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Abstract The concentrations of mercury and cadmium in
surface soil along the three ring road with high traffic
density from Beijing, China, were investigated. The con-
centrations of cadmium and mercury in urban soils were in
the range of 0.086-1.59 and 0.16-3.68 mg kg~', which
exceeded the upper limits of potential toxic elements
concentration for agricultural soils of China (PTE-MPC).
The metal elements of cadmium and mercury showed
similar spatial distribution and seasonal variations. Con-
centrations of cadmium and mercury in surface soil along
the three ring road were significantly higher than previous
reported values, which was attributed to the increased
traffic density in Beijing. Results from this study demon-
strated that the soil of the three ring road had endured
severe cadmium and mercury pollution.
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Vehicular traffic is a primary contributor to urban air pol-
lution (Al-Khashman 2004; Bilos et al. 2001). Being
exposed to airborne contaminants raised by traffic, humans
might suffer from various health problems, such as pul-
monary dysfunction, cardiovascular dysfunction, and cer-
tain types of cancer. Metals in urban soils have been shown
to be very useful tracer of environmental pollution (Blake
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and Goulding 2002). Urban soils are known to have
peculiar characteristics such as unpredictable layer, poor
structure and high concentration of trace elements. They
are the recipients of large amounts of metals from a variety
of sources including industrial wastes, vehicle emissions,
coal burning waste and other activities (Chen et al. 1997,
2008). Elevated concentrations of some metals in soil pose
a threat to human health and biosphere by leaching into
groundwater, entering the food chain through plant uptake,
or directly by human consumption via wind blown dust or
the hand-to-mouth pathway (Heng et al. 2004; Hu et al.
2006). Therefore, assessment of metal pollution in urban
soil has become a major environment issue in many
countries (Gallego and Ordonez 2002; Goovaerts et al.
1997, Liu et al. 2004).

In China, metal pollution in urban soil becomes serious
with the rapid industrialization and urbanization during the
last two decades (Yang et al. 2009). Though the geological
background levels of metal were reported low in China,
anthropogenic activities have been recently recognized to
raise metal pollution in soil, water, air and plants, even
affecting human health through direct intake or food chain
(Cheng 2003). Furthermore, the continuously increasing
traffic flows exerts heavy impacts on adjacent ecosystems.
It composes a major source of metal pollution in urban
soils. Some metals, presenting in the anti-wear substances
added to lubrications, brake pads and tyres, were emitted to
the environment by traffic. They were usually dispersed in
relatively higher concentrations in the vicinity of the roads
(Chary and Kamala 2008; Cui et al. 2005).

In this case, the sampling sites were on the side of the
three ring road in the city of Beijing, China. The three ring
road goes across five central districts, the main commer-
cial, industrial and traditional areas of Beijing, including
Haidian, Chaoyang, Chongwen, Xuanwu and Fengtai
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(Fig. 1). Since built in 1980s, the road, as the main traffic
road in Beijing, has been experiencing the increasing traffic
burden and could be an ideal sampling site. This study was
conducted on the surface soil samples collected from the
three ring road to investigate the spatial and seasonal
variations of Cd and Hg pollution.

Materials and Methods

A systematic sampling strategy was conducted and 12
sampling sites were selected as shown in Fig. 1. The soil
samples were collected in July, September, December 2009
and March 2010, respectively. Stainlesss hovels were used
to collect the soil samples from a depth of 2-5 cm to
reduce metal disturbance. The soil surface layer was
removed before sampling. In addition, three soil sub-sam-
ples from each sampling site were collected as duplicate
sample. All samples were put in airtight polyethylene bags
and taken back to the laboratory. Before analysis, all soil
samples were air-dried and passed through a 200 pum sieve.
All samples were digested with HNO; + H,0, + HF
(2:1:0.5, v/v) and analyzed by ICP-MS (Agilent 7500 CA)
to determine the concentrations of Cd and Hg. Standard
metal solutions used for the analysis were obtained from
National Center for Standard Materials (China). For quality
assurance, the certificated reference material, GBW 07423
(farmland soil) was used for the evaluation of measurement
precision. The recovery values of metals of the samples

were all >90%. Blanks were also conducted in each run
both for the reagent and sample (Table 1).

The pollution index (PI) of each metal was used to assess
the soil environmental quality. The PI was defined as the
ratios of the heavy metal concentration in the study to the
geometric means of metal of Beijing. The PI of each metal
was calculated and classified as either low (PI < 1), middle
(1 < PI < 3) or the high (PI > 3) (Chen et al. 2005).

The distributions of data were tested with the Shapiro—
Wilk method (p < 0.05). All statistical treatments men-
tioned above was performed using Origin Pro 7.0 software.

