
Introduction

Environmental pollution is getting worse in many 
cities, particularly in developing countries. Owing to 
the influence of human activities, soil, water, and air 
pollution have become more serious in urban areas [1-2]. 
Because organic pollutants and harmful metals can easily 
accumulate in it, dust is often studied as an important 
environmental medium to evaluate the contamination 
and health hazards of pollutants [3-6]. The pollutants 
accumulated in dust can enter the human body through 

dermal contact, ingestion, and inhalation [1, 5-6]. So, 
harmful metals in dust, as a part of pollutants accumulated 
in dust, are highly concerning to scientists due to their 
non-degradability, durability, and toxicity [7-10]. 

Since urban roadway dust is the source and sink 
of pollutants, content, source, distribution, pollution 
degree, and environmental risk of harmful metals in 
urban roadway dust have been investigated during the 
past decades [1-3, 6-22]. The contamination features of 
harmful metals in urban roadway dust are closely affected 
by local anthropogenic activities and land use [20-22]. 
The findings before show that roadway dust collected 
from heavy traffic sites and industrial areas often contain 
elevated anthropogenic metals [12, 20]. Most works got 
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that conclusion mainly through urban roadway dust bulk 
samples, whereas differently sized dusts have distinct 
transport modes and diverse environmental effects [8, 23]. 
Under the traffic stream, pedestrian flow, and wind, dust 
particles finer than 100 μm are more easily re-suspended 
into the atmosphere [24-25], which makes the particle 
able to be inhaled and adhere more, and be transported 
long-distances compared to dust particles bigger than 100 
μm. Moreover, owing to these particles often containing 
elevated harmful metals [24-26], the environmental effect 
and harm of roadway dust particles finer than 100 μm are 
greater than the dust bulk sample [24-25]. Therefore, 
pollution and environmental risk of harmful metals finer 
than 100 μm roadway dust should be paid more attention.

For efficient urban governance there are different 
functional areas in one city, and each functional area takes 
on different land use ways and anthropogenic activities that 
cause environmental characteristics in different functional 
areas. On the basis of the aforesaid facts, research was 
conducted on harmful metals pollution in finer than 100 
μm roadway dust from various functional areas in Xi’an, 
China. Xi’an has experienced rapid industrialization and 
urbanization in recent decades, leading to harmful metal 
pollution in roadway dust and urban soil [27-28]. Previous 
research has indicated that harmful metal contamination 
was detected in the bulk samples of urban campus dust, 
street dust, and topsoil from Xi’an [27-31]. Our group had 

investigated the possible source of harmful metals in finer 
than 100 μm roadway dust from various functional areas 
of Xi’an [28]. This study is a continuation of our earlier 
work. On our previous basis, the present work focused 
on the assessment of pollution degree and health risk of 
harmful metals in finer than 100 μm roadway dust from 
various functional areas of Xi’an. The results could offer 
basic information for environmental protection and risk 
management by urban governments.

Material and Methods

Background of Study Area

Xi’an, a famous historical and cultural city, is located 
in the Guanzhong Basin of Shaanxi Province in northwest 
China (Fig. 1). Its climate is a temperate continental 
monsoon climate. The annual average precipitation and 
temperature of Xi’an are 500-700 mm and 13-15ºC [1]. 
The permanent resident population was more than 8.7 
million in 2015. The motor vehicle number was 2,394,100 
in 2015. Static wind weather occurs frequently in Xi’an 
owing to the city being surrounded by mountains, and this 
may prevent dust from migrating and may influence the 
local environment [17]. Being the capital city of Shaanxi 
province, Xi’an is also a center of education, culture, 

Fig. 1. Study area and sampling locations from 4 various functional areas in Xi’an.
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manufacturing, and high-tech industries in northwestern 
China.

Sample and Experimental Method

Ninety-four roadway dust samples were collected 
from 4 functional areas of Xi’an city: educational area 
(EA) (N = 33), traffic area (TA) (N = 30), park area (PA)  
(N = 21), and residential area (RA) (N = 10). Ten 
universities were selected in the EA: Xi’an Jiaotong 
University, Northwest University, Shaanxi Normal 
University (Yanta campus and Chang’an campus), 
Chang’an University, Xi’an University of Science and 
Technology, Xi’an Technological University, Xi’an 
Polytechnic University, Xi’an University of Architecture 
and Technology, Xi’an Academy of Fine Arts, and Xi’an 
University of Technology. TA includes eastern and 
western suburbs, the second ring, and first ring roads. 
Lianhu park, Geming Park, Fengqing Park, Xincheng 
Square, Qujiang Park, Xingqing Park, and Changle Park 
were chosen in the PA. For the RA, two larger residential 
districts, Ziweihuayuan and Zhihuicheng, were selected. 
All sampling locations are presented in Fig. 1. 

