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This study reports the spatial distribution pattern and degree of heavy metal pollution (Cd, Cr, Cu, Ni, Pb, Mn,
Be, Co, Zn and U) in 169 urban road dust samples from urban area of Urumqi city. The spatial distribution
pattern shows that Cu, Pb, Cr and Zn have similar patterns of spatial distribution. Their hot-spot areas were
mainly associated with main roads where high traffic density was identified. Ni and Mn show similar spatial
distributions coinciding with the industrial areas, while the spatial distribution patterns of Co and U show
hot-spot areas were mainly located in the sides of the urban area where the road dust was significantly
influenced by natural soils. The spatial distributions of Be and Cd were very different from other metals. The
geo-accumulation index suggests that road dust in Urumqi city was uncontaminated to moderately con-
taminated with Cd, Cu, Ni, Pb, Mn, Be, Zn and U. The integrated pollution index shows IPIs of all road dust
samples were higher than 1, suggesting that the road dust quality of Urumqi city has clearly been polluted by
anthropogenic emission of heavy metals. Moreover, the spatial distribution pattern of IPIs also shows several
distribution trends in the studied region.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction
In recent decades, more andmore attention has been paid to heavy
metal pollution in urban road dust in that heavy metals exert con-
siderable impacts on human health and ecosystem. For example, low-
level lead exposure can be harmful to enzyme systems, brain and
blood production for human body; and high Pb level may affect blood
Pb level and intelligence [1,2]. Long-term exposure to lead can increase
the probability of mentally retarded children and slow down the men-
tality development of children [3].

Since industrial revolution started in the mid-1800s, the biogeo-
chemical cycle of inorganic contaminants (e.g.metals) naturally present
in the environment has been greatly accelerated by human activities
[3,4]. According to numerous studies, the anthropogenic sources of
heavymetals can begenerally classified into three categories: 1) “urban”
elements; 2) “natural” elements; and 3) elements of a mixed origin,
meaning that some kinds of metal pollutants experience geochemical
reaction and their major attributes have been altered [5]. In the urban
area, motor vehicles, industry and weathered materials were the three
main sources of heavymetals [2,6–11].Moreover, atmospheric pollution
was one of the sources of heavy metal contamination in road dust.
Heavy metals can accumulate in topsoil from atmospheric deposition
by sedimentation, impaction and interception [2]. Ahmed and Ishiga
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reported that increases in anthropogenic trace metals in the environ-
ment can most likely be attributed to rapid urbanization and indus-
trialization and increased vehicle emissions to the atmosphere [3].

At present, air pollution has become a major environmental issue
in many developing countries, including China. In several cities of
China, studies about heavy metal contamination in urban road dust
have been conducted recently [12–16]. With regard to Urumqi city— a
rapidly developing arid city in economy located at the inner continent,
several studies have reported that the air and soil environment were
significantly polluted, and Urumqi city was one of those cities heavily
polluted in theworld [17–19]. However, it is still not understood about
the spatial distribution patterns and contamination levels of heavy
metals in road dust in Urumqi city.

Therefore, to obtain and learn more information on spatial distri-
bution patterns and contamination levels of heavymetal in Urumqi city,
the objectives of this paper is to: 1) identifying the patterns spatial
distribution of Cd, Cr, Cu, Ni, Pb, Mn, Be, Co, Zn and U; and 2) assessing
the contamination levels of these metals by geo-accumulation index
(Igeo) and integrated pollution index (IPI).

2. Materials and methods

2.1. Study region

Urumqi city (86°37′33″–88°58′24″E, 42°45′32″44°08′00″N), the
capital of Xinjiang Uygur Autonomous Region of China, locates at
the north-west of China, the hinterland of continent. The temperature
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Fig. 1. Sampling sites in Urumqi city.

Table 1
Six classes of the geo-accumulation index.

