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Abstract

In this study, the heavy metal pollution and its accumulation effects in soil is the major cause. The magnitude and distribution
of heavy metal pollution in Istanbul has been investigated by taking soil and plant samples from urban intersections and refuges
defined as passive green areas in Atasehir, Beykoz, Kadikdy, Kartal, Maltepe and Pendik, Sancaktepe, Sultanbeyli, Umraniye and
Uskiidar districts of Anatolian Side of Istanbul Province. Within this scope, 205 leaf samples (3 needle-leaved) and 170 soil samples
were collected from 2 different depths (0-20 cm and 40 cm) and samples taked from 17 different passively green area locations.
Concentrations of heavy metals such as cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn), which
cause pollution in the samples were measured using the ICP-OES (Inductively Coupled Plasma-Optical Emission Spectrometer)
instrument. The average Cd, Cr, Cu, Ni, Pb and Zn levels for 0-20 cm depth in soil samples were; 6.03, 55.72, 38.01, 48.59, 32.69,
90.30 mg kg*. For 20-40 cm deep soils, mean values were determined as 6.10, 55.66, 35.11, 49.75, 33.51, 83.85 mg kg, respec-
tively. Results show us more than one point samples in different depths and locations exceeded excepting limit values almost every
heavy metal.

Keywords: Soil pollution; roadside soils; roadside plants; Istanbul

1. Introduction

Under the conditions of rapid urbanization and industriali-
zation, heavy metals are being introduced into the soil environ-
ment via atmospheric and water pathways, which is causing an
increase in soil heavy metal pollution (Agomuo and Amadi,
2017). Also, air pollution, one of the types of environmental pol-
lution, is a serious problem all over the world threatening the
health of all living things through the development of industrial
activities. And from the 1900s onwards, heavy metal pollution
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especially from vehicle emissions seems to have increased sig-
nificantly (Hawkins et al., 2020). In this context, air pollution
can be defined as the presence of pollutants in various forms
such as ash, dust, fog, soot, smoke, steam, gas and odor in quan-
tities damaging all existences (Das et al., 2019; Karahan et al.,
2020). Air, water and soil, there is a natural balance between
them, are like rings of a chain intertwined with each other. For
this reason air, water and soil pollution cannot be considered as
independent phenomena. The pollution of any one of them
means that a ring of the chain is broken which also affects others
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seriously, causing the ecosystem to deteriorate. The acid rains
resulting from air pollution and the polluted water reaching the
soil and causing soil pollution are examples that can be given in
this respect. The pollution of soils, which is very difficult or even
impossible to recover when they are lost, appears in a very long
time compared to other types of pollution. For this reason, in
order not to be late about soil pollution, it is firstly necessary to
determine whether the soil in the vicinity is searched for dirt and
pollution, if necessary, to take necessary preventive measures
and to coordinate with related institutions and organizations
(Keshavarzi et al., 2019). Moreover, related institutions should
act in coordination with this issue.

The most important agent of air and soil pollution is heavy
metals. The term of heavy metal is used for metals with a spe-
cific weight greater than 5 g cm or for elements with a rela-
tively large atomic number (Hogan, 2010; Ozdemir, 2019).
Heavy metals include transition metals from elements that show
metallic properties in the periodic system and some elements in-
cluding a number of nonmetals, lanthanides and actinides (Be-
diako et al., 2015). Heavy metals are natural components of the
environment. However, they have been mixed in soil, water and
air as a result of rapid population growth, increased urbaniza-
tion, industrial facilities, expansion of power plants, local heat-
ing systems and motor vehicles. The risk of these metals sub-
jected to human health is very high because these metals have a
tendency to be adsorbed, accumulated and biomagnified in the
body that can be responsible for various diseases (Herojeet et al.,
2015). This type of pollutions has adversely affected all the ele-
ments and the continuity of the ecosystem, causing environmen-
tal problems to be felt at a significant level (Karaca et al., 2005;
Uyar et al., 2009; Dhakal and Kattel, 2019).

Heavy metals tend to accumulate in the soil. Unlike other
toxic elements, they cannot be created or destroyed by living or-
ganisms (Ozyigit et al., 2019). The accumulation of metal quan-
tities in the soil depends on the previous metal content of the
soil, the emission levels, and the transport of metals gathered in
the source of pollution to the relevant areas (Ronchi et al., 2019).
Heavy metals are kept in the soil in consequence of the adsorp-
tion of the soil, chemical reactions and ion exchange (Li et al.,
2020). Deposition of heavy metals depends on the amount of or-
ganic matter in the soil and on the type of clay minerals (Yin et
al., 2020). Most of the metals, along with heavy and trace ele-
ments, are necessary for plant growth, but when they are present
in high concentrations in the soil, they become harmful and toxic
to living things (Ozyigit et al., 2018; Karahan et al., 2020). Es-
pecially in plants, the presence of excess amounts of Cd, Hg and
Pb metals is seen as a sign of contamination (Hoang et al., 2020).

