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Abstract: The contamination characteristics and health risk of barium (Ba), cobalt (Co), chromium
(Cr), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb), vanadium (V), zinc (Zn), arsenic (As),
mercury (Hg), and cadmium (Cd) in samples of dust gathered from squares and parks of Baotou
city, an industrial city situated in a semi-arid location of the northwest China were investigated. The
contents of Ba, Co, Cr, Cu, Mn, Ni, V, Pb, and Zn in the collected dust samples were determined using
X-ray fluorescence spectrometry, while the contents of As and Hg in the dust were investigated by
use of the ICP-MS. Further, cadmium was quantified through the atomic absorption spectrometry.
Levels of contamination of heavy metals analyzed in the dust samples were evaluated using the
Geo-Accumulation index (Igeo ) as well as through a Pollution Load Index (PLI). Their health risks to
children and adults were evaluated based on the US EPA model of health risk. The findings portrayed
that the mean concentrations of Ba, Co Cr, Cu, Pb, V, Cd, and Hg were elevated as compared with
their local soil background values. Mean values of Igeo illustrate the order of Co > Cr> Cd > Hg >
Pb > Cu > Ba > V > Ni > Mn > Zn > As. It was evident that dusts from the parks and squares
were “unpolluted” to “moderately polluted”. Assessment of health risk depicts that ingestion is
the foremost route of exposure in regard to the heavy metals, then the dermal adsorption follows.
Hg exposure from dust might also set impending health threats to children. Besides, the cancer risks
of Co, Cr, Ni, Cd, and As are considered to be within the presently tolerable range.
Keywords: heavy metal; dust; contamination level; health risk assessment; Baotou city

