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Abstract: Fine road dust is a major source of potentially toxic elements (PTEs) pollution in urban
environments, which adversely affects the atmospheric environment and public health. Two different
sizes (10-63 and <10 pm) were separated from road dust collected from Apia City, Samoa, and 10
PTEs were analyzed using inductively coupled plasma mass spectrometry (ICP-MS). Fine road dust
(<10 pm) had 1.2-2.3 times higher levels of copper (Cu), zinc (Zn), arsenic (As), cadmium (Cd),
antimony (Sb), lead (Pb), and mercury (Hg) than 10-63 um particles. The enrichment factor (EF)
value of Sb was the highest among PTEs, and reflected significant contamination. Cu, Zn, and Pb in
road dust were also present at moderate to significant levels. Chromium (Cr), cobalt (Co), and nickel
(Ni) in road dust were mainly of natural origins, while Cu, Zn, Sb, and Pb were due to traffic activity.
The levels of PTEs in road dust in Samoa are lower than in highly urbanized cities, and the exposure
of residents in Samoa to PTEs in road dust does not pose a noncarcinogenic health risk. Further
studies of the effects of PTEs contamination in road dust on the atmosphere and living organisms are
needed.
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1. Introduction

There have been many studies on metal contamination in road dust in association
with increasing transportation activities worldwide, due to urbanization and industri-
alization [1-5]. In urban environments, road dust is highly contaminated with various
potentially toxic elements (PTEs) of natural origin, as well as PTEs derived from human
activities, including industrial and traffic emissions [6,7]. These PTEs do not decompose in
the environment and accumulate in living organisms. Some metals in road dust, including
chromium (Cr), copper (Cu), zinc (Zn), antimony (Sb), cadmium (Cd), and lead (Pb), are
derived from the corrosion of plated parts of vehicles and wear of brake pads, discs, tires,
and asphalt [8-11]. Although some metals, such as Cu and Zn, are classified as essential,
high concentrations in the environment have toxic effects on living organisms [12,13]. Some
metals (Cr, Cd, and Pb) are classified as toxic elements and can present a carcinogenic risk
to humans [14-16].

Fine road dust particles generally have relatively high PTEs concentrations compared
to coarse particles due to their large surface area, and PTEs concentrations tend to increase
as the particle size becomes smaller [17-19]. Fine particles of road dust are resuspended
by wind and rainfall runoff, transported into the atmosphere and surrounding aquatic
environments, and eventually deposited in coastal areas [20-24]. Therefore, road dust is a

Toxics 2022, 10, 683. https:/ /doi.org/10.3390/toxics10110683

https://www.mdpi.com/journal/toxics


https://doi.org/10.3390/toxics10110683
https://doi.org/10.3390/toxics10110683
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/toxics
https://www.mdpi.com
https://orcid.org/0000-0002-6280-9206
https://orcid.org/0000-0003-1822-2886
https://doi.org/10.3390/toxics10110683
https://www.mdpi.com/journal/toxics
https://www.mdpi.com/article/10.3390/toxics10110683?type=check_update&version=1

Toxics 2022, 10, 683

20f12

major source of PTEs contamination in urban environments, as well as the atmosphere and
coastal environments. PTEs are of interest due to concerns about the detrimental effects of
contaminated road dust on the atmosphere, living organisms, environment, and human
health. Many countries are working to reduce the harmful effects of road and street dust
on the environment and public health by regularly cleaning road surfaces using sweeping
machines and vehicles to manage atmospheric pollution and stormwater quality [25-29].
These efforts have reduced the amount of road dust and metal contamination, but are
limited to urban areas with large traffic volumes and high population density.

The fine particles in road dust are not removed efficiently, so they accumulate on the
road surface over long periods. PTEs concentrations in road dust have been reported to be
relatively high in areas of heavy traffic, including industrial, residential, and commercial
areas [30-32]. Relatively high concentrations of PTEs were found in river sediments near
urban and commercial regions, and PTEs-contaminated road dust is considered as a cause
of contamination to river and coastal environments [24,33]. As more than half of the
world’s population lives in urban cities, residents living in areas with heavy traffic and
high population densities are at higher risk of exposure to PTEs present in road dust [34,35].
Especially, road dust with a diameter <10 pm can enter the human body through inhalation,
ingestion, and dermal contact [36-38]. Long-term exposure adversely affects human health,
and may even have carcinogenic effects.

Studies on PTEs in road dust are concentrated in large cities and industrial regions,
and the human health risk of residents and employees are evaluated. In Samoa, the tourism
industry is making an important economic contribution. Traffic activities related to tourism
is one major cause of PTE contamination in road dust and can have a detrimental effect on
residents as well as tourists. However, research on PTE contamination and risk assessments
in road dust from Pacific Island countries, including Samoa, is very limited. Therefore, this
study was performed to evaluate PTE contamination and health risks posed by fine road
dust (10-63 um, <10 pm) collected in Apia City, Samoa.

2. Materials and Methods
2.1. Study Area

Samoa is located in the Polynesian region of south-central Pacific Ocean and consists
of the two large island of Upolo and Savai’i and eight small islands. Our study area, Upolo
island, is a volcanic island formed by a massive basaltic shield volcano rising from the
seafloor of the Pacific Ocean. The volcanic rocks of Upolo Island include basaltic lavas,
scoria cones, tuffs, and pyroclastic [39,40]. There is mountainous interior covered with
dense rain forests with a height about 1100 m of volcanic origin. The length and area
of Upolo Island are 75 km and 1125 km?, respectively, and Apia, the capital of Samoa,
is located in the northern part of the Upolu Island. The climate of study area is oceanic
tropical characterized by high humidity and temperature.

2.2. Sampling and PTE Analysis

Eighteen road dust samples were collected using a vacuum cleaner (DC35; Dyson, Wilt-
shire, UK) from Apia City, Samoa, in July 2014 (Figure 1). To prevent cross-contamination
during road dust sampling, the vacuum cleaner was disassembled and cleaned after sam-
pling.

Four surface soil samples were also collected near the R2, R11, R12, and R16 sites to
provide background values for pollution assessment. In the laboratory, particles of two size
classes (10-63 and <10 um) were separated using a vibratory sieve shaker (Analysette 3 Pro;
Fritsch Co., Idar-Oberstein, Germany) with a nylon sieve. For PTE analysis, all samples
were ground and homogenized with a planetary mono mill (Pulverisette 6; Fritsch Co.).
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Figure 1. Map of sampling sites for road dust from Apia city of Samoa (base map from Google Earth).