Plants are important ecosystem components that enable the
transfer of substances within the ecosystem between biotic and
abiotic environments (Martinez-Lopez et al., 2014). The main
source of trace elements in plants is the growth environment.
Also, when we scope another harmful effects about heavy metals
are, they has been found that there are positive relationships be-
tween atmospheric heavy metal accumulation and heavy metal
concentrations in plants (Ugulu et al., 2012). Many plant species
can accumulate potentially toxic substances in significant
amounts (Piczak et al., 2003). Pinus sp., Cedrus sp. and Juni-
perus sp. were selected for this study because they meet most of
the requirements of good bioindicators (Mingorance et al.,
2007). The pine has needles with a thick epicutical wax layer
that makes the most suitable biodegraders, especially those that
are sensitive to environmental pollution (Mingorance et al.,
2007; Serbula et al., 2012). Urban trees and shrubs are often used
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to provide biological isolation in industrial and urban areas, as
they play an important role in filtering ambient air by absorbing
particulate matter and removing heavy metals (McDonald et al.,
2007; Dzierzanowski et al., 2011). To give information about
short-term and long-term toxicity levels, plants with higher bio-
logical impressions, especially those plants that are green every
season, are preferred.

In recent years, many studies have been carried out on de-
termining the type, concentration and sources of heavy metals in
roadside dust. For example, heavy metals such as Cd, Cu, Mn,
Ni, Pb and Zn have been found to be an important contaminant
on roadsides in Istanbul (Sezgin et al., 2004). In a study in An-
talya, Cd, Cr, Cu, Pb and Zn and were investigated in coastal
areas where marine and motor vehicles affected soil, soil sam-
ples taken from relatives of industrial zones and clean areas.
Concentrations in the city were found to be quite high compared
to clean areas (Guvenc et al., 2003).

Concentrations of Cd, Cu, Mn, Ni, Pb and Zn were inves-
tigated in Dhaka city of Bangladesh to determine heavy metal
pollution in soil and plants. As a result, it has been understood
that industrial solid wastes, wastewater and emissions cause
heavy metal pollution around the city of Dhaka (Kashem and
Singh, 1999). In Birmingham, UK, roadside heavy metal pollu-
tion has been identified in connection with intersections con-
trolled by traffic lights that are likely to regularly stop vehicles
(Charlesworth et al., 2003).

In Hong Kong and Jordan, a study has been conducted on
some roadside parks and gardens in order to determine the heavy
metal pollution in the soil. It is stated that the density of the met-
als is higher in the samples taken from the parks near the road-
side, and there is a significant relation between traffic density
and metal concentrations of leaves, soil and dust (Lee et al.,
2006). In another study of heavy metal concentrations in plant,
soil and air found at the roadside of Jordan, concentrations of
Cu, Pb, Cd and Zn heavy metals were investigated. It has been
found that automobiles make a great source of these elements
around the roadside, so that roadside has a high content of heavy
metals in the soil and plants (Jaradat and Momani, 1999).

Herewith, in this study, we aimed to use leaf samples from
needle-leaved trees and various soil samples in different depths
from passive green areas which may simply entail being open
space in urban areas and not usually use for peoples to determine
the current concentration of heavy metals in Anatolian Side of
Istanbul Province.

2. Material and methods
2.1. Study area

Istanbul has a very important position between the Asia
and Europe continents (Ozdemir et al., 2014). Its population is
close to 15 million, the number of traffic-driven vehicles is 3
million 651 thousand 166, and this value is increasing day by
day. For this reason, one of the biggest causes of environmental
pollution in Istanbul is definitely traffic (Unal et al., 2020).

In this study, it is aimed to investigate the size and distri-
bution of the pollution situation in the passive green areas of Is-
tanbul Anatolian side. For this aim, 3 different kinds of plant leaf
and 2 different depth soil samples were collected from 17 differ-
ent locations in Istanbul Anatolia. The representation of these
points on the map is given in Figure 1. Leaf samples were deter-
mined using available plants in the study areas. Also, soil sam-
ples were collected from the environment of all plant species.
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Fig. 1. Location of study areas in Istanbul Anatolian province (ESRI, Arcgis).

