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Abstract. With the rapid development of expressway in China, soil pollution with 
heavy metal along expressways has become increasingly serious in the environmental 
system. The pollution will not only affect directly the quality and safety of agricultural 
products, but also endanger indirectly human health through food chain. Therefore, the 
environmental effect of expressway is a very worthwhile concern.  A brief review 
concerning the occurrence, influencing factors and plant barriers of heavy metals 
pollution in expressway roadside soil in China is presented. 

1.  Heavy Metals Pollution in Expressway Roadside Soil 
The expressway plays an important role in modern traffic. It promotes economical development and 
social progress of the adjacent areas. But some kinds of harmful substances produced from 
expressway would have a negative effect on the surrounding environment. As the source of 
environmental pollution, automobile exhaust is one kind of important soil chemical contamination 
source. With the development of the transportation carrying wade, vehicles possessions increased 
rapidly. The increased traffic volumes have brought about serious heavy metal contamination along 
highway. Therefore, the monitoring and assessment of the soil heavy metal contamination will be in 
favor of illuminating the residual and accumulating mechanism of the heavy metal in the soil. The 
study will reveal the heavy metal pollution levels in the highway field region,  and it has great 
significance on the strengthening of food security, land use planning and road greening. 

In the study of Liu and Chen [1, 2], the farmland located in Xi-Yan highway and Xi-San highway 
field was selected as study plots. The farmland soils and wheat in 200m area were affected in different 
levels. When taking the background values of contrasted sample area doing contrast analysis, the 
contents of Pb and Cr exceeded 18.10 and 5.42 times the contrast value respectively. Feng [3] took the 
Shanghai-Nanjing and Beijing-Shanghai express highways as research objects. The distribution traits 
and influence factors of the heavy metal were analyzed. Along the six sections, the bilateral soil, rice 
and wheat were contaminated by heavy metal with the furthest border reaching 330m. The Pb, Cd, Cr, 
Zn and Cu contents in soils were higher than the control but no more than the maximum allowable 
concentrations. The Pb, Cd and Zn contents in some plant samples were higher than the national 
guidance limit with higher over limit ratio existed in Pb and Cd. 

In the research of Wen [4, 5] the Xi-Yi section on Beijing-Shanghai Highway is selected as the 
research area. The results showed that the soils along road have been contaminated by Pb, Cd and Zn 
in different degrees. The results showed that there were prominent correlation coefficient between 
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vehicle fluxes and soil surface, between soil surface and lithometeor, between soil surface and leaves, 
between lithometeor and leaves. These correlations clearly reflect the transferring process of the heavy 
metals around both sides of the highways. Zhen [6] determined the Pb and Cd contents in grains and 
fruits at both sides of Shen-Da expressway. The results show that the grains and fruits are polluted by 
Pb and Cd. The different crops are polluted by different heavy metals. According to the heavy metal 
contents in the fruits, soil absorption and atmospheric dust become the main sources of heavy metal 
pollution in crops. Pb and Cd pollution is still one of the main environmental factors influencing the 
safety of agricultural products. 

2.  Occurrence of The Pollution 
Li and Gu [7, 8] considered that he heavy metals are brought mainly from the combustion of vehicle 
fuel and have a dispersion to near soil by atmospheric deposition and rain runoff. The heavy metal 
contents of the soil along Lian-Huo highway obviously exceed the local background values, except Cr 
and Pb. Both sampling transects form the slight contamination belt within the distance of 300m from 
the roadbed of highway, and the most serious pollution sampling point were all in the range of 0-50 m. 
Zhang [9] pointed that use of gasoline causes the pollution of soil. The results tell that the water form 
of lead is 3.9-5.4% of the total lead, the exchange form of lead is 30.2-33.1%. Qin et al. [10] identified 
Cd and Pb were the main pollutants, and considered the exhaust fuel emission from vehicles as the 
main pollution source leading to the soil heavy metal accumulations. 

3.  Influencing Factors 
The behaviors of heavy metal migration and accumulation are affected by a variety of 
factors．Correlation analysis showed that pH is most relative with heavy metal concentration of soil 
(excepting Cu and Cr, the following is CEC and clay content and soil organic carbon is weakest 
relation with heavy metals concentration (excepting Pb) [7]. The accumulation of heavy metals in rice 
and wheat gains were affected by the traffic desenty, wind direction, soil pH and organic matter 
contents, and the total and available heavy metals contents. Accumulation coefficients of Pb, Cd, Zn 
and Cu in soils along the six sections had significant positive correlation with the traffic density. The 
influence of wind direction, soil pH and soil organic matter were lower.The accumulation of heavy 
metals in roadside rice and wheat was affected by the traffic density, wind direction, soil properties 
and available contents. The most important factors for each heavy metals were different [3]. The 
principal component analysis shows that heavy metals content variation in soil and wheat of highway 
field mainly affected by pH, organic matter and available phosphorus. The mechanism was that the 
adsorption, desorption, precipitation effect between soil factors and heavy metals can inhibit or 
promote the fixation and migration of heavy metals in soil and wheat [1]. 

