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Anthropogenic activities due to increasing population and traffic density are responsible for a great portion of highway
pollution. The heavy metal accumulation in highway routes poses a risk both for agricultural areas and residential areas. The
study investigated the changes in heavy metal accumulation along a 200 km long portion of the D300 highway passing through
Elaz1g, Bingol, and Mus, cities located in the Eastern Anatolia region of Turkey. The heavy metal accumulation in 46 soil
samples collected in 2018 and 2019 from 5 different land classes was analyzed using the ICP-MS device in an accredited
laboratory. The analysis results were explained using different statistical methods depending on the standard, annual change,
land class, and vegetation. Although the majority of the soil samples were within acceptable levels, the chromium (Cr) and
nickel (Ni) levels of certain samples were above the standard levels. Considering the land classes, compared with other areas,
residential areas (RA) contained higher levels of zinc (Zn); agricultural areas (AA) contained higher levels of chromium (Cr),
cobalt (Co), nickel (Ni), zinc (Zn), cadmium (Cd), and lead (Pb); and unqualified areas (UA) contained higher levels of copper
(Cu). Considering vegetation, the tree- and bush-covered soil samples contained lower amounts of Cr, Co, Ni, Cu, and Cd but
higher levels of Zn and Pb compared with herbaceous or bare soil samples. A similar case also applies to the soil samples that
were covered with Quercus sp., a natural plant cover on the route. The results and other similar studies have shown that there
should be at least 15 m long ecological corridors (pollution-resistant tree-bush vegetation) between highway routes and both
agricultural and residential areas.

1. Introduction

Air pollution is among the most important environmental
problems faced by the modern world. Millions of people
worldwide suffer health problems and some even lose their
lives due to air pollution each year [1-3]. Heavy metals are the
leading cause of air pollutants that create health problems. They
can remain intact for a long time and accumulate without
biodegradation [1, 4]. Heavy metals are released into the at-
mosphere due to anthropogenic activities since ancient ages
and pollute natural environments such as waters, plants, and
soils. Industrialization and heavy metal pollutants stemming
from motor vehicles gradually reached great magnitudes [5].
The naturally found metals are divided into two groups. One of
these groups is micronutrients that are needed by plants for
normal growth iron (Fe), manganese (Mn), zinc (Zn), copper

(Cu), magnesium (Mg), molybdenum (Mo), and nickel (Ni)),
while the other group is not essential for plant growth (cad-
mium (Cd), antimony (Sb), chromium (Cr), lead (Pb), arsenic
(As), cobalt (Co), silver (Ag), selenium (Se), and mercury
(Hg)). Both the aerial and underground organs of plants are
exposed to these heavy metals [4].

There are numerous studies on the heavy metal accu-
mulation in soils [5-13] and plants [1, 2, 8, 9, 14-17]. Heavy
metal studies in the soil focus on the determination of
pollution sources, while in plants the focus is on the use of
plants as biomonitors. For example, Xia et al. [5] analyzed
the heavy metal content of Beijing urban soils according to 5
different land classes. In this study, it was determined that
the contents of Cd, Cu, Pb, and Zn originate from an-
thropogenic sources, while Cr and Ni contents are based on
natural resources. Karim et al. [7] discussed the heavy metal
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changes before and after the monsoon and determined that
Cu, Zn, and Pb contents were of anthropogenic origin. Lin
et al. [6] stated that urbanization and industry are re-
sponsible for 34.5% of the heavy metal (Cd, Cr, Cu, Ni, and
Zn) contents of the Changhua city soils. The age of the
residential areas, the distance from the city center, and
population density have a high effect on the heavy metal
content at Beijing urban lands, and the height of the building
and the number of green areas have a low effect [13]. In the
analysis of heavy metal content in soil or plant samples,
Ozkan [9], Aricak et al. [16], and Bilge and Cimrin [14]
discussed the changes according to the distance on the
highway and Mossi [15]; Sevik et al. [2] investigated
according to the traffic density. In the use of plants as a
biomonitor, it was determined that plant species such as
Elaeagnus angustifolia [17], Pinus sylvestris [16], Picea
pungens [18], Aesculus hippocastanum L. [3], and Ailanthus
altissima, Biota orientalis, Platanus orientalis, and Pyr-
acantha coccinea [2] were used.