After weighing about 100 mg of sample in a Teflon vessel, high-purity acid mixture
(HF, HNOj3, HCIO4 = 4:3:1 v/v) was added and heated at 180 °C for 24 h on a hot plate for
complete digestion. The decomposed samples were evaporated to dryness and dissolved
in 2% HNOj. PTEs other than Hg were analyzed by inductively coupled plasma mass
spectrometry (ICP-MS; i-CAPQ; Thermo Fisher Scientific, Dreieich, Germany) at the Korea
Institute of Ocean Science and Technology (KIOST). Hg concentrations were determined
using a direct mercury analyzer (DMA-80; Milestone Inc., Sorisole, Italy).

Two certified reference materials (CRMs), MESS4 and BCR723, were decomposed
together with the samples and analyzed to verify the reliability of PTE analysis. The
recovery of CRMs was 97.6-103.3% for MESS-4 (n = 6) and 96.2-106.1% for BCR723 (n = 6),
which were highly consistent with the certified values.

2.3. Pollution Assessment

Many pollution indices are widely used to evaluate the contamination levels of single
or multiple elements. In this study, the enrichment factor (EF) and pollution load index
(PLI) were used to evaluate PTE contamination in road dust.

EF was calculated by the following equation, and aluminum (Al) was used as a
reference element.

(metal / Al)
(metal / Al)

sample

EF| = |
background

where (metal/ Al)sample and (metal/ Al)packground are the ratios of PTE and Al concentra-
tions in two different size classes of road dust and background soil, respectively. The
concentrations of Cr, Co, Ni, Cu, Zn, As, Cd, Sb, Pb, and Hg in surface soil, as background
values, were 519, 96.3, 346, 37.9, 109, 7.8, 0.33, 0.50, 13.1, and 0.05 mg/kg, respectively
(Table 1).
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The calculated EF values were classified into five categories as follows [41]: EF < 2
(depletion to minimum enrichment), 2 < EF < 5 (moderate enrichment), 5 < EF < 20
(significant enrichment), 20 < EF < 40 (very high enrichment), EF > 40 (extremely high
enrichment).

PLI was evaluated using the following equation, reflecting the overall contamination
level of 10 PTEs in road dust analyzed in this study [42].

1
C‘3 Cin\"
PLI| = B
| ( |Cb2 |Cb3 x| Cb)

where C; and C,, are the concentrations of element i in road dust and background soil,
respectively.

The calculated PLI values were divided into four categories, as follows [43,44]: PLI < 1
(unpolluted), 1 < PLI < 2 (low polluted), 2 < PLI < 3 (moderately polluted), and PLI > 3
(heavily polluted).

2.4. Health Risk Assessment

The noncarcinogenic health risks to adults and children were evaluated considering
three exposure pathways, i.e., ingestion (hand to mouth), inhalation (mouth and nose),
and dermal contact. The level of PTE exposure by fine road dust particles (<10 pm) was
calculated by the following equation using the chronic daily intake [45].

IngR| x |EF| x |[ED _
ADDyg| = x| (B R ) o 10

InhR| x |EF| x |ED
ADDmh=|ci|x|( | [EF] x | )

PEF| x |BW| x |AT

SL| x |[SA| x |ABS| x |EF| x |ED |
BW| x |AT

Here, C; is the concentration of PTE i in road dust (<10 um).

The noncarcinogenic health risk for each PTE was calculated using the following
equation.

ADDderml = |C1| X | X |1076

DD ADDmh

ADDy
| RfDing HQimn| = | % o

RfD derm

ng | ; HQderm | = |

The hazard index (HI) was calculated as the sum of the HQ values for the three
exposure pathways.

HI values > 1 indicate potential chronic effects, and HI < 1 indicates no risk of adverse
health effects [46].

RfD is the reference dose for ingestion, inhalation, and dermal contact, and is an
estimate of daily exposure in residents [47,48]. The values for each parameter in the ADD
calculation were obtained from Adamiec and Jarosz-Krzeminska [49] and are presented by
Jeong et al. [4].

2.5. Statistical Analysis

The mean, minimum, maximum, and coefficient of variation (CV) values were car-
ried out using Microsoft Excel program based on the PTE concentration. The Pearson’s
correlation analysis was applied to understand the potential source of each PTE in road
dust (<10 um) through the correlation between elements and was performed using PASW
Statistics 18.0.
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3. Results and Discussion
3.1. PTE Concentration

The minimum, maximum, mean, and coefficient of variation (CV) PTE levels in road
dust are presented in Table 1. Figure 2 shows 10 PTE concentrations for particle sizes
in road dust of 10-63 and <10 pm. In road dust with particle size 10-63 um, Cr had
the highest mean concentration and the PTE concentrations decreased in the order Cr
(739 mg/kg) > Zn (351 mg/kg) > Ni (272 mg/kg) > Cu (82.8 mg/kg) > Co (66.7 mg/kg) >
Pb (35.3 mg/kg) > As (4.5 mg/kg) > Sb (2.1 mg/kg) > Cd (0.31 mg/kg) > Hg (0.03 mg/kg)
(Table 1) [47-49]. The CV represents the spatial variation according to sampling site for the
PTE concentrations analyzed in this study. A high CV reflects heterogeneity of the PTE
concentration among environmental samples, indicating the presence of hotspots of PTE
contamination from specific anthropogenic sources [50,51]. The CVs for Cr, Ni, and Zn
were <20%, indicating low regional variability, while the other PTEs showed moderate
regional variability (20% < CV < 50%).
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Figure 2. Comparison of PTEs concentrations with particle size of 10-63 um (left) and <10 pm (right)
in road dust.

In road dust with particle size <10 pm, Zn showed the highest mean concentration, at
494 mg/kg (Figure 2). The mean concentrations of Cr, Co, and Ni in road dust with particle
size 10-63 pm were higher than those in fine road dust (<10 um). However, the fine road
dust had 1.2-2.3 times higher levels of Cu, Zn, As, Cd, Sb, Pb, and Hg than road dust with
particle size 10-63 pm.

