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INTRODUCTION 

In recent years, with the gradual improvement 
of road construction, the rapid increase of the 
number of motor vehicles, vehicle emissions and the 
current poor vehicle performance, poor vehicle 
maintenance, higher emission factor[1] and so on, air 
pollution caused by the traffic issues becomes the 
focus of people attention[2-6]. The harmful 
substances are gradually accumulated to 
atmosphere particles surrounding roads due to dust 
particles (soil dusts, road dusts, construction dusts), 
coal emissions, industrial emissions, vehicle 
emissions, biomass burning, secondary particles[7], 
which has a certain harmful influence to the 
atmosphere, soil and plants surrounding roads. 
Component matters of atmospheric particulates are 
rather complex and are mainly affected by source 
and industry, agriculture, geography, climate and 
other conditions[3], in which heavy metals attached 
to particles, due to their chemical stability and hard 
degradation characteristics, are the most dangerous 
hazards to the environment and exposed population. 

Heavy metals in surface dust leaves and vehicle 
exhaust emissions have good correlation and 
Poisson analysis showed the correlation coefficients 
of Zn, Fe, and Cr are greater than 0.8; the correlation 
coefficients of Mn and Cu are greater than 0.7; the 
correlation coefficients of Pb and Ni are greater than 
0.6 for the contents of road dusts on the leaves[8]. 
The traffic emission plays a significant role in 
atmospheric particulate matters from roads 
surrounding the effective distance[9]. The 
concentrations of Pb, Cu, Zn, Ni, Cr, Cd, As, Hg in the 
road dust and soil in several different functional 
areas of caneva demonstrated that the distribution 
of heavy metals in road dusts is similar for the soil, 
indicating that transport activities can make the 
concentrations of heavy metals in soil surrounding 

roads to increase by impacting road dusts[3]. The 
contents of different size fine particles in Beijing 
typical roads environment with the Enrichment 
Factor Analysis and Factor Analysis showed that 
sources of elements such as Cu, S, Zn, Pb, As, Br are 
motor vehicles emission, coal and biomass burning, 
industrial emissions, etc[10]. 

Some of atmospheric particles with heavy 
metals transfer to road surface by dry sedimentation 
and become road dusts, others still suspend in the 
atmosphere and can be inhaled particulate matters 
(PM10)[11]. However, due to the different of the 
terrain, climate, and the level of urbanization, the 
proportion of deposition particulate matters 
accounted for the total particulate matters is also 
different[12-13]. 

Heavy metals in road dusts are gradually 
accumulated in the soil surface so that the contents 
of heavy metals in the soil change and pollute the 
environment[14-16]. Heavy metals adsorbed on fine 
particles[17-23] are easy into the human body with 
respiration and continue to accumulate in the body, 
which resulting that function of the human body 
impaired and causing disease. Heavy metals such as 
PGEs, Cd would be gradually accumulated in the 
body from the liver to the kidneys in the study of 
heavy metals pollution caused by traffic, which 
making height, weight, and kidney function of the 
mice decline[24]. Heavy metals such as As, Cd, Co, Cr, 
Ni adsorbed on PM2.5 have a carcinogenic risk to 
human health[25]. 

Heavy metals (Pb, Cd, Cu, Zn, Ni, Cr) in road 
dusts and PM10 that people have been 
concerned[26-27] at the most of Chinese cities. 
However, the quantitative data on heavy metals 
transmission and sources, concentrations and their 
contamination levels, the degree of pollution to 
environment and health have not been 
systematically gathered and intercompared. 
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surveyed is based on Manual methods for ambient 
air quality monitoring (HJ/T 194-2005) published the 
environmental protection administration of china. 
The sampling instrument of PM10 was a large flow 
TSP sampler that was equipped with a cutting head 
of PM10. 

Sampling Analysis Method 

Acid digestion is typically used to extract 
particle-bound metals from traffic assistants. Heavy 
metals were usually acidified in the laboratory by a 
or two certain kinds of combinations of HCl, H2SO4, 
HF, HNO3, HClO4, and H3BO3

[53-56]. The aqueous 
extracts can then be subjected to a suite of chemical 
analysis, including atomic absorption 
spectrophotometry (AAS)[57] (if concentrations of 
heavy metals are high, the way of chemical analysis 
is flame atomic absorption spectrometry; if low, the 
way is graphite furnace atomic absorption 
spectrometry), atomic fluorescence spectrometry 
(AFS)[58], inductively coupled plasma mass 
spectrometry (ICP-MS)[59], inductively coupled 
plasma-atomic emission spectrometry (ICP-AES)[60], 
inductively coupled plasma atomic emission 
spectroscopy (ICP-OES)[60], and X-ray fluorescence 
spectrometry (XFR)[61]. The total concentrations of 
Pb, Zn, Cd, Cu, Ni, and Cr in road dusts of cities 
surveyed were determined by ICP, ICP-MS, ICPAES, 
ICP-OES, AAS, GF-AAS, or XRF. 