Industrialization, motor vehicle emission, the chemical
industry, energy wastes, urban wastes, dust in the atmo-
sphere, and plastic products are the leading causes of heavy
metal pollution [5]. Increasingly using motor vehicles es-
pecially as a result of the changing life standards is re-
sponsible for a great portion of highway pollution [3].
Pollutants originating from motor vehicles are carbon
monoxide, carbon dioxide, hydrocarbons, nitrogen oxides,
sulfur oxide, and particle heavy metals [14]. Heavy metals
can be defined as metals with a density greater than 5 g/cm’
and an atomic number greater than 20, creating toxicity and
pollution [12, 19]. More than 60 metals are included in this
group including lead, Pb, Cd, Cr, Fe, Co, Cu, Ni, Hg, and Zn
[10, 19]. Among the heavy metals, Pb, Ni, Hg, Cd, Cr, Fe, Cu,
Mn, and Zn originate from motor vehicles, and Cd, Cr, Cu,
and Zn originate from agricultural activities [5, 9, 14].

Increasing population and intense anthropogenic ac-
tivities lead to the degradation of the ecosystem due to the
release of heavy metals. Heavy metals in soils cause negative
outcomes such as decreased microbial activity, soil pro-
ductivity, biological diversity, product yield and quality, and
bioaccumulation [10, 12]. Thus, monitoring heavy metal
pollution and determining high-risk areas are greatly im-
portant for protecting human health [2]. Particularly peri-
odically monitoring the routes of motor vehicles and taking
certain measures are responsibilities of both the science
world and environmental organizations because highway
routes pass through agricultural areas and pastures that
supply the nutritional needs of humans and other organ-
isms. Urban life and natural landscape on highway routes are
also potentially risky areas.

The study examines the effects of heavy metals origi-
nating from the motor vehicle traffic on different areas of use
on the highway route (residential areas (RA), natural
landscape (NL), agricultural areas (AA), road slope (RS), and
unqualified areas (UA)). Also, the differences between the
tree- or bush-covered soils and bare soils were examined.
Moreover, the effect of the naturally growing oak species
(Quercus sp.) in the highway landscape on decreasing the
heavy metal accumulation was investigated.
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2. Materials and Methods

2.1. Description of the Study Area. The study examines the
D300 highway passing through Elazig, Bing6l, and Mus
located in the Eastern Anatolian region of Turkey (Figure 1).
The highway has national and international importance and
a length of 1888 km. It is known that this highway has a
history of 2800 years and goes back to the Urartu period
[20]. However, in the last 10 years, it has lost its historical
feature with road widening and route changes. The sample
collection locations start at the historical Murat Bridge on
Bing6l-Mus highway and end at Bingdl-Elazig-bound
Keban Dam. The study area involves a highway route of
about 200km long. Soil samples were collected from 23
locations on the left and right sides of the highway route.
There is a maximum of 10 km distance between the sample
stations. On the study route, 3243 vehicles daily pass through
the 1st sample location (Murat Bridge junction, Turkey),
9658 vehicles daily pass through the 12th sample location
(central Bingol, Turkey), and 7069 vehicles daily pass
through the 23rd sample location (Keban Dam, Turkey) by
annual average [21]. Traffic density of the research route can
be defined as “traffic light density.” However, regarding the
vehicle class, the ratio of medium- and heavy-duty com-
mercial vehicles is high. Accordingly, 30% of the vehicles
using the route in sampling point 1, 35% at sampling point
12, and 31% at sampling point 23 were medium- and heavy-
load commercial vehicles. Also, this route has international
importance since it is one of the highway routes linking Iran
and Turkey.

2.2. Collection of Soil Samples and Preparation for Analyses.
The samples were collected from the soil covers that had a
depth of 0-15 cm and were at a 0-5-meter distance from the
highway. The samples were collected two times in August
2018 and August 2019 from the same locations. Of the
sample locations, 9 represented residential areas, 4 repre-
sented natural landscape areas (dominant plant cover:
Quercus sp.), 2 represented wheat-planted agricultural areas,
5 represented road slopes, and 3 represented unqualified
areas. Eleven of the sample collection areas had trees and
bushy cover, while 12 were plant free (bare or herbaceous
vegetation) (Table 1).