Table 1. Comparison of mean values (minimum and maximum value in parenthesis) and coefficient
of variation (CV; %) for Al and PTEs concentration in the fine particles of road dust from Samoa and
those in the other reported data (mean value).

Size Al Cr Co Ni Cu Zn As Cd Sb Pb Hg References
% mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
mean 5.8 739 66.7 272 82.8 351 4.49 0.31 2.08 35.3 0.03
10-63 um min. 49 395 53.0 184 55.5 288 292 0.25 1.10 17.7 0.01 This study
max. 6.6 1078  81.6 364 123 520 5.99 0.58 3.76 52.6 0.05
CV (%) 8 26 11 16 21 18 21 25 36 33 40
mean 7.0 395 62.9 195 111 494 6.5 0.38 4.68 50.5 0.05
<10 um min. 5.8 226 52.3 149 70.0 301 35 0.28 1.34 24.8 0.03 This study
max. 8.5 913 78.0 304 163 677 8.4 0.46 11.7 85.0 0.15
CV (%) 9 38 9 18 21 21 18 12 53 31 18
Soil mean 8.5 519 96.3 346 37.9 109 7.8 0.33 0.50 13.1 0.05 This study
<10 pm mean - 300 19.8 75.6 513 3007 17.0 5.6 61.6 480 0.6 Korea [52]
<10 pm mean - 53.8 9.3 34.2 100 302 17.0 0.6 - 48.8 - China [53]
<10 um mean - 68 15 46 184 1026 - 0.8 12 91 - Russia [54]
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The highest concentrations of Cu (163 mg/kg), Zn (677 mg/kg), and Sb (11.69 mg/kg)
were observed at site R17, which had a high traffic volume. Pb (85.0 mg/kg) and Hg
(0.15 mg/kg) concentrations were highest at site R5, which is near the intersection in the
downtown direction of Apia City. PTE concentrations tended to be relatively high at
sampling sites with high traffic volume. The CV of Sb was 53%, which was higher than
those of other PTEs. Most PTEs showed low CVs and the spatial distributions in fine road
dust were not different. These results suggest that PTEs in road dust may be affected by
human activities, such as transportation of residents and tourists, rather than by specific
contamination sources, such as industrial emissions.

3.2. Pollution Assessment of PTEs in Road Dust

The mean EF values for 10 PTEs are shown in Figure 3. Sb had the highest mean EF
value among the PTEs examined in both fractions of road dust. The mean EF values of
PTEs in road dust with a particle size of 10-63 um decreased in the order Sb > Zn > Pb >
Cu > Cr>Cd > Ni > Co > As > Hg, whereas those in fine road dust (<10 um) decreased in
the order Sb > Zn > Pb > Cu > Cd > Hg > As > Cr > Co > Ni; the EF values for Cr, Co, and
Ni, which are of natural origin, were relatively low. For 10-63-pum road dust particles, the
mean EF value of Sb was 6.1, corresponding to significant contamination. Cu, Zn, and Pb
had mean EF values between 2 and 5, indicating moderate contamination. For Zn, the EF
values exceeded 5 at five sampling sites with high traffic volume.

30 30
EF<2 depletion to minimum enrichment °
2<EF<5 moderate enrichment
25 5<EF<20  significant enrichment 25 4
20<EF<40 very high enrichment
s
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PTEs PTEs

Figure 3. Comparison of enrichment factor (EF) for PTEs with particle size 10-63 um (left) and
<10 pm (right) in road dust.

For fine road dust (<10 um), the mean EF of Sb was 11.2, corresponding to significant
contamination. At sampling site R17, which had the widest road and dense traffic, the EF
value of Sb was 26.8, indicating very high contamination. The mean EF of Zn, contamination
with which is mainly due to tire wear in urban areas, indicates significant contamination.
The contamination level of road dust in Samoa was lower than in large cities with high
population density and traffic activity, but high levels of Cu, Zn, Sb, and Pb contamination
were observed in relation to traffic activity (Table 1). Notably, Sb, which is present in high
levels in brake pads [9,55], was a significant contaminant.

The PLI value of road dust with particle size of 10-63 um ranged from 0.9 to 1.6 and
(mean value = 1.3), indicating low pollution levels for 10 PTEs (Figure 4). The mean PLI
value of fine road dust (<10 um) was 1.6, corresponding to low pollution. However, two
sampling sites (R5 and R17) had higher PLI values (exceeding 2) than the other sampling
sites 2, indicating that that fine road dust in Samoa was moderately polluted with PTEs.
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Figure 4. Spatial distribution of pollution load index (PLI) in road dust at sampling site.

Table 2 shows the relationship between the concentration of PTEs in <10 pm of road
dust of this study. The concentrations of Cr, Ni, and Co in road dust were closely related.
The mean concentrations of Cr, Ni, and Co in the surface soil were 519, 96.3, and 346 mg/kg,
respectively, which were very high compared to road dust in this study and the upper
continental crust [56]. In a study of heavy metals in soils of a volcanic island (Réunion)
located in the western part of the Indian Ocean, Dceelsch et al. [57] reported that the Cr and
Ni contents in soil were closely related to volcanic rocks. In this study, no clear correlations
were found between Cr, Ni, or Co, and other PTEs (Cu, Zn, Sn, and Pb), mainly arising
from nonexhaust emission sources, such as the wear of tires, brake pads, and asphalt due
to traffic activity. However, there were significant correlations among Cu, Zn, Sb, and
Pb. Therefore, the high Cr, Ni, and Co concentrations in road dust in Samoa, and their
high correlations, were strongly influenced by natural processes, such as the weathering of
volcanic parent rocks.

Table 2. Results of Pearson’s correlation matrix between PTEs in <10 um of road dust. Bold indicates
that correlation is significant at the 0.05 level (2-tailed).