CONCENTRATION OF HEAVY METAL 

The concentrations of heavy metals (Pb, Zn, Cd, 
Cu, Ni, Cr) in road dusts, PM10 around urban roads 
and PM10 around highways are shown in Tables 1, 2, 
and 3, respectively. 

Concentrations of Heavy Metals in Road Dust 

Table 1 shows that the mean concentrations of 
Pb, Zn, Cd, Cu, Ni, and Cr in urban road dusts from 
China are 172.54, 769.46, 7.53, 129.44, 43.71, and 
85.11 mg/kg, respectively; The heavy metal 
concentration ranges are observed to be 14.18-533.2, 
162.33-5271, 0.285-72.84, 51.89-264.4, 21.47-86, 
and 36-167 mg/kg, respectively. Nowadays there are 
on normal because road dust concentration is 
influenced by many aspects. So we use elements 
background values in soil of China (China B) and 
maximum permissible concentrations of potential 
toxic elements for agricultural soils of China 
(PTE-MPC) to reflect the element pollution levels of 
road dust. Besides, it is obvious that the 
concentrations of six heavy metals in the urban road 
dusts in all the cities exceed their background values, 
in which the concentrations of Zn, Cd, and Cu indeed 
exceed their maximum permissible concentrations of 
potential toxic elements. Therefore the current 
heavy metals pollution in road dusts in urban from 
China is very serious. 

 

 
Figure 1. The sampling site of heavy metals in road dust and PM10 in China. 
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metals are followed a descending orders: Zn>Pb> 
Cu>Cr>Ni>Cd, and it is similar to the study of Han[53]. 

Heavy Metals Concentrations In PM10 Around Urban 
Roads  

Table 2 shows that the mean concentrations of 
Pb, Zn, Cd, Cu, Cr, and Ni in PM10 around urban roads 
from China are respectively 0.352, 0.663, 0.037, 
0.118, 0.122, and 0.019 μg/m3; Heavy metals 
concentrations ranges are observed to be 
0.064-1.168, 0.243-1.931, 0.001-0.110, 0.039-0.389, 
0.004-0.367, and 0.009-0.133 μg/m3, respectively. 
The average concentrations of six heavy metals are 
followed a descending orders: Zn>Pb>Cr>Cu>Cd>Ni. 
Compared with the concentrations of heavy metals 
in PM10 around urban road at abroad, the concentra- 
tions in China are very greater, indicating that it is 
time that we should carefully assess the impact of 
heavy metals in PM10 from china to human health. 

Heavy Metals Concentrations In PM10 Around 
Highways From China 

Table 3 shows that the mean concentrations of 
Pb, Zn, Cd, Cu, Cr, and Ni in PM10 road around 
highways from China are 2.05, 3.83, 0.10, 0.35, 0.24, 
and 0.11 μg/m3, respectively; The heavy metals 
concentrations ranges are observed to be 1.42-2.71, 
0.81-6.60, 0.03-0.19, 0.133-0.35, 0.099-0.12 μg/m3, 
respectively. The average concentrations of six heavy 
metals are followed a descending orders: Zn>Pb>Cu> 

Cr>Ni>Cd, and it shows the different trend      
with heavy metals concentrations in PM10 around 
urban roads. Compared with heavy metals 
concentrations in PM10 around urban roads, heavy 
metals concentrations in PM10 around highways are 
higher. It illustrates that heavy metals 
concentrations in PM10 are mainly influenced by 
vehicle speed[100]. 

HEALTH AND ENVIRONMENTAL IMPACT 

Considering the applicability of the evaluation 
methods to environment and health, different assess- 
ment methods to heavy metals in road dusts and 
PM10 around urban roads from China are discussed. 

The Sources And Impact to Environment of Heavy 
Metals  

Multivariate Statistical Analysis of Heavy Metals 
Taking into account data abundant, the surveyed 
cities are as follows: Urumqi, Beijing-1, Nanjing, 
Wuhu, Hangzhou, Shanghai-1, Guangzhou, and 
multivariate statistical analysis to sources of heavy 
metals in roads dust by SPSS is carried.  

