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Abstract

Heavy metal contaminations were assessed through a detailed soil survey in roadside soils along the 
Shenyang-Dalian Highway of Liaoning Province, China. Pb, Cu, Cd, Ni, and Zn were analyzed using atomic 
absorption spectrophotometry. The average concentrations of Pb, Cu, Cd, Ni, and Zn in roadside soils were 
43.8, 26.5, 0.119, 32.1, and 71.3 mg/kg, respectively, and all concentrations exceeded the background 
values. Different heavy metal distribution patterns were found under different land use types. In farmland, a 
peak metal concentration occurred 25 m from the roadside soil, while in the forest and orchard soil all heavy 
metals decreased with distance from the roadside, which conformed to the exponential model. Heavy metal 
concentrations were markedly higher than those measured in 1999 and 2007, except for Cd. Concentrations 
in soils along the Shenyang-Dalian Highway were medium or low in comparison with roadside soils in 
other cities around the world. Overall, this assessment illustrates that heavy metal pollution in these soils is 
generally low, and we recommend that more attention should be given to Pb contamination in roadside soils 
along the Shenyang-Dalian Highway.
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Introduction

Rapid economic development has led to rapid 
expansion of the highway transportation industry in 
China, which has resulted in increases in the emissions 
of such contaminants as heavy metals [1]. Roadside 
soils tend to accumulate pollutants directly emitted from 
vehicle exhaust, and soils can easily come into contact 
with pedestrians and inhabitants near the roads, either 
via inhalation of suspended particles or by direct contact 
[2]. Exposure to inhalable emissions from roadways 
has been implicated as a threat to human health and is 
associated with an increased risk of respiratory illness 
[3-5]. Research has shown that adverse health effects 
associated with proximity to roads are strongly related to 
tailpipe emissions [6-7]. The most common heavy metals 
introduced to environments in the proximity of traffic 
activity and road construction are lead (Pb), copper (Cu), 
cadmium (Cd), zinc (Zn), chromium (Cr), and nickel 
(Ni) [8-11]. The use of leaded petroleum is the primary 
source of Pb emissions (before unleaded gasoline entered 
circulation in China in 2000) [12]. To increase the octane 
rating of fuel, tetraethyl Pb had been added to gasoline 
as an anti-knock agent since 1921. Following combustion 
of tetraethyl Pb, Pb is converted to PbO and PbO2 before 
being released to the atmosphere [13]. Although most 
countries have banned leaded gasoline since the 1990s 
[14], roadside soil remains a reservoir of Pb contamination 
[15]. Tire and break wear, oil spills, and erosion of road 
surfaces and building materials contribute to Zn, Cu, Cr, 
Cd, and Ni pollution [16-18]. Heavy metals can remain 
in soil for extended periods because they degrade slowly, 
posing a severe risk to ecosystems and threatening human 
health through exposure pathways such as inhalation of 
dust, dermal contact, and ingestion of crops grown in the 
soil.

A number of studies have examined the spatial 
distribution of heavy metals and factors influencing 
their levels in roadside dust, soils, and crops [19-22]. 
Kristensson et al. [23] found that gaseous emissions 
are higher in Sweden than in the USA and Switzerland, 
foremost due to the lower-fraction catalytic converters 
in Sweden. Along the outer-ring highway of Shanghai 
of China, concentrations of Pb and Cd were higher in 
roadside dust, and Cu and Zn in dust are mainly from 
heavy traffic on the highway [1]. In soil near the street 
in Baotou, concentrations of Ba, Co, Cr, and Pb were 
significantly higher than acceptable values for human 
health. High levels of these elements may be attributed 
to the influence of transportation activities [24]. Although 
traffic emissions contribute to increased heavy metal 
concentrations in soil, heavy metals concentrations in 
roadside crops depend not just on their concentrations 
in soil, but on soil characteristics, soil environment, and 
crop species [25]. Metals are commonly emitted from 
vehicle exhaust as dust, which readily accumulate in soils; 
it is therefore important to assess the distribution and 
concentration of heavy metals in roadside soils.