1. Introduction
Dusts found on impermeable urban surfaces has become among the most significant concerns
in management of urban environment [1]. Urban dusts worldwide have elevated concentrations of
toxic metals [2–5], establishing a latent danger to people’s health as well as threats to the ecological
system [6–8]. Continuous deposition of heavy metals in urban areas may also act as a secondary
source of pollution. The most vulnerable people who are affected by these dusts are the elderly
as well as children. This is because their immune systems are immature and age-compromised,
respectively. They also experience the non-premeditated ingestion of considerable amounts of
dusts via hand-to-mouth passageways, and thus are more susceptible to contaminated dusts [1,9,10].
For example, high levels of heavy metals might build up in our bodies’ fatty tissues, thereby affecting
our Central Nervous System (CNS). They might also be set down in our bodies’ circulatory system,
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which might lead to disruption of the usual performance of our internal organs. Besides, they might
also operate as co-factors in causing other diseases [11–15]. Lead (Pb) is associated with lead levels
in children’s blood, affecting central nervous and skeletal systems [16,17]. So, by ingestion, dermal
contact, and inhalation, urban residents and tourists may be exposed to more heavy metals, especially
in parks and squares [18].
Urban parks, as well as squares, are utilized for leisure activities or sporting and other recreational
activities. They are the most important places where outdoor activities can be held for urban residents.
In China, with improvements in lifestyle, residents have started to pay attention to their health. So,
many old people and children throng into the squares and parks to carry out various activities such as
square dancing. Therefore, environmental quality of urban parks and squares directly affect the health
of these residents as well as residents living around the parks and squares. Dusts from these areas can
get through people’s bodies by re-suspension–inhalation, hand–mouth ingestion, or through dermal
contact, thereby endangering people’s health. Thus, it is important to explore contamination levels
caused by dusts from the parks and squares and the resultant health effects on people living around or
using these locations or spaces.
Whereas a majority of previous studies were conducted on effects of street dusts in developed
nations or in megacities [19–25], there has not been distinct study carried on dust contamination
brought about by heavy metals in public squares and parks, particularly in rapidly industrializing or
urbanizing cities of the semi-arid area of Western China.
Baotou city is a young and medium-sized industrial city situated in the semi-arid region of
northwest China. Just as with other industrialized cities, Baotou tends to also experience a lot of
challenges related to the environment, especially caused by adverse conditions of the environment,
poor planning of the city, as well as quick advancement of the city, especially after the implementation
of the Chinese Great Western Development Policy in 1990s. To our knowledge, information on
heavy metal contamination in dusts collected from the city’s parks and squares is lacking. Therefore,
this study was carried out to determine dusts with heavy metal contamination collected from the
urban parks and squares of Baotou so as to assess dust contamination levels and respective health
risks of these heavy metals on residents and those using such spaces. The findings of this study could
offer basic information for regulators and urban square/park users.
2. Materials and Methods
2.1. Background of Study Area
Baotou (109◦ 150 –110◦ 260 E, 40◦ 150 –42◦ 430 N) is the principal industrial city in the Inner Mongolia
sovereign area. It is situated in the Tumochuan and Hetao Plain, with the Yellow River to its South
and Mongolia to its North (Figure 1). Baotou city’s climate is a distinctive semi-arid temperate
continental monsoon type of climate. The yearly average temperature is 6.5 ◦ C, with a yearly average
precipitation between 240 and 400 mm. Moreover, the city experiences yearly evaporation capacity of
about 1940–2340 mm. The city’s urban coverage includes four districts, which are Kundulun District,
Qingshan District, Jiuyuan District, and Donghe District. The city’s average area and the urban area
are estimated to be 27,768 and 2965 km2 , respectively, with a resident population of 2,766,200 people
in 2013. Being an industrial base and a rare earth industrial center, Baotou is famous for its main
industries such as rare earth industry, iron and steel manufacturing, coal-fired power generating, heavy
duty vehicle, aluminum smelter, metallurgy, machinery manufacturing, and dairy. Baotou is a famous
industrial city with iron and steel, rare earth, and known as the “national garden city”. Residents can
find fitness and recreation parks and squares around their houses. According to statistics, Baotou has
21 large open parks, 39 squares with more than 10,000 m2 . The total area of parks is approximately
18.66 km2 . The 26 squares and public parks that are examined in the present study for the main sites in
Baotou, and are surrounded with residential areas, thus offering a wide spectrum of activities such as
leisure, sporting, or recreation.
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2.2. Sampling and Analytical Procedures
2.2. Sampling and Analytical Procedures
Samples of dust were acquired from the 26 parks and squares in four districts of Baotou urban
Samples of dust were acquired from the 26 parks and squares in four districts of Baotou urban
area, including Kundulun District, Qingshan District, Jiuyuan District, and Donghe District (Figure1;
area, including Kundulun District, Qingshan District, Jiuyuan District, and Donghe District (Figure 1;
Supplementary Materials Table S1). From each park/square, 15 to 20 sampling sites were uniformly
Supplementary Materials Table S1). From each park/square, 15 to 20 sampling sites were uniformly
selected according to their sizes. From every site, a composite of dust of about 300–500 g was collected
selected according to their sizes. From every site, a composite of dust of about 300–500 g was collected
in through sweeping with clean plastic brushes and using dust pans to collect the samples in May
in through sweeping with clean plastic brushes and using dust pans to collect the samples in May
2014. Care was observed in reducing the interruption of the small particles. Besides, any noticeable
2014. Care was observed in reducing the interruption of the small particles. Besides, any noticeable
unrelated matter like stones and leaves were also taken away from the samples during the sampling
unrelated matter like stones and leaves were also taken away from the samples during the sampling
stage. The collected samples were then stored up in self-preserved polyethylene bags, labeled, and
stage. The collected samples were then stored up in self-preserved polyethylene bags, labeled, and then
then taken to the laboratory. After they were air-dried at room temperature, the samples were sifted
taken to the laboratory. After they were air-dried at room temperature, the samples were sifted using a
using a 1.0 mm mesh nylon sieve so as to take away the large plant parts as well as irrelevant gravel1.0 mm mesh nylon sieve so as to take away the large plant parts as well as irrelevant gravel-sized
sized materials in the samples. About 50 g of each of the dried samples were split through the
materials in the samples. About 50 g of each of the dried samples were split through the quartering
quartering method. They were then ground using a vibration mill, and sifted further using a 75 μm
method. They were then ground using a vibration mill, and sifted further using a 75 µm nylon mesh.
nylon mesh. All the procedures of handling the samples were observed, ensuring that there is no
All the procedures of handling the samples were observed, ensuring that there is no contact with the
contact with the metals. This was observed to evade the likelihood of cross-contamination of the
metals. This was observed to evade the likelihood of cross-contamination of the samples.
samples.
A total of 4.0 g of milled dust samples along with 2.0 g of boric acid were then measured out, put
A total of 4.0 g of milled dust samples along with 2.0 g of boric acid were then measured out,
in the mold, and then compressed into a 32 mm diameter pellet under 30 t pressures [5]. Concentrations
put in the mold, and then compressed into a 32 mm diameter pellet under 30 t pressures [5].
of barium, cobalt, chromium, copper, manganese, nickel, lead, vanadium, and zinc in every sample
Concentrations of barium, cobalt, chromium, copper, manganese, nickel, lead, vanadium, and zinc in
were directly quantified through the wavelength dispersive X–ray fluorescence spectrometry (XRF,
every sample were directly quantified through the wavelength dispersive X–ray fluorescence
PW-2403, PANalytical, Almelo, The Netherlands) apparatus, with a detection limit of 0.1 mg/kg [5].
spectrometry (XRF, PW-2403, PANalytical, Almelo, The Netherlands) apparatus, with a detection
The concentrations of arsenic and mercury in the dust sample were determined by ICP-MS (X Series 2,
limit of 0.1 mg/kg [5]. The concentrations of arsenic and mercury in the dust sample were determined
DG-03, ThermoFisher Scientific, Waltham, MA, USA), with a detection limit of 0.1 mg/kg for arsenic
by ICP-MS (X Series 2, DG-03, ThermoFisher Scientific, Waltham, MA, USA), with a detection limit
and 0.004 mg/kg for mercury. The concentration of cadmium in the dust samples was determined
of 0.1 mg/kg for arsenic and 0.004 mg/kg for mercury. The concentration of cadmium in the dust
using graphite furnace atomic absorption spectrometry (Avanta YX-06, GBC, Melbourne, Australia)
samples was determined using graphite furnace atomic absorption spectrometry (Avanta YX-06,
after the HNO3 -HF-HClO4 mixed acid digestion, with a detection limit of 0.02 mg/kg for cadmium.
GBC, Melbourne, Australia) after the HNO3-HF-HClO4 mixed acid digestion, with a detection limit
Standard reference soil samples (GSS-4, GSS-2) (Institute of Geophysical and Geochemical Prospecting,
of 0.02 mg/kg for cadmium. Standard reference soil samples (GSS-4, GSS-2) (Institute of Geophysical
Langfang, China), blank samples, and duplicate samples were then concurrently investigated to offer
and Geochemical Prospecting, Langfang, China), blank samples, and duplicate samples were then
quality accuracy as well as quality control in the experiments [5,26,27]. The analytical precision,
concurrently investigated to offer quality accuracy as well as quality control in the experiments
[5,26,27]. The analytical precision, measured as relative standard deviation, was routinely 3–5%.
Accuracy of the analyses was checked using standard and duplicate samples. The quality control
gave good precision (S.D. < 5%).
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measured as relative standard deviation, was routinely 3–5%. Accuracy of the analyses was checked
using standard and duplicate samples. The quality control gave good precision (S.D. < 5%).
2.3. Pollution Assessment Methods
Geo-Accumulation Index (Igeo ) along with Pollution Load Index (PLI) were utilized in the present
research to evaluate the levels of contamination of heavy metals found in the analyzed dust samples.
Igeo of each heavy metal was measured through the following equation [27]
Igeo = log2