Co Cu Zn As Cd Sb Pb Hg

Cr
Ni
Co
Cu
Zn
As
Cd
Sb
Pb
Hg

1
0.82
0.15

1
-0.13 1

—0.12 —0.40 0.63 1

—0.01

—0.22 0.29 0.45 1

-0.32 —0.62 0.47 0.67 0.51 1
—0.03 —-0.17 0.87 0.68 0.26 0.50 1

0.30
0.30

0.13 0.63 0.57 0.34 0.44 0.51 1
0.23 0.22 0.25 0.30 0.10 0.16 0.59 1

3.3. Non-Carcinogenic Risk of PTEs in Fine Road Dust (10 pm)

Table 3 presents the mean HQ and HI values for adults and children, and three
exposure pathways (in descending order): HQjng > HQgerm > HQjnn- These observations
indicated that the pathway of ingestion from hand to mouth was the main exposure route,
having a detrimental effect on human health compared to other processes. The contribution
of ingestion was 76% for adults and 79% for children, but the sum of the HQ values for PTEs
was 0.62 for children, which was higher than that for adults (0.07). HQ and HI values for
all PTEs were <1 at all sampling sites, indicating no noncarcinogenic health risk for adults
or children. The mean HI values for adults and children were 0.09 and 0.78, respectively.
Therefore, the noncarcinogenic health risk of exposure to PTEs in road dust was about nine
times higher in children than adults.
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Table 3. The median values of hazard quotient (HQ) and hazard index (HI) of non-carcinogenic
hazards for PTEs with particle size of less than 10 um in this study.

Adult Children
HQing HOQjnn HOQgerm HI HQing HOQjinn HOQgerm HI
Cr 43%x1072 35x1073 40x1072 87x1072 41x107! 32x102 91x1072 53x10°!
Co 11x107% 30x107% 32x107° 41x10% 10x1072 28x102 73x107° 38x10°2
Ni 33x1073 25x103 28x10% 36x10% 31x102 24x10° 64x10% 32x102
Cu 95x107%* 73x1077 73x10° 10x103 89x10% 68x10°% 17x10* 9.1x10°3
Zn 59x107% 45x1077 67x107° 66x107% 55x1073 42x10°® 15x107% 57x1073
As 77%x107%  59x107% 43x107* 82x103 72x1072 55x107° 99x107* 7.3 x 1072
Ccd 14x107% 10x1077 31x10% 45x107% 13x10% 97x107 72x107% 20x1073
Sb 38x1073 29x10% 44x103 82x103 36x102 27x107° 10x102 46x10?2
Pb 50x 1073 38x107° 77x107* 58x103 47x102 36x10° 18x10° 49 x 1072
Hg 54x107° 41x107% 17x107° 71x10° 50x10*% 38x1077 40x10"°> 54x107*

The HI value of Cr was higher than that of other PTEs, and the order of HI values was
Cr > As > Sb > Pb > Ni > Co > Cu > Zn > Cd > Hg in adults. These results suggest that
Cr and As may be major contributors to noncarcinogenic risk among PTEs in road dust
accumulated on road surfaces in Samoa.

Cr is widely used in many industries, including metallurgy, steel manufacturing,
automobile industry, electroplating, and wood preservation, because of its anticorrosive
properties [58-61]. Cr is highly mobile and has extremely toxic effects even at very low
concentrations; it is classified as a Group A carcinogen element in humans [62]. Cr is
used for the wheels of vehicles, and many parts of vehicles are plated with Cr as it has
an aesthetic appearance and is not easily corroded. Many studies have reported that Cr
contamination in road dust and soil is due to traffic and industrial activities [63-66].

Although the noncarcinogenic risk of Cr is higher than those of other PTEs, the mean
EF value of Cr in road dust (<10 um) was 0.9 (range 0.6-2.2) in this study, and most of the
sampling sites showed depletion to minimal enrichment. The contamination level of Cr
in road dust was lower than those of Cu, Zn, Sb, and Pb, which are mainly derived from
traffic activity. High concentrations of Cr and Ni have been reported in the soil of islands
formed by volcanic activity [57,67].

The mean concentrations of Cr in road dust (<10 um) and surface soil were 395
and 519 mg/kg, respectively, in this study, which were higher than those in the upper
continental crust (92.0 mg/kg) [55]. Our results indicated that Cr concentration in road
dust in Samoa is derived from natural sources, mainly due to the weathering of volcanic
parent materials. Therefore, the noncarcinogenic risk of Cr in road dust on Samoa seemed
to be much lower than in highly urbanized cities.

PTEs such as Cu, Zn, Sb, and Pb have a negligible health risk on the human body, but
road dust is contaminated with these elements which come from traffic activities. Pacific
Island countries, including Samoa, import and use used cars for the tourisms industry.
The activation of the tourism industry and the environmental factors (high humidity and
heavy precipitation) can increase the contamination levels of PTEs in road dust, as these
accelerate the corrosion of vehicles. In addition, road dust contaminated with PTEs is easily
resuspended via stormwater runoff, transport to rivers and streams, and is finally deposited
in the coastal environments. Road dust in urban environments is one of the major sources
of PTEs contamination that contaminates marine sediments and has a detrimental effect
on marine organisms. Efficient management by road cleaning is necessary to prevent the
impact on the environments and ecosystem caused by road dust contaminated with PTEs.

4. Conclusions

In this study, road dust was collected in Apia City, Samoa, and divided into two
fractions (10-63 and <10 um). Analyzing road dust is important for public health, and for
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understanding environmental PTE contamination. Pollution and health risk assessments
were performed for 10 PTEs in road dust. Cr, Co, and Ni concentrations in road dust
with a particle size of 10-63 um were higher than in fine road dust (<10 pm), while Cu,
Zn, As, Cd, Sb, Pb, and Hg were present at relatively high concentrations in fine road
dust. The PTE concentration in road dust was lower than in large cities with high levels of
human activity. The CVs of PTEs in road dust suggested that anthropogenic sources related
to traffic activity rather than industrial emissions affect road dust in Apia City, Samoa.
Both particle sizes of road dust had significant levels of Sb, and the levels of Cu, Zn, and
Pb, which are derived from nonexhaust emission arising from traffic activity, were also
moderately high. The results of correlation analyses and pollution assessments showed
that Cr, Co, and Ni are greatly affected by natural sources due to the weathering of volcanic
parent rocks. There were significant correlations among Cu, Zn, Sb, and Pb. In addition,
relatively high concentrations were observed in sampling sites with high traffic volume,
suggesting that contamination with these PTEs (Cu, Zn, Sb, and Pb) was mainly due to
traffic activity. The ingestion exposure route posed a greater health risk than inhalation and
dermal contact. The mean HI values for adults and children were 0.09 and 0.78, respectively,
indicating that the noncarcinogenic health risk in children was about nine times higher than
that in adults. However, HI values for adults and children were <1 at all sampling sites,
suggesting no noncarcinogenic risk from exposure to PTEs in road dust. Among the PTEs,
Cr had a higher HQ value than the other elements, and posed a major noncarcinogenic
health risk. The Cr in road dust in Samoa was mainly derived from natural sources, i.e.,
the weathering of volcanic parent rocks rather than anthropogenic sources (traffic activity).
Therefore, our results suggest that the health risks posed by PTEs in road dust in Samoa
are negligible compared to highly urbanized cities. However, further studies regarding the
effects of PTE-contaminated road dust on the atmosphere and living organisms, including
humans, are needed.