The soil samples were dried at room temperature be-
tween two months and 1year and sieved with a 2 mm steel
sieve. However, following the normal drying process, soil
samples were kept in a dry environment until the time of
analysis. Also, considering that the humidity rate of the area
where soil samples were taken was very low, soil samples
were taken in summer and there was no precipitation in at
least for the last two-month-period, it was understood that
sufficient dryness was achieved in the soil.

2.3. The Physical and Chemical Analyses Methods of Soil
Samples. The pH (pH,., 5), electrical conductivity (EC,.,5),
organic matter content (OM), and lime content (CaCO;)
were determined according to the methods explained by
[22]. The lime percentages of the soil samples were analyzed
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FIGURE 1: Research area and location of sampling points.

TaBLE 1: Classification of soil samples.

Sample class-land use type Sample number

Description Vegetation (tree and shrub cover)

Residential area (RA) 42, 7% 10%, 19%, 22°, 232, 12°, 13°, 14°
Agriculture area (AA) 2,21

Natural landscape (NL) 9, 11, 15, 17
Road slope (RS) 3, 5, 16, 18, 20
Unqualified areas (UA) 1, 6, 8

Natural vegetation (Quercus sp.)

“Population <50.000
*Population >50.000 47,12, 13, 14,15, 22
Plowed wheat field —

9,11, 15, 17
At least 30% slope —
Useless land —

using the calcimeter method [23], organic matter contents
were analyzed using the modified Walkley-Black method
[24], and pH values were determined according to Jackson
[25].

2.4. Heavy Metal Content Analyses of the Soil Samples (ICP-
MS). Heavy element (Pb, Cd, Ni, Cr, Co, Cu, and Zn)
contents of soils were determined by using HNO;:HCI (3:1)
acid mixture with Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) [26]. The analyses were carried out
in the Central Laboratory of Bingol University. One gram of
the soil samples was transferred to the Teflon cups of the
microwave oven (CEM brand Mars 6, OneTouch-USA
model); 10 ml concentrated nitric acid (65%) was added to
each sample, and the mixture was burnt at 200°C in 20-25
minutes and rested for 10 minutes. ICP-MS calibration
solutions were obtained by diluting the commercially
available multielement standards with 1% supra pure nitric
acid-ultrapure water. The ICP-MS NexION® 2000 C
(PerkinElmer® Inc., USA) device, which contained a quartz
nebulizer, cyclonic spray chamber, and an integrated
autosampler, was used for the element analysis of the
samples. Syngistix for ICP-MS software version 2.2 was used
to control the device, including adjustment, data acquisition,
and data analysis in the analyses. The ICP-MS was calibrated
before each measurement. For the control of the element
analyses, 100 ppb **Sc, *°Y internal standard was used [27].

2.5. Statistical Analysis of the Soil Samples. In addition to
basic statistical parameters such as minimum, maximum,
standard deviation, and mean and paired and multiple
comparison analysis methods were used in the analyses of
the soil samples. The normality test was carried out sepa-
rately for each element. The Kolmogorov-Smirnov nor-
mality test was applied to determine the testing method for
the comparisons. According to the results of the Kolmo-
gorov-Smirnov normality test, it was found necessary to use
parametric tests for the analysis of Cr, Co, Zn, and Pb
analyses, whereas nonparametric tests for the analysis of Cu
and Ni. The heavy metal accumulation levels of the land
classes were analyzed using one-way ANOVA for Cr, Co,
Zn, and Pb and the Kruskal-Wallis H test for Cu and Ni.
Also, the statistical significance of heavy metal accumulation
values in terms of vegetation was analyzed using the
Mann-Whitney U test, while the heavy metal accumulation
with respect to the vegetation structure was analyzed using
the Mann-Whitney U test.

3. Results and Discussion

3.1. Physical and Chemical Properties of the Soil Samples.
The pH, organic matter (%), CaCO;3 (%), and electrical
conductivity (EC) (dS/m) values of the soil samples collected
from the study area were determined (Table 2). The pH
values of the soil samples varied from 6.85 to 7.96; organic
matter contents varied from 1.5% to 6.36, lime contents
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TaBLE 2: The physical and chemical analyses of soil samples.