Class Value Urban soil quality

0 Igeo≤0 Practically uncontaminated
1 0b Igeob1 Uncontaminated to moderately contaminated
2 1b Igeob2 Moderately contaminated
3 2b Igeob3 Moderately to heavily contaminated
4 3b Igeob4 Heavily contaminated
5 4b Igeob5 Heavily to extremely contaminated
6 5b Igeo Extremely contaminated
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of Urumqi was characterized by middle-temperate continental and
arid climate. The urban area of Urumqi was surrounded by Tianshan
Mountain in the south, west and east direction with peaks up to
5000 m. The mean altitude of Urumqi city was about 800 m a.s.l
(Fig. 1). The total population increased from 164 millions in 2000 to
more than 194 millions in 2005. There were more than 0.23 million
motor vehicles in the city in 2006. In 2006, 11.4 million tons of coal
was consumed in Urumqi, about 4 million tons more than that in 2000.
Most of industries and automobile service businesses were located
around the urban area of Urumqi. Machine shops, tire factories, rubber
factories, cement factories were located in the northern Urumqi; in the
eastern Urumqi, there were paper mill, firepower plant, textile mill,
automobile factory, chemical plant and other manufactories. In recent
years, the population and number of vehicles increase sharply with
rapidly developing economy in Urumqi. However, environment comes
to be heavily polluted by various pollutants. In 1998, Urumqi was
evaluated byWord Health Organization (WHO) and was ranked as one
of the ten (ranked the fourth)most polluted cities over theworld [17,18].
Heavy environment pollution in Urumqi urban may be due to exhausts
emissions from vehicles, firepower plants, domestic heating, industrial
discharging, building materials weathering.

2.2. Road dust sampling

A total of 169 road dust samples were collected from different
roads (i.e. highway, primary roads, minor roads, residential roads and
park roads) within the city of Urumqi during August 2007 in order to
investigate spatial distribution and contamination levels of the heavy
metals in these roads. The sampling points are shown in Fig. 1. Each
sample point was situated at the side of road, and about 100–200 g
dust sample was collected and gathered into self-sealing polyethylene
bag by using a clean plastic dustpan and a brush, from each area of
1 m2 measured by a ruler. The exact location (longitudes and latitudes)
of each sample pointwasmeasured by GPS instrument. Finally, the road
dust samples were transferred to the laboratory for further analysis.

2.3. Sample processing

All the sampleswere air-dried in room, and then these dried samples
were sieved through nylon sieve with diameter of ≤0.149 mm. 0.1 g of
the sieved dust samples were digested with a mixture 5:2:1 of HNO3–

H2SO4–HF and left over night. Then, the solution was heated at 120 °C
for 30min, at 150 °C for 30min, at 200 °C for 30min, and at 260–270 °C
for 60 min in turn. Finally, the digested samples were diluted to 50 ml
with deionized water [2,9,20]. Ten heavy metals, i.e., Cd, Cr, Cu, Ni, Pb,
Mn, Be, Co, Zn and U were determined by Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS, ELANDRCII, PerkinElmer). Quality controls
involved: 1) analysis of 12 random samples and 4 national standard
samples; and 2) random selection of samples to ensure that the mean
deviation be less than 3%.

2.4. Geostatistic methods and mapping of metal concentration

All statistical analyses were performed by using the Microsoft Excel
2007 and SPSS V13.0 for Windows. Moreover, the maps of spatial dis-
tribution of heavy metal concentrations were generated by Kriging
interpolating data from 169 road dusts by using Surfer 8.0.

2.5. Methods of heavy metal pollution assessment

The geo-accumulation index (Igeo) introduced by Muller has been
used since the late 1960s, and has been widely employed in European
trace metal studies [21]. The Igeo was used to assess heavy metal
contamination in urban soils by comparing current and pre-industrial
concentrations, although it is not always easy to reach pre-industrial
sediment layers. It was also used to assess heavy metal pollution in
road dust. Geoaccumulation index is expressed as follows [23]:

Igeo = log2 Cn = 1:5Bnð Þ ð1Þ

where Cn is the concentration of element in urban soil, Bn is the
background value. In this study, the background geochemical com-
positions of the city soil types [22] were chosen as the background
values for calculating the Igeo values. The constant 1.5 allows us to
analyze natural fluctuations in the content of a given substance in the
environment and to detect very small anthropogenic influences [23].

The geo-accumulation index consists of 7 classes (Table 1). Class 6
is an open class and comprises all values of the index higher than
grade 5. The elemental concentrations in grade 6 may be hundred fold
greater than the background value [23].

To further assess the road dust quality, a pollution index (PI) of
each metal and an integrated pollution index (IPI) of the metals were
attributed to each metal. The PI of each element was defined as the
ratio of the heavy metal concentration in the study to the background



Table 2
Heavy metal concentrations (mg/kg) and IPIs of urban road dusts in Urumqi.