The concentration of copper was positive linearity correlativity between soil and plants, and the 
concentration of cadmium together with zinc was positive linearity correlativity too. The differences 
of heavy metal concentration are attributed to the effects of traffic intensity, operating time, road type 
and climate. And the results indicated that the soil of inner roadside of Jiangsu province was polluted 
to some extent. Moreover, soil heavy metal contaminative state of different roadside has no obvious 
correlation with traffic counts [11]. After using single average index and Nemerow index methods to 
evaluate the heavy metal pollution of sandy or non-cohesive soil samples collected from both sides of 
highways, the results showed that the level of the heavy metal pollution is lower than other kinds of 
soil and the average concentration of heavy metals such as Cd, Cr, Ni, Pb and Zn decreases as the 
horizontal distance away from the road shoulder increases. The mean concentration of Cd, Cr, Pb and 
Zn fluctuates within a narrow range in the scope of the background value and causes little 
contamination. Furthermore, the average content of nickel (Ni) is the highest among Cd, Cr, Ni, Pb 
and Zn, which results in contamination when the distance away from the road shoulder is less than 
20m. However, the pollution is almost clean when the distance reaches to more than 40m [12]. As 
affected by the predominant wind direction in the study site, Pb concentration in farmland soil was 
higher on the east side than on the west side of the superhighway [10]. 
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Heavy metal concentration of soil is varied with the different distance from the expressway. It 
shows that the expressway has a noticeable impact on adjacent soil. To make a polluted evaluation 
basing contrast sample, datum says that the near soil has been contaminated lightly by this expressway. 
With the development of freeways in our country, because of the use of gasoline the pollution of soil 
becomes a urgent question to solve. The soil samples along the seven freeways in Jiangsu province are 
analyzed. The results say that the lead pollution distributes along the freeways, and attains the most 
pollution in the distance of 5m. The lead pollution has no impact on the soil of 100m away from the 
freeways [9]. In the vertical direction, heavy metals mainly concentrated in the 0-10 cm surface soil, 
and the content reduced as the depth increasing, but the spatial variation was not significant [1]. A 
combination of the standard distance of various heavy metals and the distance between sample areas 
and roadbed, to guarantee the safety of green onion, the suitable planting distance of green onion 
beside Xi-Yan expressway is more than 82m from roadbed [2]. A pollution assessment by Geo-
accumulation Index showed that the pollution level for the heavy metals is in the following order: 
Cd > Pb > Cr > Zn > Cu. The Cd levels can be considered heavily contaminated status in the distance 
of 5m. And Cd also presented high risk based on potential ecological risk indexes. The other detected 
heavy metals are practically uncontaminated or uncontaminated to moderately contaminate [13, 14]. 
Along with the increased distance from highways, the Cd, Cr, Zn and Cu contents in soils decreased 
while Pb increased first and then decreased [3]. The results showed that Pb was the main source of 
traffic tail gas pollution and its content decreased in different soil layers and tree organs with extends 
of the distance away from the highway. The content of Cu was also related with the distance away 
from the highway, but it was greatly influenced by the characteristic of the road and vehicles. The 
range of heavy metals dispersion was mainly within 80m apart from the highway [15]. Results showed 
that both total and available Cu, Pb and Zn concentrations decreased with increasing distance away 
from the superhighway within 320m range, while no significant variation principle was observed for 
Cd [10]. 

4.  Plant Barriers 
The branches and leaves of tree can filter and adsorb the heavy metals, which is in company with dust 
particles. So plant barriers on both sides of expressway could hinder the proliferation of heavy metals 
and will reduce the area of contaminated soil. Barriers width should beyond 75m at least and forest 
closure have got to be larger possibly. The shelterbelt of Xi-San Highway played a protective role. 
Thich are less sensitive to heavy metal pollution, are suitable for cultivation in the area along 
expressway [7]. The shelterbelt of Xi-Yan Highway did not play a protective role in the heavy metals 
pollution. It has close relationship bettwen shelterbelt along highway and operation time [16]. 

The phytoremediation as one of low cost and no second pollution attaches importance to the 
treatment of heavy metal pollution. A laboratory test on the plants used along the freeways is made. 
The polluted concentration is 100mg/L, 200mg/L, 400mg/L, and 800mg/L. The results tell that the 
abilities of lead accumulation of the four plants are different from each other. The sequence of lead 
quantity in four plants is white clover > candida > styracifolium > dichondra. The sequence of lead 
cumulation abilities is white clover > candida > dichondra > styracifolium [9].The mean 
concentrations, biological accumulation factor and the metal accumulation index of those traffic-
related heavy metals in selected wild plants indicating all of them have good capacity of accumulate 
heavy metals. In general, the accumulation capacity for most heavy metals in selected wild plant 
tissues were bark>leaf. The bark of Cinnamomum camphora (L) Presl and Pinus massoniana Lamb 
showed high accumulation ability to Cd, Zn and Pb, indicating their potential for bio-monitoring. And 
these two plants should be used more frequently as barriers between polluted and vulnerable areas, 
especially highways [13]. According to the pollution grades of road and spatial differentiation of land 
near the road, the different managing strategy with different disturbance degree were carried out for 
different reach of the road. And the utilization strategy should be classified and aimed at maintain 
zone, natural zone and buffer zone respectively with the distance away from the highway [15]. 
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