One to five roadway dust samples (about 200-250 g 
each) were gathered at each sampling location using a 
brush from a pavement or road in April 2015 [28]. The 
dust samples were stored in PVC bags and transported 
to the laboratory. In the laboratory, the samples were air-
dried under room temperature and then sieved through 
a 1.0 mm nylon sieve to screen out impurities and small 
stones. Then approximately 20 g of each sample was 
separated and sieved through a 100 μm nylon mesh. The 
<100 μm dust samples were collected. For determining 
harmful metal content, the <100 μm dust samples were 
ground to less than 0.075 mm. 

Each milled dust sample was pressed into a 32-mm 
diameter pellet with boric acid binding for element content 
determination using x-ray fluorescence spectrometry 
(XRF). A PANalytical PW2403 XRF apparatus was 
used in the study to measure the content of the harmful 
metals Co, Cr, Pb, Cu, Zn, Ni, Mn, and V in finer than 
100 μm roadway dust samples from various functional 
areas of Xi’an [28], owing to these heavy metals being 
frequently reported to accumulate in urban dust [11-12, 
28-32] and the contents of these heavy metals in finer road 
dusts being generally high [23-26]. The quality control of 
the experiment was conducted using duplicated samples 
and standard samples during the measurement [12, 32]. 
Measurement precision and accuracy were <5%. 

Pollution and Health Risk Assessment 
of Harmful Metal

Pollution degrees of Co, Cr, Pb, Cu, Zn, Ni, Mn, 
and V in the finer than 100 μm roadway dust samples 
were evaluated using the Nemerow synthetic pollution 
index (NSPI) and geoaccumulation index (Igeo), which 
are widely applied to assess heavy metal contamination  
in water, soil, sediment, and dust [7, 12, 15, 33-37].  

The Igeo and NSPI were respectively used to assess the 
pollution degree of single metal and the general pollution 
degree of all metals analyzed in the samples, which are 
calculated according to the following equations [12, 29]:
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…where Si is the background content of harmful metal i 
in Shaanxi soil [38] and Ci is the concentration of harmful 
metal i in the dust sample. The classifications of pollution 
degrees of harmful metals in the sample according to Igeo 
and NSPI value were cited from the literature [12, 29].

The health hazards of harmful metals in finer than 
100 μm roadway dust to local inhabitants (children and 
adults) include non-carcinogenic risk and carcinogenic 
risk, which were assessed using the exposure model of 
USEPA [39]. All harmful metals analyzed in the samples 
have non-carcinogenic risk; meanwhile, Cr, Co, and 
Ni also have carcinogenic risk [1]. Inhalation, dermal 
contact, and ingestion are 3 main exposure routes of 
harmful metals in finer than 100 μm roadway dust to the 
human body [1, 19, 22]. The dose of 3 exposure routes was 
respectively estimated by the following equations (3)-(5) 
[39], which were used to assess the non-carcinogenic 
risk. The lifetime average daily dose (LADD) (inhalation 
exposure route for Cr, Co and Ni) was used to evaluate the 
cancer risks of Cr, Co, and Ni [4, 21, 39].

              (3)

      (4)

(5)

(6)

…where C is the content (mg/kg) of harmful metal 
in finer than 100 μm roadway dust (exposure point  
content). Dinh, Ding, and Ddermal are respectively the dose 
(mg/kg/day) of inhalation exposure, ingestion exposure 
and dermal contact exposure. The meanings and values 
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of other parameters can be found in the literature [1, 24, 
39]. The doses estimated for each harmful metal and each 
exposure route are divided by the corresponding reference 
dose (mg/kg/day) to produce a hazard quotient (HQ)  
(or non-carcinogenic hazard), whereas for carcinogens 
the dose is multiplied by the corresponding slope factor 
((mg/kg/day)-1) to yield a level of cancer risk [1, 24]. The 
sum of HQ is hazard index (HI). The non-carcinogenic 
effects may occur when HI>1, and the probability of non-
carcinogenic risk tends to increase with the HI increasing 
[39]. Significant non-carcinogenic risk will not occur 
when HI<1. Carcinogenic risk is the probability of an 
individual developing any type of cancer from lifetime 
exposure to carcinogenic hazards. The acceptable value 
of carcinogenic risk is in the range of 10-6-10-4 [39].