Ci
1.5Bi

(1)

where Ci is the calculated heavy metal’s i concentration in the sample; Bi is the heavy metals’ i
geochemical background value. For this present study, Bi is the background value of local soil [28].
The constant 1.5 is brought in to bring down the consequence of likely deviation in the background
values. The Igeo for every heavy metal was computed and categorized as: “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) [27].
PLI, which is an integrated pollution index was also utilized in assessing the levels of pollution of
heavy metals at the selected sites [10,14]. This was calculated using the formula
r
PLI =

n

n

Π Ci /Bi

i =1

(2)

where Ci is the heavy metal’s i concentration in the samples of dust; Bi is the heavy metal’s i background
value. The result of PLI = 0 means “background concentration”, 0 < PLI < 1 means “unpolluted”,
1 < PLI < 2 indicates “unpolluted to moderately polluted”, 2 < PLI < 3 means “moderately polluted”,
3 < PLI < 4 signifies “moderately to highly polluted”, 4 < PLI < 5 depicts “highly polluted” whereas
PLI > 5 corresponds to “very highly polluted” [15,29].
2.4. Health Risk Assessment
In this study, the model that was used to assess health risk of collected samples of dusts containing
heavy metals was derived from a model advanced by the United States Environmental Protection
Agency [30], as well as the Dutch National Institute of Public Health and Environmental Protection [31].
It was widely used by other authors in the literature [32–36]. Residential exposure of heavy metals in
dusts might take place out of three major routes: (a) ingestion of dust particles (Ding ); (b) inhalation of
dust particles via the mouth or nose (Dinh ); (c) dermal contact (Ddermal ), and via inhalation of vapors
(Dvapor ). The exposure dose of heavy metals measured in the dust from every possibility was measured
through the use of these Equations (3)–(5) [30,37]. Exposure of mercury might also take place through
vapor inhalation, that might be expressed by the Equation (6). For carcinogens, the Lifetime Average
Daily Dose (LADD) (inhalation exposure route for cobalt, chromium, nickel, and cadmium; inhalation,
ingestion as well as dermal adsorption exposure route for arsenic) was utilized in the evaluation of
cancer risk [30,38] then calculated by Equation (7).
Ding = C ×

IngR × EF × ED
/106
BW × AT

(3)

InhR × EF × ED
PEF × BW × AT

(4)

Dinh = C ×
Ddermal = C ×

SL × SA × ABS × EF × ED
/106
BW × AT

(5)
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Dvapour = C ×
LADD =

InhR × EF × ED
VF × BW × AT

(6)

C × EF
CR
× EDchild CR adult × EDadult
× ( child
+
)
AT × PEF
BWchild
BWadult

(7)