The sources of heavy metals in particulate 
matters are mainly divided into two categories. One 
is from the vehicle itself, including direct emissions 
from motor vehicle emissions[26], road surface 
abrasion and resuspension in the wake of passing 
traffic[101], brake wear, tyre wear[26,102-104], the use of 

Table 2. Heavy Metals Concentrations in PM10 around Urban Road from China (μg/m3) and Foreign (ng/m3) 

City Pb Zn Cd Cu Cr Ni Reference 

Beijing-1 0.682 0.567 NG 0.389 0.291 0.133 [86] 

Beijing-2 0.186 0.525 NG 0.067 0.067 0.028 [87] 

Harbin 0.295 0.519 NG 0.111 0.367 NG [88] 

Urumqi 0.064 NG 0.002 0.124 NG NG [89] 

Kaifeng 0.479 0.620 NG 0.069 0.043 0.027 [90] 

Nanchang 0.121 0.243 0.110 0.046 0.004 0.009 [91] 

Huainan 0.155 0.14 NG 0.039 0.013 0.012 [92] 

Chengdu 1.168 1.931 0.001 0.372 0.241 NG [93] 

Mean 0.352 0.663 0.037 0.118 0.122 0.019  

Frankfurt (Germany) 32.6 105.6 0.3 101.5 16.3 7.3 [94] 

Birmingham (PM7.2) (UK) 9.6 33 0.21 10 NG 0.93 [95] 

Palermo (Italy) 17.5 52.5 NG 58.5 7.1 6.15 [96] 

Barcelona (Spain) 57.1 97.3 0.7 48.5 8.2 7.3 [97] 

Stockholm (Sweden) 7.2 41 0.12 57.6 6.1 2.9 [26] 
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was presented due to the changes of background value. 
According to Igeo, the pollution levels of heavy metals 
are divided into seven classes which are 
uncontaminated (Igeo≤0); uncontaminated to 
moderately contaminated (0<Igeo≤1); moderately 
contaminated (1<Igeo≤2); moderately to heavily 
contaminated (2<Igeo≤3); heavily contaminated 
(3<Igeo≤4); heavily to extremely contaminated 
(4<Igeo≤5); extremely contaminated (Igeo≥5). The Igeo 
values for the metals in road dusts are shown in 
Table 5. 

The mean Igeo values for Pb, Zn, Cd, and Cu in 
urban road dust are 1.67, 1.68, 3.79, and 1.78, while 
the mean Igeo values for Ni and Cr is -0.05 and -0.27, 
respectively. From the all cities pollution average 
values, it shows that Cd contamination level belongs 
to heavily contaminated; Pb, Zn, and Cu are moderately 
 

contaminated; Ni and Cr are uncontaminated. It is 
similar to the study of Wang[114]. The pollution levels 
of Pb, Zn, Cu, Cd are higher than other cities because 
of lots of metal smelting industries in Huludao. 
Observing the all cities (in addition to Huludao) 
pollution levels of Pb and Cd, Pb pollution 
concentrates in the developed cities such as Xi'an, 
Shanghai, Guangzhou and the industrial city (Baoji); 
Cd pollution is more serious in the industrial cities 
(Shenyang and Wuhu) and the developed cities 
(Guangzhou and Hong Kong). So the sources of Pb, 
Cd in urban road dusts are mainly traffic and 
industry activities, respectively.  

The Impact to Health of Heavy Metals  

The changes of heavy metals in PM10 around 
roads in Beijing 2000 and 2009 are shown in Figure 3.  

 

Figure 2. Hierarchical Cluster Analysis of heavy metals. 

Table 5. Geo-accumulation Index of Heavy Metals in Urban Road Dusts from China 

Note. NC: Not calculated because of lacking data. 

City Pb Zn Cd Cu Ni Cr 

Shenyang 1.45 1.15 4.90 1.26 NC NC 

Huludao 3.77 5.14 8.97 2.96 NC NC 

Urumqi 0.46 0.97 3.01 1.48 0.10 -0.75 

Beijing-1 0.84 0.73 2.29 1.21 0.03 -0.11 

Beijing-2 0.38 NC 1.69 NC -0.78 -0.24 

Jinan 0.60 0.42 NC 0.61 NC -0.67 

Hefei 1.10 2.22 3.86 0.79 NC -0.28 

Xi'an 2.57 1.49 NC 1.49 NC 0.87 

Nanjing 1.41 1.39 2.91 1.86 0.47 0.46 

Wuhu 1.29 0.78 5.33 2.26 -0.71 -0.99 

Hangzhou 2.37 1.10 3.45 1.78 -0.64 -0.84 

Shanghai-1 2.92 2.29 3.08 2.54 1.06 0.80 

Shanghai-2 2.76 2.17 NC 2.42 1.09 NC 

Baoji 3.39 2.25 NC 1.86 0.28 NC 

Guiyang -1.46 0.11 0.97 0.69 0.22 -1.35 

Kunming 1.32 1.08 NC 2.32 -0.91 -0.20 

Guangzhou 2.62 1.97 4.05 2.38 -0.81 -0.22 

Hong Kong 2.21 3.27 4.70 2.35 NC NC 

Mean 1.67 1.68 3.79 1.78 -0.05 -0.27 





52 Biomed Environ Sci, 2015; 28(1): 44-56 

Table 6. Exposure Dose with Respiration 
City Human Pb Zn Cd Cu Cr Ni 

Adults 1.86×10-5 5.26×10-5 NC 6.71×10-6 2.30×10-6 9.62×10-7 Beijing  

Children 1.59×10-5 4.49×10-5 NC 5.73×10-6 4.91×10-7 2.05×10-7 
Adults 2.96×10-5 5.20×10-5 NC 1.11×10-5 1.26×10-5 NC Harbin 