Results and Discussion

Content of Harmful Metal in Finer 
than 100 µm Roadway Dust

Fig. 2 presents the measurement results of Co, Cr, 
Pb, Cu, Zn, Ni, Mn, and V contents in finer than 100 µm 
roadway dust samples gathered from 4 functional areas 
in Xi’an, China. It can be found that the content ranged 
from 22.6 to 66.7, 120.1 to 300.7, 45.5 to 208.4, 22.7 to 
98.3, 61.6 to 898.9, 21.9 to 37.2, 281.7 to 429.7, and 48.3 
to 70.5 mg/kg, with the mean of 34.1, 175.3, 97.6, 48.9, 
164.9, 28.3, 339.4 and 55.8 mg/kg for Co, Cr, Pb, Cu, Zn, 
Ni, Mn, and V, respectively. Compared to the background 
contents in Shaanxi soil (62.5, 10.6, 21.4, 21.4, 69.4, 28.8, 
557, and 66.9 mg/kg for Cr, Co, Pb, Cu, Zn, Ni, Mn, 
and V, respectively) [38], the investigated samples have 
elevated Pb, Cu, Zn, Cr, and Co, which were respectively 
2.1-9.7, 1.1-4.6, 0.9-13.0, 1.9-4.8, and 2.1-6.3 times the 
corresponding background contents in Shaanxi soil. Their 
coefficients of variation (33%, 29%, 77%, 18% and 31% 
for Pb, Cu, Zn, Cr and Co, respectively) are comparatively 
larger than Ni, Mn, and V (12%, 9%, and 9% for Ni, Mn, 
and V, respectively), demonstrating that the contents of 

Pb, Cu, Zn, Cr, and Co in the investigated roadway dusts 
were affected by local anthropogenic activities.

The investigated harmful metals in finer than 100 µm 
roadway dusts of different functional areas have diverse 
concentration characters (Fig. 3). The samples gathered 
from EA, RA, and TA have more toxic metals contents, 
in particular Cr, Pb, Cu, and Zn. The Co contents in 
the samples of EA, PA, and TA are similar, which are 
larger than RA. The contents of Ni, Mn, and V in the 
samples gathered from RA and EA are slightly more than 
the contents in the samples collected from the other 2 
functional areas. The concentration disparities of harmful 
metals measured in the finer than 100 µm roadway dust 
samples from 4 functional areas can be explained by 
their sources. Our previous work shows that Cr, Pb, Cu, 
and Zn in the finer than 100 µm roadway dust samples 
from different functional areas of Xi’an primarily came 
from traffic sources, and Co mainly originated from 
construction sources such as the construction dusts of 
Co-containing building materials (alloy, coating material, 
paint, and pigment), while V, Mn, and Ni are primarily 
derived from natural sources (local soil) [28]. More toxic 
metals contents (particularly Cr, Pb, Cu, and Zn) in the 
samples from EA and RA implicate the fact that the 
number of motor vehicles in EA and RA appear to have 
blown out in the last decade, whereas the vehicle number 
in PA is limited owing to entrance restriction. Higher 
Zn and Pb contents were found in RA and EA (Fig. 3), 
which are probably due to the dense buildings impeding 
the dispersion of vehicle emissions in these areas [28]. 
There are many building sites in PA, EA, and TA owing 
to ancient building renovation, campus construction, and 
road widening, while there is no construction activity 
presently in the investigated RA. As a main source of Co, 
more construction dusts produced in those building sites 
has resulted in more Co generated in PA, EA, and TA 
than in RA.  