2.2. Experimental study

A total of 28 soil samples were taken from 2 different
depths, 0-20 cm and 20-40 cm by using drill tools. The soil study
areas are divided into parcels by paying attention to differences
such as soil color, area gradient, soil structure and at least one
kilogram soil sample is taken to represent each parcel. A total of
51 leaf samples were taken from 3 different plants representing
different layers of trees. Leaf samples were determined using
available plants in the study areas. Plant species from which leaf
samples are taken are as follows: Cedar (Cedrus sp.), Pine (Pi-
nus sp.) and Juniper (Juniperus sp.). The coordinates of the study
areas were given in Table 1.

Table 1
The coordinates of the study areas.
Location Code Latitude Longitude
P1 40.910219 29.183229
P2 40.924211 29.311629
P3 40.947897 29.310706
P4 40.861408 29.273036
P5 40.919180 29.278118
P6 40.942186 29.302335
P7 40.999386 29.073590
P8 40.979635 29.218200
P9 40.943105 29.216145
P10 40.940880 29.127078
P11 40.951061 29.161613
P12 40.968180 29.139885
P13 40.992566 29.127265
P14 40.987301 29.033883
P15 40.980263 29.077338
P16 41.005469 29.072423
P17 41.106940 29.084599

Taking of samples from the specified regions was carried
out in April 2015. Concentrations of Cd, Cr, Cu, Ni, Pb, and Zn
causing pollution were determined using ICP-OES instrument
within the scope of heavy metal pollution in all samples.
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The soil samples were subjected to an oven drying process
at an average temperature of 35-40°C by laying them on a non-
evaporating and non-hygroscopic tray with a thickness of not
more than 15 mm. The soil samples to be analyzed were pre-
pared by grinding with wooden and porcelain mortars and knurls
in a such manner that they can pass through the sieve of 2 mm
thickness to prevent metal contamination.

0.2-0.3 g of soil samples which are prepared for heavy
metal analysis were weighed and transferred to pressure pots
with Teflon material and 10 ml of aqua regia (1/3 HNO3 / HCI)
was added. Then, in the temperature-pressure controlled micro-
wave device (BERGHOF Microwave Sting Unit) where the low
temperature and high pressure disintegration processes can be
performed, the disintegration process was carried out within the
compass of the program that lasts one hour and provides gradual
temperature increase. Then, the obtained solution was diluted
with distilled water at the desired ratio, and the solution was
ready for measurement. The solution obtained after the incinera-
tion process, after the method works in ICP-OES (Perkin Elmer
Optima 2100 DV) instrument, was subjected to heavy metal de-
tection by the method selected by choosing the wave lengths
with low background (for Cd: 226.502, for Cr: 267.716, for Cu:
324.752, for Ni: 341.476, for Pb: 220.353 and for Zn: 213.857),
low interference and least vibration. Leaf samples were washed
with pure water and then dried in a fan-drying oven at a temper-
ature of 65-70°C so that they can be passed through a 0.2 mm
sieve. The heavy metal analysis method carried out in the soil
samples was exactly applied to the prepared plant samples.

3. Results and discussion

In this study, it has been observed that the highest concen-
tration of heavy metal was Zn (82.06 mg kg™) at the 10" point,
the lowest concentration of heavy metal was Pb (0 mg kg™) at
10" point and Cd 0 mg kg™) at 8™ point. The highest value was
found at the 8™ point for Zn (36.43 mg kg™) and the lowest value
was found at the point P8/9 for Cd (0 mg kg™) and at the point
of P8 for Cr (0 mg kg™) in the leaves of the pine plants. The
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Table 2
The heavy metal concentrations of plant leaf samples (mg kg™).
Cd Cr Cu Ni Pb Zn
Avg. 0.16+0.07 16.38+19.57 18.35+10.09 10.49+15.92 5.75+6.89 44.60+22.00
Cedrus sp. Min. 0.00 (P8) 3.00(P16) 8.95(P10) 1.73 (P3) NA (P10) 21.80 (P10)
Max. 0.38 (P6) 52.78 (P11) 38.88 (P6) 39.27 (P11)  19.33 (P6) 82.06 (P6)
Avg. 0.11+0.06 9.17+8.21 8.41+3.97 4.06+6.34 2.14+1.40 26.25+6.13
Pinus sp. Min.  0.00 (P8&P9)  0.00 (P8&PI) 2.11(P10) 0.09 (P9) 0.68 (P15)  20.58 (P15)
Max. 0.22 (P17) 25.71 (P14) 2.80(P9) 16.78 (P14) 4.06 (P29) 36.43 (P8)
Avg. 0.10+0.06 11.05+6.91 11.89+4.94 8.88+6.62 8.70+13.55  32.03+18.50
Juniperussp.  Min. 0.00(P10) 2.11(P10) 5.79(P10) 1.55 (P1) NA (P10) 13.69 (P10)
Max. 0.14 (P4) 18.88 (P13) 18.12 (P15)  14.32 (P13)  29.70 (P5) 61.10 (P5)
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Fig. 2. The heavy metal concentrations of soil samples in the depth range of 0-20 cm (mg kg™*) and compares according to references (Yalcin et
al., 2020) values from previous studies.
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Fig. 3. The heavy metal concentrations of soil samples in the depth range of 20-40 cm (mg kg™) and compares according to references (Yalcin et
al., 2020) values from previous studies.
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Table 3
The heavy metal concentrations of soil samples in the depth range of 0-
20 cm and 20-40 cm (mg kgt).