Farmland is the primary land use type along both sides 
of the highways in most parts of China. It is important 
to understand the characteristics and extent of heavy 
metal pollution in soil to ensure the safety of agricultural 
production and to provide a scientific basis for agricultural 
planning and construction. The objective of this research 
is to assess heavy metal (Pb, Zn, Cd, Ni, and Cu) pollution 
of roadside soils along the Shenyang-Dalian Highway. 
The specific goals are to 1) assess the spatial distribution 
of heavy metal pollution in the study area, 2) examine the 
correlation between heavy metals and distance from the 
road in different land use types, 3) compare the heavy 
metals concentrations between different years and land 
use areas, and 4) identify the heavy metal contamination 
levels.

Materials and Methods

Study Area

The study was conducted along the oldest and busiest 
highway, the Shenyang-Dalian Highway, in northeastern 
China, which is also one of the most critical areas for 
the production of rice and wheat in China. The highway, 
which is 375 km long, was the first expressway open to 
traffic in mainland China, and also the first eight-lane 
expressway. When it was completed in 1990, it had 
four lanes with full intercommunication and relates to a 
full intercommunication overpass. After widening was 
completed in 2004, it became an eight-lane highway with 
a maximum speed of 120 km/h. The road passes through 
five major cities in the province of Liaoning: Shenyang, 
Liaoyang, Anshan, Yingkou, and Dalian. There is an 
abundant amount of farmland and orchard land on both 
sides of the highway. The annual prevailing wind direction 
in Liaoning is southwest. 

Sample Collection

Twenty sample sites (S1-S20) along the highway 
were selected (Fig. 1) and collected in July 2013. Soil 
samples were taken 5, 25, 50, 100, 200, and 300 m from 
the road edge on both sides at each site (Fig. 1). Because 
of the terrain constraints, partial sampling distance 
intervals were not complete and GPS was used to record  
the coordinates of the sample locations. At each sam- 
pling location five surface soils (0-5 cm, approximately 
1,000 g each) at all 20 sample sites were taken respec- 
tively and mixed. The soil samples were stored in 
polyethylene bags for transportation and storage. As 
shown in Fig. 1, sites S1 and S2 were located in Shenyang; 
S3, S4, and S5 were located in Liaoyang; S6, S7, and S8 
were located in Anshan; S9-15 were located in Yingkou; 
and S16-20 were located in Dalian.
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Sample Preparation and Analysis 

All samples were air dried and passed through a 
2-mm polyethylene sieve to remove rocks, leaves, and 
other debris, then ground with an agate mortar and sieved 
through a 0.15-mm polyethylene sieve. All handling 
procedures were carried out without contacting any metals 
to avoid potential cross-contamination of the samples. 

Approximately 1.0 g of each soil sample was 
digested primarily in a mixture solution of HNO3-HCl 
(1:3), then added HClO4 for further digestion. The total 
concentrations of Pb, Cu, Ni, and Zn in the digested 
samples were determined using flame atomic absorption 
spectrophotometry, and Cd was determined using graphite 
furnace atomic absorption spectrometry. Standard 
reference materials GSS-6 (geochemical standard soil) 
was used for quality assurance and quality control. The 
recovery rate of the metals ranged from 90% to 110%.

Data Analysis 

Descriptive analysis and correlation analysis were 
performed with SPSS v.19.0 (SPSS Inc., Chicago, USA). 
Graphics were produced with Origin 8.0.

