Yang et al., 2011).

The Ni levels in fruit were many times higher
than the maximum allowed limit (0.3 mg/kg) (Li
et al., 2012). The content of nickel in literature
was reported in the range of 1.0-8.9 mg/kg in
some fruits from Pakistan (Zahoor et al., 2003).
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 el-
ement to plants; however, its excess causes vari-
able symptoms of toxicity (Zornoza et al., 1999).
The low content of copper in apple fruits is most
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Table 6. Calculation of correlation coefficient (r) between heavy metals in soil, shoot, leaf and fruit to apple

cultivar (delicious v. supercheef) with m9 rootstock

Pb cd cro | Ni As Zn Cu Fe
Shoot ‘
Pb 1.000 0.207 -0.062 0.379 nd -0.298 0.041 -0.222
Cd 1.000 -0.312 -0.076 nd -0.209 -0.067 -0.791"
Cr 1.000 -0.076 nd 0.471 0.063 0.088
Ni 1.000 nd -0.553 0.159 0.497
As nd nd nd nd
Zn 1.000 -0.151 -0.174
Cu 1.000 0.271
Fe 1.000
Leaf
Pb 1.000 0.706" 0.101 0.198 nd -0.498 0.241 -0.033
Cd 1.000 0.006 0.528 nd -0.764" 0.448 0.232
Cr 1.000 -0.344 nd -0.454 0.197 -0.302
Ni 1.000 nd -0.458 0.061 0.058
As nd nd nd nd
Zn 1.000 -0.449 0.262
Cu 1.000 0.051
Fe 1.000
Fruits

Pb 1.000 -0308 0.086 -0.092 nd -0.247 0.057 0.044
Cd 1.000 0.632" 0.208 nd 0.681 0.194 -0.439
Cr 1.000 0.047 nd 0.316 0.201 -0.413
Ni 1.000 nd 0.029 -0.052 0.289
As nd nd nd nd
Zn 1.000 0.073 0.023
Cu 1.000 -0.031
Fe 1.000

Note: nd — not detected.

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 the
copper absorption (Chaudhry et al 1973).

CONCLUSIONS

The results obtained from this work showed
that the concentrations of heavy metals (Pb, Cd,
Cr, Ni, As, Zn, Cu and Fe) in the soil samples,
shoots, leaves and fruits in the Drenas region
were higher than the concentrations of these met-
als in the control samples. When the results of this
study were compared with comparable studies,
the heavy metal levels were found to be higher,
especially in fruits. The study showed that some
consumed fruits were highly contaminated with
some heavy metals and exceeded their standards
established by FAO/WHO. The differences in the
bioaccumulation of heavy metals in the apple tis-
sues (delicious) may be explained by the type

of rootstock used. The high accumulation ratio
values for Pb (1.1), Cd (0.62), Cr (0.93) and Ni
(0.46) were characteristic for the investigated
species and indicate the accumulation ability.
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