Land-use type Sample number pH EC (dS/m) CaCO3 (%) Organic matter (%)
AA 2 7.56 0.54 2.83 1.69
21 7.65 0.53 18.85 2.03
9 7.02 0.22 1.51 3.63
NL 11 7.74 0.35 4.24 1.72
15 7.76 0.21 1.18 1.32
17 6.87 0.59 1.84 3.00
4 6.85 1.02 6.50 1.72
7 7.57 0.41 3.96 3.05
10 7.64 0.20 1.88 1.14
12 7.82 0.43 2.36 2.42
RA 13 7.25 0.44 1.27 2.56
14 7.41 0.40 2.07 1.46
19 7.64 0.48 8.06 1.51
22 7.83 1.24 20.35 6.36
23 7.96 0.26 47.12 2.37
3 7.85 0.28 28.27 4.40
5 7.72 0.39 2.36 1.53
RS 16 7.61 0.13 1.98 0.21
18 7.62 0.10 1.23 0.28
20 7.41 0.15 1.41 1.19
1 7.43 0.79 19.69 3.18
UA 6 7.62 0.17 1.37 1.06
8 7.8 0.18 1.41 4.06
AA_Mean 7.61 0.53 10.84 1.86
NL_Mean 7.35 0.34 2.19 2.42
RA_Mean 7.55 0.54 10.40 2.51
RS_Mean 7.64 0.21 7.05 1.52
UA_Mean 7.62 0.38 7.49 2.77

varied from 1.17% to 47.1%; and EC values varied from 0.10
dS/m to 1.24 dS/m. Soil samples were composed of different,
neutral, or slightly alkaline and low-lime soils. Examining
the physical and chemical contents of soil samples according
to the land class, it was seen that the organic substance
content was the highest in the UA soils, whereas it was the
lowest in the RS classes. Also, the organic matter content of
agricultural soils was low. This indicates that agricultural
lands are inefficient and exhausted. It was observed that pH
and EC values of soil samples were similar according to the
average of the land class. In terms of lime, it was determined
that AA and RA soils were similar and higher than those of
the other classes, whereas NL soils had the lowest value.

3.2. Heavy Metal Contents of the Soil Samples. Table 3 shows
the heavy metal accumulation values (for 7 elements, min.,
max., and mean) of the soil samples that were collected in
2018 and 2019 from 23 locations in 5 different land classes on
the study route. When the change in heavy metal accu-
mulation by years is considered, according to the mean
values of 23 soil samples, Cr, Cu, and Pb increased, while Co,
Ni, Zn, and Cd decreased. The increase is mostly attributed
to motor vehicles and the increase due to agricultural ac-
tivities are estimated to be limited [9, 14]. A greater portion
of the highway route has low-density traffic compared with
the conditions in Turkey. Locations no. 12 and 23 had the
highest-density traffic. The Cr, Cu, Ni, and Pb

concentrations at these locations were above the mean value.
Only 3 of the samples collected in 2018 (nos. 13, 15, and 21)
had low concentrations of Cd. No trace of Cd was detected in
the soils collected in 2019 and 20 soil samples collected in
2018 (not detected: ND).

Heavy metal accumulation values in the soil alone do not
make sense. Each country sets permissible limit values in line
with its own conditions. In Turkey, the standards related to
soil pollution are determined according to the “Control of
Soil Pollution Regulation” (Table 4).

According to the results of the Table 3, the majority of
the heavy metal levels of the analyzed soil samples were
below the limit values given in Table 4. However, the Cr and
Ni levels of some samples were above the standard levels.
The Cr level exceeded the standard in agricultural soil no. 2
in 2018 (104.5mg/kg) and soil sample no. 23 in 2019
(212.63 mg/kg). The high Cr value of the sample from the
location no. 23 is attributable to the ferrochromium factory
at a 500 meter distance from the sample collection location.
In 2018, the Cr value was measured to be 69.48 mg/kg at the
ferrochromium factory location (sample no. 23). The reason
for this can be explained as the factory stopped production in
2018. According to Table 3, most of the minimum values are
seen at station 18 (road slope). The stations 12, 13, and 14 in
the Bingdl city center had higher values than those of the
other stations.