Zn
20-40 cm
122.15+19.1
63.93+24.7
70.24+37.2

75.78+£8.9
37.11+4.8
123.70+14.2
70.26+51.3
38.81+£21.3
45.82+40.4
57.08+11.9
50.02+11.12
168.43+60.2
46.43+14.1
132.94493 .4
52.40+14.9
90.86+33.7
78.09+8.5
77.89+37.78
37.11

168.43

Pb

0-20 cm
125.08+20.7
79.24428.7
91.08+5.5
87.16+9.8
60.96+9.4
86.59+7.6
58.65+29.3
37.09+18.8
43.71+24 .3
58.36£3.1
59.11+0.2
201.63+88.4
343125
118.15+104.7
60.12+10.5
94.89+14.7
73.81+4.2
80.58+40.40
34.31
201.63

Ni

20-40 cm
45.22+25.0
20.6246.5
18.28+5.5
24.38+7.0
27.0443.5
178.60+12.3
27.46+5.6
14.1243.6
16.27+7.2
17.224+4.2
15.08+3.3
50.19+23.5
17.76+3.6
71.05+£71.2
26.13+9.2
31.04+7,7
40.9843.8
37.73+£39.35
14.12
178.60

Cu

0-20 cm
51.52430.0
21.49+3.3
21.99+2.4
29.07+7.2
35.88+7.11
36.98+2.4
20.23+3.3
14.14+4.4
17.31£7.1
18.34+0.7
22.40+6.3
68.64+36.2
15.67+2.9
54.55+51.8
28.10+12.6
33.34+6.8
41.72+3.3
31.26+15.44
14.14
68.64

Cr

20-40 cm
70.71£8.1
66.64+23.0
41.50+14.9
60.39+£19.3
36.75+10.1
83.01+6.3
45.80+21.6
38.73+18.8
25.89+15.1
2428429
25.23+5.6
37.49+10.5
38.61+24.7
40.0849.3
36.52+4.7
4737+13.4
42.01+13.0
44.77+16.44
24.28

83.01

Cd

0-20 cm
70.45+7.6
46.15+£13.4
36.31+21.4
25.53+11.4
24.24+2.1
43.11+13.53

51.1943.6
53.27+11.0
57.4949.9
62.48425.2
49.00+3.6
29.27+1.0
40.91+13.4
24.28+14.8
38.40+12.6
38.38+8.8
49.10+12.0
36.43+4.3
24.24
70.45

zZn

20-40 cm
38.05+9.0
28.09+6.9
23.75+11.9
34.58+2.7
26.80+8.3
39.24+2.1
46.15+8.5
20.38+6.0
18.77+11.9
21.3743.5
21.59+7.7
46.81+12.1
17.80+5.4
49.12+18.6
24.75+0.9
42.85+7.6
34.27+2.2
31.43+10.67
17.80
49.12

Pb

0-20 cm
39.86+6.0
28.65+6.20
27.3346.8
36.46+6.6
33.7548.3
38.53+1.4
25.86+12.0
22.35+£7.9
18.59+10.7
21.59+0.2
27.77+1.4
55.66+£14.2
15.20+3.1
51.21£254
33.1543.0
50.27+7.4
33.4743.8
32.92+11.54
15.20
55.66