Children 2.52×10-5 4.44×10-5 NC 9.49×10-6 2.69×10-6 NC 
Adults 0.64×10-5 NC 6.87×10-8 1.24×10-5 NC NC Urumqi 

Children 0.55×10-5 NC 1.47×10-8 1.06×10-5 NC NC 
Adults 4.80×10-5 6.21×10-5 NC 6.91×10-6 1.48×10-6 9.28×10-7 Kaifeng 

Children 4.10×10-5 5.30×10-5 NC 5.90×10-6 3.15×10-7 1.98×10-7 

Adults 1.21×10-5 2.43×10-5 3.78×10-6 4.61×10-6 1.37×10-7 3.09×10-7 Nanchang 
Children 1.03×10-5 2.08×10-5 8.06×10-7 3.93×10-6 2.93×10-8 6.60×10-8 
Adults 1.55×10-5 1.40×10-5 NC 3.91×10-6 4.47×10-7 4.12×10-7 Huainan 

Children 1.33×10-5 1.20×10-5 NC 3.34×10-6 9.53×10-8 8.80×10-8 

Adults 11.7×10-5 19.3×10-5 3.44×10-8 3.73×10-5 8.28×10-6 NC Chengdu 
Childrn 9.99×10-5 16.5×10-5 0.73×10-8 3.18×10-5 1.77×10-6 NC 

Mean Adults 3.53×10-5 6.64×10-5 1.29×10-6 1.19×10-5 4.21×10-6 6.53×10-7 

 Children 3.02×10-5 5.67×10-5 2.76×10-7 1.01×10-5 8.98×10-7 1.39×10-7 

Table 7. The Non-carcinogenic Risk Values with Inhalation in Surveyed Cities 
City Human Pb Zn Cu HI 

Beijing Adults 5.28×10-3 0.18×10-3 0.17×10-3 5.63×10-3 

 Children 4.52×10-3 0.15×10-3 3.74×10-3 8.41×10-3 
Harbin Adults 8.41×10-3 0.17×10-3 0.28×10-3 8.86×10-3 
 Children 7.16×10-3 0.15×10-3 3.70×10-3 11.01×10-3 

Urumqi Adults 1.82×10-3 NC 0.31×10-3 NC 
 Children 1.55×10-3 NC 0.27×10-3 NC 
Kaifeng Adults 1.36×10-2 0.21×10-3 0.17×10-3 13.98×10-3 

 Children 1.17×10-2 0.18×10-3 4.42×10-3 16.3×10-3 
Nanchang Adults 3.44×10-3 0.08×10-3 0.12×10-3 3.64×10-3 
 Children 2.93×10-3 0.07×10-3 1.73×10-3 4.73×10-3 
Huainan Adults 4.40×10-3 0.05×10-3 0.10×10-3 4.55×10-3 

 Children 3.78×10-3 0.04×10-3 1.00×10-3 4.82×10-3 
Chengdu Adults 3.32×10-2 0.64×10-3 0.93×10-3 34.77×10-3 
 Children 2.84×10-2 0.55×10-3 1.38×10-2 42.75×10-3 

Mean Adults 1.00×10-2 0.22×10-3 0.30×10-3 10.52×10-3 
 Children 8.58×10-3 0.19×10-3 4.73×10-3 13.5×10-3 

Table 8. The Carcinogenic Risk Values with Inhalation in Surveyed Cities 
City Human Cd Cr Ni 

Adults NC 0.97×10-5 0.88×10-6 Beijing 
Children NC 2.06×10-6 0.19×10-6 
Adults NC 5.29×10-5 NC Harbin 

Children NC 1.13×10-5 NC 
Adults 0.42×10-6 NC NC Urumqi 

Children 0.09×10-6 NC NC 

Adults NC 0.62×10-5 0.84×10-6 Kaifeng 
Children NC 1.32×10-5 0.18×10-6 
Adults 2.31×10-5 0.58×10-6 0.28×10-6 Nanchang 

Children 4.91×10-6 0.12×10-6 0.06×10-6 

Adults NC 1.88×10-6 0.37×10-6 Huainan 
Children NC 0.74×10-5 0.08×10-6 

Chengdu Adults 0.21×10-6 3.48×10-5 NC 

 Children 0.04×10-6 0.74×10-5 NC 
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