Fig. 3. Harmful metals in the samples from 4 various functional 
areas of Xi’an.Fig. 2. Content of harmful metals in the samples.
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Table 1 presents a comparison of harmful metal 
concentrations in the finer than 100 µm roadway dust 
samples from Xi’an and some other cities reported in the 
literature [24-25, 40-41]. It can be found that the mean 
concentrations of harmful metals are different in the finer 
than 100 μm roadway dusts from the cities compared. 
The concentration levels of harmful metals in finer 
than 100 μm roadway dusts were affected by the local 
natural environment and human activities, e.g., climate, 
topography, industrial activities, vehicle exhaust, fossil 
fuel combustion, population size, and developing stages 
of the city [24-25]. The existing research indicated that 
the content differences of harmful metals in finer than 
100 μm roadway dusts may be related to their sources and 
the intensity and method of anthropogenic activities [24]. 
It is reported that the motorized vehicle numbers of Xi’an, 
Xining, and Baotou in 2015 are respectively 2.4 million, 
0.3 million, and 0.46 million [24-25, 28]. Meanwhile there 
does not exist a zinc smelting industry in Xi’an, Xining, 
and Baotou. In the study, the mean concentrations of Pb, 
Cu, and Zn in the finer than 100 μm roadway dust samples 
from Xi’an is higher than the mean concentrations in 
the samples collected from Xining and Baotou, which 
revealed the fact that vehicle emissions is a key factor 
affecting the concentration of Pb, Cu, and Zn in those 3 
cities. The concentrations of Pb, Cu, and Zn in Huludao, 
and Pb and Zn in Luanda are significantly higher than 
their corresponding concentrations in Xi’an, which is 
closely related to the industrial activities in these two 
cities. Huludao is an industrial city with zinc smelting 

and Luanda is an industrialized city concerned with oil 
refining, cement production, and zinc smelting [40-41]. 
The mean concentrations of Cr, Co, and Mn in the dust 
samples from Xi’an are lower than those from Xining 
and Baotou, and higher than those from Luanda. The 
Ni concentration in Xi’an is higher than in Xining and 
Luanda, and is close to Baotou. The mean concentration 
of Mn in finer than 100 μm roadway dusts from Xi’an is 
higher than Luanda, and lower than Xining and Baotou. 
Co and Cr can be found in stainless and alloy steels [11, 
24]. Higher Co and Cr concentrations in finer than 100 μm 
roadway from Baotou and Xining were mainly influenced 
by local industrial activities (e.g., steel mill), steel mill 
being the pillaring industry in Baotou and Xining [24-
25]. The diversity of Mn, Ni, and V among the compared 
cities is mainly caused by local soil characteristics, owing 
to these 3 metals in the compared cities originating from 
natural sources [24-25, 28, 41].

Pollution Degree of Harmful Metals

Table 2 shows the calculated results of Igeo and 
NSPI for the harmful metals determined in the finer than 
100 µm roadway dust samples from various functional 
areas in Xi’an. It can be noticed that the Igeo values of Ni, 
Mn, and V in all samples are <0, showing that there was  
no Mn, Ni, and V pollution in the finer than 100 µm 
roadway dust samples. The Igeo values ranged from 
0.50 to 2.70, -0.50 to 1.61, -0.76 to 3.11, 0.36 to 1.68, and 
0.51 to 2.07, with an average of 1.53, 0.54, 0.45, 0.88, 

City/Country Pb Cu Zn Cr Co Ni V Mn Reference

Xi’an/China 97.6 48.9 164.9 175.3 34.1 28.3 55.8 339.4 Present study

Xining/China 52.9 40.8 108.9 576.8 50.0 22.6 57.1 408.7 [24]

Baotou/China 59.9 31.5 77.5 247.8 56.2 26.1 82.2 566.3 [25]

Huludao/China 533.2 264.4 5271 na na na na na [40]

Luanda/Angola 351.3 41.78 316.6 25.65 2.9 10 20 258 [41]

na: not available

Table 1. Comparison of harmful metals in finer than 100 μm roadway dusts from Xi’an and other cities (mg/kg).