Pollution Index

The level of heavy metal pollution was assessed  
using an advanced pollution index (Pi) for each metal, 
 and the Nemerow pollution index (PI) of the five 
metals [45]. The Pi can be calculated from the following  
formulas:

…where Ci is the measured concentration of each 
metal, and Xa, Xb, and Xc are threshold concentrations 
indicating no pollution, low pollution, and high pollution, 
respectively. According to the soil standards proposed by 
the Environmental Protection Administration of China 
[46], we assigned these values as the natural background 
value, the critical value indicating levels potentially 
harmful for humans, and the critical value indicating 
normal growth of plants. So the values of Xa, Xb, and 
Xc respectively, are defined as follows [2]: 21.4, 300, 
and 500 mg/kg for Pb; 19.8, 100, and 400 mg/kg for  
Cu; 0.108, 0.3, and 1.0 mg/kg for Cd; 25.6, 50, and  
200 mg/kg for Ni; and 63.5, 250, and 500 mg/kg for Zn. 
The Pi can be classified into the following pollution levels: 
no pollution (Pi ≤1), low pollution (1<Pi ≤2), moderate 
pollution (2<Pi ≤3), and high pollution (Pi>3). The formula 
to calculate PI for the five metals of each sampling point 
is as follows:

…where Pimax is the maximum value of Pi  of all the 
metals and Piave is the mean Pi  value of the metals. The 
PI was classified as follows: no contamination (PI≤0.7), 

Fig 1. Location of the sampling sites along the Shenyang–Dalian Highway.
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possible contamination (0.7<PI≤1), low contamination 
(1<PI≤2), moderate contamination (2<PI≤3), and high 
contamination (PI>3).

Results and Discussion

Heavy Metal Concentrations in Soils 

Descriptive analytical results of Pb, Cu, Cd, Ni, and 
Zn concentrations in roadside soil are provided in Table 1. 
The heavy metal concentrations ranged widely. The mean 
concentrations of Pb, Cu, Cd, Ni, and Zn in roadside soils 
along the Shenyang-Dalian Highway were 43.8, 26.5, 
0.119, 32.1, and 71.3 mg/kg, respectively. These values 

are higher than the background value for the province of 
Liaoning. The ratios of the average concentration to the 
background value for Pb, Cu, Cd, Ni, and Zn were 2.05:1, 
1.34:1, 1.10:1, 1.25:1, and 1.12:1, respectively.

Among the five road segments, the concentrations 
of Pb and Zn were the highest along the Shenyang 
road segment (the traffic volume is also highest in this 
road segment). Lawrence et al. [26] also found that the 
concentration of polycyclic aromatic hydrocarbons and 
other organics varies significantly at the entrance and exit 
sites of the tunnel, with fluoranthene, pyrene, benzo[a]
pyrene, chrysene, and benzothiazole having the highest 
incremented concentrations. The Yingkou road segment 
contained the highest concentrations of Cu and Zn. High 
concentrations of Cu in this segment may be attributed to 

Table 1. Concentrations of heavy metals in roadside surface soil along the Shenyang-Dalian Highway.

City Sample strip

Concentration (mg/kg)

Pb Cu Cd Ni Zn

Mean±S.D. Mean±S.D. Mean±S.D. Mean±S.D. Mean±S.D.