Author Contributions: Conceptualization, H.J. and K.R.; investigation, K.R.; methodology, H.J. and
K.R.; formal analysis, H.J. and K.R; data curation, H.J.; visualization, K.R.; writing—original draft
preparation, H.J.; writing—review and editing, K.R.; funding acquisition, K.R. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was supported by grants (PEA0012) from the Korea Institute of Ocean Science
and Technology (KIOST).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data for this study are available from the first or corresponding
authors upon request.

Acknowledgments: We gratefully appreciate the assistance of Ministry of Natural Resources and
Environment of Samoa for helping with this research.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Alghamdi, A.G.; El-Saeid, M.H.; Alzahrani, A J.; Ibrahim, H.M. Heavy metal pollution and associated health risk assessment of
urban dust in Riyadh, Saudi Arabia. PLoS ONE 2022, 17, €0261957. [CrossRef] [PubMed]

2. Al-Shidi, HK.; Al-Reasi, H.A.; Sulaiman, H. Heavy metals levels in road dust from Muscat, Oman: Relationship with traffic
volumes, and ecological and health risk assessments. Int. |. Environ. Health Res. 2022, 32, 264-276. [CrossRef] [PubMed]

3. Huang, F; Liu, B;; Yu, Y;; Lv, L.; Luo, L.; Yin, F. Heavy metals in road dust across China: Occurrence, sources and health risk
assessment. Bull. Environ. Contam. Toxicol. 2022, 109, 323-331. [CrossRef] [PubMed]

4. Jeong, H; Ra, K. Source apportionment and health risk assessment for potentially toxic elements in size-fractionated road dust in
Busan Metropolitan City, Korea. Environ. Monit. Assess. 2022, 194, 350. [CrossRef] [PubMed]

5. Zglobicki, W.; Telecka, M.; Skupinski, S. Assessment of short-term changes in street dust pollution with heavy metals in Lublin (E
Poland)—Levels, sources and risks. Environ. Sci. Pollut. Res. 2019, 26, 35049-35060. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pone.0261957
http://www.ncbi.nlm.nih.gov/pubmed/34990460
http://doi.org/10.1080/09603123.2020.1751806
http://www.ncbi.nlm.nih.gov/pubmed/32281889
http://doi.org/10.1007/s00128-022-03558-8
http://www.ncbi.nlm.nih.gov/pubmed/35715702
http://doi.org/10.1007/s10661-022-10008-9
http://www.ncbi.nlm.nih.gov/pubmed/35394204
http://doi.org/10.1007/s11356-019-06496-x
http://www.ncbi.nlm.nih.gov/pubmed/31673968

Toxics 2022, 10, 683 10 of 12

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cai, Y; Li, F; Zhang, J.; Zhu, X.; Li, Y.; Fu, J.; Chen, X; Liu, C. Toxic metals in size-fractionated road dust from typical industrial
district: Seasonal distribution, bioaccessibility and stochastic-fuzzy health risk management. Environ. Technol. Innov. 2021,
23,101643. [CrossRef]

Jeong, H.; Choi, ].Y.; Ra, K. Potentially toxic elements pollution in road deposited sediments around the active smelting industry
of Korea. Sci. Rep. 2021, 11, 7238. [CrossRef] [PubMed]

Aquilera, A.; Bautista, F.; Gutierrez-Ruiz, M.; Ceniceros-Gomez, A.E.; Cejudo, R.; Goguitchaichvili, A. Heavy metal pollution of
street dust in the largest city of Mexico, sources and health risk assessment. Environ. Monit. Assess. 2021, 193, 193. [CrossRef]
Jeong, H.; Ryu, ].S.; Ra, K. Characteristics of potentially toxic elements and multi-isotope signatures (Cu, Zn, Pb) in non-exhaust
traffic emission sources. Environ. Pollut. 2022, 292, 118339. [CrossRef]

Wiseman, C.L.S.; Levesque, C.; Rasmussen, P.E. Characterizing the sources, concentrations and resuspension potential of metals
and metalloids in the thoracic fraction of urban road dust. Sci. Total Environ. 2021, 786, 147467. [CrossRef]

Zhao, L.; Hu, G,; Yan, Y;; Yu, R;; Cui, J.; Wang, X.; Yan, Y. Source apportionment of heavy metals in urban road dust in a continental
city of eastern China: Using Pb and Sr isotopes combined with multivariate statistical analysis. Atmos. Environ. 2019, 201, 201-211.
[CrossRef]

Festa, R.A.; Thiele, D.J. Copper: An essential metal in biology. Curr. Biol. 2011, 21, R877-R883. [CrossRef]

Arif, N.; Yadav, V,; Singh, S.; Singh, S.; Ahmad, P.; Mishra, R.K.; Sharma, S.; Tripathi, D.K.; Dubey, N.K.; Chauhan, D.K. Influence
of high and low Levels of plant-beneficial heavy metal ions on plant growth and development. Front. Environ. Sci. 2016, 4, 69.
[CrossRef]

Anedo, P; Netvichian, R.; Thiendedsakui, P.; Khaodhiar, S.; Tulayakui, P. Carcinogenic Risk of Pb, Cd, Ni, and Cr and Critical
Ecological Risk of Cd and Cu in Soil and Groundwater around the Municipal Solid Waste Open Dump in Central Thailand. J.
Environ. Public Health 2022, 2022, 3062215. [CrossRef] [PubMed]

Faisal, M.; Wu, Z.; Wang, H.; Hussain, Z.; Azam, M.I. Human health risk assessment of heavy metals in the urban road dust of
Zhengzhou Metropolis, China. Atmosphere 2021, 12, 1213. [CrossRef]