where C is the concentration of heavy metal in the dust (exposure-point concentration), together with
the values for the exposure factors, which are taken to produce an approximate of the “reasonable
maximum exposure” [37]. This is the upper limit of the 95% confidence interval for the mean (95%
UCL); CR is the contact or adsorption rate (that is ingestion (CR = IngR), inhalation (CR = InhR),
and dermal adsorption (CR = SA × SL × ABS) rates) [32]. The meanings and values of other parameters
are listed in Supplementary Materials Table S2.
The calculated doses for every element and pathways of exposure are consequently divided up
through the corresponding Reference Dose (RfD) to produce a Hazard Quotient (HQ) (or non-cancer
risk), while for the carcinogens, the dose is proliferated through the corresponding Slope Factor (SF)
to yield a level of risk of cancer. The Hazard Index (HI) then becomes the sum of HQ. If HI < 1,
it is considered that “no significant risk” of non-carcinogenic effects exists. However, when HI > 1,
then there is a probability of non-carcinogenic effects occurring, with a possibility which seems to
improve as the value of HI increases too [38]. The carcinogenic danger is, therefore, the possibility of a
person acquiring any kind of cancer from lifetime contact with the carcinogenic risks. The conventional
or allowable risk for regulatory reasons is usually in the range of 10−6 –10−4 [14,15,32]. For the present
study, Hazard Index methodologies as well as cancer risk methodologies were utilized in assessing the
health risks of metal exposure to dusts in the parks as well as from the squares of Baotou.
3. Results and Discussion
3.1. Heavy Metal Concentration in Dust of Park and Square
Concentration of heavy metals in dust samples collected from 26 parks and squares of Baotou,
and the background values of local soil [28] were summarized in Table 1. It is observable from
Table 1 that the mean concentrations of manganese, nickel, zinc, and arsenic were less than or close to
the corresponding background values of local soil [28]. The mean concentrations of barium, cobalt,
chromium, copper, lead, vanadium, cadmium, and mercury in the dust samples were respectively
1.2-, 5.4-, 2.7-, 1.4-, 1.9-, 1.1-, 2.4-, and 2.6-times of the background value of local soil [28], indicating
that the dusts were polluted by these metals, especially cobalt, chromium, cadmium, and mercury.
The Coefficients of Variation (CVs) of cobalt, copper, manganese, lead, zinc, cadmium, and mercury in
the dust are relatively larger than 20%. Particularly, the CVs for copper, zinc, and mercury in the dust
are > 40%, which depicts that copper, zinc, and mercury in the dust of the parks and squares in Baotou
city are greatly disturbed by human activities.
Table 1. Metal concentration in dust collected from urban square and park of Baotou city (mg/kg).
Metal