Shenyang
S1 70.6±7.9 27.0±3.8 0.110±0.017 21.5±2.5 90.3±12.1

S2 35.3±4.1 19.0±2.3 0.087±0.010 19.2±1.9 103.6±39.1

Mean 52.9±19.0 23.0±5.1 0.098±0.018 20.4±2.4 97.0±29.1

Liaoyang

S3 62.3±16.2 25.0±1.4 0.104±0.029 21.5±1.9 107.1±11.5

S4 37.4±2.2 18.6±1.2 0.116±0.011 29.8±2.1 73.7±13.0

S5 40.6±13.5 18.3±2.0 0.112±0.060 21.3±4.0 85.8±26.0

Mean 48.7±17.3 21.0±3.6 0.107±0.026 23.1±4.5 91.9±22.7

Anshan

S6 30.5±2.8 13.7±1.5 0.124±0.011 28.3±0.9 55.5±17.6

S7 31.2±4.5 15.3±1.6 0.134±0.014 32.2±3.1 55.9±14.5

S8 38.6±3.1 19.7±2.9 0.162±0.019 37.0±4.3 67.3±21.8

Mean 34.0±5.2 16.8±3.3 0.143±0.022 33.3±4.7 60.4±18.6

Yingkou

S9 40.6±3.9 24.6±3.8 0.153±0.021 39.0±3.8 72.6±18.7

S10 45.5±8.2 29.5±7.8 0.125±0.024 38.0±3.6 93.2±21.3

S11 36.0±4.7 15.6±6.4 0.160±0.015 35.5±3.6 73.6±37.0

S12 38.1±6.2 17.1±5.3 0.166±0.024 36.4±2.9 73.5±38.2

S13 39.4±3.2 28.3±12.1 0.156±0.018 31.7±2.3 37.2±3.5

S14 39.7±38.9 23.1±17.2 0.139±0.018 33.6±3.9 53.0±24.3

S15 71.1±22.6 111.9±102.6 0.038±0.015 37.9±6.3 114.9±78.3

Mean 45.1±21.9 37.3±53.5 0.130±0.047 36.1±4.5 77.2±45.8

Dalian

S16 46.0±6.9 24.4±9.5 0.023±0.003 39.5±6.0 31.5±15.9

S17 42.0±10.9 25.9±16.3 0.166±0.019 34.0±3.8 71.8±42.3

S18 46.5±9.2 22.0±7.3 0.040±0.054 35.8±3.8 48.4±23.3

S19 25.3±4.0 14.5±3.3 0.142±0.011 34.3±2.6 50.2±10.2

S20 45.9±11.6 25.4±9.3 0.168±0.053 34.8±4.3 43.9±27.9

Mean 41.8±12.2 22.8±10.5 0.108±0.073 35.7±4.2 50.7±28.4

Total 43.8±17.6 26.5±32.3 0.119±0.052 32.1±7.4 71.3±37.7
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silica mining activity in Yingkou; there is a silica refinery 
located within 1,200 meters of S15, and omissions from 
ore trucks may have caused the high concentrations 
of Cu. The concentration of Cd was highest along the 
Anshan road segment. This may be because most of the 
soil samples here were collected from fields and orchards 
that are influenced by agricultural activities, including 
irrigation and fertilization.

Pearson’s correlation coefficient is frequently used 
to express the correlation between elements and indicate 
their potential sources [27]. The correlation coefficients 
between the heavy metals in this study are listed in 

Table 2. Pearson correlation coefficients of heavy metals in 
roadside soil samples.

Pb Cu Cd Ni Zn

Pb 1

Cu 0.529* 1

Cd -0.094 -0.190* 1

Ni 0.001 0.229* 0.107 1

Zn 0.527* 0.499* 0.113 -0.103 1

*The correlation is significant at the 0.01 level.

Fig. 2. Relationship between soil heavy metal concentrations and distance from the highway on both sides of the road.
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Table 2. We observed positive correlations between soil 
concentrations of Pb and Cu (r = 0.529, P< 0.01, t-test), Pb 
and Zn (r = 0.527, P<0.01, t-test), and Zn and Cu (r = 0.499, 
P<0.01, t-test), implying that Pb, Cu, and Zn originated 
from the same source. Atmospheric deposition of these 
metals is associated with traffic emissions. In contrast, Ni 
was not significantly correlated with other heavy metals, 
and we observed low negative correlations between Cd 
and other elements, suggesting different contaminant 
sources. Cd was closely related with agricultural activity, 
and Ni mainly originated from the local parent material.

Heavy Metal Concentrations at Different 
Distances from the Road in Different Land 

Use Types

Sample strips were divided into three classes according 
to land use type: Class A is cultivated land, with crops 
such as rice and corn; Class B is orchard and forested 
land, with trees being the dominant vegetation type; and 
Class C contains orchard and forested land, as well as 
some industrial land on the eastern side of the sample 
strip. The variations in heavy metal concentrations in 
roadside soil at different distances from the Shenyang-
Dalian Highway are shown in Fig. 2 and Table 4. There 
were not simple monotonic decreasing treads in all heavy 
metal concentrations with the increase of the distance from 
the roadside. The heavy metals in automobile exhaust 
diffused rely on the sorption of different particle size 
dusts. The adsorption effects from different heavy metals 
and different particle size dusts from the same heavy 
metal were inconsistent. Some significant differences in 
the distribution patterns of heavy metals between the three 
classes were found.