Area 
Igeo NSPI

Pb Cu Zn Cr Co Ni V Mn

EA 1.91 0.62 1.10 0.91 0.92 -0.42 -0.76 -1.23 3.44

TA 1.41 0.61 0.36 0.91 1.10 -0.70 -0.90 -1.33 2.47

PA 1.23 0.11 -0.26 0.71 1.07 -0.68 -0.84 -1.34 2.35

RA 2.34 0.82 0.84 0.96 0.79 -0.41 -0.73 -1.18 4.14

Minimum 0.50 -0.50 -0.76 0.36 0.51 -0.98 -1.05 -1.57 1.44

Maximum 2.70 1.61 3.11 1.68 2.07 -0.22 -0.51 -0.96 6.78

Arithmetic mean 1.53 0.54 0.45 0.88 1.04 -0.62 -0.85 -1.31 2.73

Table 2. The Igeo and NSPI of harmful metals in finer than 100 μm roadway dusts from 4 various functional areas in Xi’an.
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and 1.04 for Pb, Cu, Zn, Cr, and Co, respectively, which 
indicates that Cr, Zn, and Cu were unpolluted to moderately 
polluted, while Pb and Co were moderately polluted in 
the samples on the whole. The pollution degree range and 
maximum pollution degrees of Cr, Co, Pb, Cu, and Zn 
in the samples are different. Zn has the largest pollution 
degree range and its maximum pollution degree is heavily 
polluted (Igeo = 3.11). Pb and Co have similar pollution 
degree ranges and their maximum pollution degrees  
were moderately to heavily polluted (Igeo= 2.70 for Pb and 
Igeo= 2.07 for Co). The maximum pollution degrees of Cu 
and Cr were moderately polluted (Igeo=1.61 for Cu and 
Igeo= 1.68 for Cr). The pollution degrees of harmful metals 
were different in the samples collected from 4 functional 
areas of Xi’an (Table 2). Pb in RA was moderately to 
heavily polluted, while the other 3 functional areas were 
moderately polluted. Cu and Cr in 4 functional areas were 
all unpolluted to moderately polluted. Zn had the large 
pollution difference in 4 functional areas. Co in EA and 
RA presented unpolluted to moderately polluted, while 

TA and PA were moderately polluted. Mn, Ni, and V in 
all functional areas were unpolluted. 

The NSPI values of harmful metals in finer than 
100 μm roadway dusts from 4 functional areas in Xi’an 
were in the range 1.44 to 6.78 with an average of 2.73 
(Table 2), showing slightly polluted to heavily polluted. 
The comprehensive pollution degree of harmful metals in 
the samples from EA (NSPI = 3.44) and RA (NSPI = 4.14) 
indicated that the 2 areas were heavily polluted, while the 
degrees in the samples from TA (NSPI = 2.47) and PA 
(NSPI = 2.35) showed that TA and PA were moderately 
polluted. EA and RA are densely populated areas, hence 
the heavy pollution of harmful metals in these 2 areas 
should be noted.

Health Hazards of Harmful Metals

Tables 3 and 4 show the calculated results of hazard 
quotient (HQ) values for each exposure pathway, hazard 
index (HI), and cancer risk of harmful metals analyzed  