Results and Discussion

Metal concentrations in soil were summarized in Table 2.
In addition, the background values and upper limits of
potential toxic elements concentration of the metals for
agricultural soil of China (PTE-MPC) were also shown in
Table 2 (CEPA 1990). Concentrations of Cd and Hg in the
urban soils were in the range of 0.086-1.59 mg kg™’
(mean 0.55 mgkg™') and 0.16-3.68 mg kg~' (mean
1.67 mg kg™ '), which exceeded the PTE-MPC for both
mean and median, comparing to the soil standard values of
China. Similarly, the concentrations of Cd in Xuzhou and
Chengdu, and the concentrations of Hg in Guangzhou and
Chengdu were also observed higher than PTE-MPC in
previous study (Wei and Yang 2010). It could therefore be
stated that Hg and Cd levels investigated in the three ring
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Table 1 The results of certified reference material (mg kg™")

Element GBW 07423
Certified value Measured value Recovery
(mean & SD)* (%)
Cd 0.10)° 0.080 + 0.004 92
Hg 0.030 £ 0.004 0.028 + 0.005 94
*n=3

® No certificated value

road, especially in the southern region, which was remote
from direct influence of industrial sources, were at the
higher level in a global perspective and could be used as a
representative case of traffic pollution. Figure 2 listed the
concentration distributions of collected samples near the
three ring road. None of the elements showed the bell-
shaped feature expected of a normal distribution. Among
the findings, the histograms of all elements showed multi-
modal features. Mixed influence factors, indicating geo-
chemical and seasonal variables belonging to different
contamination resources, could cause multi-modal features
on a histogram. Since most statistical methods were gen-
erally designed for a single influence factor, the possible
multiple influence factors were necessary to be treated
separately. The spatial distributions and seasonal variable
patterns of two elements were coincided with different
trends within the study areas.

The PI index (Cgumpie/Coackgrouna) Was used to judge the
pollution status of metals in soil. Figure 2 illustrated
the spatial distributions of PI index in different seasons.
The spatial distributions of metal concentrations were a
useful aid to assess the possible sources of enrichment and
to identify hot-spot area with high metal concentration. The
elements of Cd and Hg showed similar spatial distributions
coinciding with seasonal variations, which suggested the
two metals might be derived from anthropogenic sources.
Because the sampling sites were mainly associated with
main roads where high traffic density was identified. The
features suggested that these metals were probably origi-
nated from vehicular emission. Similarly, high level of Cd
presented in the urban soil in Beijing was found in other

Table 2 Heavy metal concentrations of urban soil in Beijing (mg kg™")

work (Liu et al. 2007). However, elevated concentration of
soil Hg in urban soil of Beijing of this study was a new
finding. It was well known that atmospheric Hg could be
accumulated in surface soil through wet and dry deposition.
Coal and oil combustion was the most important source of
global atmospheric Hg. Especially in China, about 75% of
Hg emissions were attributed to the combustion of fossil
fuels (Jiang et al. 2006). The seasonal variations of Hg and
Cd were quite similar, showing a relatively low concen-
tration in spring, and higher concentration in the other three
seasons, respectively. As the wind and traffic (wheels of
vehicles) could transport volatile element and therefore
significantly affect the distribution of soil metals, more
data should be collected in future work to investigate their
influence on spatial distributions.

To identify the current and future land use is a key
component of the site evaluation process. In this case, the
current and the future land use is both recreational and
residential. The soil exposure pathway, by which human
and ecological receptors may be at risk, includes inhala-
tion, ingestion, dermal, and the terrestrial food chain for
ecological receptors (McLaughlin et al. 1999). Given that
Hg and Cd pollution of traffic source that was observed
near the three ring road of Beijing, it was necessary to
evaluate the pollution status using PI index. The PI values
varied from 1.43 to 70.34 for Hg and 0.94 to 16.41 for Cd,
respectively. The areas with PI values > 3 accounted for
89.6% for Hg and 79.4% for Cd, indicating that heavy
pollution of Hg and Cd in the majority of soils on the three
ring road.

The accumulations of Cd and Hg in soil were of
increasing concern because of their toxicity to human
health and its detrimental effects on soil ecosystems (Cui
et al. 2005). Traffic emission was regarded as the most
important anthropogenic metal source in this study area.
The contamination of Hg would come from the traffic
emission through exhaust gas, whereas the Cd metal
entered into the soil ecosystem through brake pads and
tyres. Based on the results, it is important to control the
vehicle numbers in Beijing, moreover, new gas effluent
standard for traffic should be carried into execution as soon
as possible.

Elements Sample Concentration Standard Background® PTE-MPC®
numbers deviation
Min. Mean Max. Median
Cd 144 0.086 0.55 1.59 0.54 0.44 0.097 0.3
Hg 144 0.16 1.67 3.68 1.34 1.54 0.07 0.3

* Background = background values in soil of China

® PTE-MPC = maximum permissible concentration of potential toxic elements for agricultural soils of China
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