In Class A, the element Cu was less than the soil 
background value. The ratios of the average concentration 
to the background value for Pb, Cd, Ni, and Zn were 
1.85:1, 1.26:1, 1.16:1, and 1.23:1, respectively. Moreover, 
the distribution patterns were similar on both sides of the 
road. On the western side, the concentrations of Pb, Cu, and 
Zn were elevated from 5 m to 25 m in this entire section; 
beyond 25 m, concentrations remained at lower, steady 

levels. In this area, the concentrations of Ni and Cd were 
comparatively uniform. On the eastern side, Cu, Ni, and 
Zn increased from 5 m to 25 m in this entire section, and, 
as on the western side, concentrations decreased beyond 
25 m and remained stable. Broadly speaking, in Class A 
there was an obvious peak in heavy metal concentrations 
25 m from the road edge and showed the non-normal 
distribution. These findings were all consistent with 
previous studies [28-29].

Similar to Class A, the element Cu was also less than 
the soil background value in Class B. The ratios of the 
average concentration to the background value for Pb, 
Cd, Ni, and Zn were 1.81:1, 1.14:1, 1.12:1, and 1.12:1, 
respectively. The distribution patterns of heavy metals 
were similar on both sides of the road. Concentrations 
of all heavy metals decreased gradually with distances 
in different trends. Yan et al. [30] found that heavy metal 
concentrations decreased exponentially with distance 
from the road in the Qinghai-Tibet Plateau, China. In 
Class B, heavy metal concentrations on the eastern side 
gradually decreased to a relatively low value at a distance 
of about 100 m from the road edge. The decreasing trend 
of concentrations of all five metals was more gradual than 
on the western side; however, even 300 m from the road 
edge, the concentrations continued to decrease. In Class B, 
the lowest metal concentration was observed 100 m from 
the road edge in the east and 300 m from the road in the 
west, where the lowest concentration was still higher than 
the background value; this illustrates that heavy metals 
were transported a greater distance in the west.

The distribution patterns differed between Class A and 
Class B, which may be a result of differences in land use. 
Heavy metals released by traffic emissions are generally 
released with particulate matter and do not readily settle 
into the roadbed because of the air turbulence caused by 
movement of the vehicle [31]. When particulate matter 
left the roadbed for some distance with the weaker space 
dynamic conditions of subsidence, and the condition 
could be availed for the deposition process of particles, 
thus appeared the non-normal distribution. Class A 
contains mainly cultivated land with rice, wheat, and 
corn crops. These plants are short and are less effective 

Table 3. Average concentrations of heavy metals (mg/kg) in five cities along the Shenyang-Dalian Highway in 1999, 2007, and 2013.