Element Pb Cu Zn Cr Co Mn Ni V

Educational area

Children

HQing 2.29E-01 8.37E-03 5.86E-03 3.93E-01 1.03E-02 5.10E-02 1.14E-02 5.60E-02

HQinh 6.40E-06 2.34E-07 1.64E-07 1.16E-03 1.01E-03 4.60E-03 3.12E-07 1.57E-06

HQdermal 4.28E-03 7.81E-05 8.21E-05 5.50E-02 3.61E-05 3.57E-03 1.19E-04 1.57E-02

HI 2.34E-01 8.45E-03 5.95E-03 4.49E-01 1.14E-02 5.92E-02 1.16E-02 7.17E-02

Adults

HQing 2.46E-02 8.96E-04 6.28E-04 4.21E-02 1.11E-03 5.47E-03 1.23E-03 6.00E-03

HQinh 3.59E-06 1.31E-07 9.24E-08 6.49E-04 5.70E-04 2.59E-03 1.75E-07 8.82E-07

HQdermal 6.54E-04 1.19E-05 1.25E-05 8.40E-03 5.52E-06 5.45E-04 1.81E-05 2.39E-03

HI 2.52E-02 9.09E-04 6.41E-04 5.11E-02 1.68E-03 8.60E-03 1.24E-03 8.39E-03

Cancer risk 3.86E-09 1.58E-08 1.50E-09

Traffic area

Children

HQing 1.66E-01 8.17E-03 3.12E-03 3.88E-01 1.15E-02 4.76E-02 8.94E-03 5.28E-02

HQinh 4.64E-06 2.28E-07 8.74E-08 1.14E-03 1.13E-03 4.30E-03 2.44E-07 1.48E-06

HQdermal 3.11E-03 7.63E-05 4.36E-05 5.43E-02 4.04E-05 3.33E-03 9.27E-05 1.48E-02

HI 1.70E-01 8.25E-03 3.16E-03 4.44E-01 1.27E-02 5.52E-02 9.04E-03 6.76E-02

Adults

HQing 1.78E-02 8.75E-04 3.34E-04 4.16E-02 1.24E-03 5.10E-03 9.58E-04 5.66E-03

HQinh 2.61E-06 1.28E-07 4.91E-08 6.42E-04 6.37E-04 2.41E-03 1.37E-07 8.32E-07

HQdermal 4.74E-04 1.16E-05 6.66E-06 8.30E-03 6.17E-06 5.09E-04 1.42E-05 2.26E-03

HI 1.83E-02 8.87E-04 3.41E-04 5.05E-02 1.88E-03 8.02E-03 9.72E-04 7.91E-03

Cancer risk 3.81E-09 3.81E-09 1.17E-09

Table 3. Hazard quotients, hazard indices, and cancer risks of harmful metals in finer than 100 μm roadway dust from educational and 
traffic areas of Xi’an.
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in finer than 100 μm roadway dusts from 4 functional 
areas in Xi’an, China. We can find that ingestion is the 
major exposure pathway for all investigated harmful 
metals to adults and children in 4 functional areas (Tables 
3 and 4).

The HQdermal values of Cr, Pb, Zn, Cu, Ni, and V are 
higher than their HQinh values, while the HQdermal values 
of Co and Mn are lower than their HQinh values in the 
samples studied, indicating that the exposure routes of 
non-carcinogenic hazards of Cr, Pb, Zn, Cu, Ni, and V 
are mainly through ingestion and dermal absorption, 
while the non-carcinogenic risks of Mn and Co are 
mainly through ingestion and inhalation. The values of 
HQs and HI of each analyzed harmful metal to children 
in all functional areas are larger than those values to 
adults, demonstrating that children are more allergic to 
harmful metals and have more potential non-carcinogenic 
hazards than adults. The non-carcinogenic hazards of all 
harmful metals in finer than 100 μm roadway dusts from 
4 functional areas to adults and children are within the 

safe level (HI<1) suggested by the USEPA [39], which 
indicates little health risk to adults and children owing to 
harmful metals exposure in finer than 100 μm roadway 
dusts.

The carcinogenic risks of Co, Cr, and Ni in finer than 
100 μm roadway dusts from four various functional areas 
in Xi’an increase in the order Ni < Cr < Co (Tables 3  
and 4). They are less than the present acceptable value 
(10-6-10-4) [1, 8, 31], demonstrating that these metals in 
finer than 100 μm roadway dusts from various functional 
areas in Xi’an are unlikely to cause carcinogenesis to 
local residents.

Conclusions

The contents of the harmful metals Co, Cr, Pb, Cu, 
Zn, Ni, Mn, and V in finer than 100 μm roadway dusts 
from various functional areas in Xi’an have determined 
using XRF in the present work. Their pollution degrees 