Ni
20-40 cm
76.84+17.9
110.81+63.6
56.27+18.5
60.52+27.52
22.48

101.28426.7
110.81

65.44+27.4
90.68+8.9
65.50+£26.5
95.29423.2
48.2749.5
22.48+2.9
28.18+8.9
31.154+6.0
74.72+54.8
49.38+8.5
31.51+2.0
40.22+0.8
40.85+9.6

Cu

0-20 cm
71.82+15.9
75.41+13.1
79.22+17.9
59.68+16.8
138.30498.6
57.49+5.4
62.53+14.2
81.78+28.0
45.80+14.3
22.95+3.7
24.73+1.5
37.96+9.3
72.99+46.1
44.29+4.9
35.14£3.2
42.52+10.6
35.74+3.1
58.14+27.99
22.95

138.30

Cr
20-40 cm

7.00£1.0
6.56+2.0
4.99£1.0
6.89+1.7
10.924+2.8
13.04+1.8
8.91+2.8
431+1.4
4.29+1.3
3.97+0.5
5.00+0.5
4.95+1.3
5.20+1.0
4.87+1.1
3.35+0.3
4.89+0.3
5.59+0.3
6.16+2.59
3.35
13.04

Cd

0-20 cm
6.99+0.6
5.00+0.2
6.50+2.2
6.48+1.4
12.32+6.4
9.90+2.5
6.35+1.2
4.38+1.0
3.99+1.4
3.92+0.7
4.76+0.1
5.40+0.6
4.98+1.1
5.26+0.9
4.42+0.8
4.73+0.6
5.10+0.3
5.91£2.19
3.92
12.32

Notation
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
Avg.
Min.
Max.
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highest values of Zn (61.10 mg kg) at the P5 point and the Pb
and Cd values (0 mg kg™) at the P10 and P4 points, respectively,
are the lowest values in the leaves of the juniper plants of the
selected point. The result of leaf analysis of various plants col-
lected from the study areas is shown in Table 2.

The normal worldwide distributions of the studied heavy
metals in mg kg™ in soils are 0.5 global average for Cd; 54
(global average) for Cr (Kabata-Pendias and Mukherjee, 2007;
Yalcin et al., 2020). Ni is one of the micronutrients and also a
heavy metal (Ozyigit et al., 2018), and it occurs in soils (in mg
kg?) in the range of 0.2-450 with the average between 19-22.
The natural Pb concentrations (in mg kg™) originated from the
main rocks in regions between 10 and 40, with a grand average
of 25 (Kabata-Pendias and Mukherjee, 2007; Yalcin et al.,
2020). According to the literature, the normal limits for Cu (in
mg kg™ DW) the Cu contents (in mg kg™ DW) in soils are found
to be in ranges of 25-75 (Kabata-Pendias and Pendias, 2001; Di-
mitrijevi¢ et al., 2016).

In researches previously performed in Istanbul, the Zn con-
centrations (in mg kg* DW) in co-located soil samples for Alcea
pallida (Yener and Yarci, 2010), Hibiscus syriacus (Yener,
2007), and Celtis australis (Ozturk et al., 2017) were found to
be as 79.90, 62.53, and between 39.63-122.64, respectively.

In other studies done earlier in our country and abroad, the
Zn levels (in mg kg™ DW) in UW leaves and soils were reported
as 7.42-19.53 and 35.55-217.00 for Phoenix dactylifera in An-
talya-Turkey (Aksoy and Ozturk, 1996); 22.08-231.26 and
66.12-1215.25 for Elaeagnus angustifolia in Kayseri-Turkey
(Aksoya and Sahin, 1999); 13.02-139.0 and 10.67-506.43 for
Robinia pseudoacacia in Denizli-Turkey (Celik et al., 2005);
and 50-151 and 173-576 for Poa annua in Bradford-England
(Aksoy et al., 1999). According to the literature, the normal lim-
its for Zn (in mg kg™t DW) in plants are reported as 20-150 75
(Kabata-Pendias and Pendias, 2001; Dimitrijevi¢ et al., 2016)
and the Zn contents (in mg kg DW) in soils are found to be in
ranges of 3-300 with a grand average of 65 (Kabata-Pendias and
Pendias, 2001; Barker and Pilbeam, 2015; Yalcin et al., 2020).

As shown in Table 3, the highest concentrations of pollu-
tants were found to be Zn (201.63 mg kg™) at the point P12 and
Cd (3.92 mg kg™) at the point P10 when the concentrations of
heavy metals in the 0-20 cm depth soil of the selected points
were compared. For the depths of 20-40 cm, the highest concen-
tration of heavy metal was found as Pb (178.6 mg kg™) at the
point P6 and the lowest concentration of heavy metal was found
as the Cd at the point P15 (3.35 mg kg™).