City
Pb Cu Cd Ni Zn

2013 2007 1999 2013 2007 2013 2007 2013 2007 2013 2007

Shenyang 52.9 68.9 25.2 23.0 26.1 0.098 0.230 20.4 24.9 97.0 36.8

Liaoyang 48.7 26.8 22.6 21.0 20.1 0.107 0.080 23.1 21.0 91.9 36.6

Anshan 34.0 33.9 20.41 16.8 23.4 0.143 0.150 33.3 27.0 60.4 34.1

Yingkou 45.1 43.3 20.3 37.3 25.3 0.130 0.180 36.1 29.3 77.2 76.7

Dalian 41.8 26.1 17.9 22.8 17.4 0.108 0.090 35.7 21.9 50.7 66.6

Mean value 43.8 39.8 21.3 26.5 22.5 0.119 0.146 32.1 24.8 71.3 50.2

Background value 21.6 21.8 0.108 25.6 63.5 

Note: Background values in Liaoning are referenced from soil element background values in China [46].
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to entrap particles, therefore particulate matter naturally 
was deposited with less resistance and the metals occurred 
at maximum concentrations 25 m from the road. In Class 
B, the vegetation was composed mainly of trees, which, 
because of their height, intercept particulate matter more 
readily. Therefore, the maximum concentrations occurred 
close to the road edge, and the concentrations distribution 
decreased exponentially with distance from the road. Cd 
concentrations also decreased exponentially in Class B, 
while the concentrations of Cd in Class A did not vary 
widely with distance from the road, likely because most 
of the soil samples were collected from farmland and they 
would be exposed to the same primary source of metals: 
irrigation and fertilization. Concentrations of heavy metals 
in Class B were lower than in Class A. This also illustrated 
that tall trees have a greater ability to entrap heavy metals 
associated with particulate matter than do shorter crops.

The average concentrations of heavy metals in Class C 
were different than the other two classes. In Class C, the 
elements Cd and Zn were less than the soil background 
value. The ratios of the average concentration to the 
background value for Pb, Cu, and Ni were 1.97:1, 1.09:1, 
and 1.36:1, respectively. Heavy metal concentrations 

decreased with distance on the western side of the 
road. Sites S10, S15, and S17 all have metal factories 
or mines located on the eastern side. The impact of 
industrial activities on soil heavy metal concentrations is 
complex, and in these sites there were no clear patterns 
in their distribution on the eastern side. This phenomenon 
demonstrates that the effect of industrial activities on soil 
metal concentrations is greater than the influence of traffic 
activity.

In all three classes, heavy metal concentrations on 
the eastern side were higher than those on the western 
side (Fig. 2), which is the result of the predominant wind 
direction in Liaoning (southwest); this is conducive to 
the accumulation of motor vehicle exhaust on the eastern 
side of the road. Heavy metals emitted from automobile 
exhaust occurs as very small particles, and are transported 
by horizontal diffusion and influenced by wind speed and 
direction. Thus, the emitted particles were spread over 
a wide area and accumulated in higher concentrations 
in the downwind direction. These particles accumulate 
on surface soil as a result of atmospheric sedimentation, 
compaction, and interception. Therefore, the predominant 
wind direction is an important factor influencing the 
spatial distribution pattern of heavy metals emitted from 
vehicle exhaust [32].

Comparison of Mean Heavy Metal Concentrations 
in Shenyang-Dalian Highway Roadside Soils 

with those in Other Cities

Heavy metal concentrations in five cities along the 
Shengyang-Dalian Highway were chosen to analyze the 
temporal variation [33-34]. As shown in Table 3, the mean 
Pb concentrations in the five cities in 1999 were below or 
slightly above the background values, indicating that the 

Table 4. Average concentrations of heavy metals (mg/kg) in three 
classes along the Shenyang-Dalian Highway.

Types Pb Cu Cd Ni Zn

Class A 40 20.2 0.136 29.8 78.2

Class B 39.1 16.8 0.123 28.6 71.4

Class C 42.5 23.7 0.071 34.9 38.6

Background value 21.6 21.8 0.108 25.6 63.5

Table 5. Comparison of total metal concentrations in roadside soils from selected studies.

Location Pb Cu Cd Ni Zn Reference

Galway, Ireland 40.8 16.6 -- 22.1 81.8 [38]

Istanbul, Turkey 191 68.7 -- -- 255 [39]

Jeddah, Saudi Arabia 47.5 -- -- 46.7 222.2 [40]

Naples, Italy 262 74 -- -- 251 [41]

Kavala, Greece 573.1 48.1 0.2 77.4 175.0 [42]

Ibadan, Nigeria 307 31.4 1.36 38.9 86.1 [43]

Kampala, Uganda 45.3 -- 1.12 -- 140.9 [44]

West Bank, Palestine 87.4 60.4 0.27 18.9 82.2 [45]

Tehran-Karaj Highway, Iran 669.30 -- 3.90 90.32 614.31 [13]

Beijing, China 35.4 29.7 0.215 26.7 92.1 [2]

Liaoning, China 43.8 26.5 0.119 32.1 71.3 This study

Background values of Liaoning 21.4 21.8 0.108 25.6 63.5 [26]