Elements No. of
samples

Concentration Std.
dev.

Background
valuesa

Geoaccumulation index

Min. Mean Max. Min. Mean Max.

Cd 169 0.11 1.17 14.57 2.00 0.12 −0.2 0.8 1.9
Cr 169 20.23 54.28 174.57 19.73 49.3 −0.6 −0.1 0.4
Cu 169 33.63 94.54 252.17 42.39 26.7 −0.1 0.4 0.8
Ni 169 19.40 43.28 95.55 11.91 26.6 −0.3 0.0 0.4
Pb 169 13.87 53.53 99.45 18.20 19.4 −0.3 0.3 0.5
Mn 169 535.10 926.60 1458.34 139.06 688 −0.3 0.0 0.2
Be 169 1.55 2.75 11.56 0.84 1.65 −0.2 0.0 0.7
Co 169 6.69 10.97 25.46 2.15 15.9 −0.6 −0.3 0.0
Zn 169 69.26 294.47 846.15 129.11 68.8 −0.2 0.5 0.9
U 169 1.54 2.13 3.78 0.35 2.8 −0.4 0.0 0.0

a CNEMC (1990).
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concentration of the corresponding metal of the city as the following
formulation [24–26]:

PI = Cn = Bn ð2Þ

where Cn and Bn are the measured and the background concentrations
of element n respectively in road dust.

The integrated pollution index (IPI) is defined as the mean value of
the pollution index (PI) of an element. It is classified as: IPI≤1 low
level of pollution; 1b IPI≤2 middle level of pollution; IPIN2 high level
of pollution [24–26].

3. Results and discussions

3.1. Heavy metal concentrations

The minimum andmaximum concentrations, the mean values and
standard deviations for each analyzed heavy metal were presented in
Table 2. In addition, the background values of the metals in Urumqi
soil were also shown in Table 2. Table 2 shows, in general, the con-
centrations of heavy metals varied widely in the studied region. The
mean concentrations of Cr, Cu, Ni, Pb, Mn, Be and Zn, particularly
Cd, were higher than their background values, suggesting than these
metals in road dust fromUrumqi citywere influenced by anthropogenic
sources.

3.2. Geo-accumulation index

The minimum, maximum andmean values of Igeo for each element
were shown in Table 2. Based on the Igeo data and the Muller's geo-
accumulation index listed in Table 1, the main mean Igeo value was in
the range from 0 to 1 except for Cr and Co that showed Igeo value lower
than 0, which indicates that road dust in Urumqi city was uncontami-
nated tomoderately contaminatedwith Cd, Cu, Ni, Pb, Mn, Be, Zn and U.
The highest Igeo value for each element also shown that the road dust
was uncontaminated to moderately contaminated by the metals except
for Cd. The highest Igeo value for Cd was 1.9, which may suggest that Cd
in the road dust was most significantly impacted by anthropogenic
sources.

3.3. Spatial distribution of metals

The spatial distribution of metal concentrations is a useful aid to
assess the possible sources of enrichment and to identify hot-spot area
with high metal concentration [27,28]. Distribution patterns of the
studied elements in the whole urban area of Urumqi are represented
in Fig. 2.

Similar patterns of spatial distributionwere observed for Cu, Pb, Cr
and Zn. For these elements, they had relatively high spatial variability.
Their hot-spot areas were mainly associated with main roads where
high traffic density was identified. The features suggest these metals
are probably due to vehicular emission.

Ni and Mn show similar spatial distributions coinciding with the
industrial areas, which suggest the two metals may be derived from
industrial sources in the study region, although several studies have
shown the elevated Mn concentration in road dust mainly attributed
to natural sources [2,29–31].

Co and U also show similar spatial distributions. The mean concen-
trations of the two metals are lower than their background concentra-
tions in soil, reflecting Co and U may be not polluted by anthropogenic
activities. The spatial distribution patterns of Co and U show hot-spot
areas were mainly located in the sides of the urban areawhere the road
dust was significantly influenced by natural soils, which suggest that Co
and U are mainly due to input of soil parent material.