Irigoyen-Arredondo, M.S.; Moreno-Sanchez, X.G.; Escobar-Sanchez, O.; Soto-Jimenez, M.F.; Marin-Enriquez, E.; Abitia-Cardenas,
L.A. Essential (Cu, Zn) and nonessential (Pb, Cd) metals in the muscle of leopard groupers (Mycteroperca rosacea) from a mining
port in the Gulf of California, Mexico: Human health risk assessment. Environ. Sci. Pollut. Res. 2022, 29, 35001-35011. [CrossRef]
[PubMed]

Jeong, H.; Choi, ].Y.; Lee, J.; Lim, J.; Ra, K. Heavy metal pollution by road-deposited sediments and its contribution to total
suspended solids in rainfall runoff from intensive industrial areas. Environ. Pollut. 2020, 265, 115028. [CrossRef]

Jeong, H.; Ra, K. Multi-isotope signatures (Cu, Zn, Pb) of different particle sizes in road-deposited sediments: A case study from
industrial area. J. Anal. Sci. Technol. 2021, 12, 39. [CrossRef]

Logiewa, A.; Miazgowicz, A.; Krennhuber, K.; Lanzerstofer, C. Variation in the concentration of metals in road dust size fractions
between 2 pm and 2 mm: Results from three metallurgical centres in Poland. Arch. Environ. Contam. Toxicol. 2020, 78, 46-59.
[CrossRef] [PubMed]

Amato, F; Alastuey, A.; de la Rosa, J.; Castanedo, Y.G.; de la Campa, A.M.S.; Pandolfi, M.; Lozano, A.; Gonzalez, ].C.; Querol,
X. Trends of road dust emissions contributions on ambient air particulate levels at rural, urban and industrial sites in southern
Spain. Atmos. Chem. Phys. 2014, 14, 3533-3544. [CrossRef]

Charters, EJ.; Cochrane, T.A.; O’Sullivan, A.D. Untreated runoff quality from roof and road surfaces in a low intensity rainfall
climate. Sci. Total Environ. 2016, 550, 265-272. [CrossRef] [PubMed]

Gao, S.; Wang, X,; Li, H.; Kong, Y.; Chen, J.; Chen, Z. Heavy metals in road-deposited sediment and runoff in urban and intercity
expressways. Transp. Saf. Environ. 2022, 4, tdab030. [CrossRef]

Faisal, M.; Wu, Z.; Wang, H.; Lin, X.; Hussain, Z.; Azam, M.I. Potential Heavy Metals Pollution Contribution from Wash-Off of
Urban Road-Dust. Toxics 2022, 10, 397. [CrossRef] [PubMed]

Jeong, H.; Choi, ].Y.; Lim, J.; Shim, W.J.; Kim, Y.O.; Ra, K. Characterization of the contribution of road deposited sediments to the
contamination of the close marine environment with trace metals: Case of the port city of Busan (South Korea). Mar. Pollut. Bull.
2021, 161, 111717. [CrossRef]

Amato, E; Querol, X.; Johansson, C.; Nagl, C.; Alastuey, A. A review on the effectiveness of street sweeping, washing and dust
suppressants as urban PM control methods. Sci. Total Environ. 2010, 408, 3070-3084. [CrossRef]

Calvillo, S.; Williams, E.S.; Brooks, B.W. Street dust: Implications for stormwater and air quality, and environmental through
street sweeping. Rev. Environ. Contam. Toxicol. 2015, 233, 71-128. [CrossRef]

Hanfi, M.Y.; Mostafa, M.Y.A.; Zhukovsky, M.V. Heavy metal contamination in urban surface sediments: Sources, distribution,
contamination control, and remediation. Environ. Monit. Assess. 2020, 192, 32. [CrossRef]

Kim, D.G.; Jeong, K.; Ko, S.0. Removal of road deposited sediments by sweeping and its contribution to highway runoff quality
in Korea. Environ. Technol. 2014, 35, 2546-2555. [CrossRef]

Selbig, W.R.; Bannerman, R.T. Evaluation of Street Sweeping as a Stormwater-Quality-Management Tool in Three Residential
Basins in Madison, Wisconsin. Scientific Investigation Report 2007-5156. 2002. Available online: https://pubs.usgs.gov/sir/2007
/5156/ (accessed on 1 October 2022).

Apeagyei, E.; Bank, M.S.; Spengler, ].D. Distribution of heavy metals in road dust along an urban-rural gradient in Massachusetts.
Atmos. Environ. 2011, 45, 2310-2323. [CrossRef]


http://doi.org/10.1016/j.eti.2021.101643
http://doi.org/10.1038/s41598-021-86698-x
http://www.ncbi.nlm.nih.gov/pubmed/33790361
http://doi.org/10.1007/s10661-021-08993-4
http://doi.org/10.1016/j.envpol.2021.118339
http://doi.org/10.1016/j.scitotenv.2021.147467
http://doi.org/10.1016/j.atmosenv.2018.12.050
http://doi.org/10.1016/j.cub.2011.09.040
http://doi.org/10.3389/fenvs.2016.00069
http://doi.org/10.1155/2022/3062215
http://www.ncbi.nlm.nih.gov/pubmed/35265140
http://doi.org/10.3390/atmos12091213
http://doi.org/10.1007/s11356-022-18753-7
http://www.ncbi.nlm.nih.gov/pubmed/35048347
http://doi.org/10.1016/j.envpol.2020.115028
http://doi.org/10.1186/s40543-021-00292-4
http://doi.org/10.1007/s00244-019-00686-x
http://www.ncbi.nlm.nih.gov/pubmed/31705153
http://doi.org/10.5194/acp-14-3533-2014
http://doi.org/10.1016/j.scitotenv.2016.01.093
http://www.ncbi.nlm.nih.gov/pubmed/26820930
http://doi.org/10.1093/tse/tdab030
http://doi.org/10.3390/toxics10070397
http://www.ncbi.nlm.nih.gov/pubmed/35878302
http://doi.org/10.1016/j.marpolbul.2020.111717
http://doi.org/10.1016/j.scitotenv.2010.04.025
http://doi.org/10.1007/978-3-319-10479-9_3
http://doi.org/10.1007/s10661-019-7947-5
http://doi.org/10.1080/09593330.2014.911777
https://pubs.usgs.gov/sir/2007/5156/
https://pubs.usgs.gov/sir/2007/5156/
http://doi.org/10.1016/j.atmosenv.2010.11.015