The Ni values exceeded the standards in locations no. 1,
2,4, 8, and 21 in 2018 and locations no. 1, 2, 17, 19, and 21 in
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TaBLE 3: Heavy metal content values of all soil samples (mg/kg).
SN 2018 2019
o Cr Co Ni Cu Zn Cd Pb Cr Co Ni Cu Zn Cd Pb
1 83.9 16.5 227 915 ND 1060 913 12.3 663 942 ND 1362
2 el s 274 776 ND 68.5 87.6 200 229 661 ND 79.7
3 383 10.3 54.7 105 201 ND 215 334 7.8 47.3 8.8 ND 20.7
4 92.7 12.3 22.1 83.0 ND 59.1 238 3.8 28.0 169 547 ND 71.8
5 17.3 7.0 23.1 104 475 ND 429 284 1.0 341 154 824 ND 77.3
6 487 180 321 16.5 385 ND e 142 184 283 212 523 ND 32.1
7 27.9 129 384 122 | 1754 ND 3.8 203 6.8 25.0 9.9 72.6 ND 36.2
8 725 273 245 56.2 ND 34.1 8.4 5.5 11.9 9.3 487 ND 25.7
9 27.0 9.9 40.8 137 669 ND 763 207 8.0 28.0 9.6 51.7 ND 46.9
10 25.0 167 301 120 505 ND 87.2 17.9 13.2 18.9 100 506 ND 50.3
11 12.9 5.6 17.9 6.9 34.0 ND 443 279 12.1 311 128 664 ND 447
12 39.3 134 440 208 815 ND 709 223 9.1 27.3 198 637 ND 68.9
13 47.6 176 628 256 1225 14 | 2053 | 231 105 346 146 523 ND 50.2
14 422 109 549 207 1305 ND 1477 253 8.6 37.7 17.1 84.9 ND | 1529
15 47.6 13.1 493 14.1 99.1 [0 778 412 16.3 52.0 182 568 ND 1312
16 524 | 337 503 159 463 ND 429 248 13.9 344 212 261 ND 21.6
17 33.7 179 386 13.1 42.0 ND 51.0 1053 ND 1186
18 ND 18.7 66.7 ND 58.7
19 35.0 9.2 44.9 153 1212 ND 34.6 232 1144  ND 74.2
20 6.8 104 8.3 8.3 45.0 ND 31.2 196 384 94.9 ND 64.8
21 744 238 (SRR 324 @ 558 23 937 687 18.0 234 497 ND 38.1
22 438 8.7 536 211 46.7 ND 275 621 116 671 255 725 ND 414
23 69.5 8.9 53.5 158 401 ND 196 [JEEEN 37 50.0 147 292 ND  [iEsEN
Mean 454 143 55.7 167 693 2 61.1 46.3 128 476 189 642 0% 63.3
Minimum Maximum Mean Detection ND  Not detected

above limit

TaBLE 4: Heavy metal limits in Turkey soil [9].

Elements pH 5-6 (mg/kg dried soil) pH>6 (mg/kg dried soil)

Pb 50 300
Cd 1 3
Ni 30 75
Cr 100 100
Co 80 80
Cu 50 140
Zn 150 300

2019. It is noteworthy that the Ni values in the agricultural
soils (sample nos. 2 and 21) were above the standard levels in
both years. The sources of Ni in the soil are phosphorus
fertilizers and volcanic host rocks [10]. Thus, we think that
uncontrolled fertilization is carried out in the agricultural
soils. Moreover, industrial organizations and urbanization
also play a role in high Cr and Ni levels [6].

3.3. The Heavy Metal Contents of Soil Samples Based on the
Land-Use Classification. The study also examined the
changes in the soil samples with respect to the land-use classes
(Figure 2). The majority of the soil samples were excluded
from the evaluation since the Cd value was below the limit.

According to the results in Figure 2, RS soils were better
than the other land classes. It can be argued that the decrease
in metal contents as a result of leaching due to precipitation
is associated with this result. Considering the results both in

terms of years and mean values, the residential areas had
higher levels of Zn, agricultural areas had higher levels of Cr,
Co, Ni, Zn, Cd, and Pb, and unqualified areas had higher
levels of Cu compared with other areas. In contrast, the Co
levels of the residential areas and Cr, Ni, Cu, Zn, and Pb
levels in road slopes were lower compared with other areas.
As an element found in parchment papers, glass, car tires, tv
screens, dry batteries, and electrical equipment, higher levels
of Zn were detected in the residential areas [12]. Both the
agricultural activities-originated pollutants (Cr and Zn) and
motor vehicle-originated pollutants (Pb, Ni, Cd, and Co)
rendered agricultural areas riskier [8, 10, 11]. Heavy metal
accumulation values in terms of land classes are as follows:

For Cr: AA>UA>RA>NL>RS

For Co: AA>UA >NL>RS>RA

For Ni: AA>UA >RA>NL>RS

For Cu: UA>AA>RA>NL>RS

For Zn: RA>NL>UA>AA>RS

For Pb: NL > AA >RA >UA >RS
The significance levels of the changes in the soil samples with
respect to the land classes were tested. According to the Kol-
mogorov-Smirnov test that was applied to determine the
method for the changes in land soil heavy metal levels with

respect to land structure, the Kruskal-Wallis H test was used for
Cu and Ni and ANOVA was used for Cr, Co, Zn, and Pb. Since
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Cr Co Ni Cu Zn Pb
ERA 50.69 11.45 48.8 17.88 80.35 69.07
ENL 34.54 14.53 41.82 14.61 65.27 73.86
AA 83.77 21.27 119.09 26.52 62.3 70.01
ERS 26.57 11.57 29.76 11.38 47.09 40.03
mUA 53.2 16.34 64.71 26.73 63.57 57.61

FIGURE 2: Heavy metal mean values of soil samples according to the land-use class (mg/kg).

Cd was not detected in the majority of the soil samples, it was
not analyzed. According to ANOVA, the Cr, Co, Zn, and Pb
contents of the soil samples did not vary depending on the land
classes (p >.05). It was determined that the mean values of these
elements did not vary according to the land-use class. The
significance of the changes in Cu and Ni according to the land
class was analyzed using the Kruskal-Wallis H test. According to
the Kruskal-Wallis H test for the Cu and Ni levels, the changes
were statistically significant (p <.05). However, the Dunn test
was utilized to determine between which land classes the change
was significant. Table 5 shows the Dunn test results for the
direction and significance of the changes between paired groups.

According to the results of the Dunn test, the lower Cu
concentration of RS compared with RA, UA, and AA and the
high Cu concentration of AA compared with NL and RA
were significant. In other words, the differences between RS
and RA, UA, and AA in the mean values of Cu according to
the land class were found to be statistically significant
(p <.05). Similarly, the difference between the Cu contents
of AA soils and RA and RL soils was found to be significant.
Remarkably, AA soils had higher Cu content. Also, the Ni
contents of AA soil samples were much higher compared to
other land classes, and the difference was found to be sta-
tistically significant (p <.05).

3.4. The Heavy Metal Contents of Soil Samples Based on the
Vegetation. In the research, the protective effect of vege-
tation on the heavy metal accumulation of the soil was also
investigated. In line with another objective of the study,
without any distinction, the differences between the tree-
bush-covered areas and plant-free areas (bare lands or
herbaceous vegetation) in terms of heavy metal accumula-
tion were examined (Figure 3).

According to Table 5, the soil samples covered with trees
and bushes had lower levels of Cr, Co, Ni, Cu, and Cd while
having higher levels of Zn and Pb. A similar case was also
observed for the mean values of the four, Quercus sp.-
covered (the natural plant cover) soil samples. In our study,
Quercus sp. shows the similar effect on the accumulation of

heavy metal with the other plant cover. Also, various studies
have highlighted the wuse of plants as biomonitors
[1-3, 8, 9, 14-18], since plants are used as tools to remove
heavy metals from the air and improve air quality [18]. The
study investigates the role of plants in protecting soils. Green
areas and vegetal arrangements can partially protect soils
from the threat of heavy metals [13]. However, there is no
numerical data on to what degree vegetation can protect
soils against heavy metals. This is due to the lack of infor-
mation on fertilizations made to the sample collection
locations.

The significance levels of the changes in the soil samples
with respect to the vegetation were tested. The Man-
n-Whitney U test, which was carried out to determine the
effect of the structure of vegetation on heavy metal accu-
mulation, revealed that there were no significant differences
in the Cr, Co, Ni, and Cu concentrations (p >.05). However,
the Zn and Pb contents of the soil samples varied depending
on vegetation, and the differences were statistically signifi-
cant (Table 6).