Background values of China 23.5 20.70 0.08 24.90 68.0 [46]

Background values of the world 35 30 0.35 50 90 [37]
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soils were relatively clean. The mean Pb concentrations 
in all five cities were higher in 2013 and 2007 than in 
1999, illustrating that the total volume of heavy metal 
emissions increased over time. With the exception of 
Cd, all heavy metal concentrations were significantly 
higher in 2013 than in 2007. After the 2004 expansion  
of the Shenyang-Dalian highway to an eight-lane,  
120 km/hour highway, total vehicle capacity increased to 
130-150 million. The mean traffic volumes in 1999, 2007, 
and 2013 were 820, 1,250, and 1,666 vehicles per hour, 
respectively [33]. Traffic density can be characterized as 
follows [35]: low traffic – less than 250 vehicles per hour, 
medium traffic – 250-1,500 vehicles per hour, and high 
traffic – more than 1,500 vehicles per hour. According to 
this classification, the traffic in Shenyang-Dalian Highway 
in 2007 was medium, and in 2013 heavy. The trends in 
total heavy metal concentrations in roadside soils are 
similar those of the highway traffic volume. This finding is 
compatible with previous studies showing that Pb, Cu, and 
Zn concentrations were closely linked to transportation 
activities [17, 25, 36].

We compared the average concentrations of heavy 
metals in this study with those in roadside soils from other 
cities around the world. Some soil background values 
from Liaoning, China, and the world were also listed in 
Table 5. The Pb concentrations in all areas were higher 
than the global background values, suggesting that Pb 
emissions from vehicle exhaust and their deposition in 
the vicinity of roads and highways has occurred globally. 
For example, Pb concentrations in roadside soil from Iran 
and Greece were almost 20 times the global reference 
value. Zn concentrations in Turkey, Saudi Arabia, Italy, 
Greece, Uganda, Iran, and Beijing, and Cu concentrations 
in Turkey, Italy, Greece, Nigeria, and Palestine were also 
higher than the global reference value. These findings 
illustrate the extent of the impact that traffic activities 
have on roadside soil pollution. Compared with Beijing, 
roadside soils in Liaoning contain higher levels of Pb 
and Ni, and lower levels of Cu, Cd, and Zn. As shown in 
Table 4, the mean concentrations of Pb, Cu, Cd, Ni, and 
Zn in roadside soils in this study are moderate compared 
to those in other cities around the world. It should be noted 
that several important factors might affect heavy metal 
concentrations, including traffic volume, number of local 
residents, fuel quality, distance of the sample from the 
road, and land use type [28].

Assessment of Heavy Metal Contamination 
in Roadside Soils

The statistical results of the Pi value for each heavy 
metal are represented in Table 6. The average Pi values 
for Cu, Cd, and Zn were less than 1, revealing no clear 
contamination of Cu, Cd, and Zn. The mean Pi values for 
Pb and Ni were 1.08 and 1.27, respectively, indicating 
low pollution. The Pi values varied widely between 
metals. The Pi values for Pb, Cu, Cd, Ni, and Zn in topsoil 
ranged 0.98-1.51, 0.40-2.65, 0.05-2.04, 0.61-2.02, and 
0.21-1.89, respectively, indicating that the roadside soils 
along the Shenyang-Dalian Highway were unpolluted to 
moderately polluted. The proportions of heavy metals 
with low and intermediate Pi values for Pb, Cu, Cd, Ni, 
and Zn were 99.07%, 50.92%, 67.59%, 79.17%, and 
50.46%, respectively. No samples had high levels of 
contamination, which indicated that there was no serious 
pollution in those areas and that most of the roadside soils 
had low or moderate levels of contamination.