Ba

Co

Cr

Cu

Mn

Ni

Pb

V

Zn

Cd

As

Hg

Min
Max
Mean
Median
SD
CV(%)
Skewness
Kurtosis
Reference
value

499.9
845.8
640.4
636.3
101.6
15.9
0.34
−0.96

25.1
112.4
52.9
48.0
18.3
34.6
1.58
3.62

103.9
379.8
154.1
142.2
57.2
37.1
2.92
9.98

12.1
53.9
26.9
24.7
10.9
40.4
0.56
−0.20

336.9
1148.4
504.4
465.0
149.8
29.7
3.40
14.25

17.6
32.4
25.1
24.7
4.5
18.0
0.05
−0.98

21.9
68.9
36.2
35.5
11.1
30.7
1.05
1.52

57.8
108.7
71.3
70.4
9.7
13.6
2.41
8.45

13.6
88.7
49.7
45.8
20.4
41.1
0.18
−0.65

0.1
0.6
0.3
0.3
0.1
39.4
0.90
1.07

5.1
8.2
6.5
6.5
0.7
11.0
0.10
0.24

23.9
192.0
64.9
51.3
40.4
62.3
1.83
3.55

527.7

9.93

56.39

19.17

508.6

24.5

18.76

65.38

55.68

0.1164

9.68

24.9

GM: Geometric Mean: Standard Deviation; CV: Coefficient of Variation; Hg: ng/g.
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Due to the surrounding environment and the construction time of the parks and squares,
there exist great variations in the accumulation of heavy metals in these areas. Highest values of
barium, chromium, manganese, lead, and vanadium were found in Baogang Park (L12), West Industrial
Park of Baotou city—in which a steel smelting plant and thermal power plants are located—the
quantities derived from this location were 845.8, 379.8, 1148.4, 68.9, 108.7 and 88.7 mg/kg, respectively.
The highest value of cobalt was located in First Machinery Factory Park (L4), which was found to
be 11.3 times more than the background value of local soil. Some studies indicated that cobalt is
usually utilized as alloying additions in machinery industries. Cobalt is, therefore, widely utilized
in producing stainless steels and alloys [39]. It is also utilized in jets, gas turbines, and other such
devices that operate under high temperatures. Besides, cobalt compounds might also be utilized as
catalysts and porcelain glaze [39]. Therefore, in Baotou city, the high value of cobalt may be related to
the distribution of machinery manufacturing plant in the city. There are two high-value point of nickel
(32.4 mg/kg) in the study area, that is, the First Machinery Factory Park (L4) and in the Donghe District
government square (L24). The highest value (2.8-times the background value) of copper is situated
at Donghe District government square (L24) which experiences heavy traffic. The highest values
(1.6-times the background value) of zinc and arsenic are found at the Baotou Paradise (L13) which is
densely populated. The highest value of cadmium is found in Kundulun government square (L10),
which is a commercial center experiencing heavy traffic, and the secondary maximum of cadmium is
found in Baogang Park (L12). The highest value of mercury is found at Weapon Park (L25), which is a
neighborhood with a coal-fired power plant.
Lowest values of copper, manganese, lead, vanadium, zinc, and cadmium appeared in Saihantala
Park (L15), with highest greening. Lowest value of barium, cobalt, chromium, nickel, arsenic,
and mercury were found in the Siji Square (L26), Aerding plant garden (L9), Renmin Park (L21),
and Jinglin Park (L2), respectively.
In general, the mean contents of barium, cobalt, chromium, cadmium, manganese, lead, vanadium,
arsenic, and mercury in dust samples collected from the parks and squares of Kundulun District and
Qingshan District were higher than those of other areas. On the other hand, the concentrations of
copper, nickel, and zinc in dust samples collected from Donghe District were higher than those of
other areas, which may be related to human activities in the area. Steel plant, coal-fired power plants,
metallurgical industry, commercial center, and traffic density are mainly located at the Kundulun
District and Qingshan District, while Donghe District is the commercial center and aluminum
production base. The spatial variability of heavy metals in dust samples from the parks and squares
of Baotou city implies their sources. Based on the foregoing analyses, we can conclude that barium,
chromium, lead, and vanadium mainly derived from the emissions of steel smelting plant and thermal
power plant; cobalt was mainly from machinery manufacturing; cadmium has the mixed sources of
steel smelting, thermal power plant, and traffic exhaust; copper and zinc primarily originated from
traffic emissions and nature; mercury was principally from coal-fired power plant; and manganese,
nickel, and arsenic were mainly from natural source (local soil).
3.2. Metal Pollution Assessment Results
The calculated results of Igeo for all the analyzed heavy metals in dust samples collected from
squares and parks of Baotou city are shown in Figure 2. It can be seen from Figure 2, the Igeo values of
barium, cobalt, chromium, copper, manganese, nickel, lead, vanadium, zinc, cadmium, arsenic, and
mercury range from −0.66 to 0.10, 0.75 to 2.92, 0.30 to 2.17, −1.25 to 0.91, −1.18 to 0.59, −1.06 to −0.18,
−0.36 to 1.29, −0.76 to 0.15, −2.62 to 0.09, −0.80 to 1.78, −1.52 to −0.82, and −0.64 to 2.36, with an
average of −0.32, 1.76, 0.80, −0.22, −0.64, −0.57, 0.30, −0.47, −0.89, 0.60, −1.16, and 0.58, respectively.
The calculated results of Igeo of heavy metals decrease in the order of Co > Cr > Cd > Hg > Pb > Cu >
Ba > V > Ni > Mn > Zn > As. The mean Igeo values of cobalt, chromium, lead, cadmium, and mercury
are > 0—most notably, the highest values of copper, chromium, and mercury are > 2—indicating the
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dusts from parks and squares of Baotou city are polluted by these heavy metals. The Igeo values of
7 of 11
are < 0, indicating an “uncontaminated” status.
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Baotou city were polluted with these heavy metals in various intensities. PLI values in dusts from
Baotou city were polluted with these heavy metals in various intensities. PLI values in dusts from
Baogang Park (L12) and Baotou Paradise (L13) were in the 2–3 range, indicating ‘moderately
Baogang Park (L12) and Baotou Paradise (L13) were in the 2–3 range, indicating “moderately polluted”,
polluted’, while the PLI values from other parks and squares were in the 1–2 range, indicating