Various studies investigating the heavy metal pollution
due to motor vehicles using soil and plant samples, the
changes depending on the distance to highway, soil depth,
soil structure, and content are considered [1, 2, 9, 14-16].
Particularly, it has been determined that heavy metal content
decreases depending on the distance of the highway
[9, 14, 16]. According to Bilge and Cimrin [14], it was
observed that Pb, Cd, Ni, Cr, and Cu contents decreased as
they were moved away from the highway. The concentration
of some heavy metals was decreased at least 15 meters from
the road such as Pb from 2.24 ppm to 1.06 ppm, Cd from
0.4 ppm to 0.30 ppm, Ni from 42 ppm to 32 ppm, Cr from 28
to 23, and Cu from 14.2 to 11.8 ppm [14]. On the other hand,
the plants that can collect heavy metals within the body can
also contribute to the cleaning of the heavy metal
[15, 16, 18, 28, 29]. Likewise, the upper layers of the agri-
cultural soils are exposed to a greater level of heavy metal
accumulation than the lower layers [11]. Therefore, some
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TaBLE 5: Dunn’s test results of Cu and Ni contents.
Cu Ni

Sample 1-sample 2 o o o o

Test statistic ~ Std. err.  Std. test statistic P Test statistic ~ Std. err.  Std. test statistic P
RS-NL 4.20 6.37 .660 0.51 5.63 6.37 .88 0.38
RS-RA 11.37 5.29 2.15 0.03~ 8.33 5.29 1.57 0.12
RS-UA -16.87 6.93 —2.43 0.02* -10.17 6.93 -1.47 0.14
RS-AA 26.70 7.94 3.36 0.01 " 28.00 7.94 3.53 0.00 "
NL-RA 717 5.70 1.26 0.21 2.71 5.70 48 0.64
NL-UA -12.67 7.25 -1.75 0.08 —4.54 7.25 -.63 0.53
NL-AA —22.50 8.22 -2.74 0.00 " —22.38 8.22 =2.72 0.01*
RA-UA -5.50 6.32 -.87 0.39 -1.83 6.33 -.29 0.77
RA-AA -15.33 7.42 -2.07 0.04~ -19.67 7.42 -2.65 0.01"
UA-AA 9.83 8.66 1.14 0.26 17.83 8.66 2.06 0.04 "
* p<.05 (95%).

81.73
75.61
51.88 4821
39.26
17.55 18.03
Cr Co Ni Cu Zn Pb
B Tree-bush-covered areas
B Bare lands or herbaceous vegetation
FIGURE 3: Heavy metal accumulation values of soil samples according to vegetation structure (mg/kg).
TaBLE 6: Mann-Whitney U test results of Zn and Pb contents.

Element Group N Mean rank Sum of ranks U P

Yes 22 29.86 657 N
Zn No 24 17.67 424 124 0.00

Yes 22 28.09 618 .
Pb No 24 19.29 463 163 0.03
*p<.05.

researchers recommend not consuming plants that are
grown near highways [30].

4. Conclusion

A general examination of the annual changes in the soil
samples shows that there is not a great problem of concern
in terms of heavy metal accumulation in the examined
route. On the other hand, the results reveal a need for
periodically monitoring the high-risk areas. For the study
route, the sample location no. 23 near the chromium
factory poses the greatest risk. The residential areas and
agricultural areas near the factory carry the risk of Cr and
Ni accumulation. Therefore, the heavy metal accumulation
levels in these areas should be periodically (annually or
semiannually) analyzed. The agricultural areas that are very
close to the highway also have a similar risk. Both this

research and the other research results reveal that a 15m
ecological corridor (pollution-resistant tree-bush vegeta-
tion) between the highway route and agricultural and
residential areas is necessary. An ecological corridor will
improve agricultural product quality and human health
and contribute to environmental quality.

In conclusion, the heavy metal accumulation levels in the
land classes on the highway route differed. This is a natural
result of different pollution factors. Moreover, vegetation
type affected the heavy metal accumulation in the soils. Tree
and bush covers are estimated to partially protect the soils
from heavy metals. However, more detailed and long-term
scientific studies are needed to understand against which
elements and to what degree the tree and bush covers protect
the soils.



Data Availability

Research findings are available from Bing6l University
Central Laboratory. They are accessible.

Additional Points

Highlights. (i) Vegetation type affected the heavy metal
accumulation in the soils. (ii) Tree and bush covers are
estimated to partially protect the soils from heavy metals.
(iii) Quercus sp. did not have a different effect on heavy metal
accumulation from the other plant cover. (iv) Zn and Pb
contents varied depending on vegetation, and the differences
were statistically significant. (v) 15 m ecological corridor
between the highway route and both agricultural and res-
idential areas is necessary.
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