With regard to Be and Cd, the spatial distributions were very dif-
ferent from other metals. The spatial distribution of Be was relatively
even, while the only one hot-spot area located in the south-western
of the city was associated with the railway station of Urumqi. It seems
that, in the study region, the activities in the railway station may emit
significant quantities of Be into road dust. However, the spatial distri-
bution pattern of Cd concentration presented less variability. The hot-
spot areas were located in the south area closed to the old centre of
Urumqi city and the east area closed to the petrochemical factory, textile
mill and Shuimogou Park. Themain utilization types of these areaswere
commerce centre, industrial estate and vegetable field. In this study,
therefore, anthropogenic inputs of Cd into road dust may be attributed
to commercial activities, industrial activities, application of organic
manures and phosphatic fertilizer in the Park. Other authors reported
that numerous human activities, such asmining, smelting,waste disposal,
wastewater irrigation and phosphate fertilizer application had resulted
in the release of significant quantities of Cd to the environment [32–36].

3.4. Metal pollution index

The IPIs of all analyzed samples varied from 1.1 to 14.4. Fig. 3 repre-
sents the spatial distributions of IPIs in Urumqi city. The assessment of
the data shows that the IPIs of all road dust samples were higher than 1,
suggesting that the road dust quality of Urumqi city has clearly been
polluted by anthropogenic emission. Approximately 4.1% of all samples
had extremely high pollution levels with IPI higher than 5. These road
dust sample siteswith extremely high pollution levelswere all located in
the areas closed to manufactories such as petrochemical factory, power
plant, tire manufacturing plant, cement plant, textile mill or others.
Therefore, the road dusts in these sites may be significantly impacted
by heavy metals from themanufactories emission. Moreover, about 60%
of all samples had high pollution levels with IPI in the range from 2 to 5,
while low pollution levels with IPI lower than 2 accounted for about
35.9% of all samples.

There are several clear trends in the distribution of the IPI values
in the studied region. In the old urban area, most of the road dust



Fig. 2. Spatial distribution of the concentrations of heavy metals in the studied area.
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Fig. 2 (continued).
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samples were in high levels of pollution, which can be attributed to
significantly traffic emission and long-term accumulation of heavy
metals. Contrary, most of the road dust samples were in low levels of
pollution in the new urban area and city side. Moreover, the areas
closed to manufactories were also in high levels of pollution. These
trends can be attributed to urbanization, distribution of industrial
areas and commercial areas.

4. Conclusions

A total 169 samples of road dust collected in Urumqi city were
analyzed for Cd, Cr, Cu, Ni, Pb, Mn, Be, Co, Zn and U using ICP-MS. The
concentrations of these elements were generally higher than their
background values. The spatial distribution of the metals shows that
similar patterns of spatial distribution were observed for Cu, Pb, Cr and
Zn. Their hot-spot areas were mainly associated withmain roads where
high traffic density was identified. Ni and Mn show similar spatial
distributions coinciding with the industrial areas, which suggest that
the two metals may be derived from industrial sources in the study
region. The spatial distribution patterns of Co and U show that hot-spot
areas were mainly located in the sides of the urban areawhere the road
dust was significantly influenced by natural soils, which suggest that
Co and U are mainly due to input of soil parent material. However, the
spatial distributions of Be and Cdwere very different from othermetals.
The only one hot-spot area of Be located in the south-western of the city
was associated with the railway station of Urumqi. It seems that the
activities in the railway stationmay emit significant quantities of Be into
road dust. The hot-spot areas of Cd were located in the south closed to
the old urban area of Urumqi city and the east closed to manufactories
and one park. The anthropogenic inputs of Cd into road dust may be
attributed to commercial activities, industrial activities, application of
organic manures and phosphatic fertilizer in the parks.

The pollution level of the elements for Urumqi city was estimated
using Igeo and IPI, it was found that the pollution level of this city is in the
category of “uncontaminated to moderately contaminated level”. The
spatial distribution pattern of IPIs indicate that about 60% of the col-
lected samples had high pollution levels with IPI ranging from 2 to 5,
while low pollution levels with IPI lower than 2 accounted for about



Fig. 3. Spatial distribution of the integrated pollution index (IPI) in the studied area.
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35.9% of all samples. In the old urban area,most of the roaddust samples
were high levels of pollution, which can be attributed to significantly
traffic emission and long-term accumulation of heavy metals. Contrary,
most of the road dust samples were low levels of pollution in the new
urban area and city side.
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