while the PLI values from other parks and squares were in the 1–2 range, indicating “unpolluted to
‘unpolluted to moderately polluted’. The highest value of PLI was captured in the Baotou Paradise
moderately polluted”. The highest value of PLI was captured in the Baotou Paradise (L13), whereas
(L13), whereas the minimum value of PLI was found in the Saihantala Park (L15). The PLI values in
the minimum value of PLI was found in the Saihantala Park (L15). The PLI values in the four districts
the four districts decreased from Kundulun District (1.73) > Donghe District (1.58) > Qingshan District
decreased from Kundulun District (1.73) > Donghe District (1.58) > Qingshan District (1.40) > Jiuyuan
(1.40) > Jiuyuan District (1.39). Kundulun District depicted the highest value of PLI in the four
District (1.39). Kundulun District depicted the highest value of PLI in the four districts, which was
districts, which was mainly due to the coal-fired power plant, steel plant, metallurgical industry, and
mainly due to the coal-fired power plant, steel plant, metallurgical industry, and commercial center
commercial center locations experiencing heavy traffic.
locations experiencing heavy traffic.
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Figure 3. PLI values of heavy metals in dust samples collected from parks and squares
squares of
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3.3. Health Risk Assessment of Heavy Metal Exposure
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unacceptable risk. Thus, the cancer risk from exposure to cobalt, chromium, nickel, cadmium, and
arsenic can be said to be low. The actual risks of heavy metals exposure in the dusts from parks and
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an unacceptable risk. Thus, the cancer risk from exposure to cobalt, chromium, nickel, cadmium,
and arsenic can be said to be low. The actual risks of heavy metals exposure in the dusts from parks
and squares of Baotou city to local people should be conducted by human biomonitoring. Human
biomonitoring can measure the internal dose of a chemical resulting from integrated exposures from
all exposure routes [40]. In human biomonitoring, blood, urine, and/or hair samples of local people
can be collected and the contents of heavy metals in these types samples can reflect the actual exposure
dose of heavy metals [40–44]. This is the future work of our group.
4. Conclusions
Considering the levels of concentrations, contamination and the heavy metals’ health risks
for barium, cobalt, chromium, copper, manganese, nickel, lead, vanadium, zinc, cadmium, arsenic,
and mercury from the samples collected for this study, the results suggest that the mean concentrations
of barium, cobalt, chromium, copper, lead, vanadium, cadmium, and mercury are 1.2-, 5.4-, 2.7-, 1.4-,
1.9-, 1.1-, 2.4-, and 2.6-times the background value of the local soil, respectively. This indicates that the
dusts of the parks and squares in Baotou city were considerably polluted with these metals. Besides,
the mean values of Igeo also depict the levels and order of pollution as Co > Cr > Cd > Hg > Pb > Cu >
Ba > V > Ni > Mn > Zn > As. Thus, the dusts from the parks and squares of Baotou city were polluted
by Cr, Co, Pb, Cd, and Hg significantly. From assessment of the outcomes of the Pollution Load Index
(PLI), it is evident that the squares and parks of Baotou city were polluted by barium, cobalt, chromium,
copper, manganese, nickel, lead, vanadium, zinc, cadmium, arsenic, and mercury in various degrees.
Baogang Park and Baotou Paradise were revealed to be moderately polluted, while other investigated
parks and squares showed to have been unpolluted to moderately polluted. The health risk analysis
depicts that intake of the contaminated dust particles was the major pathway of exposure to the metals,
especially for the children and the adults in the area, then through dermal contact. The adverse impacts
of the dust particles to people’s health were also comparatively light in the Baotou city. Since children
and adults are the most affected people, their health risks are higher when they get exposed to the
dust particles containing the heavy metals discussed in the study. The present study also sought to
determine the levels of contamination for the heavy metals and the health risks that they pose to people
that are exposed to them. It was eminent that the finer particles (particle size < 100 µm), and even the
finest among them (PM10 and PM2.5 ) from the dust samples, could simply be re-suspended in the air,
thus, posing serious environmental effects as well as health risk to people. Therefore, within the scope
of this study, concentration of heavy metals in the dust particles (even for finer particles of PM100 ,
PM10 , and PM2.5 in size) and their effects on people’s health should be investigated in-depth in further
studies. Meanwhile, trace element biomonitoring in the blood, urine, and hair of local people will also
be conducted in follow-up work.
Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/8/886/s1,
Table S1: Information from urban parks and squares of Baotou city; Table S2: Parameter meaning and value of
daily dose model of heavy metals in urban surface dusts; Table S3: Exposure dose, hazard quotients, hazard
indexes, and cancer risks of metals in park/square dust of Baotou.
Acknowledgments: The research was supported by the National Natural Science Foundation of China
through Grant 41271510, Natural Science Foundation of Inner Mongolia 2014MS0402, the Inner Mongolia
Autonomous Region Higher School Scientific Research Fund NJZC13230, Baotou science and technology project
2014S2004-3-1-27 and the Fundamental Research Funds for the Central Universities through Grant GK201601009.
Author Contributions: In this paper, Xinwei Lu conceived and designed the experiments while Yongfu Wu
performed the experiments. Xiufeng Han analyzed the data and prepared the manuscript. Qinggeletu was
involved in the results and discussion. All authors have both read and approved of the final version of
the manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