Toxics 2022, 10, 683 11 of 12

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Miazgowicz, A.; Krennhuber, K.; Lanzerstofer, C. Metals concentrations in road dust from high traffic and low traffic area: A size
dependent comparison. Int. . Environ. Sci. 2020, 17, 3365-3372. [CrossRef]

Trujillo-Gonzalez, ].M.; Torres-Mora, M.A; Keesstra, S.; Brevik, E.C.; Jimenez-Ballesta, R. Heavy metal accumulation related to
population density in road dust samples taken from urban sites under different land uses. Sci. Total Environ. 2016, 553, 636—-642.
[CrossRef] [PubMed]

Harris, A.; Xanthos, S.J.; Galiotos, ] K.; Douvris, C. Investigation of the metal content of sediments around the historically polluted
Potomac River basin in Washington D.C., United States by inductively coupled plasma-optical emission spectroscopy (ICP-OES).
Microchem. J. 2018, 142, 140-143. [CrossRef]

Kaonga, C.C.; Kosamu, I.B.M.; Utembe, W.R. A review of metal levels in urban dust, their methods of determination, and risk
assessment. Atmosphere 2021, 12, 891. [CrossRef]

Roy, S.; Gupta, S.K.; Prakash, ].; Habib, G.; Kumar, P. A global perspective of the current state of heavy metal contamination in
road dust. Environ. Sci. Pollut. Res. 2022, 29, 33230-33251. [CrossRef] [PubMed]

Kastury, F.; Smith, E.; Juhasz, A.L. A critical review of approaches and limitations of inhalation bioavailability and bioaccessibility
of metal(loid)s from ambient particulate matter or dust. Sci. Total Environ. 2017, 574, 1054-1074. [CrossRef] [PubMed]
Levesque, C.; Wiseman, C.L.S.; Beauchemin, S.; Rasmussen, P.E. Thoracic fraction (PMjg) of resuspended urban dust: Geochem-
istry, particle size distribution and lung bioaccessibility. Geosciences 2021, 11, 87. [CrossRef]

Suvetha, M.; Charles, P.E.; Vinothkannan, A.; Rajaram, R.; Paray, B.A.; Ali, S. Are we at risk because of road dust? An ecological
and health risk assessment of heavy metals in a rapid growing city in South India. Environ. Adv. 2022, 7, 100165. [CrossRef]
Richmond, B.M. Coastal Geology of Upolu, Western Samoa. In Geology and Mineral Resources of the Central Pacific Basin, Circum-
Pacific Council of Energy and Mineral Resources Earth Science Series 14; Keating, B.H., Bolto, B.R., Eds.; Springer: New York, NY,
USA, 1992; pp. 101-125.

Goodwin, I.D.; Grossman, E.E. Middle to late Holocene coastal evolution along the south coast of Upolu Island, Samoa. Mar. Geol.
2003, 202, 1-16. [CrossRef]

Sutherland, R.A. Bed sediment-associated trace metals in an urban stream, Oahu, Hawaii. Environ. Geol. 2000, 39, 611-627.
[CrossRef]

Tomlinson, D.L.; Wilson, J.G.; Harris, C.R.; Jeffrey, D.W. Problems in the assessment of heavy-metal levels in estuaries and the
formation of a pollution index. Helgolinder Meeresunters. 1980, 33, 566-575. [CrossRef]

Hayrat, A.; Eziz, M. Identification of the spatial distributions, pollution levels, sources, and health risk of heavy metals in surface
dusts from Korla, NW China. Open Geosci. 2020, 12, 1338-1349. [CrossRef]

Nguyen, V.T,; Dat, N.D.; Vo, T.D.H.; Nguyen, D.H.; Nguyen, T.B.; Nguyen, L.S.P.; Nguyen, X.C.; Dinh, V.C.; Nguyen, TH.H.;
Huynh, TM.T; et al. Characteristics and risk assessment of 16 metals in street dust collected from a highway in a densely
populated Metropolitan Area of Vietnam. Atmosphere 2021, 12, 1548. [CrossRef]

USEPA (U.S. Environmental Protection Agency). Exposure Factors Handbook (Final); EPA /600/R-09/052F; USEPA: Washington,
DC, USA, 2011.

USEPA (U.S. Environmental Protection Agency). Risk assessment guidance for superfund. In Part A, Process for Conducting
Probabilistic Risk Assessment; EPA 540-R-02-002; Office of Emergency and Remedial Response: Washington, DC, USA, 2001;
Volume III.

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]

Ma, L.; Aduduwaili, J.; Liu, W. Spatial distribution and health risk assessment of potentially toxic elements in surface soils of
Bosten Lake basin, Central Asia. Int. ]. Environ. Health Res. 2019, 16, 3741. [CrossRef]

Adamiec, E.; Jarosz-Kreminska, E. Human health risk assessment associated with contaminants in the finest fraction of sidewalk
dust collected in proximity to trafficked roads. Sci. Rep. 2019, 9, 16364. [CrossRef] [PubMed]

Phil-Eze, P.O. Variability of soil properties related to vegetation cover in a tropical rainforest landscape. |. Geogr. Reg. Plann. 2010,
3,177-184.