Cr, Cu, Ni, Pb, Zn heavy metal analyzes of 0-20 cm and
20-40 cm depth profiles of soil samples taken from 17 different
points selected as research areas are shown in Table 3.

In terms of quantity, the heavy metals in the soil taken from
the study areas are as follows; Zn> Cr> Ni> Cu> Pb> Cd (Table
3). According to the previous researches determined shown in
Figure 2, soil measures shown us there is some important exceed
values in the study. For 0-20 cm depth; For Cd, every study
points exceed the reference (Barker and Pilbeam, 2015; Yalcin
et al., 2020) value which is 0.5 mg kg™, the highest value was
found at the point 5 for Cd (12.32+6.4 mg kg™') and the lowest
value was found at the point 9 for Cd (3.92+0.7 mg kg™*) and an
average value for Cd is 5.9142.19 mg kg™,

For measures of Cr, 9 study points exceed the reference
(Kabata-Pendias and Mukherjee, 2007; Yalcin et al., 2020)
value (P1, P2, P3, P4, P5, P6, P7, P8, P13), the highest value
was found at the point 5 for Cr (138.30+£98.6 mg kg™) and the
lowest value was found at the point 10 for Cr (22.95+3.7 mg kg
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1y and average of Cr value is 58.14+27.99 mg kg™*. For measures
of Cu, all study points exceed the reference (Kabata-Pendias and
Pendias, 2001; Dimitrijevi¢ et al., 2016) value except P13, the
reference value for Cu is 16.78 mg kg and the highest value
was found at the point 12 for Cu (1 55.66+14.2 mg kg') and the
lowest value was found at the point 13 for Cu (15.20+3.1 mg kg"
1) and average of Cu value is 32.92+11.54 mg kg™. For Ni every
study point exceeds the reference (Barker and Pilbeam, 2015;
Yalcin et al., 2020) value which is 20 mg kg™, the highest value
was found at point 1 for Ni (70.45+7.6 mg kg*) and the lowest
value was found at the point 10 for Ni (24.24+2.1 mg kg™) and
an average value for Ni is 43.11+13.53 mg kg ™.

For Pb over half of the study points are exceed the refer-
ence (Kabata-Pendias and Mukherjee, 2007; Yalcin et al., 2020)
value which is 25 mg kg* (P1, P4, P5, P6, P12, P14, P15, P16
and P17), the highest value was found at the point 12 for Pb
(68.64+36.2 mg kg'!) and the lowest value was found at the point
8 (14.14+4.4 mg kg*) and an average of Pb value is 31.26+15.44
mg kg. For measures of Zn, only 2 points exceed the reference
(Yener and Yarci, 2010) value which is 120.0 mg kg (P1 and
P12), the highest values was found at the point 12 for Zn
(201.63+88.4 mg kg1) and the lowest value was found at the
point 13 for Zn (34.31+2.5 mg kg ') and an average value for Zn
is 80.58+40.40 mg kg™,

As shown in Figure 3, soil measures have shown us there
is some important exceed values in the study. For 20-40 cm
depth; For Cd, every study points exceed the reference (Kabata-
Pendias and Mukherjee, 2007; Yalcin et al., 2020) value which
is 0.5 mg kg, the highest value was found at the point 6 for Cd
(13.04+1.8 mg kg) and the lowest value was found at the point
15 for Cd (3.35+0.3 mg kg?) and an average value for Cd is
6.16+2.59 mg kg*. For measures of Cr, 9 study points exceed
the reference value (Barker and Pilbeam, 2015; Yalcin et al.,
2020). The highest value was found at the point 2 for Cr
(110.81+63.6 mg kg™) and the lowest value was found at the
point 10 for Cr (22.48+2.9 mg kg™) and the average of Cr value
is 60.52+27.52 mg kg. For measures of Cu, all study points ex-
ceed the reference (Kabata-Pendias and Pendias, 2001; Dimitri-
jevic et al., 2016) value, the reference value for Cu is 16.78 mg
kg and the highest value was found at the point 14 for Cu
(49.12+18.6 mg kg't) and the lowest value was found at the point
13 for Cu (17.80+5.4 mg kg) and average of Cu value is
31.43+10.67 mg kg™*. For Ni every study point exceeds the ref-
erence (Barker and Pilbeam, 2015; Yalcin et al., 2020) value
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