Element Pb Cu Zn Cr Co Mn Ni V

Park area

Children

HQing 1.47E-01 5.98E-03 2.00E-03 3.36E-01 1.17E-02 4.72E-02 8.81E-03 5.07E-02

HQinh 4.09E-06 1.67E-07 5.61E-08 9.89E-04 1.15E-03 4.26E-03 2.40E-07 1.42E-06

HQderm 2.74E-03 5.58E-05 2.80E-05 4.71E-02 4.10E-05 3.31E-03 9.14E-05 1.42E-02

HI 1.49E-01 6.04E-03 2.03E-03 3.84E-01 1.29E-02 5.48E-02 8.90E-03 6.49E-02

Adults

HQing 1.57E-02 6.41E-04 2.14E-04 3.60E-02 1.25E-03 5.06E-03 9.44E-04 5.43E-03

HQinh 2.30E-06 9.38E-08 3.15E-08 5.56E-04 6.46E-04 2.39E-03 1.35E-07 7.99E-07

HQderm 4.18E-04 8.53E-06 4.27E-06 7.19E-03 6.25E-06 5.05E-04 1.40E-05 2.17E-03

HI 1.61E-02 6.50E-04 2.18E-04 4.38E-02 1.91E-03 7.96E-03 9.58E-04 7.60E-03

Cancer risk 3.30E-09 1.79E-08 1.15E-09

Residential area

Children

HQing 3.15E-01 9.37E-03 4.36E-03 4.02E-01 9.14E-03 5.27E-02 1.07E-02 5.67E-02

HQinh 8.78E-06 2.62E-07 1.22E-07 1.18E-03 8.98E-04 4.76E-03 2.92E-07 1.59E-06

HQderm 5.87E-03 8.75E-05 6.10E-05 5.62E-02 3.20E-05 3.69E-03 1.11E-04 1.59E-02

HI 3.21E-01 9.46E-03 4.42E-03 4.59E-01 1.01E-03 6.12E-02 1.08E-02 7.26E-02

Adults

HQing 3.37E-02 1.00E-03 4.67E-04 4.30E-02 9.79E-04 5.65E-03 1.15E-03 6.08E-03

HQinh 4.93E-06 1.47E-07 6.86E-08 6.64E-04 5.04E-04 2.67E-03 1.64E-07 8.94E-07

HQderm 8.97E-04 1.34E-05 9.31E-06 8.58E-03 4.88E-06 5.63E-04 1.70E-05 2.43E-03

HI 3.46E-02 1.02E-03 4.76E-04 5.23E-02 1.49E-03 8.88E-03 1.17E-03 8.51E-03

Cancer risk 3.94E-09 1.40E-08 1.40E-09

Table 4. Hazard quotients, hazard indices, and cancer risks of harmful metals in finer than 100 μm roadway dust from park and residential 
areas of Xi’an.
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were assessed by the geoaccumulation index and Nemero 
synthesis pollution index, and their health hazards to local 
inhabitants were analyzed by using the U.S. EPA health 
risk model. The mean contents of Co, Cr, Pb, Cu, and Zn in 
the samples were significantly larger than the background 
contents of Shaanxi soil, whereas the mean contents of Ni, 
Mn, and V in the samples were less than their background 
contents of Shaanxi soil. The analyzed harmful metals 
presented different variation characteristics in the samples 
gathered from 4 functional areas in Xi’an. The pollution 
assessment results of the geoaccumulation index indicate 
that Ni, Mn, and V were unpolluted, Cr, Cu, and Zn were 
unpolluted to moderately polluted, while Pb and Co 
were moderately polluted in finer than 100 μm roadway 
dust from the study area. The comprehensive pollution 
degree of the investigated harmful metals presented as 
heavily polluted in the samples from the educational and 
residential areas, while the traffic and park areas appeared 
to be moderately polluted. 

Generally, we think the urban surface dusts collected 
from the traffic and industrial areas have more severe 
heavy metal pollution than the dusts collected from 
the residential, educational, and park areas due to the 
influences of heavy traffic and industrial activities. 
That knowledge was mainly derived from the content of 
heavy metals in the dust bulk sample. The contamination 
assessment results of harmful metals in this work indicate 
that the finer particles in urban surface dusts from 
different functional areas have different spatial pollution 
characteristics. The findings of this work are different 
from the usual estimations, which remind researchers 
and managers that they should pay attention to harmful 
metals in the finer dust particles, and the environmental 
quality of residential, educational, and park areas in other 
cities and regions. 

The assessment results of health risk indicate that 
ingestion is the major exposure pathway for harmful 
metals to adults and children. All harmful metals studied 
in the finer than 100 μm roadway dust samples cannot 
cause non-carcinogenic hazards and cancer risk to local 
residents according to the currently acceptable range. The 
conclusions of this work were based on the concentrations 
of the harmful metals Co, Cr, Pb, Cu, Zn, Ni, Mn, and 
V in finer than 100 μm roadway dusts. As is known, the 
other harmful metals such as Cd, Hg, and As have greater 
toxicity and health hazards, so the pollution levels and 
health risks of As, Cd, and Hg in dusts will be determined 
in our future work. Meanwhile, the impacts of mineral 
type and content, as well as the particle size composition 
and morphology of the finer than 100 μm roadway dusts 
on harmful metal contamination and environmental risk 
will also be further investigated in our follow-up study. 
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