Int. J. Environ. Res. Public Health 2017, 14, 886

10 of 12

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.
13.
14.
15.
16.

17.

18.
19.
20.
21.
22.
23.

Ma, J.; Singhirunnusorn, W. Distribution and health risk assessment of heavy metals in surface dusts of
Maha Sarakham Municipality. Procedia Soc. Behav. Sci. 2012, 50, 280–293. [CrossRef]
Al-Khashman, O.A. Heavy metal distribution in dust, street dust and soil from the work place Karak
Industrial Estate Jordan. Atmos. Environ. 2004, 38, 6803–6812. [CrossRef]
Al-Khashman, O.A. The investigation of metal concentrations in street dust samples in Aqaba city Jordan.
Environ. Geochem. Health 2007, 29, 197–207. [CrossRef] [PubMed]
Langer, S.; Weschler, C.J.; Fischer, A.; Bekö, G.; Toftum, J.; Clausen, G. Phythalate and PAH concentrations in
dust collected form Danish homes and daycare centers. Atmos. Environ. 2010, 44, 2294–2301. [CrossRef]
Lu, X.W.; Wang, L.J.; Li, L.Y.; Lei, K.; Huang, L.; Kang, D. Multivariate statistical analysis of heavy metals in
street dust of Baoji, NW China. J. Hazard. Mater. 2010, 173, 744–749. [CrossRef] [PubMed]
Li, X.D.; Poon, C.S.; Liu, P.S. Heavy metal contamination of urban soils and street dusts in Hong Kong.
Appl. Geochem. 2001, 16, 1361–1368. [CrossRef]
Charlesworth, S.; Everett, M.; McCarthy, R.; Ordóñez, A.; De Miguel, E. A comparative study on heavy metal
concentration and distribution in deposited street dusts in a large and a small urban area: Birmingham and
Coventry, West Midlands, UK. Environ. Int. 2003, 29, 563–573. [CrossRef]
Duong, T.T.; Lee, B.Y. Determining contamination level of heavy metals in road dust from busy traffic areas
with different characteristics. J. Environ. Manag. 2011, 92, 554–562. [CrossRef] [PubMed]
Li, X.; Lee, SL.; Wong, S.C.; Shi, W.; Thornton, I. The study of metal contamination in urban soils of Hong
Kong using a GIS-based approach. Environ. Pollut. 2004, 129, 113–124. [CrossRef] [PubMed]
Sajid, I.; Mohammad, W.; Muhammad, T.; Mohammad, A.; Muhammad, M.C. Elemental contamination
in urban parks of Rawalpindi/Islamabad-a source identification and pollution level assessment study.
Environ. Monit. Assess. 2012, 184, 5497–5510.
Sai, L.N.; Lung, S.C.; Kin, C.L.; Wing, K.C. Heavy metal contents and magnetic properties of playground
dust in Hong Kong. Environ. Monit. Assess. 2003, 89, 221–232.
Christoforidis, A.; Stamatis, N. Heavy metal contamination in street dust and roadside soil along the major
national road in Kavala’s region, Greece. Geoderma 2009, 151, 257–263. [CrossRef]
Zheng, N.; Liu, J.S.; Wang, Q.C.; Liang, Z.Z. Health risk assessment of heavy metal exposure to street dust in
the zinc smelting district, Northeast of China. Sci. Total Environ. 2010, 408, 726–733. [CrossRef] [PubMed]
Lu, X.W.; Zhang, X.L.; Li, L.Y.; Chen, H. Assessment of metals pollution and health risk in dust from nursery
schools in Xi’an, China. Environ. Res. 2014, 128, 27–34. [CrossRef] [PubMed]
Lu, X.W.; Wu, X.; Wang, Y.W.; Chen, H.; Gao, P.P.; Fu, Y. Risk assessment of toxic metals in street dust from a
medium-sized industrial city of China. Ecotoxicol. Environ. Saf. 2014, 106, 154–163. [CrossRef] [PubMed]
Leung, A.W.; Duzgoren-Aydin, N.; Cheung, K.C.; Wong, M. Heavy Metals Concentrations of Surface Dust
from e-Waste Recycling and Its Human Health Implications in Southeast China. Environ. Sci. Technol. 2008,
42, 2674–2680. [CrossRef] [PubMed]
Ewen, C.; Anagnostopoulou, M.A.; Ward, N.I. Monitoring of heavy metal levels in roadside dusts of
Thessaloniki, Greece in relation to motor vehicle traffic density and flow. Environ. Monit. Assess. 2009, 157,
483–498. [CrossRef] [PubMed]
Liu, Q.; Wang, Y.; Liu, J.S.; Wang, Q.Y.; Zou, M.Y. Grain-size distribution and heavy metal contamination of
road dusts in urban parks and squares in Changchun, China. Environ. Geochem. Health 2015, 37, 71–82.
Banerjee, A.D.K. Heavy metal levels and solid phase speciation in street dusts of Delhi India. Environ. Pollut.
2003, 123, 95–105. [CrossRef]
Ahmed, F.; Ishiga, H. Trace metal concentrations in street dusts of Dhaka city, Bangladesh. Atmos. Environ.
2006, 40, 3835–3844. [CrossRef]
Han, Y.M.; Du, P.X.; Cao, J.J.; Posmentie, E.S. Multivariate analysis of heavy metal contamination in urban
dusts of Xi’an, Central China. Sci. Total Environ. 2006, 355, 176–186.
Shi, G.; Chen, Z.; Xu, S.; Zhang, J.; Wang, L.; Bi, C.; Teng, J. Potentially toxic metal contamination of urban
soils and roadside dust in Shanghai, China. Environ. Pollut. 2008, 156, 251–260. [CrossRef] [PubMed]
Lee, C.S.L.; Li, X.D.; Shi, W.; Cheung, S.C.N.; Thornton, I. Metal contamination in urban, suburban, and
country park soils of Hong Kong: A study based on GIS and multivariate statistics. Sci. Total Environ. 2006,
356, 45–61. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2017, 14, 886

24.
25.

26.

27.
28.
29.

30.
31.

32.
33.

34.
35.
36.
37.
38.
39.

40.

41.
42.