Pan, H.; Lu, X.; Lei, K. A comprehensive analysis of heavy metals in urban road dust of Xi’an, China: Contamination, source
apportionment and spatial distribution. Sci. Total Environ. 2017, 609, 1361-1369. [CrossRef]

Jeong, H.; Ra, K. Characteristics of potentially toxic elements, risk assessments, and isotopic compositions (Cu-Zn-Pb) in the
PM fraction of road dust in Busan, South Korea. Atmosphere 2021, 12, 1229. [CrossRef]

Kong, S.; Lu, B.; Ji, Y;; Zhao, X.; Bai, Z.; Xu, Y,; Liu, Y,; Jiang, H. Risk assessment of heavy metals in road and soil dusts within
PM; 5, PM; and PMj fractions in Dongying city, Shandong Province, China. J. Environ. Monit. 2012, 14, 791-803. [CrossRef]
Vlasov, D.; Kosheleva, N.; Kasimov, N. Spatial distribution and sources of potentially toxic elements in road dust and its PM
fraction of Moscow megacity. Sci. Total Environ. 2021, 761, 143267. [CrossRef]

Iijima, A.; Sato, K.; Yano, K.; Tago, H.; Kato, M.; Kimura, H.; Furuta, N. Particle size and composition distribution analysis of
automotive brake abrasion dust for the evaluation of antimony sources of airborne particulate matter. Atmos. Environ. 2007, 41,
4908-4919. [CrossRef]

Rudnick, R.L.; Gao, S. Composition of the continental crust. In Treatise Geochem; Hollad, D.H., Turekian, K.K., Eds.; Elsevier:
Oxford, UK, 2003; Volume 3, pp. 1-64. [CrossRef]


http://doi.org/10.1007/s13762-020-02667-3
http://doi.org/10.1016/j.scitotenv.2016.02.101
http://www.ncbi.nlm.nih.gov/pubmed/26986764
http://doi.org/10.1016/j.microc.2018.06.033
http://doi.org/10.3390/atmos12070891
http://doi.org/10.1007/s11356-022-18583-7
http://www.ncbi.nlm.nih.gov/pubmed/35022986
http://doi.org/10.1016/j.scitotenv.2016.09.056
http://www.ncbi.nlm.nih.gov/pubmed/27672736
http://doi.org/10.3390/geosciences11020087
http://doi.org/10.1016/j.envadv.2022.100165
http://doi.org/10.1016/S0025-3227(03)00284-6
http://doi.org/10.1007/s002540050473
http://doi.org/10.1007/BF02414780
http://doi.org/10.1515/geo-2020-0194
http://doi.org/10.3390/atmos12121548
http://doi.org/10.1016/j.atmosenv.2005.03.026
http://doi.org/10.3390/ijerph16193741
http://doi.org/10.1038/s41598-019-52815-0
http://www.ncbi.nlm.nih.gov/pubmed/31705007
http://doi.org/10.1016/j.scitotenv.2017.08.004
http://doi.org/10.3390/atmos12091229
http://doi.org/10.1039/c1em10555h
http://doi.org/10.1016/j.scitotenv.2020.143267
http://doi.org/10.1016/j.atmosenv.2007.02.005
http://doi.org/10.1016/B0-08-043751-6/03016-4

Toxics 2022, 10, 683 12 of 12

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Doelsch, E.; de Kerchove, V.V.; Macary, H.S. Heavy metal content in soils of Réunion (Indian Ocean). Geoderma 2006, 134, 119-134.
[CrossRef]

Gao, Y.; Xia, J]. Chromium contamination accident in China: Viewing environment policy of China. Environ. Sci. Technol. 2011, 45,
8605-8606. [CrossRef] [PubMed]

Shahid, M.; Shamshad, S.; Rafig, M.; Khalid, S.; Bibi, I.; Niazi, N.K.; Dumat, C.; Imtiaz, R. Chromium speciation, bioavailability,
uptake, toxicity and detoxification in soil-plant system: A review. Chemosphere 2017, 178, 513-533. [CrossRef] [PubMed]

del Real, A.E.P,; Perez-Sanz, A.; Garcia-Gonzalo, R.; Castillo-Michel, H.; Gismera, M.].; Lobo, M.C. Evaluating Cr behaviour in
two different polluted soils: Mechanisms and implications for soil functionality. J. Environ. Manag. 2020, 276, 111073. [CrossRef]
Jeong, H.; Ra, K. Investigations of metal pollution in road dust of steel industrial area and application of magnetic separation.
Sustainability 2022, 14, 919. [CrossRef]

USEPA (U.S. Environmental Protection Agency). Toxicological Review of Hexavalent Chromium; CAS No. 18540-29-9; USEPA:
Washington, DC, USA, 1998.

Rajaram, B.S.; Suryawanshi, P.V.; Bhanarkar, A.D.; Rao, C.V.C. Heavy metals contamination in road dust in Delhi city, India.
Environ. Earth Sci. 2014, 72, 3929-3938. [CrossRef]

Rabak, J.; Wrobel, M.; Bihalowicz, J.S.; Rogula-Kozlowska, W. Selected metals in urban road dust: Upper and lower Silesia case
study. Atmosphere 2020, 11, 290. [CrossRef]

Ahmad, T.; Ahmad, K.; Khan, Z.I.; Munir, Z.; Khalofah, A.; Al-Qthanin, R.N.; Alsubeie, M.S.; Alamri, S.; Hashem, M.; Farooq,
S.; et al. Chromium accumulation in soil, water and forage samples in automobile emission area. Saudi J. Biol. Sci. 2021, 28,
3517-3522. [CrossRef]

Denny, M.; Baskaran, M.; Curdick, S.; Tummala, C.; Dittrich, T. Investigation of pollutant metals in road dust in a post-industrial
city: Case study from Detroit, Michigan. Front. Environ. Sci. 2022, 10, 974237. [CrossRef]

Ahn, J.S.; Chon, C.M. Geochemical distributions of heavy metals and Cr behavior in natural and cultivated soils of volcanic Jeju
Island, Korea. Geosystem Eng. 2010, 13, 9-20. [CrossRef]


http://doi.org/10.1016/j.geoderma.2005.09.003
http://doi.org/10.1021/es203101f
http://www.ncbi.nlm.nih.gov/pubmed/21928806
http://doi.org/10.1016/j.chemosphere.2017.03.074
http://www.ncbi.nlm.nih.gov/pubmed/28347915
http://doi.org/10.1016/j.jenvman.2020.111073
http://doi.org/10.3390/su14020919
http://doi.org/10.1007/s12665-014-3281-y
http://doi.org/10.3390/atmos11030290
http://doi.org/10.1016/j.sjbs.2021.03.020
http://doi.org/10.3389/fenvs.2022.974237
http://doi.org/10.1080/12269328.2010.10541304

	Introduction 
	Materials and Methods 
	Study Area 
	Sampling and PTE Analysis 
	Pollution Assessment 
	Health Risk Assessment 
	Statistical Analysis 

	Results and Discussion 
	PTE Concentration 
	Pollution Assessment of PTEs in Road Dust 
	Non-Carcinogenic Risk of PTEs in Fine Road Dust (10 m) 

	Conclusions 
	References