As shown in Fig. 3, average pollution Pi in the roadside 
soils varied between five cities. The mean Pi values for 
Pb were highest in Shenyang and Dalian, which are the 
cities located at the origin and terminus, respectively, of 
the Shenyang-Dalian Highway and have heavier traffic 
relative to other cities. The Pi value for Cd in Anshan was 
higher than other cities, likely because the samples were 
collected from corn and rice fields subject to fertilization. 
The Pi values for Ni were relatively high in Anshan, 
Yingkou, and Dalian; Ni concentrations are closely 

Table 6. Statistical analysis of contamination index (Pi) of each heavy metal in roadside soils of the Shenyang-Dalian Highway.

Pi Number of soil sample

minimum maximum average No contamination Low Moderate High

Pb 0.98 1.51 1.08 2 214 0 0

Cu 0.40 2.65 0.98 106 105 5 0

Cd 0.05 2.04 0.99 70 145 1 0

Ni 0.61 2.02 1.27 45 170 1 0

Zn 0.21 1.89 0.93 107 109 0 0

Fig. 3. The average pollution index (Pi) of heavy metals in 
roadside soils from the five cities along the Shenyang-Dalian 
Highway.
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related to soil parent material, which may cause the high 
background value. The heavy metal contamination in all 
five cities is relatively low, and the primary source of all 
metals appears to be transportation activities.

The PIs of all samples ranged from 0.90-2.31, with 
a mean value of 1.23 (Table 7). No samples had PI≤0.7, 
and 11 samples fell within the possibly polluted range 
(0.7<PI≤1), while 201 samples (93.06% of samples) had a 
PI value between 1 and 2; four samples (1.9% of samples) 
had a PI value between 2 and 3; and no samples had PI>3. 
Generally, these results indicate that topsoil along the 
Shenyang-Dalian Highway contain low levels of heavy 
metal pollution.

Conclusions 

We analyzed concentrations of heavy metals in roadside 
soils along the Shenyang-Dalian Highway. Average 
concentrations of Pb, Cu, Cd, Ni, and Zn were 43.5, 26.9, 
0.062, 65.0, and 73.5 mg/kg, respectively. These results 
demonstrate that the average concentrations of heavy 
metals in these soils are higher than the background levels. 
Pearson’s correlation analysis showed a significant positive 
correlation between Pb, Cu, and Zn concentrations, 
indicating a common source. We observed that the spatial 
distribution patterns varied according to land use types. 
There was a clear peak in heavy metal concentrations  
25 m from the road shoulder, and non-normal distribution  
in the farmland soil. In areas containing orchard and 
forested land not in the vicinity of industrial activity, the 
heavy metal concentrations decreased with distance from 
the road and conformed to the exponential model in the 
forest and orchard soils. The distribution patterns were more 
obvious in areas with tall trees in the vicinity of the road, 
which appears to be the result of the entrapment capacity 
and interception ability of the trees compared with shorter 
crops such as corn. In the vicinity of industrial activity, 
there were no clear patterns in metal concentrations, which 
indicated that the impact of industrial activities outweighs 
the impact of transportation activities. Generally, sites on 
the eastern side had higher heavy metal concentrations 
than those on the western side because the heavy metals 
dispersed and accumulated in the downwind direction 
(east). We compared concentrations of the metals, except 
for Cd, with those measured in a 2008 study [33]; the 
comparison demonstrated that heavy metal concentrations 
increased over time in the roadside soil. A comparison of 
this study with similar studies showed that concentrations 
of these metals in roadside soils along the Shenyang-

Dalian Highway are low to intermediate compared with 
those in roadside soils from other cities around the world.

The Pi values for heavy metals demonstrated that most 
roadside soils contained low levels of Pb, Cu, Cd, Ni, and 
Zn pollution, with some areas having moderate levels of 
Cu, Cd, and Ni pollution. Of the samples, 99.07% had 
some level of Pb pollution, indicating that Pb pollution due 
to traffic emissions is extensive. The degree of pollution 
in roadside soils varied slightly between the five cities. 
These results demonstrate that, overall, topsoil along the 
Shenyang-Dalian Highway has a low level of pollution as 
a result of vehicle emissions, and that attention should be 
given to Pb contamination in soils along the Shenyang-
Dalian Highway.
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