11 of 12

Tang, R.; Ma, K.; Zhang, Y.; Mao, Q. The spatial characteristics and pollution levels of metals in urban street
dust of Beijing, China. Appl. Geochem. 2013, 35, 88–98. [CrossRef]
Nazzal, Y.; Ghrefat, H.; Rosen, M.A. Application of multivariate geostatistics in the investigation of heavy
metal contamination of roadside dusts from selected highways of the Greater Toronto Area, Canada.
Environ. Earth Sci. 2014, 71, 1409–1419. [CrossRef]
Wang, L.J.; Lu, X.W.; Lei, K.; Zhai, Y.X.; Huang, J. Contamination assessment and health risk of heavy
metals in dust from Changqing industrial park of Baoji, NW China. Environ. Earth Sci. 2014, 71, 2095–2104.
[CrossRef]
Lu, X.W.; Li, L.Y.; Wang, L.J.; Lei, K.; Huang, J.; Zhai, Y. Contamination assessment of mercury and arsenic in
roadway dust from Baoji, China. Atmos. Environ. 2009, 43, 2489–2496. [CrossRef]
Wang, X.; Huang, Z.; Su, M.; Li, S.; Wang, Z.; Zhao, S.; Zhang, Q. Characteristics of reference and background
values of soils in Hetao area. Rock Miner. Anal. 2007, 26, 287–292.
Zhao, N.; Lu, X.W.; Chao, S.G. Level and Contamination Assessment of Environmentally Sensitive Elements
in Smaller than 100 µm Street Dust Particles from Xining, China. Int. J. Environ. Res. Public Health 2014, 11,
2536–2549. [CrossRef] [PubMed]
USEPA. Soil Screening Guidance: Technical Background Document; EPA/540/ R-95/128; Office of Solid Waste
and Emergency Response: Washington, DC, USA, 1996.
Van den Berg, R. Human Exposure to Soil Contamination: A Qualitative and Quantitative Analysis towards
Proposals for Human Toxicological Intervention Values; RIVM Report No. 725201011; National Institute of Public
Health and Environmental Protection: Bilthoven, The Netherlands, 1995.
Ferreira-Baptista, L.; De Miguel, E. Geochemistry and risk assessment of street dust in Luanda, Angola:
A tropical urban environment. Atmos. Environ. 2005, 39, 4501–4512. [CrossRef]
Shi, G.; Chen, Z.; Bi, C.; Wang, L.; Teng, J.; Li, Y.; Xu, S. A comparative study of health risk of potentially
toxic metals in urban and suburban road dust in the most populated city of China. Atmos. Environ. 2011, 45,
764–771. [CrossRef]
Chen, H.; Lu, X.W.; Li, L.Y.; Gao, T.N.; Chang, Y.Y. Metal contamination in campus dust of Xi’an, China: A study
based on multivariate statistics and spatial distribution. Sci. Total Environ. 2014, 484, 27–53. [CrossRef] [PubMed]
Jennings, A.A.; Li, Z. Residential surface soil guidance values applied worldwide to the original 2001
Stockholm Convention POP pesticides. J. Environ. Manag. 2015, 160, 16–29. [CrossRef] [PubMed]
Jennings, A.A.; Li, Z. Residential surface soil guidance applied worldwide to the pesticides added to the
Stockholm Convention in 2009 and 2011. J. Environ. Manag. 2015, 160, 226–240. [CrossRef] [PubMed]
USEPA. Risk Assessment Guidance for Superfund, Vol. I: Human Health Evaluation Manual; EPA/540/1-89/002;
Office of Solid Waste and Emergency Response: Washington, DC, USA, 1989.
USEPA. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites; OSWER9355.4-24;
Office of Solid Waste and Emergency Response: Washington, DC, USA, 2001.
Zhang, M.M.; Lu, X.W.; Chen, H.; Gao, P.P.; Fu, Y. Multi-element characterization and source identification
of trace metal in road dust from an industrial city in semi-humid area of Northwest China. J. Radioanal.
Nucl. Chem. 2015, 303, 637–646. [CrossRef]
Saravanabhavan, G.; Weey, K.; Walker, M.; Haines, D.; Malowany, M.; Khoury, C. Human biomonitoring
reference values for metals and trace elements in blood and urine derived from the Canadian Health
Measures Survey 2007–2013. Int. J. Hyg. Environ. Health 2017, 220, 189–200. [CrossRef] [PubMed]
Ballesteros, M.T.L.; Serrano, I.N.; Álvarez, S.I. Reference levels of trace elements in hair samples from children
and adolescents in Madrid, Spain. J. Trace Elem. Med. Biol. 2017, 43, 113–120. [CrossRef] [PubMed]
Drobyshev, E.J.; Solovyev, N.D.; Ivanenko, N.B.; Kombarova, M.Y.; Ganeev, A.A. Trace element biomonitoring
in hair of school children from a polluted area by sector field inductively coupled plasma mass spectrometry.
J. Trace Elem. Med. Biol. 2017, 39, 14–20. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2017, 14, 886

43.
44.

12 of 12

Roca, M.; Sanchez, A.; Perez, R.; Pardo, O.; Yusa, V. Biomonitoring of 20 elements in urine of children. Levels
and predictors of exposure. Chemosphere 2016, 144, 1698–1705. [CrossRef] [PubMed]
Gil, F.; Hernandez, A.F.; Marquez, C.; Femia, P.; Olmedo, P.; Lopez-Guanido, O.; Pla, A. Biomonitorization
of cadmium, chromium, manganese, nickel and lead in whole blood, urine, axillary hair and saliva in an
occupationally exposure population. Sci. Total Environ. 2011, 409, 1172–1180. [CrossRef] [PubMed]
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

